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A CONTINUOUS ENERGY-EFFICIENCY OPTIMIZATION CONTROLLER
FOR FIELD-ORIENTATION INDUCTION MOTOR DRIVES

Abstract. The current paper discusses the adaptive choice of a filter time constant for filtering
the steady-state flux reference in the energy-efficient control problem of field-orientation induc-
tion machines in transient behavior when load and speed conditions are changing taking into
account the effect of the main induction saturation. It is shown that by appropriately managing
the flux linkage rate of change the energy losses per full operation cycle under torque changes
can be significantly reduced compared to the conventional cases. The analysis for the appropri-
ate choice of the filter time constant as a fraction of the rotor time constant is based on a nu-
merical study and simulation results for three different induction machines with different rated
powers.
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Statement of the problem and analysis of the recent research and
publications. The induction machine is widely used in industrial applications
due to its robustness and its low cost compared to permanent magnet syn-
chronous machines. However, in part-load operation, the efficiency of the in-
duction machine dramatically decreases when the flux is kept at the nominal
level. To address this issue different strategies have been developed in the
past to increase the efficiency of the induction machine in a large operation
range [1],[2]. However, when the induction machine is operated under chang-
ing loads these methods will not yield maximum efficiency. A solution to this
problem in the framework of vehicle applications is given in [3]. However, the
motor for these applications will often operate in dynamics with changing
torques and speed up to voltage and current limits. The development of pa-
rametrized prototypes is discussed in [4]. Unfortunately, without voltage and
current limits as well. These limits require the knowledge of the behavior of
the process quantities, which can be obtained from offline optimization [5].
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Purpose of the study. The current paper discusses a different
approach. The motivation is to give a simple and easy implementable solution
to the problem of energy consumption minimization, which is characterized
by a continuity of action, converges to the optimal flux level in the steady-
state and expresses a compromise approach to the problem with changing
loads in dynamics as well as provide an alternative solution to model
predictive control [6].

Statement of main research material. State-space model. An
induction machine operated with high dynamics is controlled as a rule via a
field-oriented scheme. The approach in the sequel implies the orientation
along the rotor flux linkage W, i.e. the flux linkage phasor is aligned with the
d-axis of the rotating frame. The full model thus has four state variables:
field-producing current iiq, torque-producing current iy, rotor flux ¥z, and
motor speed mz; and two controls: the stator voltage phasor components 114
and uiq. The continuous state-space model of an induction machine is given as
follows (T-inverse equivalent circuit parameters are used):

X =AX)x+Bu+d
{ v Cx (1)

with state x e R*" represented by x=[i, i, ¥, o,]" and control ueR*"

1q

consisting of the terminal voltages, given by u=[u, u,]"; §eR*" is a

disturbance vector, given by §=[0 0 0 Z (T,-T,,,)//]', with J denoting the

oad
total moment of inertia of the rotating couplings, Z, is the number of pole
pairs, Te and Ti.d are motor and load torque, respectively; and A(x) e R** is

the characteristic matrix of the system, given by the following expression

~(R+R)/L, o R/(LL) 0
A= —0, _Rz /Lc —0, /Lc 0 (2)
R, 0 -R,/L, 0
I 0 0 0 0]

with stator and rotor resistances R; and R:; respectively; L, is the stray
inductance and Ln denotes the main inductance; and w: as the synchronous

speed in electrical radians per second, obtained from
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— _ llq
O, =0, + 04 =0, +R —
2 3)
where wslip is the slip speed. B € R%? s the input matrix given by
1/L, 0 |
0 1/L
B= /L
0 0
0 0
- -. (4)
(2x1) — T
yeR is the outputs vector given by Y [¥, o] ; the matrix of outputs
CeR™ is given by
0 010
C= : ()
0 0 01
The electromagnetic torque is given by
3 .
T, = EZplezlq (6)

Main inductance saturation. The modelling of an induction machine to
be adequate must consider the nonlinear nature of the machine magnetic
characteristics. The measured main inductance data points are shown in
Fig. 1. The minimum allowable set consists of 5-6 points. In addition, with a
small amount of data, “abnormal” results cannot be included in the sampling
sequence. Hence, the bigger the number of points, the better. The experimen-
tally measured data of nineteen points is further approximated using the
method of least squares. An obvious “applicant” immediately appears here in
a form of a high-degree polynomial whose curve passes through all measured
points. But this option is, more often than not, simply incorrect and reflects
the main trend poorly. Thus, the desired function should be relatively simple
and at the same time reflect the dependence adequately. We will restrict the
degree of resulting polynomial to fifth degree. In this case, the objective con-
sists of adjusting the parameters of a model function L_(i,):R >R, Vi, eR.

To fit the model to a data it is required to find the optimal parameter values

by minimizing the sum of squared residuals given in the following form
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min F(H,PZ,PZ,P4,135,P6)=i[Yk ~ (P25 + PAf + P2S + PAL+ P, +Pé)}2

> k=1 (7)

s.t. A e[, A7)

where Pi-Ps are the function parameter values to be found; A, and Y, are

measured field-producing current and main inductance values, respectively.
In essence, it is necessary to solve the problem of finding the mini-

mum of the function of six variables. First things first, let us find all partial

derivatives of the first order. According to the rule of linearity, it is allowed to

differentiate under the sum sign:

% - sz(Plx}f + P\, + P + P + PAy + P 1Y, )
1 =1
P, (PAy + BAS + PAL + Py + PG + Pk =Y, )
aPz k=1
% = 2k (PAy + Py + Py + PG + Pk + PG - Y, )

3 =1

" (8)

oF (PAL + P + PAS + Pt + PAS + PG ALY, )
ap4 k=1
F (PAy + PG + Py + P + PAL + Py — 1Y, )
oP, 5
oF _ < 5 4 3 2 _
——=2%"(PA; + Py + P + P + Py + P, - Y, )

an, k=1
Now compose a typical system equating each expression from (8) to 0.
Then divide each equation by two and, in addition, split the sums:
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n

PR B Y00 4R YA +R, Y A +B Y A B Y05 = Yoy,
k=1 k=1 k=1 k=1 k=1 k=1

k=1
Plzn:xi +P2§":x§ +Psz":x; +P4zn:x§ +Psz":x§ +P62":x§ =z":x§Yk
k=1 k=1 k=1 k=1 k=1 k=1 k=1

Pliki +Pziki +Pszn:7‘i +P4i}‘i "‘Psi?‘ﬁ +P62n:7‘i = i}\’iYk
k=1 k=1 k=1 k=1 k=1 k=1 k=1

PYIAR YA 4B A+, Y A 4B Y AT 4P, Y2 = S Ay,
k=1 k=1 k=1 k=1 k=1 k=1 k=1

PY A 4B Y A +B Y A P Y A 4R Y 2 4R YA, =YY,
k=1 k=1 k=1 k=1 k=1 k=1 k=1

PY IS +BY M AR Y AL P YL R Y 1P = DY,
= = = = k1 =

The obtained system (9) can be solved, for example, by Cramer’s rule,

€

and as a result, a stationary point is obtained F(P,P,,P. P:,PS*,P;). By

2083
checking the sufficient condition for the extremum, we can verify that at ex-
actly this point the function reaches its minimum. The check is connected
with additional calculations and therefore it is left behind the scenes. The
function with F(-0.669,3.606,—6.622,4.415,-0.743,0.754) in the best way (at

least in comparison with any other function) approximates the experimental

points.

04 * measured main inductance e
’ ——polynomial fit o

03[ I I I I il
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Figure 1 - Measured main inductance dependence and its

polynomial approximation for a 370-W motor
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Main idea. Let us consider a certain case of load torque disturbance on
the induction machine shaft. Assume that before a perturbation in the motor
torque of magnitude ATic.d the motor operates in the optimal mode of power
consumption. It is obvious that after a change in the torque T. on the shaft to
the new value Te+ATicad, ATi0aa = 0, the speed controller will increase the refer-
ence of the torque-producing current in order to maintain the speed at a given
level. Consider two boundary modes of behavior of the system under a change
in the load torque on the motor shaft illustrated in Fig. 2:

1. The rotor flux linkage stays unvaried.

2. The rotor flux linkage is set to its new optimum steady-state value.

In the first case, the torque-producing current rapidly increases to its
steady-state value, but under the new value of the torque on the shaft, the
power consumption will not be optimal. In the second case, if we consider the
peak value of the power losses during the transient period in Fig. 2 its value
will be much greater than in case 1. It was noticed that the field regulator
attempts to establish a new steady-state optimal value for the rotor flux
linkage as quickly as possible and as a result uses a high magnitude of the
field-producing current and reaches its output almost in no time. This is the
main contribution to short-term high losses according to the stepwise
approach denoted in Fig. 2a. This fact means that it is not profitable to use
solely the conventional flux controller in dynamic mode, due to high
instantaneous power loss overshoots under changing torques and, in addition,
it leads to the increase of the total energy consumed per duty cycle. That is,
the peak power loss is much lower in case 1. This statement is also based on
the fact that by condition there is no change in the rotor flux linkage before
the change in load occurs. Thus, at the very first instance of time, the speed
controller sets up the torque-producing current for the value of the rotor flux,
which was optimal until any changes in the torque.
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Figure 2 - a — power losses plot; b — rotor flux linkage trajectories

As illustrated in Fig. 2 this peak in the power losses can be signifi-
cantly decreased by filtering the flux reference value using an appropriately
chosen filter time constant.

The main idea of the proposed method is to combine approaches
stepwise and nominal using low-pass filtering of the rotor flux linkage
reference, implemented by a first-order system in Fig. 4. In order to give the
user an easy to apply design criterion the filter time constant is given as a
fraction of the rotor time constant of the considered motor. As illustrated in
Fig. 2 this approach reduces the peak power loss under a change in load torque
on the shaft of the motor and it converges to the optimal steady-state value.

Numerical study. Let us consider the impact of first-order filtering. To
simplify the calculations, we will assume in the sequel that the flux regulator
is fast enough such that the flux linkage follows its reference closely. In addi-
tion, assume that the speed and current controllers of field-oriented control
have high enough performance to ensure the control characteristic close to
perfectly rigid, that is, the dynamics of the stator phasor components is sig-
nificantly higher than the dynamics of the magnetic flux and speed. In this
case, we can assume for the flux linkage dynamics the first-order differential
equation:

() =~ PO+ 2Py O (10)

¥ ¥
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[(6)="7  -1(t) with ¥7

and its input receives a step signal W as a

2,re 2,0pt 2,0pt

reference signal corresponding to new operating conditions. The task is to
find the time evolution of the outputs W,(t), which in this case is a step re-

sponse. Let us solve this problem with the help of transfer functions and sig-
nal images according to Laplace transform. Applying the Laplace transform to
the left and right sides of (10), assuming that all the initial conditions are
zero. The resulting equation is a complex function with a complex variable of
the input X[s] and output ¥[s]:

1 1
S‘P[S]+i‘P[s] =iX[s]. (11)

Thus, under zero initial conditions, the output of the object is
calculated as the product of its transfer function by the image representation
of the input

\PSS \PSS
LS| =WIs] Xls]= 2= L (1)
T,s+1 s s P s+ 1T,

Now, using the principle of superposition for images, we calculate the
original output signal:
W)= I {1} we I { L }:
s s+1T, | . (13)
=y [1-exp[-t/T,]]

The solution of this differential equation for non-zero initial conditions

is given by
W, (t)=V,(0)exp[-t / T, ]+ W5, [ 1-exp[-t / T,]]. (14)

From this point, the expression (14), as well as new stator phasor com-
ponent dynamics, are substituted into the time integral of power losses that is
the energy loss

J= j{ (R + R)ify(6)+ 3R, +R,)i% () +

3 R R, (15
T2 Wwi)y_3— "2 W ()i (t
T2, 0) 10=3 L, (i, (1)) ()l“()}

10 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 5 (130) 2020 «System technologies»

with T as the duration of the transient process. The example of calculated tra-
jectories for an 11-kW motor is shown in Fig. 3. The duration of transients was

chosen 1.4 sec.
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Figure 3 - Calculated trajectories for loss energy: a — step decrease; b — step
increase for an 11-kW motor
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Figure 4 - Control structure

The first example was done for different load steps with decreasing
load from 100 % and below to 25 % of the nominal motor torque. The results
for the loss of energy are given in Fig. 3a. The first test was performed for dif-
ferent load steps with increasing load from 25 % up to 100 % of nominal motor
torque. The obtained values of the energy losses as a function of k are pre-
sented in Fig. 3b. It can be seen that for different load change conditions there
is an appropriate minimizing vale for the multiplier k. To sum up, the most
reasonable choice is in bounds k €[0.5 1].

Adaptive line search. In contrast to [7], where filter time constant with

factor k had fixed value over wide operation range, it is suggested in the
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current paper to effectively search the minimum point of the loss trajectories
at each sampling period. According to the extreme value theorem in a formu-
lation due to Weierstrass, a real-valued function J is continuous on the closed
interval k €[0.5 1], then ] attains its maximum and a minimum, each at least
once.

Expression (15) is the one-dimensional case k € R. Then the function
J :R - R, the derivative of which is complicated or unknown. To find the op-
timal value of factor k, it is necessary to solve the problem of unconditional
minimization J — min, taking into account that the function has a single

minimum (concave) on the closed interval k e[0.5 1]. It is assumed that the

function is being positively defined J(k) e R". One of the most common search
methods is the gradient descent method, which is formulated in a continuous

time frame as follows:

S
X= kdx (16)

with k >0 as a constant value.
Denote y=f(x) and Xmin — minimum value of the function f on a

closed interval [a, b], f(x)=df /dx . Let us prove that the method converges to

a local minimum. For this purpose, a following Lyapunov function V(y)=y°.
Obviously, V(y) e R". Differentiation over time gives

V(y)=2y-y=2y - f(x)x=-2k- f(x)-[f (O], (17)

V(y)<0 everywhere, except Voin = (X,:,)  Where f (X,.,,)=0 and

V(ymm)=0. Thus, following the definition of stability according to Lyapunov,

point x_. ,i.e. the optimal value of k is stable.

The search for the minimum point of the loss trajectories (Fig. 3) is
done by means of a 1-D search method. At each sampling period, the golden
section method is applied to search the loss-minimizing factor k, which
represents the fraction of the rotor time constant.

Findings. A loss-minimizing flux control method based on filtering
the rotor flux linkage reference for the flux regulator has been proposed in

this paper. The main idea is to determine an appropriate filter time constant

12 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 5 (130) 2020 «System technologies»

as a fraction of the rotor time constant using a multiplier kK by means of a 1-D
search method taking into consideration the main inductance saturation. The
result of a numerical study shows that the optimal value of the multiplier k is
in a range between 0.5 and 1. This solution is simple to implement and can be
easily integrated into existing inverters, and not less importantly, the same
algorithm is used both to minimize power loss in statics and dynamics when
load and speed conditions are changing.
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Pez2ynamop 6e3nepepsHoi onmumizayii enep2oeghekmugHocmi
8 BeKMOPHO-KepOBAHUX ACUHXPOHHUX NPUBOAAX

Y yiii pobomi po3znadaemscs adanmusHuli Bubip nocmiliHoi yacy ¢inbmpa 05 dinbmpa-
Yii cmayioHapHo20 cuzHany 3a80aHHA NOMOKY pomopa 8 3a0ayi eHepzoegeKkmuBHO20 KepyBaH-
HA QCUHXPOHHUMU MAWUHAMU 3 BEKMOPHUM KepyBaHHAM B8 NepexiOHUX Pexumax, Koau ymosu
HABAHMAXeHHA ma WBUOKOCMT 3MIHIOMbCA 3 YPaXyBAHHAM eheKmy 0CHOBHO20 HACUYEHHSA Ma-
2HImonpoBooy. [loKa3aHo, W0 Npu HANEXHOMY KepyBaHHI WBUOKICMIO 3MIHU NOMOKY pomopa
s8mpamu eHepeii 3a NOBHULU YUKA pobomu npu 3MiHi KPYymHO20 MOMEHMY MOXHA 3HAYHO 3MeH-
Wumu nopiBHAHO 3i 38uyaliHuMu Bunaokamu. AHani3 8i0nosioHo20 BUbOpy nocmiliHoi yacy ¢i-
ISSN 1562-9945 (Print) 13
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JIbmpa AK 4acmku nocmiliHoi Yacy pomopa 6a3yembCs Ha YUcesbHOMY O0CNIOXeHHT ma pe3y/ib-
mamax Mo0estoBAHHA 015 MPbOX PI3HUX THOYKUIUHUX MALUUH 3 PI3HOKO NOMYXHICMIO.
A continuous energy-efficiency optimization controller
for field-orientation induction motor drives

Abstract. The current paper discusses the adaptive choice of a filter time constant for fil-
tering the steady-state flux reference in the energy-efficient control problem of field-orientation
induction machines in transient behavior when load and speed conditions are changing taking
into account the effect of the main induction saturation. It is shown that by appropriately man-
aging the flux linkage rate of change the energy losses per full operation cycle under torque
changes can be significantly reduced compared to the conventional cases. The analysis for the
appropriate choice of the filter time constant as a fraction of the rotor time constant is based on
a numerical study and simulation results for three different induction machines with different
rated powers.
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I.B. Konocos, O.B. [Tonnsoga, I'.B. PynakoBa
IJEHTU®IKAIIISA HAIIPY>KEHOI'O CTAHY JIIOAWHU-OITEPATOPA

AHomayia: B cmammi po3ansdaemsca moxausicms i0eHmugikayii HanpyxeHo2o cmaHy noou-
HU WAAXOM BU3HAYEHHA napamempis MamemamuyHoi MoOesi, KA OMpUMYyEMbLCA HA OCHOBI
aHanizy 6i0¢hi3udHUX NOKA3HUKIB, W0 (IKCytombCs 3a pesysbmamamu 8umipis. [lpusedeHo npu-
KA1a0 po3paxyHKy.

Kntouosi cnosa: aHaniz daHux, 10eHmugikayia cmaHy, memod HalMeHwux K8aopamis, OUIHKA
napamempis, OUHAMIYHUL 06'€Km, piBeHb HANPYKeHOCMI, CNOCMepeXeHHs, BUMIPIOBAHHS.

ITocraHoBKa mpo6semu. IIpy BUKOHAHHI CBOiX TMpodeciitHuUx
00O0B’SI3KiB JIIOJIMHA JOBOJIi YaCTO OIMHSIETbCS B CUTYyallii KOJIM TOTPiOHO
NpuiiMaTy pillleHHs. B 11bOMy BMIIQIKy HAIIPY>KEHICTbh CTaHy oIlepaTopa 3a-
3BUYal MiABUIIYETHCS IIPU KepyBaHHi OyIb-sSIKMM ITPOLIECOM B peajibHOMY 4Ya-
ci, 0co6auBO B ymoBax medinuTy vacy. I[ToCTifiHMIT MOHITOPMHT PiBHSI HAIpPY-
’KEHOCTi CTaHy JIIOAMHU OO3BOJISIE CBOEYACHO BUSIBUTM IepencTpecoBi Ta
CTPECOBi CTaHM i BXXUTH IIE€BHI 3aX0aM OO0 CcTabimizalii curyarrii.

CTaH JIOOVMHY MOKe OyTU BM3HAuUeHU 3a 6iodisMyHMMM ITapaMeTpa-
MU, SIKi 3MIiHIOIOTHCS il YyaC BUKOHAHHS OIepalliii pi3HOro XxapakTepy Ta MO-
KYTh BUMIPIOBATUCS 3a JOIIOMOTOI AaTuukiB [1]. Ha OCHOBI aHami3y OaHuX,
1110 (pikCyIOThCS 3a pe3yabTaTaMy BUMipiB, MOXXHA BUSIBUTYU PiBeHb HaIlpyKe-
HOCTi CTaHy JIIDAVHYU Ta OL[IHUTU CKIAAHICTb OllepaTUBHOI cuTyaliii. BuHukae
3ajavua 1mobymoBM MaTeMaTUYHOI MoOjesli, Ha OCHOBi SIKOI MOKHa aJleKBaTHO
imeHTMdiKyBaTU CTaH JIOAMHM-0IIepaTopa.

AHajti3 ocTaHHIX OOCTiIKeHb i myoOsikamin. JlloguHa-omnepaTop €
IMHAMIiUYHOIO CUCTEeMOI0, TOOTO JI0T0 IOBEIiHKY MOKHA OIMCATU 3a JTOIIOMO-
row cucteMu audepeHIiiiHMX pPiBHSIHb. B 3B’SI3Ky 3 TUM, 110 JIOAMHA SIK M-
HaMiyHa CMCTeMa 3 TOUYKM 30Py CMCTEMHOTO IMTiIX0AY BiZHOCUTHCS 10 KIacy He
TOBHICTIO KEPOBAaHMX Ta He MOBHICTIO CIIOCTEpPeXXyBaHUX CUCTEM, IJIs ii J0-

CHTiJI)KEHHST MTOLiIJIbHO BUMKOPUCTOBYBAaTM MaTeMaTUUHY MOJelb B IIPOCTOPi

© Konocos I.B., [Tonnsona O.B., Pygakosa I'.B., 2020
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cTaHiB [2]. PiBHSIHHS CTaHy JIIOAVMHM-0TIepaToOpa B MPOCTOPi CTaHiB 3aal0ThCS
HACTYITHUM YMHOM

x(t)=Ax(t)+Bv(t), (1)
ne x(t) - BekTop 6ioizMuHMX MMapamMeTpiB JIOAMHU, SIKi PEECTPYIOTHCS TE€B-
HOI0 BMMIipIOBaJIbHOIO IiJICMCTEMOI0; V(t) - BEKTOp BXiZHMUX 00ypeHb; A -
MaTpHUIg CTaHy 00’ekTa; B - MaTpuilsg BIUIMBY BXiJHMX CUTHAJIiB Ha 3MiHU
CTaHy 00’€KTa.

biodisnuHi mapamMeTpu CyTTEBO 3MiHIOIOTHCS B 3aJ1€KHOCTI Bifl 30BHi-
IIHIX 0OCTaBMH, TOMY BM3HAUE€HHSI CTYMEHS HAIPY>XEHOCTi CTaHy JIIOAUHU
MOXXHA 3[IiliiICHIOBATM LIJISXOM imeHTHdiKalii mapameTpiB mogenti (1) Ta ropa-
JIBIIIOMY aHaJli3i 3HaueHb KOMIIOHEHT MaTpUIii CTaHy A .

st imentudikaiii mapameTpiB mogesni (1) B peaJibHOMY Yaci, JOILIiIb-
HO BMKOPMCTOBYBATU IIOBTOPIOBAHi Mpoleaypy, SIKi JO3BOJSIIOTh OTPUMATU
OLIiHKY TMapaMeTpiB MoAesli NMpyu HAaAXOIKeHHI HOBMX BUMiproBaHb [3]. Haii-
Oi/IbII BiIOMMMM ITOBTOPIOBAHMMM MPOIleAYypaMM € MeTOM, CTOXaCTUUHOI ar-
pOKCMMaIIil i MeTo, HaliMeHIIuX KBaapaTiB. OgHaK, TOYHICTh MEeTOIy CTOXacC-
TUYHOI allpOKCUMallil JOCSITA€ThCS IMPU OOCUTDb BeJIMKIlM KiJIbKOCTI iTepallii,
TOMY BMKOPMCTOBYBATM OTO MPU 3HAXOJKEHHi MmapaMeTpiB Moaesi IJisl BU-
pillieHHs 3amay imeHTUdiKalii AMHaAMiYHOTO 00'€KTa B pea/ibHOMY Yaci He Ba-
pro [3, 4].

MeTta mociaimKkeHb. MeTol0 CTATTi € IpOBeIeHHS OL[iHIOBaHHS I1apa-
MeTpiB MaTeMaTMUHOiI MoAesi Ha OCHOBi aHami3y 0iodi3MuHMX MapaMeTpiB
JIIOIVIHU, 1[0 PEECTPYIOTHCS, Ta OOIPYHTYBAHHSI OLiIIBHOCTI iXHBOT'O 3aCTOCY-
BaHHS 1181 imeHTUdiKalii Hampy>KeHOTO CTaHY.

BukiageHHsI OCHOBHOIO MaTepiany gociaigkeHb. Kommiekc 6iodi-
3UYHMX IapaMeTpiB JIIOAVHH, 110 PEECTPYIOTHCSI CMHXPOHHO, BiTHOCUTBCS 10
KJacy 6araToOMipHMX YaCOBMX PSIIiB, IJISI OMUCY SIKMX 3a3BMUYali BUKOPUCTO-
BYIOTb IMCKpeTu30BaHy ¢dopmy piBHSIHHS (1), a came

x(k+1)=Ax(k)+ bv(k). (2)

il OLiHIOBAHHS MapameTpiB Mogesi (2) Mpu HAsIBHOCTI OOCTaTHbBO

BeJIMKO1 BUOipKM CIIOCTEpeskeHb BUKOPMUCTAEMO HACTYITHI BUpasu [5]
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1

A - {Zn:x(n F2- X" (n+1- i)} . {Zn:x(n F1-)x"(n+1- i)} ; 3)

b? = p(nl_ 5 tr{gx(n 1o)X (n+1-i)— Angx(n DX (n+2— i)} R

Ile N — KiJIbKiCTb BUMIpiB; p - TIOPSIIOK Mofesti (po3MipHicTb BeKTopy X(k)).
OO6unc/IeHHs OI[iHOK mapaMeTpiB MoAei 3[i/iCHEeHO A TPhOX AMHA-
MiYHMX MPOLIeCiB, 10 XapakTepHi anasg moauau: x,(k) - kapaiorpama, x,(k) -
peorpama, Xx,(k) - mHeBMorpama. JoBxkuHa BubOipku maHmx N =200 TOUOK,
mo (ikcyBanucs Ha MpoTsa3i 4 c. JIJaHHI criocTepeskeHb Oy/JI0 OTpUMAHO MJIsI
IBOX BUIMAJKiB: 1) — rpu cnokiiitHomy ((OHOBOMY) CTaHi JIOAMHU Ta 2) — TIpU

HaIpy>keHOMY (CTpecoBOMY) CTaHi Tiei X ocobu. B pesynbTaTi po3paxyHKiB

OTPMMaHO OLiHKM MaTpuili A Ta nmapametrpa b Ha ocHOBi BUOGIpKM IOBXM-

HOM 1 =50 TOYOK.
1) nst boHOBOrO CTaHYy:
0.510 0.166 0.192
A; =] 0056 0858 0.075], (5)
-0.024 -0.018 1.023

BEKTOp BJIaCHMX 3HAYE€Hb ManI/IL[i Afso OIEep>KaHO Yy HACTYITHOMY BI/II‘J‘[SI,H,iI
r=(0.491 0.909 0.991)", (6)

olliHKa KoedillieHTY BIJIMBY 30BHillIHiX 00ypeHb b ¢ =0.1.

2) s cTpecoBOro CTaHy:
0.396 -0.092 0.531
A, =024 09 -0.152], (7)
0.039 0.0009 0.968

BEKTOp BJIaCHMX 3HAYE€Hb ManI/ILIi ASSO Ma€ BUTJIAL,
A, =(0.405 1.001 0.858)", (8)

oIliHKa KoedillieHTy BILIMBY 30BHIIIHiX 00ypeHb 155 =0.088.

ExcrnepyMeHTaIbHi 3a/IeXKHOCTiI Ta OTpMMaHi 3a MoAe/UIio 1Jis1 (OHO-

BOT'O CTaHy HaBeJeHi Ha puc. 1. Ha puc. 2 mokasaHo BiJHOCHY ITOXMOKY.
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PucyHoK 1 - EXcriepuMeHTa/IbHi Ta OTpUMaHi 3a MO E/UII0 3a/1€3KHOCTi

1151 GOHOBOTO CTaHY
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PucyHOK 2 - [Toxn6ku mopeti ajist QOHOBOTro CTaHy
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EKcIlepyMMeHTa/IbHi 3a/IeKHOCTI Ta OTPUMMaHi 32 MOJIEJIIO [JIsI CTPeco-

BOTO CTaHy HaBeleHi Ha puc. 3. Ha puc. 4 mokasaHo BiZHOCHY MTOXMOKY.

A X AX;
1 -+
0.8 I 087 1
0.6T
0.6
0471
04T 2 W
) 0.2 ) )
0.2 } } - 0 t } >
50 100 150 200 a) 50 100 150 200 6)

PucyHOK 3 - EXcliepuMeHTa/IbHi Ta OTpUMaHi 3a MO EJUTIO 3a/1€5KHOCTi
IIJISI CTPECOBOTO CTaHy
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PucyHOK 4 - [Toxu6Ku MozeJti i1 CTPeCOBOTO CTaHy
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Ha ocHOBi aHani3y OTpMMaHMUX pe3yJbTaTiB PO3PaxyHKIB MOXXHA Bif-
MITUTH, 1IO:
1.3HayeHHst BCiX BlaCHMUX 4mcern (6) MaTpuii A 3a abCOMIOTHOIO Be-

JINYMHOIO MeHIlle oguHuIli. Lle cBigunTh Mpo cTalioHapHiCcTh mpoiecy (2).

2. [l HaIIPY’>KEHOro CTaHy OfjHe 3 BIACHMX 3HaueHb (8) maTtpuui A

CTAHOBUTHCS OibII 32 OOMHUIO, TOOTO CTAlliOHAPHICTH Mpoliecy (2) MopyIIy-
€ThCS.

3. Oninka Koe@illieHTy 30BHIIlIHIX 00ypeHb IIpU CTPECOBOMY CTaHi

3MEHIIYETHCS Ha 129% BiZIHOCHO Ti€i 5 ouinku y poHOBOMY cTaHi (b, > by). Lle

MOXXHA IMOSICHUTH SIK 3MEHILEeHHS 3IaTHOCTI COPUIHSTTS 30BHIIIHIX BXiTHUX
CUTHAaJIIB.

BucCHOBKM. AHasli3 pe3y/bTaTiB BMKa3aB, 110 BUKOPUCTAHHSI METOIY
HaliMeHIIMX KBaJApaTiB AO3BOJISIE OTPMMYBATM OIiHKM TapamMeTpiB MopeJi
OIMHAMiYHOTO 00’€KTy Ha OCHOBiI 0OPOOKM MaHMX Bifl MiJCUCTeMU MOHITOPUH-
Iy, sIKi MOXKHa 3aCTOCOBYBAaTM [jIs1 AiarHOCTUKM CTaHy B peajbHOMY yaci. Ile
BiIKpyBae NUISIXM 711 CBOEYACHOTO BUSIBJIEHHS IIepeBaHTaKeHb i 3a1100iraHHs
eKCTpeMa/IbHUX YMOB (PYHKIIiOHyBaHHS. JIOIIbBHO 3MiICHUTU HOCTiIsKeHHS
3aKOHOMIPHOCTEeN 3MiHM IapameTpiB mMomesei IJisl Pi3HOTO TUMY JIIOAel Ta
[IpY Pi3HOMY CTYTI€Hi HAIlPY>KeHOCTI.
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Udenmugpukayus HanpsxeHHO20 COCMOAHUSA Yesl0BeKa-onepamopa
B daHHol cmambe asmopamu nposedeHo uccie0o8aHue b6uUOpU3UYECKUX napamempos,
Komopsle U3MeHAIMCS B0 BpeMs BbINOJHeHUS onepayuli pa3Hoeo0 xapakmepa u mMo2ym usme-
pAMbCA € nomowbio damyukos. 060CHOBAHA BO3MOXHOCMb OnpedesieHUs YPOBHS HANPAKeHHO-
CMU COCMOSHUSA Ye/I0BeKa U OUeHUBAHUS CI0XHOCMU onepamusHol cumyayuu Ha 0CHoBe aHa-
J1U3a OaHHbIX, KOMopble uKcUpylomcs no pe3yabmamam usmepeHull. [JokazaHo, 4mo ucnosb3o-
BaHue Memooa HauMeHbWUX KBAOPAMOB NO3B8OJSEm NOJyYyams OUeHKU napamempos Mooesu
OUHaMUYecKo20 00beKma, Ha OCHOBE KOMOPOU MOXHO adekBamHo udeHmuguyUPOBAMb CO-
CMosIHUE Yes08eKa-onepamopa.
Identification of the human operator stress conditions
Performing their professional duties, people often find themselves in a situation where
you need to make a decision. In this case, the stress conditions of the operator tends to increase
when managing any process in real time, especially in lack of time. Constant monitoring of the
level of the human stress conditions allows to identify in advance the pre-stress and stress condi-
tions and to take certain measures to stabilize the situation. Human condition can be deter-
mined by biophysical parameters that change during different operations and can be measured
using sensors. Based on the analysis of data recorded on the results of measurements, it is possi-
ble to identify the level of the human stress condition and to assess the complexity of the opera-
tional situation. To identify model parameters in real time, it is advisable to use repetitive pro-
cedures that allow to obtain an estimate of model parameters when new measurements are re-
ceived. The purpose of the article is to evaluate the parameters of the mathematical model based
on the analysis of the recorded biophysical parameters of the human organism, and to evaluate
the possibility of their use for the identification of stress conditions. The model parameter esti-
mates are calculated for three dynamic human-specific processes: cardiogram, rheogram, pneu-
mogram. Observation data were obtained for two cases: in a calm (background) conditions of a
human and in a stressful (tense) conditions of the same person. The analysis of the results
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showed that the use of the least squares method allows to obtain estimates of the parameters of
the dynamic object model based on the processing data from the monitoring subsystem, which
can be used for real-time diagnostics. This opens the way to detect overloads in a timely manner
and prevent extreme operating conditions. It is advisable to study the regularity of change of
model parameters for different types of people and at different level of stress conditions.
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C.B. PeBenxko, E.P. Toydak, 10.0. JlebegeHKo
OIITUMAJIBHE KEPYBAHHS BAT'ATOITPMBOJHOIO CICTEMOIO
KAPKACHOI YCTAHOBKMU ITAPAJIEJIbHOI KOHCTPVYKIIII

AHomayisa. Cmammsa onucye KapKacHy YyCMaHoBKY napanenbHoi KoHCmpyKyii. HasedeHo gopmy-
JIU MeXAHIKU ma pyxy KapKacHoi ycmaHosKu. 3a 00nomo2oto 3anexHocmell BU3HAYEHT NOJIOXKEeH-
HA yeHmpy naameopmu, Kym BIOXUJIEHHA HOpMU B0 BepmukaibHOi oci. OnucaHo Mmakox
CniBBIOHOWEeHHA  KoopouHam  cmpykmypu. [IpoaHanizoBaHo piBHAHHA OUHAMIKU 0/
MHO20NpiBOOHUX cucmem. 3a Oonomo2ow  piBHAHb JlaepaHxa ompumaHa cucmema
oughepeHyianbHUX pPiBHAHb, WO ONUCYIOMb ONMUMAJIbHE NO BIOXUJIRHHIO 810 3a0aHOi mpaekmopii
pyx Mauinyasmopa.

Knwo4osi cnosa: 6azamonpusooHa cucmema, OUHAMIKA, KAPKACHA KOHCMPYKUIS, KiHeMamuka,
onmumizauyis, piBHAHHA JlaepaHxa.

V CBiTOBIiV iHXXe€HEepHil MpakTUlli OJJHa 3 OCHOBHMX 3a[ay Iie yIpaB-
JIIHHS CKJIQOHMM TEeXHOJIOTiUHMM OOJIagHaHHSM, SIKi mepemdadaloTh CKIagHi
Tpa€ekTopii i KoMOiHalii pyxiB BMKOHABUYOro opraHy. baraTodyHKIlioHa/IbHi
BUPOOHMYI CUCTEMM 3 MexaHi3MaMM IapayiiebHOiI CTPYKTYPU € IIPOTPeCcUBHO
dbopMorto opranisaliii BUpOOHUIITBA, 1[0 3ab6e3meuye eekKTUBHY pOOOTY Mpu
oOMeskeHii KiIbKOCTi BUPOOHMYOIO IepCoHaty.

KapkacHi 6araTonpuBOAHiI YCTaHOBKM € yHiBepCaIibHUMU B e(eKTUB-
HOMY BUpillleHHi 6araTbox IMPOMMCIOBUX 3a7au. Y Ipoiieci BU60py KOHCTPYK-
TUBHOI CXeMM UM KOMIIOHOBKM TaKOTO 06GjiaJiHaHHS BMHMKAIOTh CKJIAIHOIII,
MOB’sI3aHi 3 po3TalllyBaHHSIM NpuUBOiB. 11[06 edheKTMBHO BUKOHYBATH IOCTA-
BJIeHI IIijli, TaKi yCTaHOBKM MalWTh OyTM oO00OsagHaHI CydaCHUMU
KOMIT' IOTEPU30BAHUMU CUCTEMAMM KePyBaHHSI.

B mpoekTyBaHHi KapKaCHUX YCTAHOBOK BMKOHYETBCSI aHali3 KiHeMa-
TUYHMX 3aKOHOMipHOCTeN IJisT 00paHOi KOHCTPYKIIii, a caMme: Aiaria30HM Iie-

peMillleHHS Ta IJIaHU MBUAKOCTEN PyXOMUX €JIeMEHTIB KOHCTPYKILil.

© PeBenko C.B., Toydax E.P., Jle6emenko 10.0., 2020
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OpHuM 3 TakKMX MeXaHi3MiB € KapKacHa yCTaHOBKA MapajejibHOi CTpy-
KTYpHU, sIKa po3pobsieHa i CKOHCTpyiioBaHa B XepCOHChKOMY HalliOHAJIbHOMY

TeXHiYHOMY YHiBepcureTi (puc.1) [1].

PucyHoOK 1 — 3arajsbHuit BUT/ISI, YCTAHOBKM KapKAaCHOI KOHCTPYKILil

Pyx natdopmu 3 po60UMM iHCTPYMEHTOM 3[ilICHIOETHCSI Y BepTUKA-
JIbHIV TUIONIMHI i BUM3HAUYAETHCS PYXOM OKpPeMMX BY3JiB Y3[0BX HampsIMHUX
IITAHT, KU 3a0e3IeuyeThcsi poOOTOI0 OKpeMMux OBUTYHiB. KiHeMaTuuHa
cxemMa CMMEeTPMUYHOI KapKacHOI KOHCTPYKIIil 3 ABOMa HAIlpaBjsSIOUMMU CTe-

PKHSIMM TIOKa3aHa Ha puc. 2.

ke

S

PucyHok 2 — KiHemaTnyHa cxemMa KapKaCHOI KOHCTPYKIIil

['eomeTpuuHi pO3Mipu ejleMeHTiB YCTAaHOBKM 3aJalOThCSI Ha CTafil

IIPOEKTYBaHHS i BUTOTOBJIEeHHS [, I, - JOBXUHM CTPIDKHIB (OaIKOBUX elle-

c
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MeHTiB), ©1, €2 mnomanku P |, Ha sIKiit BCTAHOBIIOETHCSI POGOUNIT iIHCTPYMEHT;

BimoMyMy BBasKalOTbCS BiiCTaHb MiX oropamud = —x,, = X,, , @ TAKOX I104aT-

KOBI ITOJIOKeHHA S, 1 S\, KapeToK k, 1 k,.

MexaHiuHa IMigMOaeab A03BOJISIE BUSHAUUTH TT0JIOKEHHS LIEHTPY Mali-
IaH4YMKa, KyT BiAXMJIeHHSI HOpMaJi BiJ, BEpTUKAIbHOI OCi, @ TAKOX 3B'SI3KU
KOOPAMHAT KOHCTPYKUII [2]. SIKIIO MPUNYCTUTH, IO SJOBXUHU CTPUKHIB PiBHI,
T006TO/,, =1, =1, PIBHSIHHS 3B’43Ky MK KOOpAMHaTaMu (x,z)Ta IepemilleH-

HSIM KapeTok (S,,S,) NpuitMaioTh BUIJIST

-

1 S,—S ) —4-I+d°
x=—-(S2—S1)' ( 2 1) . ; ,
2 (S,-8)" +d
2 2 2 (1)
=Lls s -a. (5= 5) _f'l jd
2 (S,-8) +d

Cucremy nudepeHIlialbHUX PiBHSIHD, 110 OMMUCYIOTh PyX MaHiMyJIsITO-
pa 3 TOJOHOMHMM 3B'SI3KOM, OTPMMaHMX 3a [OMNOMOTOI0 piBHSIHb
Jlarpanxa [3, 4] 3 HeBU3HaUEeHMMM MHOXHMKaMM, MOKHA 3aIllMCaT B HACTYII-

HOMY BUTJISIA(:

X, = X,,
x,=—L-sin’ ¢, +-2-sin’ a,,
m m
. ; 2)
X, =X,,
. E . F'Z )
x,=-L-sin ¢, -cos a,+-2%-sin’a,-cos a,.
m m

Ie BBeJleHi II03HaUYeHHs, X, = X,; X, = Z; F1, F2 — cunu B JaHKaxX MaHinysasaropa.
B maHomy BuIafiKy CTaBUTbHCS 3a7jaya BU3HaUeHHS QYHKUINA X, (t), S=1,2 me-

PEBOJSITh CXBAT MaHIiMy/ISITOPa 3 ITIOYATKOBOIO ITOJIOKEHHS B KiHIIEBUIA 3a Yac

Tu, o miHimisye QyHKITiOHA:
'
2 2 :
]:j X,+X, |dt > min. (3)
0
[llykaHi ¢yHKIii MOBMHHI BiAIIOBiZaTH TakKUM TPaHUYHMM yMOBaM:

Xys1(0)=Xp5 1o 1 Xys1(E)=X,g , ;3HAUEHHSI $IKOl HEBIJOMO, a TaKOX
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X,4(0) = x,,(T)=0. HeobxinHi yMOBM ONTMMAaNIbHOCTI MOXHA 3aIl/CaTV HACTY-

ITHMM YMHOM

X _o )
oF,
Ie raMinbTOHiIaH H OOPiBHIOE
H:—% 'j—%)&j+/11x2+/12)22+/13x4+/14)24 (5)

MHOKHUKY An BU3HAYAIOTHCS PIBHOCTAMMU
oH

A =——,n=1,2,34 (6)
8 n
Hai raMuIbTOHMAH IPUBOAUTHCS (5) 10 BULY
1., . 1., .
H :[EXZ - XX, |+ §x4 -X,X, (7
OcCKinbKYM raMiJIbTOHiaH He 3a/IesKUTh Bif, yacy, BiH MOCTiiiHUIA i
dH .. ¥ x =0
o X, X, +X,X, =
JlaHOMY piBHSIHHIO 3aJI0BOJIbHSIE PillleHHS
X, =C 5% =Cp; €))

s x,(t),k=1,3 3 ypaxyBaHHSIM I'PaHMYHUX YMOB Ma€MO

2@ -x0)] 5 3[xD-%O0)] ,

X, (t) = +x,(0) 9)
T
1 ricisg iHTerpyBaHHS OTPUMYEMO
o(T) s 2
t)= t”— )t + (0 10
() oT° . ar? o(T)t" +¢(0) (10)

Hani ipy t = T Mo>kHa BU3HAUUTY HEBiloMe 3HAaUEHHS KyTa MOBOPOTY
B KiHIIeBMI1 MOMEHT Yacy ¢(t).

BucHoBku. IIpeacTaBieHi MeTOaM AO3BOJISIIOTh OIITUMi3yBaTu poOOTY
6araTonpuBOAHOI YCTAHOBKM, 30UIBIIUTY MIBUAKICTh i MiHiMi3yBaTM OUHaMI-
YHi IIOMWUJIKM TIpU PO3POOIIi MporpaMHMX pyXiB. byno oTpumaHo cucrema au-
depeHIiaJibHMX PiBHSIHD, 110 ONMUCYIOTh PyX MaHIiIy/JsiTOpa, 3HalIeHi 3a 1o-
IIOMOTrOI0 piBHSHB Jlarpanyka. PiBHIHHS IVMHaAMiKu )11 6araTonpuBOIHUX CH-

cTeM Oy/IM IIpoaHa/li30BaHi.
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OnmumansHoe ynpassiexHue MHO20nNpUBoOGHOU cucmemoli KAPKACHOU yCMAHOBKU

napannensHol KOHCMpYyKyuu

Cmames onuckieaem KApKACHYK YCMAHOBKY napannensHol KoHcmpykyuu. [TpusedeHsi
(hopmysibl MEXAHUKU U OBUXeHUS KapKacHol ycmaHosku. C nomowbio 3asucumocmeli onpedene-
Hbl NOJIOXEHUSA YeHmpa naam@opmsl, Y201 OMKIOHEHUS HOPMbI OM BepmMUKAIbHOU Ocu, onuca-
Hbl COOMHOWeHUe KoopouHam cmpykmypsl. [IpoaHanu3upoB8aHsl ypasHeHUs OUHAMUKU O
MHO020nNpUBOOHbIX cucmem. C nomouiblo ypasHeHull JlaepaHxa noaydeHa cucmema ouggepeHyu-
A/IbHbIX YPaBHeHULl, ONUCLIBAOWUX ONMUMAIbHOE N0 OMK/IOHeHU0 om 3a0aHou mpaekmopuu
0BUXXeHUe MaHunyaamopa.

Optimal control of the multi-drive system framework installation of parallel construction

The article 1s devoted to solving the problem of managing complex technological
equipment, which includes complex trajectories and combinations of movements of the executive
body. Multifunctional production systems with parallel structure mechanisms are a progressive
form of production organization that ensures efficient operation with a limited number of
production personnel.

Multipurpose frame installations are versatile in the efficient solution of many industrial
problems. When choosing a design or layout of such equipment, there are difficulties associated
with the location of the actuators. To achieve these goals effectively, such installations must be
equipped with modern computerized control systems.

In the design of frame installations, kinematic reqularities are analyzed for the selected
structure, namely: displacement ranges and velocity plans of moving structural elements.

The article describes the frame installation of parallel construction that designed in
Kherson National Technical University. The movement and mechanics of this device are
disassembled. The movement of the platform with a working tool, which is determined by the
movement of individual nodes along the guide rods, which is provided by the operation of
individual engines.

The mechanical submodel allows to determine the position of the center of the site, the
angle of deviation of the normal from the vertical axis, as well as the relationship of the
coordinates of the structure.

The limiting possibilities of movement of the working body can be estimated on the basis
of the solution of the direct kinematics problem, and in order to find the ranges of change of the
parameters of operation of individual actuators (limiting speeds and accelerations) it is
necessary to solve the inverse kinematics problem.

Formulas for mechanics and movement of this device are given. By means of dependencies
the positions of the center of the platform are determined, the angle of deviation of the normal
from the vertical axis. Relations of the coordinates of the structure were also described.
Dynamics equations for multi-drive systems were analyzed. A system of differential equations
describing the motion of a manipulator obtained using Lagrange equations was obtained.
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PeBeHko Cepriii BomnogumupoBuu - XepCOHCbKUII HalliOHAJIbHUI
TeXHIYHMI YHiBepCUTET,acItipaHT Kadeapu aBToMaTH3allii, po60TOTEXHIKM Ta
MeXaTPOHIKN.

Toydpak Emmonzn Poapir - XepcOHCbKMII HalliOHIbHUII TeXHiUHUM
yHiBepcuTeT,acrmipaHT Kadeapu  aBTOMaTu3allii, pPOOOTOTEXHIKM  Ta
MeXaTPOHIKM.
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I.A. ConosiioBa, 10.M. HukoaeHKO
IMTPOTHO3YBAHHS TOYHOCTI TPYbB
ITPU BE3OITPABOYHOMY BOJIOUYIHHI

AHomauyis. [lposedeHo 00CNiOXeHHS MexHO021YHUX napamempis BUPOOHUYMBA mpy6 3 pizHUX
mapok cmasel npu 6e30npasoyHOMy BOJOYIHHI. BusHaveHi pakmopu, wo snausarwms Ha 3MiHy
pi3HOCMIiHHOCMI mpy6 3a 00NOMO020K0 KopesAyiliHo-pe2peciliHo2o aHanizy ma nobyoosaHi pe-
epeciliHi modeni. Pesynbmamu 0ocnioxeHb BNPOBAOXKEHT 8 PO3PAXYHKU MAPWpymis ma mexHo-
JI02IYHUX Kapm BUPOOHUYMBA 3 Memoto NPO2HO3YBAHHSA PI3HOCMIHHOCMI 20mMOoBUX mpy6 npu 8o-
JIOYTHHT Ma 3anpoBAOGKEHHI0 CKOPOYEHHS BUMPAM Memany Ha BUPOBHUYMBI.

Kntoyosi cnosa: 6e3onpasoyHe B0SI0OYIHHSA, 3d20mM0OBKa, mpyba, pi3HOCMIHHICMb, 06MUCHEHHS,
pezpeciliHa Modenb, KopenayiliHo-pezpeciiiHul aHani3, cmyniHb MOHKOCMIHHOCMI.

AHasi3 ocTaHHiX gJOoCTiAKeHb i myosmikain. [Joc/iiskeHHIO BIOCKO-
HaJIEHHSI TE€XHOJIOTii 6e30IIpaBOYHOr0 BOJOUiHHS MPUCBSIYEHO 6araTo HayKo-
BUX poOiT cyuacHux BueHux: Opmnosa I'.A, Kaprina B.B., OkynoBa P.A., Ilap-
muHa C.B. ta inmux. IIi po6oTy cripssMoBaHi Ha BUBUEHHSI:

- BOJIOUiHHS B OJIOK BOJIOK;

- BOJIOUiHHSI Uepes BOJIOKY, 1110 06epTaeThCs;

- MO eJIIOBAHHS IIPOLIeCy BOJIOYiHHS.

VY poboTax BUPINIYIOTbCS MUTAHHS, IO MO3BOJISIIOTh 30i/IBIIUTY CTYITiHb Je-
dopmailii mpyu BoJIOUiHHI, TPOAYKTUBHICTb, 3B'I3aTM 3MiHM TOBIIMHM CTiHKU
3 eHeprocuJ0BMMM ITapaMeTpaMu MPOLiecCiB.

Hesiki po6orn B.A. Kouxkina, M.3. €pmanka, M.M. BepnireiiHa,
10.®. IlleBakiHa, A.B. JlamiHa NpuCBSiUeHi iH)KeHEpPHUM MeTOAdaM PO3PaXyHKY
TOBIIVHM CTiHKM TPYyOM TiC/Is BOJIOUiHHS B OJHY BOJIOKY Ta OTPMMAaHi JesKi
JIiHiJiHI 3a71€XXKHOCTi 3MiHM Pi3HOCTiHHOCTI. Y CBiTi Cy4aCHUX BUMOT 0 TOYHO-
CTi TPyO BUMHMKAE iHTepec A0 MpobieMyu 3MiHM Pi3HOCTIHHOCTI TpyO micjst BO-

JIOUiHHS JIJISI TPOTHO3YBAaHHS TOYHOCTi TOTOBUX TPYO.

© CounosiioBa I.A., Hukonaenko 10.M., 2020
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MeTa mocaimkeHHs. MeTol0 MaHOi poOOTU € MOC/iIKeHHSI BILUIUMBY
TEXHOJIOTiUYHMX IMapaMeTpiB 6€30IpaBOYHOTO BOJIOUiHHS TPYO 3 Pi3HMX MapoK
cTajieii Ta BM3HAUeHHSI (aKTOpiB, IO BIUIMBAIOTh HAa 3MiHY Pi3HOCTiHHOCTI
TpyO 3a TOIIOMOT0I0 KOpeJIsIiliHO-perpeciifHoro aHaisy.

BukinageHHsI OCHOBHOTO MaTepialy JOCTiIKeHHs. be3ompaBoyHo-
MY BOJIOUiHHS IiAai0Th TPYOM ITicjsT KOPOTKOOIIPAaBOUYHOI'O BOJIOUiHHS ab0
npokaTkyu Ha craHax XIIT a6o XIITP, To6To Tpybu, SIKi MalOTh MEBHY pPi3HO-
CTiHHICTb.

3 MeTOI0 OIL[iHKM TOYHOCTi TPyO ITic/isi 6€30IMPaBOYHOI0 BOJIOUiHHS OY-
JIX CTIPOEKTOBAHI Ta AOCTiAKeHi TEXHOJIOTiUHI MapIIpyT BUPOOGHUIITBA TPYO
3 pi3HMX MapOK cTajieii. 3a po3pobIeHMMM MapIIPpyTaMy 3a TEXHOJIOTi€l0 BU-
pPOOHUIITBA MPOTATAIUCS NapTii Tpy6 [1], Bifg Ko>kHOI mapTii Bimbupanucs 3pa-
3KM i MPOBOAMINCS BUMIipM TOBIIMHM CTiHKM B PiBHOBiAJa/JieHMX TOUKaX I10-
IIepeyHoro nepepisy Tpyon.

J1J1s1 KOSKHOT'O IIPOXOIy BOJIOUiHHSI pO3pax0oBaHi:

- abconoTHA Af=tf,, —lyi, 1 BIIZHOCHA Pi3HOCTIHHICTb 3aroTOBKMU

Aty . .
8y =—2 i roToBoi Tpy6u & _ A ;

l Ocp l cp

.. . D,
- koedillieHT 06TUCHEHHS IO AiaMeTpy o

. . .t
- CTYIiHb TOHKOCTiHHOCTI —2- ;
Dy
- CTyHiHb JedopMaliii ¢ ;
.. . . . . )
- KoeillieHT 3MiHM Pi3HOCTIiHHOCTI k =—.
o
3a pe3yibTaTaMy BUMipIOBaHb BUKOHAHMIT KOpeSIifiHO-perpeciiiHmnii
aHaJsi3, BU3HaueHi (pakTopu, 110 BIUIMBAIOTh HAa 3MiHY Pi3HOCTIiHHOCTI i MOOY-
IOBaHi perpeciiidi mogeni [1].

[HTepBaaM BapiloBaHHS BUXiTHUMMM JaHMMM HaBeIeHi B Tabimi 1.
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Tab6mus 1
[HTepBa/M BapiloBaHHS BUXITHUX JAHUX JIJIST aHATI3Y
Jliarma30H BapitoBaHHS ITapaMeTpy
[TapameTp . : . .
HepsKaBiioui cTari ByTJIelleBi cTasti
0p, % 0,80...13,5 1,2...16,5
D,
= 1,12...1,5 1,05...1,6
D
t
- 0,05 ... 0,235 0,02 ...0,21
Dy
Dy 10, 16, 25, 36
) 0,97 ...3,0

SIK BUIUIMBA€E 3 BU3HAYeHHS Ipu K <1 pi3HOCTIHHICTh 3MEHIIYETHCH,
npu k >1 pisHOCTiHHICTb rOTOBOI TPY6U GiNbIIe Pi3HOCTIHHOCTI 3arOTOBKIL.

3HauMMicTh KoedillieHTIiB OTpMMaHMX PpiBHSIHb OIliHIOBajacs 3a
kputepiem CTbhIOJeHTa, a aJeKBaTHICTb Mojesi 3a Kpurtepiem ®@imepa.
OTpumaHi Mojesni € ageKBaTHMMM i 3i 3HauMMumu Koediuientamu [1]. Ha-

TIPUKIIAJ, MOJIei IjIs1 HACTYITHUX CTajieit MalOTh BUTJISI:

- os crani 08X22H6T
2
D,
k=1,681+ 3,304 0,52229 10,1 100 . 29,128 fo | _ 0,003¢
5o D D, D, ,
- s crani 06XH28M/T:
2
D t t
k=1126+ 3015 1,177=2 +8,097 -2 —27.980 -2 | —0,003¢
5o D D, D,

’

- gng crani 10

k=1974 +

2
D t t
2324 071820 _g 44010 L 236160 10| —0,003¢

TakuM UYMHOM IIPOTHO3YIOUM OUiIKyBaHy IOIEpPeYHy Pi3HOCTiIHHICThb
rOTOBOi TpPy6M mic/asi 6€30IMPaBOYHOIO BOJIOUiHHSI MOXKHA BUKOPUCTOBYBATU
perpecuBHY 3aJI€XKHICTb:

- o crai 08X22H6T
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2
5.1 =3304+5,0| 1,681-0,52220 10,1109 429,128 10| _0,0035
D D D

0 0

- o crani 10

2
D t t
5 =2,324+05,0[1,974-0,718=2 —8,442-0 123,616/ > | —0,003¢
D D, D,
e 950 _ rorepevyHa pi3HOCTiHHICTb BUXiTHOI 3aTOTOBKH;

Os1 _ TorepevyHa Pi3HOCTiHHICTh TOTOBOI TPYOM.

[Ipn aHanmi3i oTpMmaHuX 3ajexxkHocteit [1, 3] MOXXHaA 3poOUTH HesiKi
BMCHOBKM: UMM MJIACTUYHIIINMII MeTaJ, TMUM MeHIIa 3MiHa Pi3HOCTIHHOCTI.

MeHII IJIaCTUYHI CTaji MalTh GiNbIy TEHIEHIIiI0 10 3MiHM Pi3HOCTIHHOCTI.

[MIpy Manux 3HAYEHHIX %% koedimienT K nocsrae BemuumHM 3,5, TOBTO
Pi3HOCTiHHICTb 30i/MbIIYETHCS B 3,5 pasyu, a IpU BEJMKUX 3HAUEHHSIX %

IHTeHCHUBHillIe 11 BUIIpaBJI€HHS.
[HTeHCVBHiCTD BumpasiaeHHs (K <1) 3amexxuts Bim KoedimieHTa 06THC-
D, Dy
HeHHS 10 AiameTpy L : umm Ginbuie 3HaueHHsT D |, TMM iHTeHCMBHilIe BuU-

MpaBjeHHS pi3HOCTiHHOCTI. TOOTO 3 MeTOI0 BUIpPaBIEHHS Pi3HOCTIHHOCTI

(50 >4%) 1pu 6e30IpaBOYHOMY BOJIOUiIHHI HeOOXimHO  306iJbIIyBaTU
KoeillieHT BUTSIKKHA.

3a71eKHICTh 3MiHM Pi3HOCTIHHOCTI Bif, BiIJHOCHOTO OOTMCHEHHS IIO
IiaMeTpy Ta Bif CTYIeHI0 TOHKOCTIHHOCTI HaBeJeHa Ha puUCyHKax 1 Tta 2 mis
crani 08X22H6T.
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1 1.1 12 132 14 15 1,6
HoediuieHT oBTMCcHEHHA no giamerpy, DO/D
e (B0=10%) =l 50=5%) == k(B0=3%)

PucyHoK 1 — 3aJIeXXHiCTh 3MiHM Pi3HOCTIHHOCTI BiJi 0OTMCHEHHS 110 IiaMeTpy

(ctanb 08X22H6T)

2
L
E‘ 18
& 1,6 .
T . a0=3%
= 1A - = =
Z 12 M = = Sl
; ¥
g 1+ a0=6%
5 0.8
™M
£ 06
(")
I 04 "
oA 0,2 a0=10%
=]
x

8] T T T T T |

o 0,05 01 0,15 0,2 0,25 0.3
CTyMiHb TOHKOCTIHHOCTI, 80/0D0

PucyHOK 2 - 3ajiexXHicTh KoedillieHTa 3MiHM pPi3HOCTiHHOCTI BiJI CTyIIeHs
TOHKOCTIHHOCTI (cTasib 08X22H6T)
BucHOBOK. Pe3ynbTaTu OOCTIIKEHb BIPOBAIKE€HI B pPO3PaxyHKMU
MapIIPyTiB Ta TEXHOJOTIUHUX KapT BUPOOHUIITBA [2] 3 MeTO NMPOTrHO3yBaHHS
Pi3HOCTIHHOCTI rOTOBUX TPYO IIpM BOJIOYiHHI Ta 3aMPOBAJI>KEHHIO CKOPOUEHHSI

BUTPAT MeTaTy Ha BUPOOHUIITBI.

JITEPATYPA / IUTEPATYPA
1. ConoBbeBa M.A. Pa3paboTka MHOrOBapMaHTHOM TEXHOJIOTUM, MUCCIeI0Ba-
HMEe ¥ BHeJpeHMe pallMOHaJbHBbIX PeKMMOB MPOM3BOJCTBA XoJoAgHOAedOp-

34 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 5 (130) 2020 «System technologies»

MMPOBAHHBIX TPyO: AMC. ... KaHA. TexH. Hayk: 05.16.05 / ConoBbeBa VMHHa
AHatonbeBHa. — [IHernporieTpoBck, 1987. — 200 c.
2. ConosiioBa, I.A. IIpoekTyBaHHS KOMOiHOBaHMX MapHIPyTiB BUPOOHMUIITBA
xononHonedopmoBanux Tpy6 / I.A. CosnosiioBa, B.®. banakin, 10.M. Hukona-
eHko, K.C. Binan // CucreMHi TexHosorii. — 2017. - N2 4. — C. 56-62.
3. Kyuepenko B.P. AHanu3 CcyliecTBYWOIIMX peXXMMOB AedhopMaly Ipyu BOIO-
YyeHMM U pa3paboTke pekoMeHmanuii mo ux ontummsauumu: Otuer o HUP /
B.P. Kyuepenko, E.B. KonapatbeB, N.A. CosioBbeBa. — JIHeENpONeTpPOBCK:
IOMeTtH, 1976. - 91 c.

REFERENCES
1. Solovyova I.A. Development of multivariate technology, research and
implementation of rational production modes of cold-deformed pipes: dis. ...
cand. tech. Sciences: 05.16.05 / Soloveva Inna Anatolevna. - Dnepropetrovsk,
1987 .- 200 p.
2. Solovyova I.A. Designing of combined routes of production of cold-
deformed pipes / I.A. Solovieva, V.F. Balakin, Yu.M. Nykolayenko, K.S. Bilan //
System technologies. - 2017. - N2 4. - P. 56-62.
3. Kucherenko V.R. Analysis of existing deformation modes during drawing
and development of recommendations for their optimization: Research report
/ V.R. Kucherenko, E.V. Kondratiev, I.A. Solovyova. - Dnepropetrovsk: DMetlI,
1976. - 91 p.

Received 03.03.2020.
Accepted 10.03.2020.

lpozHo3ysanHa moyHocmi mpy6 npu 6e3onpasoyHoMy B0N0YTHHI
bezonpaso4yHomy B0/104iHHA niddarms mpybu nicis KOPOMKOONPABOYHO20 BOJNOYIHHA
abo npokamku Ha cmarax XI1T abo XITTP, mo6mo mpy6u, SKi Maoms nesHy pi3HOCMIHHICMb.

3 memoto oyiHKu moyHocmi mpy6 nicns 6e30nNpasoYHO20 BONOYTHHSA OY/IU CNPOEKMOBAHT 1
00C/iOKeHT MmexHOM021YHI Mapwpymu supobHuymsea mpy6 3 pizHux Mmapok cmasnel. 3a po3po6-
JIleHUMU Mapwpymamu 3a mexHo02I€0 BUPOOHULMBA npomszanucs napmii mpy6, 8i0 KOXHOT
napmii 8106uUpaauCca 3pazKku 1 NPOBOOUNUCS BUMIPU MOBUUHU CMIHKU B8 PIBHOBIOO0AGHUX MOY-
Kax nonepe4yHo20 nepepiszy mpyo6u.

Ans KoxHo20 npoxody BONIOYTHHA PO3PAXOBAHI: AOCOMOMHA 1 BIOHOCHA Pi3HOCMIHHICMb
3ge0mosku 1 eomosoi  mpybu, KoediyieHm o0b6mucHeHHAs no Oiamempy, CMyNiHb
MOHKOCMIHHOCMI, CMyniHb degopmayii, KoegiyieHm 3MIHU PI3HOCMIHHOCMI.

3a pe3ynbmamamu BUMIPHOBAHb BUKOHAHUL KopensayiliHo-pe2peciliHull aHani3, BU3HAYeH]
akmopu, wo snauBaKMb HA 3MiHY PI3HOCMIHHOCMI Ma NoBYy00BaAHT pe2peciliHi 3anexHocmi
NPO2HO3YBAHHA O4iKYBAHHSA nonepeyHoi pi3HoCMiHHOCMi mpy6 npu 6e30NpasoyHOMY BOOYTHI.

lpu aHanizi ompumaHux 3anexHocmell MOXHA 3pobumu HACMYyNHi BUCHOBKU: YUM
naGCMUYHIWUG Memas, mum MeHwe 3MIHa PI3HOCMIHHOCMI. MeHw naacmu4Hi cmani mamme
6inbLy MmeHOeHYTo 00 3MIHU Pi3HOCMIHHOCMI.

InmeHcusHicmb BunpasneHHa ( k <1) 3anexums 810 KoegiyieHma 0OMUCHEHHA no
oiamempy - 4um OifblWie 3HAYEHHA (1020 3HAYEeHHs, MUM THMeEHCUBHIWe BUNPABIEHHS

. . . . . .0
pizHocmiHHocmi. To6mo 3 Memoto BunpasaeHHs pizHocminHocmi (©9>4%) npu 6eszonpasoyHo-
MY BOJIOYTHHT HEObXIOHO 361/1bWYBaAMU KOEPIYIEHM BUMSKKU.
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BucHosok. Pesynsmamu OQocniOxeHb B8npoBaoxeHi 8 pO3PAXYHKU Mapwpymis ma
MexHONI02TYHUX Kapm BUpPOBHULMBA 3 MemoK NPO2HO3YBAHHA PI3HOCMIHHOCMI 20MoBUX mpy6
npu BOJIOYTHHI Ma 3aNPOBAOIKEHHIO CKOPOYEHHA BUMPAM Memasy Ha BUPObHUYMBI.

Predicting the accuracy of pipes at sinking

Sinking is subjected to pipes after short-term drawing or rolling on cold rolling mills or roll
rolling mills, ie pipes having a certain difference.

In order to assess the accuracy of pipes after sinking, technological routes of pipe
production from different grades of steel were designed and investigated. According to the
developed routes by the production technology, batches of tubes were drawn, samples were taken
from each batch and wall thickness measurements were made at equally distant points of pipe
cross-section.

For each passage of the drawing are calculated: absolute and relative difference of the
work piece and the finished pipe, the coefficient of compression in diameter, the degree of
thinness, the degree of deformation, the coefficient of change of the difference.

According to the results of measurements, correlation-regression analysis was performed,
factors influencing the variation of difference were determined, and regression dependencies of
the prediction of the expectation of the transverse difference of pipes at the block were
constructed.

In the analysis of the dependences obtained, we can draw the following conclusions: the
more plastic the metal, the smaller the difference in difference. Less plastic steels tend to change
in diversity.

The intensity of the correction ( k<1 ) depends on the compression ratio in diameter - the
greater the value of its value, the more intense the correction of the difference. That is, in order

to correct the difference ( 50> 4%) at sinking, it is necessary to increase the coefficient of
drawing.

Conclusion. The results of the researches are incorporated into the calculations of routes
and technological maps of production in order to predict the difference of finished pipes during
drawing and to introduce a reduction of metal costs in production.

ConoBbeBa MHHa AHaTOJIb€BHA - K.T.H., AOLIEHT Kadeapbl TEeXHOJIOTU-
YeCKOro npoekTupoBaHusa HalMoHanibHON MeTa/ulypruyeckoi akageMmum YK-
pauHBbI.

Huxonaenko I0musa HukosaeBHa - cTapiinii penogaBaTenb Kadbeapbl Tex-
HOJIOTMYECKOTr0 MPOeKTUpOoBaHMsA HallMoHa/lbHON MeTa/ulypruuyeckoi akazue-
MUU YKpPAUHBI.

ConosiioBa IHHa AHaTrosiiBHA - K.T.H., [OLEHT Kadeapu TeXHOJOTiuHOTrO
NpoeKkTyBaHHY HaljioHa/bHOI MeTaypriiiHOI akagemii YKpaiHu.
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A.H. Xomuenko, O.I JIutBuHeHkKo, [.0. AcTioHeHKO
HECTAHJIAPTHA MOIEJIb TPUKYTHOTI'O
CKIHYEHHOTI'O EJIEMEHTA T7

AHomauis. Y pobomi po3ansHymo mpukymuuk T7, akul mae cim 8y3/i8 (mpu 8y3/1U y BepuIUHAX,
mpu 8y3/1U Ha cepeduHax cmopiH i 00uH 8y30s y 6apuyeHmpi). B mamemamuyi T7 sukopucmo-
ByloMb Yy AKOCMI 064UC/II0BANIbHO20 WABIOHA 01 HABUXEH020 THMe2pyBaHHA Y MPUKYMHUX
obnacmsax. 3ycmpiyaemscs MpUKymMHUK T4, AKUG MAKoX BUKOPUCMOBYIOMb y AKOCMT 064UC/TIO-
BA/IbHO20 WA6MOHY. MiX THWUM, mpuKymHuk (0B0BUMIDHUL cUMNJIeKC) — HesuYepnHe 0xepeno
HOBUX pe3ysbmamis. 3aCHOBHUK Cy4acHO20 1 Oyxe e(heKmusH020 Memoly CKIHYeHHUX e/leMeH-
mig (MCE) P. Kypaum peanisysas cg8oi 2eHianbHi i0ei came Ha mpukymHukax (mpukymHuk Ky-
paHma, komipka Kypanma). Ane He 8CI mpuKymHuku 30amHi BUKOHYBAamMu No0BIliHY posib: 064u-
C/I0BANILHO20 WAbBJIOHA T CKIHYeHH020 esleMeHma. J]Jo CKIHYeHHUX eneMeHmis sumoau Bibu Xo-
PCMKI, HANPUKAAO, 3ARXHICMb MiXK NOPSOKOM e/leMeHma 1 KiJibKiCmio B8Y3/1i8, HEOOXIOHUX 0/
noniHomianbHoi iHmepnoaayii. Oce yomy ceped mpukymHux CE 3ycmpiyaromscs mifbKu 4Y1eHU
apugmemuy4Ho2o pady «mpukymuux» qucen [ligpazopa: T3, T6, T10... Mu nepekoHanucs, wo T7,
AK 1 cmaHoapmHud T10, Moxe BUKOHYyBamu no0BIlHY poJib, @ NOPYWEHHS MIXXeJleMeHmHOi Hene-
pepsHocmi (HecymicHicmb) Ha epaHuyi 3 mpukymHum T6 abo keaopamHum Q8 He mae Hebaxa-
Hux Hacniokis. Modens T7 ycniwHO sUMpuUMye Kyckoge mecmysaHHs. [Ipu ybomy «dymax» moda
T7 BIOKpUBGE MOX/NUBOCMI 2eHepyBamu WAAXOM KOHOeHcauyii 6e3niy asbmepHamuBHUX
modesnel T6.

Kntowosi cnosa: mpukymuuk T7, HecmaHdapmHa modess, 064Uc08aAbHUL WABIOH, CKIHYeHHUL
esieMeHm, KyCKose mecmyBaHHA.

IToctaHoBKa npo6aemu. OcobauBicts TpukyTHUX CE mosnsirae B TO-

MY, 11O iCHY€ TicHMIT 3B’SI30K MiK MOPSIIKOM eJieMeHTa N i KiJIbKicTio S HeoO-
XiIHMUX 15 iHTepnoanii Bysiis. Lisg dopmyna S = E(n +1)n +2) Bimoma 3 vacis

I[Tiparopa. Bona 3ycTpivaeTbcst B poboTax HbioToHa (6iHOM), ITackass (TpuUKy-
THUK). 1likaBo, 110 rpadiuHi 300paskeHHS «TPUKYTHUX» uucen 6e3 6yIb-sIKoi
3MiHM noTpanmin y 20 CTOJITTS i BUKOPUCTOBYIOTHCSI Y SIKOCTi HOCIiB (iHiT-
Hux ¢yHKiin MCE. lLeii monyaspHuit MeToh, mounHaBcs y 1943 poiii came 3
TPUKYTHUKIB. PiBeHb monyisipHOCTi TpUKyTHUX CE He cnamae. CbOrogHi y

© Xomuenko A.H., JIutBunenko O.I, Actionenko 1.0., 2020
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KombiHalii 3 kBagpaTHUMyU CE TPUKYTHUKM BUKOPUCTOBYIOTH Y IPUTPAHNY-
Hilt cMy3i obJiacTeil 3 KpUBOJiHIMHMMM rpaHuLsiMKU. HazBeMo Tpu IepIii Mo-
neni TpukyTHUX CE: T3 (Tpu By3aM y BepliMHaX TPUKYTHUKA), T6 (Tpu By3an y
BeplliMHaX, TPU BY3JIM Ha cepeauHax CTopiH), T10 (Tpu By3au y BeplIIMHAX,
IIiCTh BY3JIiB Y TOUKAX TPUCEKIIii CTOpiH, OAMH BY30J y 6apuiieHTpi). BHyTpi-
IIHi By3JIM BUHUKAIOTh MMPUPOAHUM HUISIXOM, SIK «TpUKyTHi» umcia ITidaropa.
CraByiieHHS (axiBIiB 40 BHYTPIIIHIX By3JiB 3aJIEXKUTH BiJ] TOTO, 3 IKOI0 METOIO
CTBOPIOETHCSI MO eb. SIKIO TPUKYTHUK BUKOHYE poab CE, BHYTpilllHi By3/u
HebOaxkaHi. I[06 BUKITIOUMTM BHYTPIllIHI IapaMeTpy, BUTaJaJyu TMPOIeaypy
KOHAeHcalii (peaykKilii). SIKIIO TPUKYTHUK BMKOHYE POJIb O0OUMCIIOBAIbHOIO
1mab0Ha MIJIs1 YMCeIbHOI0 iHTerpyBaHHS, HasSBHICTb BHYTPIIIHbOTO By3ja (Y
6apuileHTpi) MO3UTUBHO BIIMBAE HAa TOUHICTh 06uUMc/IeHb. MoBa jie Ipo Bi-
nowmi ma6souu T4, T7, T10. o peui, momensb T10 ycminiHO BUKOHYE MOABIIHY
ponb. IlikaBa mpobjeMa CTOCYETbCSI HOCTiIKEHHSI MOXJIMBOCTI MOABifHOTO
BUKOPUCTAHHS TpUKyTHMKA T7. SIkimo aHcambioBaHHs CE He mepen6avya€eTh-
cs1 (TPUKYTHUI CcyllepesieMeHT), TOCTaTHbO CKOHCTPYIOBaTU 6a3uc, sIKuit 3a-
IOBOJIbHSIE iIHTEPIIOJALIilHINM rimoTesi Jlarpamka. Ko nepenbavyaeThcs aH-
caMOJII0BaHHSI, Tpeba IIJISIXOM KYCKOBOTO TE€CTYBAHHS MOCTIIUTU MOBEIiHKY
6asucy T7 Ha rpaHuili 3 TpUKyTHUKOM T6 abo kBajgpaTtom Q8. Came LM Mpo-
6;1eMmaM IIPUCBSIUEHA CTATTSI.

AHai3 ocTaHHiX JOoCTiAKeHb i myomikamii. TpUKYTHUK, SIK TBOBU-
MipHMIA CUMILIEKC, BBa)Ka€TbCsl HaioOinbin posmnoBciomkenum CE. Opna i3
MIPUYMH 1IbOTO B TOMY, 1[0 OYAb-SIKYy 00J1aCTh Y IBOBMMipHOMY ITPOCTOPi MO-

’KHa alfpOKCUMMYBATH 6araTOKyTHUKAMMU, SIKi 3aBKIM MOKHA pO30UTHU Ha TPU-

KYTHUKM. KpiM TOro, MoBHMUM IIOJIiIHOMOM MOPSAKY ' MOKHA CKOPUCTATUCS

nist inrepnonsiuii dyHkuii f(x, y) 3a BigoMuMu 3sHaYeHHIMU Y %(n+1)(n+2)

CMMETPUYHO PO3TallOBaHMX By3jaX TpUKyTHMKA. CTaHOAPTHI MOJesi TPUKY-
THUKIB Pi3HUX MNOPSAKIB MOXHA 3HaWTU y KHuUrax [1-3]. Briepiie KycKoBO-
JiHiVHI QYHKIiI Ha TPUKYTHUKY OyaM 3amporoHoBaHi Kypantom (1943). ITi3-
Hillle iX He3aJIeXXHO AocaiaxkyBaB TepHep. Lli Mogesi iHOMI HAa3MBAKOTh TPUKY-
tHukamu Kypanrta-TepHepa [4]. [Ipob6iemMu KOHCTPYIOBaHHSI HECYMiCHUX MO-
nesneit BUCBiT/IIOE aBTOp [5]. IHdOpMaIlilo Mpo KycKOBe TeCTyBaHHS MOXXHA
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3HaiTK y poborax [1, 4, 6, 7]. [Ipo mponenypy KoHAeHcallii (peaykirii) Ha T10
(peuent Cosipne-PaB’apa, 1972) HaranyoTs aBTopu [1].

Merta pociaigKeHHS. MeTOW IOOCTiIKeHHS € KOHCTPYIOBAHHS MOJIi-
HOMiaJIbHOI'O 6a31Cy HecTaHAApTHOTO ejieMeHTa T7, BU3HAUeHHS CITIeKTpa eK-
BiBaJIeHTHMX BY3JI0OBMX HaBaHTa)XeHb Bif, OAMHMYHOI MacOBOI CUJIM, BUKO-
HAHHSI KyCKOBOT'O TeCTYBaHHSI Ha MikeJleMEeHTHY HeIlepepBHICTb Ha I'PaHMUILi
i3 crangaptaumu CE: T6 a6o Q8, reHepyBaHHSI MOJIEJILHOTO PSITy aJbTepHa-
TUBHUX T6.

BuknazeHHsT OCHOBHOro marepiany mociaigkeHHs. OCHOBHUI Ma-

Tepias Kpallle MoYMHaTH 3 apuMeTUIHOTO Py i TpUKYTHUX uucen ITigaro-

pa (puc. 1).

L+t 34

Pucynok 1 - TpuxyTHi uncia ITidaropa (TpukyrtHi CE)

Came 1i TPUKYTHUKU Terep BUKOPUCTOBYHIOTb Yy SKOCTi CKiHUEHHMX
enemeHTiB (CE). ITepiri Hocii GiHITHMX QYHKIIiV Cy4acHOTO MeTOOy CKiHUeH-
Hux enemeHTiB (MCE) manu tpuxkytHy ¢opmy. TpukyTthi CE i cborogHi BBa-
KA ThCSI HalOiIbII KOPMCHMUMM, OCOOIMBO B 3aaUaxX 3 KpUBOJIIHIIHUMM I'pa-
HUISIMM PO3PaxXyHKOBUX 0obJiacTeit. Bim mopsiiKy eleMeHTa n 3a/I€XXUTh KiJlb-
KicTb HEOBXiZHMX BY3IiB X :

k:(n+l)2(n+2)' 1)

[TpaBuno (1) mae MOXIMBICTH 3PO3YMITH, UOMY Cepel, TPUKYTHUKIB
[Tiparopa, a Takox cepen TpuKyTHMX CE He 3ycTpiuaioThbcsi, Hanpukiazg, T4
a6o T7. Mix inmum, T4 i T7 yacToO BUKOPUCTOBYIOTh B OOUMC/IIOBA/IbHI Ma-
TeMaTHUIli y SIKOCTi I1a6/IoHIB Oj1s1 KyoaTypHux ¢opmyi. LlikaBe crmocTepeskeH-

Hs1: B MCE BHYTPIIlIHI By3/iM eleMeHTiB HebaxkaHi. [IJ1s iX BUK/IIOUEHHSI HaBiTh
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BUTaJaIN CIelliaJibHy MpolieAypy KoHAeHcalii (penykiiii) [1]. A B o6uucIio-
BaJIbHUX 1a6/0HAxX Kyb6aTyp, HaBMaku, BHYTPIllIHI BY3/IM BiJjirpaloTh MPOBiI-
HY poib. K 6aunmo, mofdenb T10 Mae mopnBiliHe InpusHaueHHs. Hukue mu
CIIpoOYy€eEMO CKOHCTpPYIOBATU Mopeb T7 i3 moABiiiHMM Ipu3HauYeHHSIM. ['ojo-
BHa IpobsieMma, sIK 3aBXkau B MCE, mobymyBaTtu 6asucHi yHKIil (QyHKIIii
BIIMBY) mogesi T7. Sk Bigomo [1-3], 6a3ucHi dyHKiii TpukyTHUX CE BUIINMX
TOPSIAKIB 3PYYHO BMUpaskaTy uepe3 OApUIIEHTPUUYHI KOOPAMHATU CUMILIEKCY
T3, ToOTO Uepe3 6a3ucC MepuIoro MOPSAKY. bapuileHTPMUUHI KOOPAMHATY MOK-

Ha BUPa3NUTHU yepe3 ,ELEKapTOBi KOOpAaMHaTu, HalIpMKJyiand,

. I x vy . I x vy
L (x,y):ﬁ I xy o€ S=—|1 ¥ | -TUIONA TPUKYTHHKA. (2)
I x3 »; I x3 s

AHanoriuno, mia L,(x, y), L,(x,y) IUIIXOM IMKIIYHOI IepecTaHOBKM
iHOeKciB.
Ha puc. 2 a 306paskeHO TUIIOBUI TPUKYTHUIA eieMeHT T3 (CMMILIEKC),

Ha puc. 2, 6 — HectaHgapTHuii T7.

Ja Vi

T

a) 6)
PucyHOK 2 - TpuKyTHIi eJleMeHTH y IJIOLIMHI (X, V)

HeBakko mepekoHaTucs, mo GyHKIii L, (x,y) € iHTepmoasiiiiHumm
st T3. BoHM 3a0BOJIBHSIIOTh BMMOTaM iHTepIIOJsLiiiHOI rirmoTe3u JlarpaH-

JKa:

I, 1=,
’ ’ i=1

ne i — HoMep (PyHKIIii, j — HOMep By3Ja.
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3a OIIOMOTOI0 CYNepro3uIii MiHifiHuX GyHKLii L, (x, y) MOXHa CKOH-
crpyroBati 6asucHi QyHKUii N,(x,y) eneMeHTIB BMIMX MOpsAAKiB. Hampu-

Kiaan, ns T6 6asuc mae Bursn, [1]:

N;(x,y)=L,(2L, —1), aHAIOTiUHO JIs i =2, 3;
4)

N,(x,y)=4L, 2L, , aHATIOTiUYHO I/ i = 5, 6.

3ayBaxkuMo, 110 6a3uc (4) peasnisye HePUPOIHUIL CIIEKTP €KBiBaIe€HT-
HMX BY3JIOBUX HaBaHTakeHb BiJ, OOIMHMYHOI MaCcOBOI CuIN. 3a3BMUYail, By3/I0Bi

HaBaHTaXXeHHST y, 00UNCII0I0Th 3a Gopmysiolo HeioToHa-KoTeca:
1
y = —”Nl-(x,y)dS .
S D

[HTerpyBaHHs y 6apUIeHTPUUHUX KOOpAMHATAX BUKOHYETHCS 3a Ipa-
BUJIOM [1-3]:
2alb!c!
a+b+c+2)!

y,-=§ijL‘:L2L§ as={ (5)

Takum unMHOM, 111 Mojeni Té6 maemMo:
7, =0, i=1273; }/i:%, i=4,5,6. (6)

Ijist cTBOpeHHS KybaTypy Takuii po3Iojis BaroBux KoedillieHTiB He-
eeKTMBHMII, TOMY IIO i3 IIECTH BY3JiB II0JIOBMHA He mpailioe. lle ogHa i3
MIpUYMH Halloi yBaru Ao mozeini T7. HaBiTb, sikiio moznenb T7 6yae Helpuaa-
THOIO Y SIKOCTi CKIHUEHHOTO eJIeMeHTa, MOKHA CIIOLiBAaTUCS, 110 «AyTa» MOa
3a06e31eunTh MOOYIOBY MOJEILHOIO PSIy OOUMCIIOBAJIbHUX I1a060HIB T6 3
di3nMuHO afeKBaTHMMM BaroBuMu koediijieHTamu (Ha 3aMOBJIEHHS).

[Tokaskemo iHTepnonsLiiHmit 6asuc ajast T7 (puc. 2, 6):

N()(X,y)= 27L1 L2 L3=
Ni(x,y)= %(6Lf —5L3 + L, ), AHAJIOTIYHO I | =2, 3; (7)

Ny(x,y)=4(L, L, —3L, L, Ly), aHAJIOTIYHO /Il i = 5, 6.

3a dbopmyioio (5) OTpuMaeMO CIEeKTP BY3/JI0BUX HaBaHTaXeHb

27 3 8
2 L2 i3 gy = iz4s.6
60’ 7 i =60

Yo 125
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Lleit TpuKyTHUK HecyMmicHUI 3 T6 i kBagpaToMm Q8, TOMY 110 HA TPaHM-
IIi CrlocTepiraeTbCsl MOPYIIeHHS HemepepBHOCTI. Jani My mokasxkemo, mo T7
YCHIIIHO BUTPUMYE KYCKOBe TeCTyBaHHS [6, 7], ToMy HebGa’kaHMX HaCTiJKiB
HeMae€. [HTepnosSHT, 10 BimHOBIIOE QYHKIIIIO f (x,y) HA TPUKYTHUKY T7, mae

BULJISL:
6
x , Y :ZN X,y fl,
i=0

me f;— Bimomi arutikaty mosepxHi z = f(x,y).

Termnep 3anuiemo KyoaTypy Ijst HabJIMKeHOro 00UMcIeHHS MOABIMHMX

iHTerpasiB Ha TPUKYTHUX 00JIACTSIX

”fxyds S( Zf Zi:fj

[1o popmMyny Mo>KHA MiATBEPAUTY METOIOM HeBM3HAUeHUX Koedillie-
HTiB [8]. ITocTyIoBO 3’IBJSIETHCS MOBipa A0 HOBOTO 6asucy (7). dani mu moka-
’)KeMO, SIK 3BiJIbBHUTUCS Bif, BHYTPIIIHbOTO By3ja Ta nepetrBoputu T7 y T6. VY
1972 p. Cpsapne i Pas’ap [1] neperBopunu T10 y T9, ane He nmomiTwin, 1o
«peLernT» KOHAeHcallii Mae OyTH He TibKM MaTeMaTUUYHO OOI'PYHTOBAHUM,
ase i pi3aMuHO amekBaTHUM. MM MPOMOHYEMO MPOCTY IpOLeaypy HeMaTpuu-
HOI KOHJeHcallii, sKa A03BOJISIE 3aMOBJISITU CIEKTP BY3/JI0BUX HaBaHTa>KeHb
mogeni T6. ITosHauMMo yepe3 N, 6asucHy yHKIi0 HOBOi Mogeni T6. HoBy
(dYHKIIi10 3pyYHO KOHCTPYIOBATH SIK JIiHi/iHY KOMOiHa1ito pyHKii T7:
N,=N,+a-N,. (8)
[[Io6 BM3HAUUTH KOe(dillieHT «, 3alMUIlIeMO BiAMOBiAHY 3a/eXXHiCTb

MiX BY37I0BMMM HaBAaHTAXEHHIMMU: 7, =y, +a ), -

[Ticss boTo MOBEpTAEMOCH 10 3ayieskHOCTi (8). Hampuknan, 1ikaBo fi-
3HATUCS, IKUM Oyne HOBUI1 6a3uc T6, Ko 3aMOBUTU Bimomuii criekTp (6). B
IIbOMY BUMAJIKY JIJIsI KYTOBO1 QYHKIIi1

3

0——+oz-2 3BiIKM oz——l TOMY
60 60’ 9’

1 1 1
N, :5(6L§ ~50 +L1)—§-27-L1 L, L, :Ll(SLf —%Ll Jrgj—u1 L, L.
L .. 4
JJ1st IpoMi>kHOT QYHKITi] a=g TOMY
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N,=4-L -L,—12-L,-L,-L, +3-27-Ll L,-L,=4-L -L,.

Takum unMHOM, penbed KyTOBOI MOBepxHi cTaB OibILI CKIaAHUM, IIPO-
Mi’KHa IIOBepXHS He 3MiHmiacs. lle o3Hauvae, 10 MikeJleMeHTHY HeIlepe-
PBHICTh MOPYIIYIOTH Juille KyTOBi ¢yHKIii. Came BOHM MalOTh MPOITH Tepe-
BipKy LIJISIXOM KyCKOBOTO TeCTyBaHHS. Hukde My mokaxkemo, 1o 1i GyHKIii
YCIIIIIHO BUTPUMYIOTh TECTYBAHHS $SIK 3a Bepciewo AripoHca-Passaka, Tak i 3a
Bepcieto [TarTepcona. Il[o6 36araTuTy iHGopMalliro Mpo HeMaTPUUHY KOHAEH-
caliito, moOyIyeMO MaTeMaTUUYHO OOIPYHTOBaHMI1 i (TosoBHe) Pi3udyHO amek-
BaTHUI CIIEKTP eKBiBaJ€eHTHUX BY3JIOBUX HaBaHTakeHb MOAM(piKOBaHOI MO-

neini T6.

PerieniT po3nominy: _2. 1o 2 Yy KyTOBI BY3JI1 (a—ij 1o 7 y
77607 60 27)

.. 7 |
IIPOMDKHI BY3/M azﬁ . CmekTp Mae BUIJISL: yl:E, i=1,23; 7’:1’

i=4,5 6. Takuii CrIeKTp Mali>ke He BIAPi3HSIETHCS BiJl eMITipMUYHOTO, SIKUIA MO-
KHa OTpUMATU B eKCIepUMMeEHTax 3 OJyKalouMMM YaCTMHKAMMU i MOIVIMHAIO-
yyuMM By3naMu Ha rpaHmii T6. KyckoBe TeCTyBaHHS KYTOBUX ITOBEPXOHb I10-
nsirae y TOPiBHSHHI TMOBeAiHKM N, i N, Ha IpaHull, 0 IPOXOAUTH uepes
BepuinHy 1, Hanpukiang 1-2. ®eHOMeH MOpPYyIIeHHS MiXeJleMeHTHO1 Herepe-
PBHOCTI UIIOCTPYE puUC. 3.

I I

a) 6)
PucyHOK 3 - a) mapa6ou: KBafipaTuuHa N,, Ky6iuHa N, ;

6) cTpU6OK @ =N, — N,

Ik 6aunmo, (puc. 3, a) N, 3MiHIOETHCS 32 3aKOHOM Ky6iuHOi mapa6o-

oM, a N, — 3a 3aKOHOM KBaJipaTUYHOi mapabosm. PisHulsl ¢ = N, — N, Ha3uBa-

1

€TbCs CTpUOKOM (puc. 3, 6). 3a AlipoHcoMm-Pa33akom [7] BBaska€ThCs, 110 MO-
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nudikoBaHa MOesb YCIIIIHO BUTPUMYE TeCTYBaHHS, SKINO iHTerpana Bif
ctpubka mopiBHioe 0. CTpMOOK 3MiHIOETHCS 32 3aKOHOM KyOiuHOi rmapabosn i3
LeHTpOM cuMeTpii y By3Ji 4. 3a [TaTTepcoHOM [6] BBXKAETHCS, 1[0 HECYMiCHA
MOJe/b YCIIIIIHO BUTPUMYE TECTyBaHHSI, SIKIIIO CTPMOOK Ha rpaHMIli, SIK MiHi-
MyM ABiui, Ha6yBae sHaueHHs 0. Ha puc. 3, 6 Takux TOUOK TPM.

BucHoBKuU. Briepiiie mo6ymoBaHo MoliHOMiaabHMIA 6a3MC HeCcTaHIap-
THOTO TpuKyTHUKA T7. [loBegeHo, 1m0 T7 MOXHA BUKOPUCTOBYBATU HE TiJIbKU
SIK 00UMCTIOBAJIbHMI 11a0JIOH OIS HAOJMKEHOTO iHTerpyBaHHS, a i SIK CKiH-
YEeHHUI eJleMeHT (CaMOCTiitHO abo B aHcam671i 3 T6 i Q8). 3a gormomorow T7
Tellep MOKHA reHepyBaTU MHOXMHY HOBUX mofeseii T6 i3 pisHMMM iHTerpa-
JIbHUMM XapaKTepuUcTuKaMu. BapTo Big3HauuTH, 1m0 cepef JarpaH>XeBux i ce-
PEHIUMNOBUX TPUKYTHHUKIB Ille He 3yCTpivasnucs HeCyMicHi eneMeHTU. OTpu-
MaHi pe3yabTaTy CBiguaTh, 110 CBiloOMe KOHCTPYIOBAHHS HECYMICHUX eJieMeH-
TiB — IIikaBa i KOpuCHa crmpaBna. I, K Ije 4acTo Tpamase€ThCsI B MaTeMaTHIi, MU

OoTpuMaJu Oisiblile, Hi>K OUiKyBaJI.
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HecmandapmHasa modenb mpey20/1bH020 KOHeYHO20 3nemeHma T7

PaccmompeH mpeyzonbHuK T7, Komopesll umeem cemb Y3708 (mMpu y31a 8 BepuiUHax, mpu
Y3710 Ha cepeduHax CMopoH u 00uH y3en 8 bapuyeHmpe). llokasaHo, Ymo T7, Kak u cmaHoapm-
Hblli T10, Moxem BbINONHAMb OBOUHYIO PO/ib: BbIYUCIUMEbHO20 WAGIOHA U KOHEYHO20 3/1e-
MeHmMa, a HapyuweHue Mex3/ieMeHmMHoU HenpepbiBHOCMU (HecosMecmumMocms) Ha 2paHuye ¢
mpeyeonbHbIM T6 unu kgadpamieim Q8 He Hecem HexenamenbHbix nocnedcmsull. Modens T7
ycnewHo Bbl0epxusaem KycoyHoe mecmuposarue. [lpu 3mom «dymas» mooa T7 omkpbisaem
BO3MOXHOCMb 2eHepUpPoBaAMb NymeM KOHOeHCALUU MHOXeCmso asbmepHamusHbix modeseli T6.

Non-standard model of triangular finite element T7

Triangular as a two-dimensional simplex is considered to be the most common FE. One of
the reasons of this is that any area in two-dimensional space can be approximated by polygons,
which can always be divided into triangles. The paper considers the triangle T7, which has seven
nodes (three nodes in the points, three nodes in the middle of the sides and one node in the
barycenter). In mathematics T7 is used as a computational template for approximate integration
in triangular domains. There is a T4 triangle, which is also used as a computational template.
The triangle (two-dimensional simplex) is an inexhaustible source of new results. The founder of
the modern and very efficient finite element method (FEM) R. Courant implemented his brilliant
ideas precisely on triangles (the Courant triangle, the Courant cell). But not all triangles can ful-
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fil a dual role: both of a computational pattern and a finite element. The requirements for finite
elements are stricter, for example, the relationship between the order of the element and the
number of nodes required for polynomial interpolation. That is why among triangular FE there
are only the members of the arithmetic series of "triangular" Pythagorean numbers: T3, T6,
T10... For the first time the polynomial basis of the non-standard triangle T7 is constructed in
the work. It is proved that T7, as well as standard T10, can be used not only as a computational
template for approximate integration, but also as a finite element. If no SE ensemble is provided
(a triangular super element), it is sufficient to construct a basis that satisfies the Lagrange in-
terpolation hypothesis. If ensemble is envisaged the behavior of the T7 basis at the boundary
with triangle T6 or square Q8 should be investigated by lump testing. Violation of inter-element
continuity (incompatibility) at the boundary with triangular T6 or square Q8 has no undesirable
effects. T7 model successfully withstands testing both according to Irons-Razzak and Patterson
versions. In this case, the "blown" mode of T7 opens the possibility to generate by condensation
many alternative models of T6 with different integral characteristics.
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JI.M. Bacunses, [I.JI. Bacunbes, H.I'. Manny, A.E Ha3zapos
MOJIEJINPOBAHME ITPOLIECCA PA3PYIIEHUSI HUWINHIAPUYECKUX
OBPA3LIOB I'OPHbIX ITOPO/],

AHHomayus. Paspabomaxa mamemamuyeckas MoOesb paspylweHus yuauHopudeckux obpazyos
20pHbIX NOPOO NPU HAAUYUU KOHMAKMHO20 mpeHus. Pazpabomar memoo pacyema npedesbHo20
BEPMUKAJIbHO20 HANPS)KEeHUS B BepUIUHe MpeujuHbl U pacyema npedena npoYHoCmu YuauHOpu-
YecKux 06pasyos 20pHbIX NOPod C UCNoMbL308aHUeM mpex nokazameneli csolicms (npeden co-
npomusnieHus mamepuana cosuay, y2os BHympeHHe20 mpeHus, Ko3(@uyueHm KOHMAKMHO20
mpeHUs), Komopsle NnpocmsiMu CNOco6amu Mo2ym 6bimb YCMAHOBAGHbI IKCNEPUMEHMAIbHO B
ycnosusx 20pHopyOHbIx npednpusmud, e0e pe3ysbmamsl pacdema moeym 6bimb 0nepamusHo
UCNO/Ib308AHbI O/15 ynpaseHus npoyeccamu 0e3uHmezpayud.

Kniouessie cnosa: mamemamuyeckas Mooenb paspylieHus, yuauHopudyeckue obpasybl 20pHbIX
nopoo, mpewuHa, BHympeHHee mpeHue, KOHMAaKmMHoe mpeHue.’

ITocTaHOBKa IpPoO6JieMbl M 1eJIb McCaegoBaHMA. [I11 0ObsSICHEHUST MeXa-
HM3Ma pa3pylleHus TOPHbIX MOPOJ, UPOKO NpuMeHsieTcss kputepuit KynoHa
MaKCMMaabHbIX 3 PEeKTUBHBIX KacaTeJbHbIX HANPSKeHUI Ha JIMHUSIX CKOJIb-
xeHus (JIC). Teopus Kynona [1-3] myisi CBI3HBIX Cpell OCHOBaHa Ha Mpenro-
JIO’)KeHUU, YTO COMPOTUBJISIEMOCTD MOPOAbI CABUTY HAa pacCMaTPUBAaeMOil Ha-
KJIOHHOJ IUIOIIAZIKe paBHA CyMMe COIIPOTUBJIEHUS YUCTOMY COBUTY. U BEJU-
UYMHBI, TIPOMNOPILMOHAIBHOM HOPMAaJbHOMY HAMNpPSKEHUIO HAa 3TONM IUIOIIAAKe,
OT BHYTPEHHETO TPEeHUS

)=k, +he, M
1780)47¢

r, 2k, =k |, @
rae t. — 3ddeKkTuBHbIe KacaTe/lbHble HAMPSDKEHUS] HA JMHUSX CKOJIbKEeHMUSI,
Ila; ky — mpeden MpoOYHOCTM MaTepuasa Ha CABUT; U — KO3DOUIIMEHT BHYT-
pEeHHero TpeHus; T, — COIIPOTUBJISIEMOCTb MOPOALI cABUTY, [1a; 6, — HOpMaJib-
HOe HalpsbKeHMe Ha HaKJIOHHO riomaake, Ia.

© Bacuinbes JI.M., Bacunbes [I.JI., Manuyu H.I'., Hasapos A.E, 2020
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V3 nnepBOro paBeHCTBA CJIeyeT, UYTO pa3pylleHue He TIPOU30iaeT, ec-
JIV JleBas 4aCTbh MeHblile IpaBou. g onpeneneHus npepena mpoOYHOCTU I10-
popn o (Ila) Ha OCHOBaHUM KPUTEPUS NIPU YCIOBUU MPSAMOJIMHENHOCTU pas3sBU-
TUS TPEeLVHbI - JUHUU CKoJbXeHus (JIC) mosyyeHa M3BeCTHAsl aHaJIUTUYe-
ckast popmyna [1,2,4 - 6]

o 2k, c'osp ’ 3)
1-sinp
rJe p — YrOJl BHYyTPEHHEro TpeHusl, pa.

CorsacHo (opmyiie (3) mpeaen MPOYHOCTM MaTepuasa SIBASETCS I10-
CTOSIHHOV BeJMYMHOM IJist /1100607 Touky Ha JIC. IIpM ycaoBUM ITOCTOSIHCTBA
npee/bHbIX BePTUKAIbHBIX HAIpSOKeHUII MpU paBeHCTBe T. =k, (06pa3oBa-
HJe TpelHbl) Ha TPAaeKTOpUM MaKCUMaabHbIX 3(GeKTUBHBIX KacaTeabHbIX
HanpspkeHuit (TMOKH) ¢ mosiBieHMeM I1epBO¥i TpeIlyHbl IPOUCXOOUIO Obl
CIIOHTAHHOEe paspylieHyue Teja. B peasbHBIX YCIOBUSX 3TO HE MPOUCXOOUT.
Cnouctele TOpHBIE TOPOABLI IPU HAIUMYUU TPEIIVH HEeCyT OIpele/IeHHYI0 Ha-
rpy3Ky [5]. lesio B TOM, UTO B IIpoliecce pa3pylieHus] Heu306eXXHO ydyacTByeT
KOHTAaKTHOE TpeHMe U JIMHUU CKOJIbYKeHUS UCKPUBILIOTCS. [Ipu paspylueHun
XPYIKUX TOPHBIX TOPOJ, 06jaJarouuX BHYTPEHHUM U BHEIIHUM TpeHUEM,
dopmyna (3) cyllecTBEHHO MCKaskaeT KOHEUYHbI pesylbTaT pacyeTa Halpsi-
’KeHUi1 B BepliMHe TpeuuHbl B 0Opa3ijaXx TOPHBIX MOPOJA, a B 1eJI0M, U B
Maccuse. IIpy HanMumMmM ke KOHTAKTHbBIX KacaTeJIbHbIX HAlPsSKeHUil, Hallpu-
Mep OT KOHTAaKTHOTO TpeHus, Kputepuit KyjioHa npeneabHOT0 COCTOSTHUS CO-
6J1I01aeTCsT TOJIBKO JIOKAJIbHO, B BepIIMHE TPeIMHbl. B oCcTalbHBIX 00/1aCTSIX
Ha JIC maTepuan HaXOAUTCSI B YIIPYTOM COCTOSIHUM, T.e. Tipu k < k,, toe k — Te-
Kylllee 3HaueHye CONpoTUBIeHus matepuana casury Ha JIC, Ila.

[TosTomy IJisl CIOUCTHIX MaTepuaaoB Gopmyia (3) HellpuMeHUuMa. ITO
TIOJIO’KeHMe TpebyeT pa3paboTKY HOBOTO MOAXO0/A K OMMCAHUIO ITpoIlecca Jio-
KJIbHOTO Pa3pylIeHMs CJIOUCTBIX TOPHBIX IMOPOA. OMKHBI ObITH IPUHSITHI
IOpyTHe UCXOMHbIe YCJIOBUS, MpUOMMKAIOIIe TEOPUI0 K pealibHbIM IIpoliec-
caMm. Hy>kHO B MaTeMaTHuyeCKOM MOJeN Mpoliecca y4eCTh JIOKaJIbHOCTb pas-
pylIeHus MmaTepuana.

Llenb maHHOM CTaTby — pa3paboTaTh MaTEMATUMUECKYI0 MOJeNIb U

BCKPBITh MeXaHN3M JIOKQJIbHOTO pa3pyllleHys TOPHbIX TIOPOT, .
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MeToauka wucciemoBaHuii. M3BecTHO, 4TO Tipu Ae(OpMUPOBAHUU
CIUIOIIHBIX TBEPABIX T 00pasyeTcs ABa BUAA JMHUI CKOMbXeHust. [Ipu mpe-
BbillleHUM 3(@PeKTUBHBIMMU KacaTeJbHbBIMU HAMPSDKEHUSIMU TIPeebHOTO
3HaAuUeHMs COMPOTUBJIEHUS] MaTepuasia CABUTY Kk, B Kakoi-HMOYIb TOUKe Ha
TM3KH npoucxoauT obpazoBaHMue TpeuiuHbl. IIpy yBeJauMueHu BepTUKaIb-
HOT'O HampspKeHMs Ha 4acTy MaTepuasna, He BbIIIeNIleil M3-II0J Harpysku,
TpelMHa mosiyyaeT pasputue. [Ias MUTIOCTpaluyu n3obpasmum obpasel] mopo-
Ibl B BUJE Tejla C BBIMYKJIbIMM OOKOBBIMMU MOBEPXHOCTSIMM, HAarpy>KeHHOTO
IJTUTaMM TIpecca MpyY HaJIMUUM KOHTAKTHOTO TPeHUs MeXOy HUMU U 06pas-
LIOM C pacmpefejieHeM KOHTAKTHbIX HampspkeHuy 1o Ilpanpariaio (puc. 1).
BhIMyK/IOCTh BO3HMKAET P MPOJOIbHOM AedopMupoBaHuM 06pasiia 3a cuer
yaep>kaHus CMelleHMs BepXHUX CJI0eB MaTepyuana Y KOHTAaKTHBIX [TOBEPXHO-
CTeil cuaaMy KOHTAaKTHOIO TPeHMs, HallpaBJIeHHbIMY IIPOTUB UX IIOIIePeYHO-
IO CKOJbXeHU [3]. 3HaKM KacaTe/IbHbIX HaIPSIKEHUI IPUHATHI COIVIaCHO U3-

BECTHBIM ITpaBUJIaM 3HAKOB.

O, .l%m H I

PucyHok 1 - CxemMbl BHEIIIHUX HArpy30K U TpaeKTopuii 3¢ PeKTUBHBIX

KacaTeybHbIX HaTpsokeHnin (TM3KH ¢ u TM3KH 1)

B JIEBOJA ¥ IIpaBOi1 yacTy oo6pasia

Ha puc. 1 ungexkcamu s, ,5, 4 ., 0003HauUeHbl KOHTAKTHbIE YITIOBbIE,

TeKylllie HOpMajibHble U KacaTeJbHble HaNpsikeHus, I1a; &, & mw U 1 — JieBble

u npaBble TMOKH cooTBeTcTBeHHO; a; 1 hi— pajuHa (M) 1 BbicoTa (M) oOpas-
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1a; TOUKu a, a’, ¢ ¢’ u b, b’, d, d'— HauyanbHble ¥ KOHeYHble TOUKM TMOKH & n
TMO3KH 1 cOOTBeTCTBEHHO; o, 1 o'~ yIJIbl HakoHa TM3KH & u TM5KH n ot-
HOCUTEJIbHO ocu abcuucc aX, pand; Xp.— abciycca Touku b (b') Ha HUKHEN
IVIOCKOCTH, M.
Jyist pa3paboOTKM MeToJa pacueTa IpeaebHbIX HaIPSKeHUI UCIIO0Jb-
3yeM M3BeCTHbII MeTO/[ pacueTa HallPsDKeHMI Ha KOChIX IUIONIAIKax.
HuddepeHiinanbHOe ypaBHEeHe paBHOBECHOT'O COCTOSIHUS MaTepuasa
Ha TMOKH & 6yneT uMeThb BUL:
do,,
dou

=-2(k+po,). “)
€

AHAJIOTMYHO TIOCTYIIMM C BBIPAXKEHUSIMM HAIIPSKEHUII Ha JIeBOu
TMOKH n. TlonyyuM ypaBHeHME M3MEHEHUS HOPMAaJIbHOTO HAIpSKeHUS CO

3HaKOM II/IIOC

o, _ 2(k + uo,)> (5)

da,
rae o, — Yroj HakjaoHa KacatenbHoi K TMOKH n oTHOCHTEIbHO OCK aX, pan,

Pemenne ypaBHeHust (5) cBoautcs K uHterpany Ha TMOKH & mexkmy

TOUKOJi B BepIliMHe TPeuMHbl U TOUKO¥ b (puc. 1)

% dlk+po, ap
bA = -2 fd(x (6)

raie o, M o, - HOPMa/lbHble HANpSDKEHMsI B BepLIMHe TPELIMHBI ¥ B

TOouke b, I1a;
o M op — YIJIBI HAKJIOHA KacaTenabHOM K TMOKH & B BepilyHe TpeIIVHbI U B
TOYKe b OTHOCUTEIBbHO Ocu abciuycc aX, pag,.

PelieHne ypaBHeHUs (6) uMeeT BUJ,
ln(k + “GGXZZ =210 | (7)

r1e ap: — PasHOCTb yra0B rmoBopora TM3OKH & B Touke b 1 B BepliyHe Tpelu-
HbI, paz.

YuTeMm, UTO B BeplIMHe TpeluHbl JoKaJbHO Ha TMOKH & Tekyiiee
3HaYeHMe COMPOTUBJIEHUSI TOPOAbI UMCTOMY cABUTY (3ddeKTuBHOEe Kaca-
TeJIbHO€e HallpspkeHMe) paBHO Mpejiesly MPOYHOCTU Ha CABUT Ky, @ B TOUKe b

3 deKTMBHOE KacaTeJbHOE HaIlpsDKeHMe He JOCTUraeT 3HaueHusl Ipejesa
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IIPOYHOCTY Ha CABUT ¥ 0003HAUEHO uepes Tp. Pasimune 3HaueHU 3G PeKTUB-
HBIX KacaTeJIbHbIX HaMpssKeHMU 00YC/IOBIEHO UMX 3aBUCMMOCTBIO OT yIJia I0-
BOpPOTa TPAeKTOPUIA.

Torma OKOHYATEIbHO ITOJTYYUM

k,+uo,,

k, +ho,, =el-2uac), ®)

rae ky — addekTuBHOEe KacaTe/lbHOe HanpspkeHre Ha TMOKH & B KOHTaKTHOJ
TOuke b,, I1a.

[IpuBeneM MOJyYeHHYI0 HA OCHOBAaHUM pelleHNs MHTerpana (8) OKOH-
yaTe/IbHYI0 CUCTEMY ypPaBHEHMII OJIs1 ompeeeHnus: BepTUKaAIbHbIX HaIlpsiKe-

HII B BepIIMHE TPEUIMHbI Gy (ITa) Ha TMOKH & n TMOKH n [3].

1 k, (1 T pd(l + Sinp‘\) 1 _béz(n) j ' exl{i "J‘(Bb(d) +Be) )) i
— “Mp(a)

o 1-sinp. l—b,f( " ’

9)

raoe

i (kn ROy ) (1 —sinpy1-by )
Wa) = BT ; (10)
(l + pd{l +sinp l—bbz(d) J . eXp(TL 4MBb(d))

2y
f"GY&(n)( _hlJ

d = —arcsin . (11)
2 n FHO )
2y
Je Gyg(n)il_ h1]
b..y=%
gn) 12
! kn +“Gy§(n) ( )
X
fc%m)(” Z(ld)J : (13)
bb(d) o Xp(d
ky+ po )[1+h())
1
1 by,cosp
Py —arctg U —> (14)
Sinp— l—bg(ﬂ)
1 by cop
By =—Zarctg————— 15
2 : 2 (15)
sinp—y/1-0;,)
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rae d — ko3bQuiMeHT NpupalieHns TPOUYHOCTU OT AeCTBUS TOPU3OHTAIb-
HBIX HaMpPsDKeHUN,. Xp@)- abcuycca Touky Bbixoga TM3KH & (n) Ha KOHTAaKTHYIO
IJIOCKOCTb, M; kyay— 3deKkTuBHbIe KacaTe/bHble HampsokeHuss Ha TMOKH & B
KOHTaKTHOJM Touke b (Ha TM3KH n B Touke d), Ila; by, — KoahduuyeHT B
BepuinHe Tpeuuubl Ha TMOKH & (Ha TM3KH n); bpay — KoapuiimeHT B KOH-
TakTHOJM TOuke b (Ha TM3OKH n B TOuKe d); fs,) — yron nosopora TM3KH &
(TM3KH 1) OT KOHTAaKTHOTO TPeHUS B BepIIMHE TPeliuHbl, pan; fpa — Yo
nosopotra TM3KH & (TM3KH 1) oT KOHTaKTHOTO TpeHus B TouKe b(d), pan; p —
Yr'oJl BHYTPEHHEro TpeHus, pam.

Yrabl HakinoHa TM3KH & u TM3KH 1 oTHOocuTenbHO ocu abeiycce aX,

pan:
U
%—ZJFE‘Ba, (16)
_Im p
Oy =" 75 P, (17)

rae p.- yros nosopora TMSOKH & 0T KOHTaKTHOTO TpeHMS B BepIIHe TPeIy-
HbI, B, - yronx moBopora TMOKH n OT KOHTaKTHOrO TPeHUsI B BepliHe Tpe-

IMHBI

Pe3yibTaThl M MX 00CYKIeHMe. B kKauecTBe mpumepa IpuBeageM pac-
yeT Ipezesia MPOUYHOCTYU LMIMHAPUUECKOTO 06pasiia XPYIKOi TOpPHOI IOpo-
Ibl. [l pacyeTa 6y Mbl MMeeM CUCTeMY U3 8 ypaBHeHuUl Ipu 12 mapamMmeTpax,
13 KOTOPBIX TP IKCIIEepUMEHTa/JIbHble XapakKTepUCTUKU nopoasl (k. 1, fo) u
IBa M3MepsIeEMbIX reOMeTpMUUYeCKUX IMapamMeTpa (OJuHa di, BbicoTa hi). B uacrt-
HOM paccMaTpuBaeMOM cJiyuae IIpMHMUMaeM a; = hi. B JlokajabHOI 00/1aCTU B
BeplliMHEe TPeILIVHbI, HAaIpuMep B TOUKe a wiu ¢, 3¢ deKTUBHbIE KacaTebHbIe
HaIpsKeHNUs B MOMEHT paspyiieHnst 1mo Kynony t. = k,. IlomuepkuBaem, 4To B
IPYTUX TOUKAX, BHe BepiiMHbl Tpeuuubl, Ha TMOKH & u TMOKH n matepuan
HAXOJUTCS B YIIPYTOM COCTOSIHUM, T.€. B 3TUX TOUKAX ze < Kn,.

[l pacueTa Ipepesia MPOYHOCTM 00pa3iia elle Hy>KHO 3HATh paciipe-
IejieHMe HOPMAJ/IbHBIX HAaIPSKeHMU Ha KOHTAKTHOM IMOBEPXHOCTU. Eciu
MIpeACTaBUTh HArpy>KeHMe Ha IWIMHIPUYeCKNUii oopasel] B BUIe ABYXCKATHOIM
KpBILIM COIJIACHO puC.l, TO MOXeM 3almcaTh, UTO CuJia OLHOOCHOIO CXU-
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Malollero geiicTBusi Ha obpasel omnpefesnsetcs: o dopmyne coriaacHo JI.
[TpanpTaio|3]

N X
P:20'§.[(1+2fcslde1:20yl(Sl+ Je Sﬁj, (18)
o 2rh 2rh

rm rm

rae Si — MOJOBMHA IUIOMIAAM TTIOTIEPEYHOTO0 ceueHust oopasiia — IIoumaan cer-
MeHTa Kpyra HuInHApa, M2,
Torma npepes MPOYHOCTY UMINHAPHUUecKoro obpasiia (I1a):

0:&(2S1+£S12j:0' 1+ﬁ ) (19)
S rh T\ 4k

rae S — IUIOAIb ITOTIIePeYHOro ceueHus (Kpyra) obpasa, M2,
Harumem dopmyiry KOHTYpa (OKPY>KHOCTM) ceueHust obpasiia (puc. 2)
=1 +3 =r%, (20)
rae r — paauyc OKpy>KHOCTH, M;
y1 — 3HauUeHue OpAMHATHI TOUYKM Ha OKPYKHOCTH, M;

X1 — 3HAa4YeHle a6CLU/ICCbI TOYKU Ha OKPY>KHOCTHU, M;

oy

PucyHok 2 - Cxema ¢popMupoBaHMs HeCylleii IoMaay Mpyu pasBUTUN IBYX

CYMMMEeTPUYHBIX TPEIIMH B IMJIVMHAPUIECKOM 00pa3iie

Ha puc. 2 obo3HaueHsl: n — eHTp Kpyra obpasua; OY: u OX; - ocu
CUCTEeMbI KOOPAMHAT; ¢ — YIOJI CerMeHTa, pan; [ — oJuHa OyTu, M; X1 — IJIMHa

CTpesbl CerMeHTa, M; d, b, c U d — TOUKM Ha OKPYKHOCTM, OTpaHMUMBAIOIIME
IJIVHY XOP/I.
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U3 npeobpasosanus dopmyisl (15 - 19) umeem, y, =2, — x>, TOE V1 —
OpAMHAaTa CerMEHTa .
InvHa Xopapl paBHA YOBOEHHOMY 3HaueHUIO yi. MI3BeCTHO, UTO ILIO-

mraab CerMeHTa
S, :%[lr—2(\/2rxl —xlzj(r—xl)j, (21)

roe /=2mweo.
VYToJI ¢ cerMeHTa OnpeensieTcss U3 yCJIOBUS, UYTO
o 42 —xl2

Sll’l?:—. (22)

r

Torpa umeem

2+/2rx, —xl2 ‘ (23)

r

@ = arcsin

Yrosa cerMeHTa, paBHOTO TJIONIA/IM TI0JIOBMHbBI Kpyra KepHa, paBeH TI.

Tenepp mepeiineM K o06pasily, AuaMeTp M BbICOTA KOTOPOIO MO
I'OCTy [8] paBHa 0,04 M.

C wucmonb3oBaHueM BbipaxkeHuit (19) — (23) mpeobpasyem ¢opmy-
ny (22) v nonyunm GopmMysy IJis pacueTa Ipejesa MpoYHOCTH oOpa3siia B pas-

MepHocTyu MIla ipu o6pasoBaHMM MepBoOi TpelyHbl 1 f. = 0,25

G:Gy(1+LS):1,O97-O'y- (24)

4rh
CpenHsia CXOOMMOCTb pacyeTHbIX 3HAUEHMI ITpefesioB MPOUYHOCTU C
9KCIIepMMEHTA/NIbHBIMM cocTaBisieT 85,5 %, UTO cBUAETEIbCTBYET O BbICOKOI
CXOOUMOCTU COTIACHO U3BECTHBIM pekoMmeHpauusam AWM. bapona [8,9] o mo-
ITyCTUMOI TOCTOBEPHOCTM TEOPUM C 3KCIIEPUMMEHTOM M BBICOKOI pe3yibTa-
TUBHOCTYU IIpe[jiaraeMoro MeToja pacdeTa Ipefesa IMPOYHOCTU LMIMHAPU-

yeCcKux 06pas31ioB FOPHbBIX OPO,
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Tab6nuua 1
CormocTaB/ieHMe paCueTHBIX 3HAUEHUI ITpeieJI0B IPOUYHOCTU
IIpU yCeueHHO-MMpaMuIaabHO hopme paspylileHns: 06pasiioB

C SOKCIIepMeHTaJIbHbIMM JaHHbIMU

Tum mopoabl JKCcIepuMeHTanb-| PacyeTHbie
HbIe Crpa-
kn, MIIa D, o, o, Cxomu- | HULA
pan | MIla |MIla| mocts, | B[7]
%

1 2 3 4 5 6 7

Pyna rpang-mardeturoBas | 22,0 | 40 | 117 | 118 99,1 67
MOHIIOHUT 24 40 | 127 | 128 99,1 105
MOHIIOHUT 60 41 | 260 | 330 86,6 104
Pynma marHetuToBas 15 42 97 | 84 86,6 67
MOHLIOHUT 8,5 | 41 47 | 47 100 103
[TecuaHMK 16,5 42 | 126 | 92 73,0 145
AneBponut 12,0 | 42 |60,5| 67 90,6 208
AneBponut 9,6 | 43 62 | 55 88,7 145
KBapi 12,5 44 | 100 | 71 71,0 103

Pyna marHeTmuToBas 10 45 86,1 | 60 69,0 67
AneBpoysut 53 | 45 | 255 | 312 81,8 145
AneBpoysut 5,33 | 45 | 37,5| 32 85,3 209
[TecuaHMK 17,4 | 49 | 126 | 114 90,4 161
MOHIIOHUT 55| 49 |34,0| 37 97,8 104
[TecuaHuk 9,72 | 50 | 81,5 | 65 79,8 145
MOHIIOHUT 5,2 | 51 33 | 36 94,6 105
MOHIIOHUT 7,5 | 52 | 48 | 52 92,3 103
MOHIIOHUT 10,5 | 52 63 74 85,1 104

BoeiBOobI

1. M3BecTHas, MIMPOKO IpuMeHsiemast ¢opMyJ/ia IpeaeabHOr0 COCTOSI-
HUS, TIOJTyYeHHas1 Ha OCHOBAHUM KpuUTepun NpouyHocT KyioHa, He oTpaskaer
IIPOLIECCHI JIOKAJIbHOT'O pa3pylleHMs CIOMUCTBIX TOPHBIX TTIOPOL,.

2. IlpepjioxkeHa MaTeMaTuUyecKass MOJe/b M PACKPbIT MeXaHU3M JIO-
KaJIbHOT'O pa3pyllieHusi TOPHBIX MMOPOJ, 3aK/Iyawileiics B GpOpMUpPOBaHUN B
BepIIMHaX TPeUuH Mpeesa MPOYHOCTU CABUTY MOPOJ, — IpeaeabHbIX 3 dek-

TMBHDBIX KaCaTeJIbHbIX HaHpH)KEHI/[ﬁ " 3HaUeHUudA Sd)d)eKTI/IBHbIX KacCaTeJIbHbIX
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HaMpspKeHUM, He JOCTUTAIIMX Ipeesia MPOYHOCTU CABUTY B TOUKaX BbIXOa
UX TPAeKTOPUI1 Ha TPAHUYHYIO TOBEPXHOCTb.

3. BoiBemena dbopmysia 1jist pacueTa mpejesia IPpOYHOCTU IMIMHIpUYe-
CKMX 00pasIioB TOPHBIX IOPOJ, IIPU yCeUueHHO-NMUpaMUAalbHOM (Gopme uX
paspylieHus ¢ UCII0Jb30BaHMEM Tpex IMoKasaTesel X CBOJCTB: k, — mmpeaesa
COIIPOTUBJIEHUSI MaTepuaja CABUTY, p — yIJla BHyTpeHHero TpeHus, f. — KO-
s duimeHTa KOHTAaKTHOTO TPeHMUs, KOTOpble IMPOCTbIMM CIIOCOOaMMU MOTYT
OBITb YCTAHOBJIEHbI 3KCIIEPMMEHTAJILHO B YCJIOBUSIX TOPHBIX IpenIIpUSITUIA,
IJle pe3yabTaThl pacueTa MOTYT ObITh OMEPATUBHO MCIOJIb30BaHbI JJIsI TIOBbI-
neHus 3PpPeKTUBHOCTYU Je3UHTerpalun.

4. CorocTaBjeHMe pacyeTHbIX 3HAYEeHMI IIpenesoB MPOYHOCTU MpU
OJHOOCHOM CXXaTuM 00pa3lioB € 3KCIIepUMeHTaIbHbIMM YOeauTe/bHO CBUIe-
TEeJIbCTBYIOT O BBICOKOJ pe3y/JbTaTUBHOCTYU IIpejjiaraeMoro aHaJUTUUYeCKOTO
MeTo/ia pacueTa mpejeja IIPOYHOCT 00pa3iioB FOPHLIX opo. CpeaHssl CXO-
IMMOCTb PaCUeTHBIX JaHHBIX C SKCIIepUMMeHTaJIbHbIMM cocTaBisieT 85,5 %.
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ModentosaHHa npoyecy pyUuHYBaHHA YWUNTHOPUYHUX 3pA3KiB 2ipCbKUX NOpPid

Po3pobneHo mamemamuy4Hy MoOenb pyUHYBAHHA YUMTHOPUYHUX 3pA3KIB 2ipHUYUX NOpio
npu HasBHOCMi KOHMAKmMHo20 mepms. Po3pobsieHo MemoO po3paxyHKY 2paHu4yHo20 sepmu-
KA/IbHO20 HANPYXXeHHA 8 BEPWUHT MPILUHU. T PO3PAXYHKY MeXT MIUHOCMI, 8 OKpeMoMy BUNAOKY,
YUMTHOPUYHUX 3PA3KIB 21PCbKUX NOpi0 3 BUKOPUCMAHHAM MPbOX NOKA3HUKIB Baacmusocmel
(mexa onopy mamepiany 3cysy, Kym BHYmpiWHbL020 mepms, KoepiyieHm KOHMAKMHO20 mep-
ms), AKi npocmumu cnocobamu MoXyms Oymu BCMAHOBAEHT eKCNepuMeHmanabHo 8 yMOBAX
2IDHUYOPYOHUX nidnpuemcms, 0Oe pe3yJbmamu Ppo3paxyHKy MOXyms Oymu onepamusHo
BUKOPUCMAHT 014 ynpasaiHHA npoyecamu 0e3iHmezpayii.

Simulation of the process of destruction of cylindrical rock samples

The shear strength of a material is a constant for any point on the crack line. In this case,
on the trajectory of maximum effective tangential stresses with the appearance of the first crack,
spontaneous destruction of the body would occur. In real conditions, this does not happen.
Layered rocks in the presence of cracks carry a certain load. The fact is that contact friction is
inevitably involved in the fracture process and slip lines are not linear. During the destruction of
brittle rocks with internal and external friction, the final result of the calculation of stresses at
the crack tip in rock samples, and in general, in the massif, is significantly distorted. In the
presence of contact tangential stresses, for example, from contact friction, the Coulomb criterion
of the limiting state is met only locally, at the crack top. In other areas of the slip lines, the
material is in an elastic state.
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Therefore, for layered rocks, this situation requires the development of a new approach to
describing the process of local destruction, which must be taken into account.

The purpose of this article is to develop a mathematical model and reveal the mechanism
of local rock destruction.

The work considers a cylindrical rock sample loaded with press plates with a distribution of
contact stresses between the sample and the plate according to Prandtl.

A mathematical model is proposed and the mechanism of local fracture is revealed, which
consists in the formation of ultimate shear strength of rocks at the crack tops - ultimate effective
shear stresses and effective shear stress values that do not reach the shear strength at the points
where their trajectories reach the boundary surface.

A dependence is derived for calculating the tensile strength of cylindrical rock samples
with a truncated pyramidal form of fracture using the tensile strength of the material, the angle
of internal friction, and the coefficient of contact friction, which can be easily established
experimentally in mining enterprises, where the calculation results can be quickly used.

A comparison of the calculated values of the ultimate strength under uniaxial compression
of the samples with the experimental ones convincingly indicates the high efficiency of the
proposed analytical method.
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I.C. ImutpieBa, .M. I'puiiieHKO
OI'JISI[ ITPOBJIEMU INEPEBAHTAKEHHS BYJIMUHO-J0OPOKHBOT
MEPEXI TA MOJOEJIIOBAHHSA POBOTU OJEAKUX I JIVITHOK

AHomauyis. Moxaugicme ekcnayamayii mpaHcnopmHoi Mmepexi y senukux micmax 30e6inble He
MOX/IUBA 6e3 nepesaHMAaXKeHHs, MoMy 0CO6UBO BAX/IUBOK CMAE 3a0a4ya Op2aHi3ayii 00poX-
Hb020 pyxy. B pobomi 0ns cnpobu piweHHs deskux enemeHmis 0aHOi 3a0a4i 3aCMOCOBAHO MO-
0eslloBaHHSA pobomu OiNIAHOK BYIUYHO-00POXHbOT Mepexi.

Knto4yosi cnosa: moOentoBaHHA, BY/UYHO-OOPOXHA Mepexa, mpaHcnopmdi sy3au, Simulink,
MATLAB.

BcTyn Ta akTyaJdbHICTh. B ocTaHHI mecaTupiuus y BeIMKUX MicTax
VKkpainu BuuepnaHi abo O6JM3bKi IO BUUepIIaHHS MOKIMBOCTI eKCILTyaTallii
TPAHCIIOPTHUX Mepex 6e3 MepeBaHTa)KeHHSI, a TAKOX MOXJIMBOCTI iX Ioja-
JIBIIIOTO PO3BUTKY. Ile 3yMOBIeHO TUM, 110 3pocTae di3uyHa Ta eKOHOMiuHa
HEMOXKJIMBOCTI PO3LIMPEHHS IIPOITYCKHOI 3JaTHOCTI TPAHCIOPTHUX MepEeX.
Tomy 0co6aMBY BaKJIMBiCTb HaOyBa€ MPOEKTYBAHHS BYJIMYHO-ITOPOXKHIX Me-
pex (BIM), opraHisanisi pyxy, ONTMMi3alisi CUCTeMM MapuUIpyTiB IPOMajCh-
KOTO TpaHCMHOPTY. PillleHHS TakMX 3aBIaHb HEMOX/IMBe 06e3 MO e/I0BaHHS
TPaHCIIOPTHUX Mepex [1].

JlijicHa KOpUCTb Bif, MoMea0BaHHS MOXe OYTM OTpUMaHa TiJbKU IpU
IOTpUMaHHI IBOX YMOB:

- Mojiesib 3abe3meuye KOpeKTHe BimoOGpaskeHHs BIACTUBOCTEI OpPUTi-
HaJy, CYTTEBUX 3 TOUKM 30PY AOCTiIKEeHHS;

- Mofesib A03BOJISIE YCYHYTU Tpo6aeMu, IMpUTaMaHHi TaHOMY peasib-
HOMY 00'€KTY.

OcHOBHA YacTHMHA. BUAiIs0Th ’SITh OCHOBHUX 3aBIaHb 3aCTOCYBaH-

HSI TeXHOJIOTi iHTe/IeKTyalbHMUX TPAaHCIOPTHUX CUCTEM:
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1 - onrTuMi3allist MicTOOYIiBHUX pillleHb HIJISIXOM YpaXyBaHHSI 0COOJIM-
BOCTeJl opraHisallii JOpOoXHbOTO PyXy Ha CTaJisIX TEXHiIKO-eKOHOMi4HOIro 06-
IPYHTYBaHHS,

2 - 3a0e3MeyeHHs] MaKCMMaJIbHOI IIPOMYCKHOI CIIPOMOXHOCTI iCHYIO-
Y0l BYJIMYHO-TOPOKHbO1 MepesKi MicTa;

3 - NpPiOPUTETHICTh PYyX MapHIPYTHUX TPAHCIIOPTHUX 3aC00iB i aBTO-
MOOiJTiB CJTY>KO eKCTPEHOT0 pearyBaHHS;

4 - po3TallyBaHHS Ta MiCTKiCTh ITapKiHTiB;

5 - 3HMKeHHS eKOJIOTIYHOTO HaBaHTa>KeHHs Ha MiCTo.

3po3yMino, mporpaMHO-MeTOAMYHEe 3abe3IevyeHHs iHTeJIeKTyaJIbHUX
TPaHCIIOPTHUX CUCTEM Y BCiX MepepaxoBaHMX 00J1acTsX Iepenbavae B3aeMO-
I BCixX 3aBAaHb. TM He MeHIIle, KOXKHA Taka CUCTeMa ITOBMHHA OyayBaTUCS
i QyHKIIIOHYBaT He3aJIesKHO, OCKiIbKM CITPOOM MOOYIyBaTH «BCEOCSIKHY CHC-
TeMy» PeryJl0BaHHS MiCbKOTO TPAaHCIIOPTY 3aKiHYYIOThCSI BTPATOI KEPOBAHO-
CTi yepe3 CIIOTBOPEHHS IPiOPUTETIB.

MaTteMaTU4Hi MOJei, 110 BUKOPUCTOBYIOTHCS [IJISI aHasIi3y TPaHCIIOPp-
THUX MepeX, pPi3HOMaHIiTHI 3a KJIacOM BUPILIyBaHMUX 3aBAaHb, TOMY HEMOX-
JUBO AT KOHKPETHY BMUUepIHy Kiaacudikaiito. Y poboTi yBara mpumaiieHa
imMiTaniiHOMy MO e/JII0BaHHIO BYJIMYHO-TPAHCIIOPTHOI MepeXxi, IJis peasisailii
yoro BuKopucraHo cepemoBuiiile MATLAB (Simulink i SimEvents).

SimEvents - 1e 6i6iotreka Simulink g1 Mome/noBaHHS CUCTEM 3 IC-
KPeTHMMM CTaHaMM, 1[0 BUKOPUCTOBYE TeOPilo yepr Ta CUCTEM MacOBOTO 00-
CTYyTOBYBaHHS. BOHa m0O3B0OJIsIE CTBOPIOBATY IMITaIlifiHI MO/ ITPOXOIKeHHS
00'eKkTa yepe3 Mepexi i uepru, sabesrneuye Moe0OBaHHS CUCTEMU, SIKA 3aJ1e-
SKUTD He Bifl yacy, a Bifl IMCKpeTHUX CTaHiB. [103BOJIsIE aHAi3yBaTy TaKi xapa-
KTEPUCTUKM TTPOLYKTUBHOCTI MOZeJi SIK IHTEHCUBHICTh MOTOKY, BTpaTa Iake-
TiB TOWIO[2].

ImiTalifine Moze/lOBaHHS B JaHiii poOOTi IMOBMHHO BiAIoOBimaTy Ha
MIUTAaHHS: SIK B JeTajlsaxX Oyme BimOyBaTucsl pyX, SKIIO BimoMi B cepemTHbOMY
PO3Mip MOTOKY, HAIIPSIMOK JI0T'0 PyXYy i IPiopUTET 0O6CTYyTOBYBAHHS.

3aBOaHHS IMITAliiHOTO MOJE/IOBAHHS NOPOXXHIM PYXOM 3BOAUTHCS
IO TIOJTiTTIIIeHHSI, OKpeMO ab0 B CYKYITHOCTi, KpUTepiiB sIKOCTi po6oTn BIIM:

— MMPOIMYCKHOI CITPOMO>KHOCTI KPpUTUYHUX CKJIaJ0BUX;
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— cepeHbOI MBUAKOCTI HA TOJIOBHMX HAIIPsIMKaXx;

— cepeqHbOI BUTpATU Ma/IMBa.

Crienmdika Hakmagae Aesiki oOMeskeHHsSI Ha TEeXHOJIOTiUHiI IpuitoMu
ITiABUIIEHHS TTOKAa3HMKIiB IK0oCTi po6oTu BIM. Takux mpuitoMiB € IIiCTh:

- OIITMMIi3allis pesKuMiB po60TH CBIiTI0(OPIB;

- Opradizailisi MiCbKMX IIBUIAKICHUX [JOpIir 3 peryjibOBaHUM B'i3-
JIOM/BUI3O0M;

- iHdbopMyBaHHS yYaCHMKIB pyXy MOpO CKJIAAHOI TpPaHCHOPTHOI
CUTyalii;

- YIOCKOHAJIeHHSI CUCTeM pearyBaHHS Ha iHIMIEHTH;

- ONTMMIi3allis 3B'sI3KiB IIepexpecTh;

- 0OMesKeHHsI TOCTYIy aBTOMOOIIIB 10 KPUTUUHUX 30H (€/IeMEeHTIB)
BIM, BBedeHHSI IUIATHOrO B'iI3gy Ha HalOi/JbIl HaBaHTa)KeHi MiCbhKi
maricrpanti.

HajteeKTUBHIIIMM i TMM, 1[0 HAMOIIBII CKIaJHO peali3yeThCs € OIl-
TUMi3allisl peskuMiB poboTu cBiTIoPopiB. TakMM UMHOM, HEOOXiTHO CTBOPIO-
BaTU CBITIOQOPHY Mepexy, sika y3TOJKeHO Ipalllo€ i XxapaKTepUCTUKU SIKOi
OyayTb 3a0BOJIbHSITY HACTYITHMM BUMMOTaM:

- 371arokeHa poboTa cBiT/I0OpOpHMX 00'€KTiB MOBMHHA OYTHU OpraHiso-
BaHa 3 ypaxyBaHHSIM OCOOJIMBOCTE} IPOCTOPOBUX 3B'SI3KiB i XapaKTepUCTUK
BMMOT TPAHCIIOPTHUX MOTOKIB;

- pesxxuMu poboTu cBiTI0(OPiB MOBMHHI OyTM BU3HAUEHi Ha ITiJCTaBi
IOCTOBipHUX CTaTUCTUUYHUX JAaHUX PO MapaMeTpy TPAHCIIOPTHUX ITOTOKIB Ta
ONTMMIi30BaHi, BUXOASUM 3 HaBaHTakeHHs Ha B/IM.

B maHiit po6oTi 6yn0 peanizoBaHO pO3GUTTS CUCTEMMU, IO PO3TJsIAa-
Jlach, Ha eJIeMeHTapHi TPAHCIIOPTHI By3au (MimoxigHwuii mnepexinm, T-
nepexpecTts, X-IepexpecTsl) i MOAeII0BaHHS iX poOOTH.

Binpill [OeTasbHO PO3ISHEMO HAMIPOCTIINIA eeMeHT BYJIUYHO-
JOPOKHBOI Mepexi - MiIoXigHMi1 repexis OiAsHKM aBTOMOOiIbHOI moporu 3

OOHOCTOPOHHIM PYyXOM (AMBUCH PUCYHOK 1).
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PucyHok 1 - CxeMma AissHKM aBTOMOOi/IbHO1 JOPOTU

3 OJHOCTOPOHHIM PYyXOM

Ha o6ciyroByBaHHSI HAOXOISITh 3asBKM: aBTOMOOTI i mimoxoau. Po3-
TJISIAAEMO CUCTEMY SIK uepra 3 IpiopuTeTomM. 3asiBKM Ha 0OCIyTOBYBAaHHS Bifl
aBTOMODiJIiB HAIXOASATD YacTillle, HiXXk 3asiBKM Ha 0OCTYTOBYBaHHS BiJl IillIO-
xo/iB. IIpiopuUTeTHUMM € 3aIBKU TUTTY «ITiloxig». Yac o6cIyroByBaHHS mepe-

XOJIOM ITilIoxo/1a Gisbie, Hisk 4ac 006CTyrOByBaHHS aBTOMOOIIS.

Te ' o o m

Y] C—

ToE i el PEOTy WA TSy ed

Mepoewus STy .

PucyHoK 2 - Mojesnb HillloX0gHOTO Iepexoy,
peasizoBaHa B cepegoBuili MATLAB

[TpoBeneHO cepito JOCTifIB, B SKMUX 3asIBKM TUIY «MIIIOXiA» Y BCiX OO-
crigax Beturanu 6yTu o6CayroBaHi, B TOM yac sIK HEIPiOPUTETHI 3asiBKU TUITY
«aBTOMOOi/Ib» 3MOT/IM CTaaM 0OCTYrOBaHMMMU JIKIIIE I/ TOTO, SIK OyJsia 3HU-
’KeHa iHTeHCUBHICTb HAAXOM)KEeHHS SIK HEIIPiOPUTETHUX, TaK i MPiOPUTETHUX
3a8BOK. lle cBiguMTHL Mpo Te, 10 MTapaMeTpyu PO3MOiNy [Jisl iHTepBaly Ipu-
XOMy 3asiIBOK Hece JTy>Ke BeJIMKe HaBaHTa>KeHHS Ha TPAHCIIOPTHUI BY30J1.

Tak camo 0yJ10 ITPOBEIEHO MO E/NIOBAHHS IiITHKY aBTOMOOiIbHOI 10-
poru 3 IBOCTOPOHHIM pPyXOM, IepexpecTb Tuity T-mepexpecTs, X-TiepexpecTsi.

PesynbTaTy MOAeIOBaHHS Oy/IM CXOXMMM, TOOTO TPAHCIIOPTHI BY3/IM HECYTh
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BeJIMKI MepeBaHTa>KeHHSI, i HaBiTh 3HVMKEHHS iIHTEHCUMBHOCTI HAAXOIKeHHS
aBTOMOOIJIiB He 3HMKYE HAaBaHTAKeHHS HA TPAHCIIOPTHUI BY30JI.

BuicHOBOK. OCKi/ZIbKYM MIPOBeeHI JOC/iAKeHHS MoKa3aau, 110 Ha OCHOBI
CTaTUCTUUYHMX JAHUX CIIOCTEpPEKeHHS 3a MiJISHKaMM aBTOMOOiTbHOI JOpOTU
Pi3HMX TUIIB HEMa€ MOXK/JIMBOCTI 3MOIEII0BATY TPAHCIIOPTHMUI TOTiK 6e3 Ie-
peBaHTakeHHSI, TO JJIsI KOPEeKTHOiI poOOTU TpaHCHOPTHOIO By3Jja OyJO Ipu-
MHSITO pillleHHS B MOAAJbIINX HOCTiI)KEeHHSIX 0 iX MOJEe/NIOBaHHS OOJATU CH-
CTeMYy CBiTI0(DOPHOTO peryroBaHHS.
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025140 npobsieMu nepesaHmMa)xeHHs 8YAUYHO-00POXKHbOT Mepexxi
ma modenosanHa pobomu desaKux ii dinAHoK

Moxnugicme excnayamayii mpaHcnopmHoi Mepexi y BeUKUx Micmax 30e6iblue He MOX-
/usa 6e3 nepesaHmMa)eHHs, MoMy 0CO6UBO BAXIUBOK CMAE 3a0aya opeaHi3ayii O0POXKHb02O0
pyxy. B pobomi dna cnpobu piweHHs Oesikux enemeHmis 0aHOi 3a0ayi 3aCMOCOBAHO MOOesIo-
BaHHSA pobomu OiNAHOK BYNUYHO-O0POKHLOI Mepexi. Po3ensHymo ocobsusocmi CKAA00BUX
mpaHcnopmHoi mepexi ma ix 38'A30k. Y pobomi ysaza npudineHa imimayiliHoMy MOOeNoBAHHIO
BY/IUYHO-MPAHCNOPMHOI Mepexi, 014 peani3ayii 4020 BuKopucmaHo cepedosuwe MATLAB
(Simulink i SimEvents). B OaHili pobomi 6y/s0 peanizosaHo po3bumms cucmemu, wo po3ensoa-
JIaCb, HA eJleMeHmMapHi MPaHCNOPMHi By3/u 1 3pobumu mMooenoB8aHHsa ix pobomu. byno npose-
0eHo MoOentoBaHHS OiNAHOK aBmomoObiNbHOi dopoau 3 00OHOCMOPOHHIM Ma OBOCMOPOHHIM py-
XoM, nepexpecms muny T-nepexpecms, X-nepexpecms.

Pe3ynemamu mMoOentosanHsa byau CXoxumu, mobmo mpaHcnopmHi 8y3/nuU Hecymsb BesUK]
nepesaHmMaXeHHs, i HABIMb 3HUXEHHS THMeHCUBHOCMI HAOX00XeHHA aBmoMobiNiB He 3HUXYE
HaBaHmMa)keHHs Ha mpaHcnopmHul 8y304. OCKibKu nposedeH 00C/IOXeHHA NOKA3aU, W0 Ha
OCHOBI Cmamucmuy4Hux OaHUX cnocmepexeHHs 3a OiIAHKAamMu asmomobiNbHOi dopo2u pi3HUX
munig HeMae MOXUBOCMI 3M00eNB8amMuU MpaHcnopmHuli nomik 6e3 nepesaHmMa)eHHs, mo 014
KopeKmHoi pobomu mpaHcnopmHoz2o 8y31a 6ya0 NpuliHAMO pileHHs 8 N0OANbUUX OOCHIONKeH-
HAx 00 ix MoOentosaHHsA dodamu cucmemy c8ima0(opHO20 peytoBaAHHA.
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Overview of the problem of overloading the street transport network
and modeling the operation of some of its sections

The ability to operate the transport network in large cities is mainly impossible without
overload, so the task of organizing traffic becomes especially important. In the work, to try to
solve some elements of this problem, modeling of the operation of sections of the road network
is applied. The features of the components of the transport network and their connection are
considered. Attention is paid to the simulation of the street transport network, for the
implementation of which the MATLAB environment (Simulink and SimEvents) is used. In this
work, a partition of the system was implemented, it was considered into elementary transport
nodes and modeling of their work was done. One-way and two-way road sections, intersections of
the T-intersection, X-intersection type were simulated.

The simulation results were similar, that is, transport hubs carry large overloads, and a
decrease in the intensity of vehicle inflows does not reduce the load on the transport hub. Since
the studies showed that based on the statistical data on monitoring sections of various types of
roads, it is not possible to simulate the traffic flow without overload, for the correct operation of
the transport hub, it was decided to add a traffic light control system in their further studies.

ImurpueBa UpuHa CepreeBHa — n01eHT Kadeapbl MHPOPMALIMOHHBIX TEX-
HOJIOTUI U cucTeM HalimoHamibHOM MeTa/lTypruuyeckoi akageMun YKpauHbl.
I'puimnenko Japbs MuxaiyioBHa — mar. Kadeapsl MHOOPMAaILMOHHBIX TEXHO-
Jjorui u cuctem HanimoHaibHOM MeTalsTlypruuyeckoin akageMun YKpauHbl.

IOmurpieBa Ipuna CepriiBHa — moueHT Kadenpyu iHbGopMaIifHUX TEXHOJIO-
rivi u cucteMm HanioHasibHOI MeTanypriiiHol akajgemii YRKpaiHu.

I'puinenko Japbsa MuxaiiaiBHa — marictp Kadeapy iHpopmalliiiHMX TeXHO-
Jioriit u cuctem HanioHanbHOI MeTalypriiiHOl akagemMii YKpaiHu.
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A.T'. Cranuui, T.B. CeniBbopcToBa, I'.10. CTaHuMI]
®PAKTAJIBHI JOCJ/IIAKEHHSA PIUKU JHITIPO

AHomayia. Po3anadarombca numaHHA 00CHIOXeHHS ¢pakmanbHocmi cmoka p. [Hinpo y 1818-
1872 pokKax.
Knwo4osi cnosa: ppakmanu, RS-aHaniz, DFA-memod, cmok pidku, ppakmansHuli aHam3.

ITocraHoBKa npoosiemu. BogHi pecypcu JIHimpa 3 maBHiX yaciB BUKO-
PUCTOBYIOTHCS IJIs Pi3HUX IIijieii. OcoOJMBO 3POC/IO IrOCIofapCchKe 3HAUEHHS
BOJIHUX pecypciB [IHiIpa, KoM BUHMKIIA 3arpo3a gedilluTy BOOHUX pPecypciB i
3[iliCHeHi MIMPOKi 3aX0Ay IOAO0 iX KOMIIJIEKCHOTO BUKOpPUCTaHHS. Po3paxy-
HOK 06araTopiuHoi MiHJMBOCTI BOJHOCTI PiYKM CTa€ BakKJIMBOKI JIAHKOKI B
IIJIaHYBAHHI PO3BUTKY BUPOOHMUMX CuT Kpainu. Io6 BupimmTyu mpobiemy
BOJHOCTI B MailOyTHbOMY, IIOTpPiOHO 6a3yBaTucsd Ha 06araToBiKOBUX
BiJOMOCTSIX 32 MMHYJIi yacu [1].

AHani3 ocraHHiX mociaimkeHnb i myoOsikamii. 3mificHeHO aHaJi3
mociigkeHHs cToKy JIHimpo [1], ame gaHi OyaM oTpMMaHi CriMpamuuch Ha
CTATUCTUYHI TMOKa3sHUKMU. B MOaHilii CTATTi MPOIOHYETHCS PO3IVISIHYTM iHIIII
Miaxoau 10 06po6KY IUX JaHUX, HAIIPUKJIIA/, SIK B TOC/iIKeHHSIX XepcTa [2].

Meta pociaimxkeHHsA. [Jocmigntu dpakTaabHICTh CTOKY piuku [IHIiNIpo
Ha OCHOBIi JaHUX, SIKi Oy/IM OTpMMAaHi pi3HMMM criocobamu, 0OpoOUBIIM iX 3a
IOTIOMOTO0 OCHOBHMX METO/IiB.

YV MuHyIi Yacu BeJIMKOIO IIepeliKool0 IUIaBaHHS Mo [Hinpy Oyian
OHITIPOBChKI ITOPOrM, Mepernpasa yepe3 sIKi HepiIKo 3aKiHYyBaJIMUCS TPariyHo.
JIJ1s1 yCIiliHOI MeperipaBy yepe3 MOPOTU HeoOXimHi OyaM BiOMOCTI PO TIu-
OMHM Ha CyTHOIUIaBHOI Tpaci B moporax. Takuit BogoMip 6yB BCTaHOBJIEHMIA
Ha KameHyBaTOMYy OCTpOBi, pO3TalllOBaHUM Iiepe[ ITOporaMy MPOTU Celula
JloumaHcbKa Kam'sHka (B Mexkax M. [IHinpo). Ha ckesti ocTpoBa Bojmomip OyB

BCTAHOBJIEHMII TakKMM UMHOM, IO TOYKA HYJb CITiBIIAJAa€ 3 HaVBUIIMMMU
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KaMiHHSIM, 110 JiexkaTb Ha dapBaTepi HeHacuTelpbKkoro mopora (camuii Bejim-
KU1 TIOpir), a 1ie A03BOJISIE BiApa3y cKa3aTy SKUii piBeHb BOAM HaJ OPOraMu.
@OYHKIIIOHYBaHHSI 1IIbOTO MOCTA YMOBHO BiTHOCUTBCSI o 1656 p mpoTe maHi
BAIOCS BUSIBUTU Tiibku 3 1778 p. [1].

BimHoBneHHs 0araToBiKOBMX PSIiB TiIpOJOriYHMX BiJlOMOCTEl 110
piulii IHinIpo mpencTaBise CKIagHyY 3amadyy i ocobnuBo B dopmi
XPOHOJIOTIYHO 6e3mepepBHOrO psAAYy 3 iHTepBaJlaMM 4acy He OisbIlie poOKy.
IcHYIOTb pi3Hi crmocoOM BiTHOBJIEHHS [OAHUX, HANpPUKIAL, II0 JaHUM
rigpomeTeocTaHIlili, BiAK/IagaHHSIM Y BOAOIMaM, 3a MMCbMOBUX AKepesa TO-
0. Ajle Hayb6ibIl peaJbHMUM ILJISIXOM BiJHOBJIEHHSI BillOMOCTel 3a MUHYJII
CTOJIITTSI MOXYTb CIYKUTM TIPUPOOHI MaM'SITKM, CTBOpPeHi IPUPOAOI0 B
OpraHiuvHOMY CBiTi, MiHepa/JIbHUX BiJK/IaJeHHSX, JIbOJOBMUKaX. [Ipoiec HaKo-
MMMUYEeHHsI OIafiB y BOAOMMAaxX 3aJieXXUTh Big Oaratbox (axkTopiB, aje
MPOBITHUMM € KaiMaTuuHi. [TifT BIVIMBOM MepiogMUHOCTI iX 3MiH (GOPMYIOThCS
Ce€30HHI Pi3HOBUIM BiAK/IaMl€Hb, SIKi XapaKTepu3yloTb PiuyHi LUMKIM HAKOIM-
YeHHS ONajiB (JOCTIIXKYIOThCS MO KepHaM) i JAalTh MOX/IUBICTh AAaTyBaTH 3
piYHMMM iHTepBasaMu yacy.[1]

Hani cTtoky [lHinpa BigZHOBIOBAINUCh 33 BIiZOMOCTSIMM  TIPO
BinkmageHHs cojii B CakCcbKOMY 03epi. Y IIMX BifK/iagax MOMivya€eTbCsl Ce30HHA
3aKOHOMIipHICTh: B3MMKY BiIK/Iagal0TbCsI CBIT/Ii MYJIN, @ BJIITKY - Oi/IbIIl TEMHI,
HacuyeHi IMpoAyKTaMM BOAHOI Ta BiTpoBOi epo3ii. Po3riassHyTO maHi 3a mnepiof,
3 1818 mo 1872 poku (Tabauiisg 1), Tak sk 3 1873 poky yepe3 BUI00YTOK COJIi,
CIIOPYAM OOAATKOBUX KaHaiB TOIO, SIBHO 3HM3UJIOCS HAAXOMXE€HHS B 03€pO
MIPOIYKTiB BOAHOI epo3ii.[1] A Takosk 6yJI0o B3SITO TimpoMeTpuuHi maHi 3 1818
o 1872 poku (Tabnuts 2), siKi 6y/au oTpUMaHi 3aBAsSIKM BOAOMipy Ha KameHy-
BaTOMY OCTPOBI.
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Tabnauis 1

dparmeHT JaHUX BigkiageHHs cojell y CakcbkoMy o3epi 3a 10 pokiB|[1]

Pik BigknazeHHs (MM)
1818 1,3
1819 3,0
1820 3,0
1821 2,0
1822 1,6
1823 1,5
1824 1,6
1825 1,6
1826 0,9
1827 1,8
1828 1,4

Tabnauis 2

®dparmMeHT riipoMeTpmUUHMUX JaHux cToKy JHinpa 3a 10 pokis[1]

Pik Crtok Juinpa(m3/c)
1818 1780
1819 1790
1820 2630
1821 1480
1822 1940
1823 1690
1824 1090
1825 1000
1826 1820
1827 1370
1828 1320

s nuxX ABOX psiAiB OyB 3aCTOCOBaHMII R/S-MeTon mjist 3HAXOIKEHHS

nmokasHuka Xepcra [2]. IIpoBemeHO QpakTaJbHUII aHa/li3 [OaHUX IO

BigkmameHnHio cojeit y Cakcbkomy O3epi (muB. ¢parmeHT y Tabn. 1) Ta
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rizpoMeTpuUYHMUX OHAaHUX (OMB. pparMeHT y Tabsa. 2) 3a mepion 3 1818 p. mo
1872 p., B pe3yabTaTi sIKOro 6yJi0 OTpUMMaHO 3HAYeHHsSI IMOKasHMKa XepcTa
H=0.7894 ta H=0.7227 BignoBigHO, SIKi NiATBepIKyIOTh (GpaKTaJIbHICTh (IIPH-
pPOOHY caMOMOAiOHicTh) cToKy [IHinpa. IIpu 1iboMy 3aKOHOMipHICTh OTpUMa-
HOTO pe3yJbTaTy IOJISIra€ y MpakTUYHO ITOBHOMY 30iry 3HaueHb ITOKa3HUKIB
Xepcra mwopo po3ausy p. Hua (H=0.73), o orpuMaHo 1ie camum ['aposibaom
EpBiHoM XepcTOM[2], a TaKOX 3 pe3yJbTaTOM, 110 OTPMMaHO 3HAUYHO Mi3HillIe
1151 arperaToBaHOTO caMoIoIibHOTO TpadiKy y KOMIT I0TepHUX Mepeskax [3].

Po3paxyHOK MOKa3HMKa MPOBOAUTHCS BiAmoBigHO ¢hopmynn (1):

InlnE [%] —Inlnd

Inlnn (1)

V gKocTi BenuunHM R(n) BUCTynae po3Max HaKOIMMUYEHMX BigXMJIeHb n

H=

3Ha4YeHb Bif cepeHbOTO 3HaYeHH psAny gaHux. CTaHAAPTHE BiOAXMUJIEHHS Psi-
Iy TpeacTaBjeHO BeanmumHOow S(n). I[TokasHMK XepcTa pPO3PaxOBYETHCS SIK
BiJHOIIIEHHS Pi3HMUIII HATypaJbHUX JIoTapMu(pMiB MaTeMaTUUHOTO CIIOiBaHHS
i KOHCTaHTM, B Hamomy Bumagky 4 = 0,33, mo HaTypaJibHOTO Jjorapudpmy
MPOMIKKY 4Yacy pspy. Tak SIK MOKa3HUK XepcTa paxye€TbCsl IJISI MPOMIXKKY
1818 — 1872, BenuumHa IMPOMiKKY 4acy CTaHOBUTHUME 55.

Takox OJs psgy TiAPOMETPUUYHMX [OAHUX Ta OaHUX OTPUMAHUX 3
Cakcbkoro osepa 06yB 3acTtocoBaHmii Metod, DFA. B pamMkax IIbOro MeTOOY
CIIOYATKYy 3[iMCHIOETHCS 3BEEeHHS OaHUX A0 HYJIbOBOrO CepelHbOro, a came
3MiMICHIOETBCS TIONIYK CepellHbOr0 3HAUEeHHS, ITiCsS YOro BigHIMa€eThbCS Bif

psany Ta OyayeTbCsl BUMAAKOBe OIyKaHHS BiAIIOBigAHO 10 dhopmyinn (2):
k
y(®) = [2() -] (2)
i=1

Hani pspg y(K) po36uBa€eThCs Ha BiIPi3KM TOBKMHU N, B paMKaxX KOKHO-
ro 3 SKMX 3a JOIMOMOIOI0 MeTOAAa HalMeHIIMX KBaJpaTiB BU3HAUAETHCS
piBHSIHHSI TIpsIMOi, ampokcumywuoi mociaigoBHocti  y(k). 3HaiigeHa
anpoKCUMallisi PO3IVISIAAETBCSI B SKOCTI  JIOKAJbHOro TpeHay. [laiti
PO3paxoOBYEThCS CepedHs] KBaApaTMYHA MOMMJIKA JiHIAHOI ampoKCuUMallii
BignosigHo 7o dopmynu (3):

F(n) = %Z[v(k)—wkf] 3)
k=1
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3anexHicTb F(n) Mae cTemeHHMII XapakTep BiAINOBiZHO A0 ¢opmy-

m (4):
F(n) ~ n® 4)
3Ha4YeHHS o XapaKTepu3yKThb TUIIM KOpeabOBaHOI AuHaMiku.[4] His
psSIoy OAaHUX OTPUMaHMX TiAPOMETPUUHMM IUISIXOM Ta 3aBASKM KepHam
CakCbKOro 03epa, o B 000X BUITQAKaX HAJEXUTh NPOMiKKY Bim 0.5 mo 1, mio
TI0Ka3y€ KOpPeJbOBaHY AMHAMIKY.

BucuoBku. [IpoBemeHa 06pobKa gJaHMX 4acoOBOTO Bimpisky 1818-1872
orpuMaHux 3 CakCbKOTO 03epa Ta Bogomipa Ha KameHyBaTomy o03epi RS Ta
DFA meTomaMu, B pe3yabTaTi IKuX Oyjia JoBeaeHa GpaKkTaabHa 3a/1€KHICTb.

JIITEPATYPA / JIUTEPATYPA
1. IBen; I'.MI. MHorosekoBasi U3MeHUMBOCTb CTOKa [Hempa. — JI.: T'uapome-
Tuouspar, 1978. — 84 c.
2. Xepct I'. Hun: O61ee onucaHue peku U MCIOAb30BaHus ee Bof, = Hurst H.
The Nile: A General Account of the River and the Utilization of Its Waters.
London, 1952 /Taposbp.
3. [TetpoB B.B., [TnatoB B.B. MccinemoBaHue caMonomg00HOM CTPYKTYphI Tejie-
Tpaduka GecripoBogHON ceTu // PagmorexHmuueckue Terpamu. 2004. N230.-
C. 58- 62.
4. ITaBnoB A.H., Connuena O.B., 3uranuinH A.P. MynbTudpakTaJabHMII aHATN3
Xa0TUYEeCKON IMHAMUKU B3auMogencTBywiux cucrem // CI'Y - C. 1 - 20.

REFERENCES

1. Shvets G.I. Mnogovekovaya izmenchivost stoka Dnepra. — L.: Gidrometioiz-
dat, 1978. - 84 s.
2. Herst G. Nil: Obschee opisanie reki i ispolzovaniya ee vod = Hurst H. The
Nile: A General Account of the River and the Utilization of Its Waters.
London, 1952 / Garold.
3. Petrov V.V., Platov V.V. Issledovanie samopodobnoy strukturyi teletrafika
besprovodnoy seti // Radiotehnicheskie tetradi. . 2004. . #30. - S. 58- 62.
4. Pavlov A.N., Solntseva 0.V., Ziganshin A.R. Multifraktalniy analiz

haoticheskoy dinamiki vzaimodeystvuyuschih sistem // SGU - C. 1 - 20.

Received 16.03.2020.
Accepted 18.03.2020.

®pakmansHsie uccnedosaHus peyku [lHenp
BoodHble pecypce! []JHenpa ¢ OpesHuUx speMeH UCNOb3ylomcs 015 pasnuyHbix yenel. Oco-
6eHHO B0O3pOC/IO X03AlUCMBeHHOe 3Ha4YeHUe BOOHbIX pecypcos [lHenpa, K020a BO3HUKAA y2po3d
Oehuyuma BOOHbIX Pecypcos U ocyuwecmsieHuu WuUpoKue Meponpusmus no Ux KOMNJIeKcHo20
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ucnonb308axus. Pacyem mHoeonemHeli uameH4uBoCmMuU BOOHOCMU peKU CMAHOBUMCA BAXHbIM
3B8eHOM B NJIGHUPOBAHUU PA3BUMUS NPOU3BOOCMBEHHbIX CUI CMPaHbl. Ymobbl pewums npobe-
My BOOHOCMU 8 6YyOyujeM, HYXHO OCHOBbLIBAMbLCA HA MHO208eKOBbIX CBEOEHUAX 3a NpOUible
8peMeHa, N03MoMy paccmampusaemcs ¢pakmanbHOCMb CMOKA peKU.

Fractal studies of the Dnieper River

The article deals with the research of fracture of the Dnieper river drainage in 1818-1872.

The Dnieper water resources have long been used for various purposes. The economic im-
portance of the Dnieper water resources was especially increased when there was a threat of wa-
ter scarcity and extensive measures were taken to use them comprehensively. The calculation of
the long-term variability of the river water becomes an important link in planning the develop-
ment of the country's productive forces. To solve the problem of water in the future, you need to
rely on centuries-old information from the past.

In the past, the Dnieper rapids were a major obstacle to navigation on the Dnieper River,
the crossing of which often ended tragically. Successful crossing over rapids required depth in-
formation on the shipping route in rapids. Such a hydrometer was installed on the Rocky Island,
located in front of the rapids opposite the village of Pilot Kamenka (within the Dnipro River). On
the cliff of the island the hydrometer was installed in such a way that the point zero coincides
with the highest stones lying on the fairway of the Nenasitsky threshold (the largest threshold),
and it allows to tell at once what level of water above the thresholds. The functioning of this
post is conditionally related to 1656, but the data was only discovered from 1778

The Dnieper drainage data were recovered following the information on salt deposition in
Saki Lake. Seasonal patterns are observed in these sediments: in the winter, light mules are de-
posited, and in the summer, darker ones, saturated with products of water and wind erosion, are
deposited. Data for the period from 1818 to 1872 (Table 1) are considered, since since 1873 due
to salt extraction, construction of additional canals, etc., the flow of water erosion products into
the lake has clearly decreased. Also, hydrometric data from 1818 to 1872 were obtained, which
were obtained from a water meter on the Rocky Island.

Two data sets are processed based on RS and DFA methods.
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T. bynauna, b. Monogenp
AHAJII3 ICHYIOUMX BAPIAHTIB K/IACU®IKAIIII XBOPUX
HA CEPUHEBO-CYANHHMMMU 3AXBOPIOBAHHSIMU
3A JIOIIOMOTI'0I0 HEIPOHHMMU MEPEXAMUA

AHomauis. Poboma npucgsdyeHa aHam3y iHGOpMayiliHux mexHo02ili XpoHob6i0/10214HO20
MOHIMopuH2y Kapdiocucmem, po3pobyi cucmemy niompumKku npuliHamms piweHs 08 NiKaps-
docnidHuka Ha 6a3i Memodig Kaacugikayii 3 BUKOPUCMAHHAM HEUPOHHUX MepexX MaKux sK
imosipHocmHa HepoHHa mepexa PNN (Probabilistic Neural Networks), 6azamowaposuli nep-
cenmpoH MLP NN (Multi-Layer Perceptron), kackadHo-kopensyiiiHa mepexa CasCor (Cascade Cor-
relation). ¥ pe3ynsmami ompumaHo HacmynHe: HaUKpawum Kaacugpikamopom € Helipomepexa
KackaodHoi kopenauii 3 85-88% moyunicmio knacugikayii. Haleipwum knacugpikamopom cmana
(IMOBIpHICHA HelpOHHA Mepexd, OCKINbKU MOYHICMb Ub020 AN120pUMMY 3aJexums 810 po3mipy
Habopy 0aHUX.

Knioyosi cnosa: xpoHobionozis, iHGHopMayiliHa MexHOM02is MOHIMOPUH2Y, HEelUpOHHI Mepexi,
Knacugikayis.

B Halll yac HayKOBO-TeXHiYHMII porpec yBiiillloB Maiike y BCi chepu
HAIIIOTO XUTTS. HacuueHHS BCiX rajyseii CydyacHOTO >XUTTS KOMIT IOTEPHUMU
TEXHOJIOTiISIMM He 3a/IMIIMJIO OCTOPOHb i MeAuIIMHY. 3i 3pOCTaHHSIM TEMITY
SKUTTS BifI JIiKapsl 4aCTO BMMAara€TbCsl OMepPaTMBHOCTI B MOCTAHOBII AiarHO3Yy
Ta BMOOPi ONTUMMAaJIBLHOTO i Cy4yacHOTO BUAY JIiKyBaHHS. 3p03yMiJio, 1O [JIs
BUMKOHAHHS TaKMX HEMPOCTUX 3aBIaHb HeOOXimHi BiAIOBiIHI iHCTPYMEHTH.
MenuyHa KyJabTypa # OXOpOHa 3O0pPOB’S HMHI Ha TOpPO3i TexXHIYyHOi
peBosolii. [HpopmallilfiHi TeXHOIOTii CTPIMKO BTOPraloThCs B ycCi chepu Me-
OVIVHN 7 opraHisaiiii oxopoHu 340poB’ss. CbOrOHI IIPAaKTUYHO KOAEH eTamn
IiarHOCTUKM He 00XOOUThCS 0e3 KOMIT'IOTepHUX TeXHOJoTii. Ilopsim 3 uum,
iHTenexkTyanpHi iHQOpMaliiiHi cucTeMU HOBOJI OOMEKEHO 3aCTOCOBYIOTh Y
MPaKTUYHIM MeauIMHiI. 3aCTOCYBaHHS iHTe/JeKTyaJIbHUX CUCTEM B MeIUIMHI,

6e3 CyMHiBY, CIIpUsIE IPOTPECMBHOMY PO3BUTKY iHOOpPMAIliifHOrO MOTEHIIiay,

© bynana T., Monogeus b., 2020
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SIKMIA € YHiBepcaJbHUM 3ac000M BUPIillleHHS IIMPOKOTO KOJja 3aBJaHb Ha
pi3HMX eTamnax JiKyBaHH IauieHTa [1].

B XX cTOTTI BUBUEHHSI YaCOBUX OCOOJMBOCTEN 0i0JOTiUYHUX CTPYK-
TYp BUIIIWJIOCH Y JBa HOBI HampsIMM HAyKM — XPOHOMEOULMHY Ta
xpoHobiosioriio. B 1937 poili y mIBeacbKOMY KypOpTHOMY MicTi PoHHeO6i
BIIepIe 3i0pasych NMpeaCcTaBHUKM Pi3HOMAHITHUX TEOPETUYHUX Ta MPAKTUU-
HUX [JOUCHUIUIIH Ta 3acHyBadyX MIKHApPOAHY CIIJIbHOTY [0 BUBUYEHHIO
6iosoriunux putmiB. TMM caMMuM BOHM 3aIlOUaTKyBajaM PO3BUTOK HAyKM Ta
pPO3IIMPEHHIO YMC/ia PO3YMil0UMX BasKAMUBICTh 4aCOBOTO (PAKTOPY IJISI SKUTTSI.
OnHe 3 KIIOUYOBUX IOJIOKEHb XPOHOOioJoOrii: yacoBuii ¢akTop y BUIISIL Y
BUIJISIAI PUTMIB XapaKTepHMUI IJisI BCiX MHPOIECiB KUTTEHiSNIbHOCTI. Takum
YMHOM, MOXXHA CKa3aTyu 1[0 XPOHOOI0JIoTis — 1ie AOCTiAKeHHS pUTMiB[2].

Ha choropHi uepes gocuTh MPUMITUBHY OYIiB/II0 ITPOrpaMHOTO 3a6e3-
TevyeHHs OJIs MMpWIaJiB-peecTpaTopiB He AO03BOJISIE MPOBOAUTU [eTalbHUI
KOMIIJIEKCHMI aHaJIi3 OI[IHOK, MOKAa3HMKIB i XapaKTepUCTUK KapAiOCUCTEM,
SIKUI HeOOXimHMI )11 BUSIBJIEHHS IIPUXOBAHMUX 3aKOHOMipHOCTEH; B OCHOB-
HOMY JIiarHOCTMKA I'PYHTYETHCS Ha OCBifli i 3HAHHI JTikaps; HeSICHO, SIKUit 00-
CSIT TIOKA3HMKiB T060BOTO MOHITOPMHTY apTepiaJibHOIO TUCKY HEOOXiTHO BU-
KOPMCTOBYBATH [IJISI OLIiIHKYM e()eKTUBHOCTI TPOBEeNEeHOro JiKyBaHHS i He iCHYe
cUCTeMH, sika 6 J03BOJIsIa OLIHUTU SIKICTh ITPOBEeAEHOI JIiIKyBaJbHOI Teparii.
Takum 4MHOM, IPUIHSITTS pillleHHS BUTJISITAa€ HACTYITHUM YMHOM (puc 1.).

Jyist BupilieHHs 11iei mpobseMu Oy10 BUPillleHO BUKOPUCTATU IIPOBEC-
TU aHaJIi3 JesIKMX HIMKUe MepeuncIeHMM MepeXX: MeTO/I, KaCKagHO1 Kopessilii
(CasCor), GaraTomapoBuit nepcentpod (MLP), Ta iiMmoBipHicHa HeipOHHOI
Mepeski (PNN). B skocTi MeTony Bi6bopy iHGOpMaTMBHUX 03HAK OyJI0 06paHO
MHOXMWHHY JIOTICTUYHY perpecito. IlepeBarow 3ampoONOHOBAHOTO METOHY
Bimbopy iHGOpMaTUMBHMX O3HAK € CKOPOUYEHHSI 00csary iHdopmailii: BIUIMB
KOXXHOTO (akTopa IIJISIXOM OIliHIOBaHHSI KoeillieHTiB perpeciiiHoro
piBHIHHS. OCHOBHUM HeOOJIiIKOM JIOTiCTUYHOI perpecii € ymoBa, 10 3MiHHA

BiITYKy MOBMHHA OYTM GiHAPHOIO.
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PucyHok 1 - CxemMa npoBeieHHS IiarTHOCTUKN CTaHy

KapAioCuCTeMM IalieHTa

BaraToIapoBuii mepcenTpoH HaibiMbII BOAJIO peasli3ye igew KepoBa-
HOTO HaBUYaHHSI, B SIKOMY PO3IJISITAETHCS BifoOpakeHHSI BXiJHOTO BeKTOpa B
IIiIJIbOBOI BUXiAHMII BeKTOp. AJjie [Jisi BIAJOr0 YMOpPaB/IiHHS HaBUYaHHSIM
HeoOXiHO MaTM JaHi, IKi MalTh Bimomy Kiacudikailiio, i 06csar, JoCTaTHii
IIJISI TIPOBeIeHHST HaBUYaHHS i TecTyBaHHS HM.

B cBoio uepry IMmoBipHicHi HelipoHHi Mepexi (PNN, Probabilistic
Neural Networks), Takox BigHocsATbCSI o HC 3 mnpsmMoio mnepemavyero
iHhopmalii i mo apxiTekTypi € «HaMOMDKYMMM poAMYaAMU» paldiaabHO-
0a3MCHUX i y3arajJbHeHUX perpeciiiHux Mepesx JlaHi Mepesxi NMpu3HaueHi ajisi
BUpillleHHs 3aBIaHb OaiieciBCcbKOi Kiaacudikailii (po3mizHaBaHHS oOpa3iB Ha
OCHOBi 6alteciBCbKOTO TMigX0/y), B OCHOBI SKOi JexkuTh ¢opmysna baiieca[3].
Ocob6uBicTIo 11iei Mepexi € pikcoBaHa CTPYKTYpa, 10 OYAYETHCSI OOMUH pas I1o
Habopy HaBYaJIbHMX map. B mpoieci (yHKIiOHyBaHHSI BaruM CHHAIICIB He
3MiHIOIOTbCSI. [l0 HeMpOHHMX Mepex 3 IpsIMolo Iepemauvelo iHdopMmaliii
BiIHOCATBCS 1 TakK 3BaHI KacKaJHO-KOpeJsIiiiiHi MepexXi, OCHOBHA
0COOJIMBICTh SIKMX ITOJISITA€ B MOK/IMBOCTI TOJAaBaHHSI HOBUX BY3JIiB B IIpoOIieCi

HaBYaHHSI.
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ANTOpUTM KackagHOi Kopesisiii KoMbiHye IBi KIIOUOBi imei: mepia -
Ile KacKaJHa apxiTeKkTypa, B SIKiii MpuXoBaHi HEViPOHU IOAAITHCS OO0 Mepexi
OJVH pa3 i He 3MiHIOIOThCS TIiC/IS TOTO, IK BOHU Oyau AopaHi[4]; apyra - HaB-
YaJIbHUI aJITOPUTM, SIKMI1I CTBOPIOE i HaJAIITOBYE HOBiI MPUXOBaHi HeMpPOHU
(puc. 2). [Ing KOXHOTO HOBOIO MPUXOBAHOIO HepoHa, HEOOXiTHO
MaKCUMMi3yBaTU BeJIMUYMHY KOpeJsiiii MiXk BUXO0M HOBOTO HelipoHa i CUrHa-

JIOM ITOXMOKM, IKUI HeOOXigHMIT 3HU3UTH.

Orapims Crrpazes Db = Brzomm Crotpame
Bromm Cipmnes | x Asiomn Brmoge Crsancs Aszorm - Bypomt Comancw o Aazom Comameny | = Ascowm | Becuomin

PucyHOK 2 - 3arajbHa apXiTeKTypa HeiipOHHOI MepeXXi KaCcKaJHO1 Kopessiiii

BxigHi maHHi, 110 HAAXOASTh A0 HAIIOi MporpamMyM MOKHA PO3IiIUTHU
Ha TEepBMHHI HeOIpallbOBaHi [OaHHI Ta MOaHHI OmNpalbOBaHi JiKapeM-
OOCHAITHMKOM. BiZMiHHOIO XapaKTepUCTUKOKW MHaHHMX € 1IX 4YacToTa
OTpUMaHHS. AnlapaT BUMIPPIOBAaHHS apTepiabHOTO TUCKY 3aKPIiIUIIOETHCS Ha
naiieHTa Ha go6y. YacTora 3a60py — 4YOTUPHM 3aMipy 3a OAHY TOAMHY, TOOTO
96 Ha noOy. IlepeBar TaKOTrO XPOHOOITOTOriYHOTO MOHITOPMHIY Ta COOpY
OaHUX € BiACYTHiCTH edeKTy «bOijioro xajaTy» - OaHHI 30MpalOTbCSI He Yy
CTAI[iOHAPHOMY pEeXMuMi, TOOTO TMAaI[ieHT He IIOBMHEH 3HaXOIUTUCh Ha
TepUTOPil MeaAUUYHOro 3aKkaamay.

3arajibHa KiJbKICTh OIIIHOK, HaJaHMX JIIKapSIMU-OOCTAITHUKAMMU [IJIsI
TIpOBeJleHHSI XPOHOOIO/MIOTIUHOTO aHasizy, CTaHOBUTb 157 cepen SIKMX TaKi
KinbKicHI mokasHuku: CAT (cuCTOMIYHMII apTepiaJibHUIA TUCK) MiHIMyM 3a
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no6y, CAT wminimym 3a nmo6y, CAT wminimym BHoui, CAT iHmeKkc rutommi
TinmoToHii 3a moOy Ta iHme (puc. 3). YV maijieHTa TakoX € TakKi sIKiCHi rmapamet-
pu SIK Bara, 3picT, JaTta 3BepHEeHHS A0 JIikapHi, CTa)k XBOpoOu, AiarHo3, MEeHO-
nay3a. Cepen SIKiCHMX IMOKa3HUKIB € BXXMBAHHS aJIKOTOJIIO, KypiHHS, CI1aIKOBa
CXMIBHICTh M0 iH(apKTy Miokapaa. HopmyBaHHS HaBUaJIbHUX MTaHUX IIPOBO-
ouioch B iHTepBadi [-1;1]. A anasg kiacudikailii BUKOPMUCTOBYBaJIOCh KiIbKiCThb
BXiJHMX ITapaMeTpiB B pO3Mipi BOCbMM OLIiHOK. T BXiZHUX OILIiIHOK — YMCJIO-
Buit (IAT cepenue 3a mo0y, ITAT cepente 3a mo6y, CAT cepenHe 3a moby Ta
inmi). HaBuanbHa BubGipka ckiana 80% Bim 3arajbHOi KiJIbKOCTi XBopux (278
HaBYaJIbHUX I1ap), a TecToBa Bubipka — 20% (65 HaBuanbHUX nap). [Ipemcras-
JeHa BuOipKa HaHUX € BUCOKOpeNpe3eHTaTUBHOI0, BPaxOBYIOUM KiJIbKiCThb
TMAalli€eHTiB: BChOI'O BHECEHO JAaHUX I10 343 XBOPUX 3 CepLieBO-CyAMHHUMMU YCK-

nmagHeHHsaImM (1 knac — 142, 2 kinac — 207).

XapaKkTepuCTUKU

CAT cepenne 3a 100y

CAT cepenHe 3a Hiu

CAT cepenHe 3a neHb

CAT minimMyM 3a Hiu 157 napameTpiB

[Tynsc MAX (Makc. paHKOBUM

iAoM)

[Tynbc cepenHil 3a IeHb

PucyHok 3 - Tabauilst 03HaK y BXAHil BMOipiIi

Asle Ha JaHMX, 110 OTPUMYIOTBHCSI B pe3y/bTaTi I[bOTO MOHITOPYBaHHS,
iCHYIOTh TOXMOKM TPbOX TUIIIB: ITOXMOKA BUMipy Mpuaamy, oxuoKa B3aeMo/Iii
MalieHTa 3 IpuaagoM, IOXMOKa 00UMC/IIOBAIbHOTO IIPOLIeCy.

OnHa 3 TONMOBUX TPUYMH BUHUKHEHHSI TOXMOKM TepIIOro TUITY €
HeCHpaBHIiCTh Ipwiany, 60 y KOXHOIO 3 HUX € MeBHi rapaHTiiiHi TepMiHU

pO06OTH, SIKi He 3aBXXIAM 30iraloThCs 3 peabHiCTIO.
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Opyruit TMN 1MoxXMOKy OOYMOBJIEHHUI MPOIEAYpPOI0 MOHITOPMUHIY Ta
MalIMHO-TI0AMHA BimHOcMHamu. Il[o6 po3ymiT 110 TMMOXMOKYy Tpeba
03HAOMMUTHCh 3 IPUHLIMIIAMU POOOTH MPMUOOPY MOHITOPUHTY apTepiaabHOTO
TUCKY: pa3 B N xBuJIMH (ge N — moBiJibHa BeJIMUMHM, IO 3aJI€XXUTh Bill MapKu
npusaanmy) 6e3 rnmormepeagHTOrO OMOBIlleHHS IallieHTa, MTOYMHAETHCS Mpoleaypa
3aMipy — IIOUMHAETHCS CTUCKYBAaTMChb MaHXXeTKa; SKIIO IallieHT B CTaHi
Hecrnokoio( He (ikcye pPyKy — IO € HeOOXimHMM [JIsI OTPMMAaHHS TOUYHOTO
pesynbTaTy), MOpwial IPOJOBXKYE HaKadyyBaTM  MAaHXeTKy IITYYHO
CIIOTBOpHOYNM 11eVi pe3ysbTarT. I1if Jyac CHy AesKi Mali€eHTU MOXYTh 3HIMaTu
npwiagu abo IocaabaoBaTM MaHXeTKy, IO IPU3BOJE OO0 CIIOTBOPEHHS
maHHMX. TakoX JaHHi CIIOTBOPIOE eMOLIiiiHMIA CTaH JIIOAVHMN.

Tperss moxmbka BMHUKAE Yy OyAb-IKOMY BUIi MaHYaJIbHOTO
3aIll0OBHEHHS JaHHMUX A0 B/l nikapem-a0caigHUKOM.

Crimparmounuch Ha BHUINE OIMCAHI CIIOCTepeXXeHHS, OyJo BUPillleHO
rpaHMuHi 3HaueHHs AT JoC/iaKyBaTy OKpeMmo.

YV pesynbTaTi OTpMMaHO HACTyMHe: HalKpalmum KiaacudikaTopoM €
HelipoMepeska KackagHoi kopensdnii 3 85-88% TounicTio Kimacuikaiii.
Haiiripmum kinacudikaTopoM CTaja WMOBipHiCHA HelipoHHA Mepeska,
OCKIiJIbKM TOYHICTh IIbOT'O aJTOPUTMY 3aJIEXXUTD Bill po3Mipy Habopy HaHUX -
SIKiCTh OyJle Kpalllolo, SIKIO0 BUKOPUCTATU BeJUKuit 3a obcsirom martacet. Ta-
KOX TOTPiOHO 3ayBa)kMUTH, 1110 BiKOBMIT Jialla30H MallieHTiB y Bubipii 50-60
pOKiB. 3 BuIlle OMNMUCAHMX 3ayBakeHb MOKHA 3pOOUTH BUCHOBKU IIPO
HeOOXiTHICTh HAKOIMMUEHHS JaHUX /151 301/IbIIIeHHSI HAaBYaJIbHOI BUOipKuA.

CxXoXi mociimKeHHS Oyau mpoBeleHi criBpoOiTHMKamu JIioOHCHKMit
yHiBepcuteT | imeHi Kinoma bBepnapa. [ns knacudikailii namieHTaMu
MOTeHIiiHO CXWIbHMMM [0 iHdapKTy MioKapa BOHM BUKOPUCTOBYBAJIU
nepeBo pimenb, (CART) Ta 6araromapoBuit mnepuentpon (MLP) Ta
norictuyHoi perpecii (Logistic Regression). B skocCTi JaHHMUX [1Jis1 HABUAaHHS Ta
TeCTYBaHHS Oy/IM BUKOpCTaHi mJaHHHi 3 6asyu ganux INDANA (INdividual Data
ANALysis of Antihypertennsive interventions). IIs1 Bubipka 6yia BuUIIagKOBUM
YMHOM po36MTa Ha HaBYaJAbHY (KiJIbKicTh 3amuciB — 10,296) Ta TecTOBY
(KinpKicTh 3amuciB — 5,148).03HakM IMAalli€eHTIB SIKi NpuiiMaayu ydacTb Y

HaBYaHHI: BiK, CTaTb, CUCTONIUHNI apTepianbHuilt TUCK (CAT), miacTonmuyHmit
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aprepianbHuit THCK (IAT), 3aXBOpIOBaHHS AiabeTOM, HASIBHICTh IIKiAIMBUX
3BUYOK (KypiHHS), rinepTpodis aiBoro mryHouka Ha EKT, iHgekc macu Tija Ta
piBeHb XxojiecTepuHy. Y pe3yjbTaTi OyJM OTpMMaHe HaCTyIlHe: HaiOibII
iHbopMaTUBHMMM O3HAaKaMM BUSIBWIMCH BiK Ta CTaTh mnaiieHTa. SKicTb
pPO3Mi3HAHHS «ypakeHUX» MAaI[ieHTiB HACTYIMHi: jorictuuHa perpecis (LR) -
65.9%, nepeBo npuitHITTs pimieHb (CART) — 69.1%, 6araToliiapoBuii repcern-
TpoH (MLP) - 76% [5].
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AHani3 icHyro4ux sapiaHmis Knacugikayii xsopux

Ha cepyeso-CyOUHHUMU 3aXB0PIOBAHHAMU 3a 0ONOMO2010 HElIpOHHUMU MepexKamu

llposedeHo aHani3 iHopmayiliHux mexHon02ill  XPOHOBION02IYHO20 ~MOHIMOPUH2Y
Kapdiocucmem Ha 6a3i Memo0di8 Kaacugikayii 3 BUKOPUCMAHHAM HeUpOHHUX Mepex. Y
pe3ysibmami HAaUKpawum KaacugikamopoMm € Helipomepexa KAackaoHoi kopenayii 3 85-88%
MOoYHICMI0 Kaacugikayii, Halzipwum Kaacugikamopom - (MOBIPHICHA HeUpPOHHA Mepexa,
OCKIJIbKU MOYHICMb Yb020 A120pUMMY 3a7exums 8i0 po3mipy Habopy OaHUX.

Analysis of existing options for the classification of patients
with cardiovascular disease using neural networks

The work is devoted to the analysis of information technologies of chronobiological moni-
toring of cardiac systems, development of decision support system for physician-researcher based
on classification methods using neural networks such as PNN (Probabilistic Neural Networks),
multilayer perceptron and CasCor (Cascade Correlation).

The training sample was 80% of the total number of patients (278 training pairs), and the
test sample was 20% (65 training pairs). The presented data sample is highly representative,
considering the number of patients: dataset includes 343 patients with cardiovascular complica-
tions (class 1 - 142, class 2 - 207). The age range of patients in the sample is 50-60 years old.

The result is the following: the best classifier is the neural network of cascade correlation
with 85-88% classification accuracy. The worst classifier was the probabilistic neural network,
since the accuracy of this algorithm depends on the size of the data set.
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HbI1 yHUBepcuTeT umenu Osecst 'oHuapa.

bynanas TarbsiHa MwuxaijoBHa — [OLE€HT, K.T.H., [JHUIIPOBCKUII HAILNO-
HaJIbHBIN yHUBepcuTeT uMeHu Osecs 'oHuapa.

Monogeus borman BomoaumupoBuu -  acuCTeHT, JIHIIpOBCbKMIL
HallioHa/JIbHUI YHiBepcuTeT iMeHi Onecst ['oHYapa.
bynana TerssHa MwuxaivtiBHa -  [OOLIEHT, K.T.H., JIHIIpoBCbKuUit

HallloHa/JIbHUI YHiBepcuTeT iMeHi Onecst ['oHYapa.

Molodets Bohdan - Assistant Professor, Oles Honchar Dnipro National
University.

Bulanaya Tatyana - Associate Professor, Candidate of Technical Sciences
(Ph.D.), Oles Honchar Dnipro National University.

78 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 5 (130) 2020 «System technologies»
DOI 10.34185/1562-9945-5-130-2020-10
YIIK 004.02

C.M. BoBk
INPUMEHEHUE ®YHKIIMMOHAJIA KBASUIIPOTSDKEHHOCTU
B 3AJAUYAX AIIITPOKCUMAIINUN NCKAJKEHHbBIX TAHHbBIX

AHHomayus. ViccnedosaHa sgppekmusHoCmMb npuMeHeHUs YHKYUOHANA KBA3UNPOMSAKEeHHOCMU
0/l pelwleHus 3a0ay annNPOKCUMAuUU OQHHbIX, ONUCbIBAGMbIX napamempuyeckoli Mooesblo.
[lpedcmasneHbl pe3ybmamsl Meopemuyecko20 U YUC/IeHHO20 aHAU3d, Komopble 0eMOHCmpU-
pyrom ocobeHHOCMU nogedeHus 3mo2o PYHKUUOHANA KAK Yenesol QyHKYuU AUuHeliHo20 U Hesu-
HeliH020 napamempos Mooesu OaHHbIX OIS pa3HbiX YypoBHel Wyma 8 npednooxeHuu, ymo na-
pamempsbl MoOesUu NPUHUMAKm 00HO UJIU HeCKOJbKO 3HayeHul. ChopmynuposaHsl pekomeHoa-
yuu no 3¢gekmusHOMYy UCNONb30BAHUK (DYHKUUOHANA KBA3UNPOMSAXEHHOCMU 0/1A peuleHus
3a0a4 annpokcumayuu OaHHbIX.

Knioyessie cnosa: yHKYUOHAN, annpoKcuMayus, OaHHble.

BBenenme. OyHKIMOHA] KBas3sUIIPOTS)KEHHOCTU MpeaHa3HaueH sl
pelieHus 3ama4 006pabOTKM JaHHBIX B YCJIOBUSIX, KOTIa MICXOIHbIE TaHHbIE VIC-
KakeHbl IIIYMOM M aHOMaJIbHbIMM 3HaueHussMu [1]. Ins pemeHus 3amay ar-
MPOKCUMALM UCKAKEHHbIX JAaHHBIX MOCPEACTBOM 3aJaHHON IapamMeTpuye-
CKO¥t Moz ey 3TOT (PYHKIIMOHAJ 1ie1ecoo0pa3HO CTPOUTh Ha OCHOBE QYHKIIUU
HeBSI3KM MeXIY HaHHbIMU U UX MOJeblo [2]. B maHHOI paboTe mpencTaBiie-
Hbl pe3yabTaThl MUccaemoBaHus 5GHEeKTUBHOCTY IpuMeHeHus (YHKIMOHaIa
KBa3UIPOTSDKEHHOCTM HEBSI3KM B 3aayax allllpOKCUMMAalM MCKa’KeHHBIX
IAHHBIX, KOTOpble BK/JIKUYAKT pPe3yjabTaTbhl TEOPETUUYECKOIO U YUCI€HHOTO
aHa/iM3a nopemeHMsT GYHKIIMOHAMA KBa3UIIPOTSHKEHHOCTY [IJISl CJIydaeB, KOraa
Ha MHTepBaje HaOJIOMeHMSI MTaHHbIX HeM3BeCTHbIe MapaMeTpbl NPUHMMAIOT
OIHO MJIX HECKOJIbKO 3HAUEHW, a JJaHHbIe MCKAKeHbI aAJUTUBHBIM IIIYMOM.

ITocTaHoBKa 3agauM M Liejdb McciaegoBaHMi. [locTaHOBKa 3amauu
3aKkjovaeTcs B ucciaemoBaHuu 3PAdeKTUBHOCTM MpuMeHeHUs (PyHKIMOHAasa
KBa3UITPOTSIKEHHOCTM, ITOCTPOEHHOTO Ha OCHOBE (PYHKIMM HEBSI3KM MEXKIY

OaHHBIMM U UX ITapaMeTpudecKoi MOoJesblo, IJisl pellleHus] 3aau almpoKCU-

© Bosk C.M.,, 2020
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Mall¥M MCKaKeHHbIX HAaHHbBIX. lleabio paboTsl gBisieTcss GopMUpPOBaHUE pe-
KoMeHaalui no 3¢p@QeKTMBHOMY MCII0/b30BaHMIO (PYHKIIMOHAMA KBa3UIIPO-
TSKEHHOCTY JIJISI pellieHMs 3a4a4 alpoKCUMalMy MCKaKeHHbIX JaHHBIX.
AHanus mocjiegHUX MccjaeaoBaHui u myonukanuii. CornacHo [1],
IIOCTAHOBKA 3a/auy aIlpoKCUMalMM AaHHBIX 3aJaHHOI IapaMeTpudecKoii
MOJeJIbI0 3aK/I0UaeTcss B MUMHUMM3ALUMM (QYHKIMOHAMA KBAa3UIIPOTSKEHHO-
CTU QYHKIMM HEBSI3KM MeXKIY 3TUMU HAHHBIMM U UX MOJeNblo. [l Helpe-

PBIBHOTO C/Iy4yasi 3TOT QYHKI[MOHA 3a7aeTCs B BUe:

E“POlr(]= WP lr(olds, M

rme r(x) ectb GyHKUuMA HeBA3KM, i PP (x) =k PO[(1+|x/a|)P? 1] ecTb
CTOMMOCTHAsI QYHKIMS, oo — ITapaMeTp CrAaKMBaHUS; ¢ — MapaMeTp CTeleHU
cryiaxkuBaHust, mpudem 0<q<oo; f — nmapameTrp ¢Gopmbl, mpuyem —oo <fB <1 u
B<q; kIPD =1/[(1+]x,/a|)??~1]; x, — Touka HOpMupoBKM PP (x) Ha
enuHuily. [lapameTpsl o, B, ¢ UMEIOT CMbICJI CBOOOJHBIX ITapaMeTpPOB U T10-
3BOJISIIOT MEHSITh ITOBeJleH/ie CTOMMOCTHO (PyHKIMM, obecrieunBas MUpoKue
BO3MOXXHOCTM 1O HacTpolike Mpoijecca 06paboTKM JaHHBIX HA TEKYIIYIO IIIy-
MOBYI0 00CTaHOBKY [3]. B [4] oTMeueHO, uTo GyHKI[MOHAJ (1) He SIB/ISIETCS BbI-
MYKJIBIM 33 UCK/IIOUEHMEM CBOMX KpaliHUX Cy4aeB, a ero Iepsasi Bapuauus B
TOUYKe MMHMMYyMa MOKET He CylecTBOBaTb. OJHAKO B OTJIMUYME OT TPpaguULIV-
OHHO MCITOJIb3YeMOTO B 3ajauax almnpoKCUMAaLy KBaApaTUYHOTO (QPyHKIIMO-
Hasma [5], pyHKIMOHAN KBa3UIPOTsKeHHOCTM (1) IpemocTaBisieT BO3MOXK-
HOCTb pelleHus 3a4a4 almnpoKCUMalMy B YCJIOBUSX, KOTJa MUCXOOHbIE TaHHbIE
MCKa’keHbl TpyObIMM OIMIMOKaMM, a Heu3BeCTHbIe MapaMeTpbl MOTYT MPUHU-
MaTh He OJJHO, a HeCKOJIbKO 3HaueHMuit [4]. [IogoOHBIMM CBOWCTBAMMU TaKKe
o6samaloT QyHKIMOHAbI, TOCTPOEHHbIe HA OCHOBE KBAa3MHOPMBbI MPOCTPaH-

crBa L,; O0<p<1 [6] wim Ha OCHOBE "MMHMMAKCHO-BOTHYTOV MITpadHO

dyukiun" (minimax-concave penalty function) B ciydae ux mpuMeHeHUST K
HeBsI3Ke pelieHus [7].

OcHoBHas 4yacTb. dPPEKTUBHOCTb NMPUMEHEHMSI Pa3JIUUHBbIX (QYHK-
LMOHAJIOB B 3aJlavyax anIlpoKCUMaluy JaHHBIX OMpeaesieTcs, B IePBYI0 Ove-

pedb, Ha/IMUMEeM Y HUX JIOKaJIbHbBIX MMHVMMYMOB, OTBEUAaIOMIMX MCKOMbIM 3Ha-
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YyeHUSIM HeM3BeCTHbIX ITapaMeTpoB Mojenn. IJish HerpepbIBHOTO ciayyast u3 (1)
MO>XXHO TIOJYYUTh, YTO QYHKIMOHAI KBA3UIIPOTSDKEHHOCTY OIS Cydasi Heu3s-

BECTHOTIO JIMHEMHOro napaMmeTrpa A MpUHUMAET BUJ 1iejieBOi QYHKIMN:
ECPO(A) =k [1(1+ 1 (8(x) = Af(0) /o) = 11, (2)
X

rae GyHKIMST g(x) OMMChbiBaeT AaHHble, f(x) — M3BeCTHYIO hopMy Mojen
maHHbIX, a X — obmactb Habmomenus. B (2) mia 0<p <1 umeem kPP >0,

s —oo <P <0 umeem kP <0, amna p— +0 BMecTo (2) IIoaydaeM:

EC00(A) = k{0 [In[1+] (§(x) ~ Af (x))/ o 1"}ix, 3

roe k{*%? =1/In[1+|x,/a|?]>0. U3 (2) u (3) BUAHO, YTO [/ T€X 3HAYEHMUIi
nmapaMmeTpa A, KOTOpble 0OpalllaloT B HYJIb MOJYJ/Ib HEeBSA3KM | g(x)— Af(x)|, Ha
rpaduke 1eneBOii QYHKIMM MOTYT BO3HMKATD JIOKAJbHble MMHUMYMbI, OTBE-
yawllye 3TUM 3HaUeHUsIM ITapameTpa A.
Ananornuto (2)-(3), GyHKIMOHAT KBa3sUIIPOTSDKEHHOCTU IJIST Caydas
HeM3BeCTHOTO HeJIMHEMHOTO IapamMeTrpa 0 uMeeT BUJI, LieJeBOi QYHKIIMN:
E0(0) = kP [[(1+1(g(x0) - s(x;0) /o [')"* ~1idx; B=0,  (4)
X

E00(0) = k™9 [In[1+] (8(x) - s(x;0)/a['x;  p=0,  (5)

rae yHkuus s(x;0) 3amaeT MOJeNb JaHHBIX C TOUHOCTbIO 0 HEM3BECTHOIO
nmapametpa 6. M3 (4)-(5) BUOHO, UTO IJIs TeX 3HaUeHUi rmapamerpa 6, KOTO-
pble oOpallaloT B HyJIb MOJY/Ib HEBSI3KM | g(Xx)— s(x;0) |, Ha rpaduke 11e/1eBOii
byHKIIMM Takke MOTYT BO3HMKATh JIOKaJbHble MMHMMYMbI, OTBevalollye
9TUM 3HaueHUsIM 0. B Cuily HeJMHeNHOCTU IapaMmeTrpa 0, 3TU JIOKaJIbHbIe
MUHMMYMbI MOTYT BO3SHMKATb Jake TOT[a, KOrJa Py TeX XKe YCI0BUSX lielie-
Bast QYHKUMS )15 TMHEMHOT0 rlapaMeTpa SIBJISIeTCS BbITYKJIOJ.

PaccMoTpuM mnoBefeHre (PYHKIMOHAMA KBA3UIIPOTSDKEHHOCTU IIPU
HaJIMUUU LIyMa B JAHHbIX 111 yacTHOro ciaydas o =0 n 0 < B < 1, Korzga sToT
dyHKIMOHA OTpakaeT IIOHSATHE KBAa3MHOPMbl HEHOPMMPOBAHHOTO MpO-
crpaHcTBa Ly; 0 <B <1. B aTOM cyyae BO3MOXeH ClIefyIOIMI TeopeTuye-

CKMI1 aHaJIN3 VCKAKeHU UCTUHHOTO 3HAUYEeHU S JIMHEeMHOr0 IapaMeTpa Moje-

au. Ilycte miym n(x) IPOSIBISIETCS B TOM, UTO IJIS KaXXOAOro X € X BMeCTO
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g(x)=A,,.f(x), roe A, eCTb UCTUHHOe 3HaueHMe A, QUKCUPYIOTCS 3Haye-
HUS g(x)=(A,,. +&)f(x) , T.e. n(x)=E&f(x), roe & ecTb caydaliHasl BeIUuu-
Ha, pacnpeneneHHas 1o 3aKOHY p(§) ¥ OJisl KOTOPOi CylleCTByeT MaTeMaTu-

yeckoe oxupaHue. Torma HeBsizka Mexny g(x)=(A4,,. +&)f(x) n monenbio

Af(x) B KaXkKI 0 TOUKe xeX paBHa:
F(X) = (Aye +E)f(X) = Af(X) = (Ayy,, — A+E)f (x) 1 BMeCTO (2) MMeeM:
ECPD(A;8) = c(B) 1(A- Ay, )-El, (6)

rae c(B) = _[I f)IPdx/1x,P; 0<p<1.Ycpenussno &, us (6) moaydaem:

MIEPD(A;8)] = c(B)- [I(A— Ay, —EIP p(E)dE. (7)

CooTHomieHnue (7) yka3bIBaeT, UTO B 3TOM CJIyuyae MMeeM CBepTKY QYHKIIUMU

(byukumonana) EP(A)=c(B)|A-A,,.|" n sakoHa pacnpemenenus p(&).

true

OueBMIHO, YTO 3Ta CBEPTKA NPUBOAUT K CIIAXKMBAHUIO (QYHKIMOHAJA
E®(A), BbI3bIBas yMeHblIeHMe [yOMHBI €r0 MMHMMYMOB U UX YIIMpPEHMe.
OJHaAKO IeTal TAKOTO CIVIaKMBAHMS MOTYT ObITh pa3sHbIMM. Tak, ey 3aKOH
pacrpeneneHust p(§) uUMeeT «IIaoKyI BepLUIMHY» (HallpuMep, Kak 3aKoH ['a-
ycca), TO JIoKaabHble MuHMMYMbl pyHKumoHana EP(A) 6ynyT criaakeHbl u
3akpyriieHbl. OQHAKO /19 «OCTPOBEPIIMHHOrO» 3aKOHA pacripeneyieHus (Ha-
npuMep, IJis 3akoHa Jlaraca) criaskmMBaHue He OyeT 3aKpYIJIATh JIOKAIbHbIE
MMUHUMYMBI. [Ipy 9TOM [JIsI OMCKPETHOTO Cydash MOKHO OTMETUTh, YTO B
TIPeIMOJIOKEHUM IPTOAMUHOCTY CIY4YaifHOTO Ipollecca Takoe CIVIaKMBaHMe
OymeT OMmMChIBATHCSI COOTHOIIeHuem (7) Tem Jydine, 4yem OymeT OGOJbLIIUM
YMCJI0 IVICKPETHBIX TOUeK. B momosiHeHe OTMEeTUM, UTO TPU OTCYTCTBUM IITy-
Ma umeeM: p(&)=38(&), roe d(§) ecTb menbra-PyHkuus [dupaka, U TOTAa
u3 (7) nonyuaem E®(A).

B obiem ciiydae mcciaenoBaHue nmoBemeHust GyHKIMOHAMA KBA3UIIPO-
TSKEHHOCTH 11eJ1eCO00pa3HO BBITIOMHSITh MOCPEICTBOM UMCIEHHOTO MOJIeNN-
poBaHMs. 9TO 00YCIOBIEHO, B TIEPBYI0 OUepe/ib, CJIOKHOCTbI0O HEOOXOAMMBIX
AHAIUTUYECKMX TTPeobpa3oBaHMii, a TaKKe OBICTPOTON UMCIEHHOTO aHa/IM3a

CaMbIX Ppa3JIMYHbIX CMTY&L[I/IIZ, CBA3aHHBIX C ITYMOM.
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Ha puc.1 npuBegeH mpuMep 4MCAeHHOTO MOAeNUPOBaHMS QYHKIMO-
Hanma KeasunpoTsskeHHoct EP(A); B=1/2 pgna ciayuas nuHeiHOro mapa-
MeTpa, KOTOPBIM SIBJIS/IaCh aMIUIMTYAA MOZe/NbHOV (QYHKILMM, KOTOpas Mpu-
HuMmasa ogHo (A=1; puc. 1la) u nBa (A=1 u A=2; puc. 16) 3HaueHus. Uc-
XOIHbIe JaHHbIe MCKaXanuch rayccopckum mymom N(0,6%). BugHo, 4TO mo-
JIy4YeHHbIe pe3ybTaThl IOATBEPXKIAIOT Pe3yIbTAaThl TEOPETUUECKOI'0 aHA/IN3a,
COIVIACHO KOTOPBIM CIJIaKMBaHMe JIOKAJAbHbIX MMHMMYMOB CTAaHOBUTCSA TEM

OO0JIbIINUM, UeM OOJIbIIMM CTAHOBUTCS IIIYM.

P ' ' ' ' ' ' A e
E E ., ol
500 -

BO0 -
o
400} 400

300 306 -

200+ 200 -

100} 100

Pucynok 1 — leneBast yHKIMS GYyHKIMOHAMIA KBa3UTIPOTSISKEHHOCTU JIJIST
JIMHEMHOro mapaMeTpa, KOTOPbIi IIpMHMMAaeT OJHO (a) 1 ABa 3HaYeHus (0);
KpuBbie 1, 2 u 3 nmonydeHsl gjig 6 =0.01, 6=0.1 u 6 =1, COOTBETCTBEHHO

Ha puc.2 npuBeneH MpuMep UMCIE€HHOTO MOJeNAupoBaHus QYHKIIMO-
Hana E®(A); p=1/2 nns HenmHeliHOro mapaMeTpa, KOTOPBIM SIBJISLIACH dac-
TOTA CUHYCOMIbl €IVMHUYHON aMIUIMTYIbl, INpUHMMAwWIasgs omHo (v=1;
puc. 2a) maBa (v=1 u v =2; puc. 20) 3HaueHus1. VicxomHble JaHHbIE MCKaKa-
nuch rayccoBckuM mymom N(0,6?). BumHO, 94TO Masiblii ypoBeHb IIyMa IpaK-
TUYECKM He BIMSIeT Ha IoBeaeHMe (PpyHKUMOHAaAa (KpuBble 1 u 2), Torma Kak
O0JIbILION IIYyM (KpMBasi 3) CUIIbHO 3aryia)kMBaeT ero JoKajdbHble MUHUMYMBbI,

Ageiasa MxX TpyaHo pa3/IMdYMMbIMHM Ha OCOUMJIJIMPYIOIIIEM (l)OHe.
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PucyHoK 2 — IleneBas pyHKUMS PYHKIMOHAIA KBA3UIIPOTSIKEHHOCTHM IJ1s1 He-

JMHEeNHOro napaMeTpa, KOTOpbIit IpUMHMMaeT OIHO (a) 1 ABa 3HaueHus (0);

Kpusble 1, 2 u 3 mosydenbl sl 6 =0.01, 6=0.1 1 6 =1, COOTBETCTBEHHO

UncneHHOe MopenupoBaHue sl caydas o >0 Iokasano, 4To QyHK-
nyoHan E“P? gpngercs 3QQeKTUBHBIM TOTAA, KOTAA OTHOIIEHME "CUT-
Hayi/mym" 6onbiie 10 U o ~c. B yacTHOCTH, Moc/iegHee CITPaBeIIUBO IS
urymMa ¢ 3aKOHOM pacrpenenenus Koy, korga a=c, =0, g=2.

OcHOBBIBasSICb Ha pes3y/ibTaTax JaHHBIX MCCIed0BaHUI, MOKHO cdop-
MYJIMPOBaTh TaKue peKOMeHIaluu 110 UCIIOAb30BaHMI0 (PYHKIMOHAIA KBA3U-
MPOTSIKEHHOCTU 17151 3(PhEKTMBHOTrO pelieHns 3a7au armpokcumanmu: 1) He-
06xoAaMM BbIOOp aJleKBATHOI TMapaMeTpudyeckoil MOAenM MCKaKeHHBIX TaH-
HBIX; 2) He0OXoAMMa HacTpoiKka (GyHKIMOHAIA KBAa3UIIPOTSKEHHOCTY Ha Te-
KYIIYIO IIYMOBYIO OOCTaHOBKY; 3) HEOOXOAMMO IIpMMEHEHNMEe MEeTO0B OITH-
MM3alUM HEYHMMOAAAbHBIX (YHKIMIT; 4) >KeaaTeJbHO KOMOMHMpOBaHME
(dyHKILMOHAIA KBa3UIIPOTSDKEHHOCTY HEBSI3KYM C TEMM OIPaHUYEHUSIMU, KOTO-
pble TT03BOJISIIOT MIPUBJI€UDb JOMOJHUTEIbHYIO allpUMOPHYIO MHGOPMAaLMIO.

BopiBoabl. DPhEeKTMBHOCTL MpUMeHeHUs (GYHKIIMOHAMIa KBa3sUIIPOTSI-
’KEHHOCTM B 3ajiayax alllpoKCHMMalMM JaHHbIX 00yCa0oB/eHa KaK BO3MOSKHO-
CTbIO HACTPOJKM Ipollecca almpoKCHMMalMyM Ha TEKYIIyI0 IIYMOBYIO o06cCTa-
HOBKY, TaK ¥ BO3MOKHOCTBIO alllIPOKCUMAIIUM MCKAKEHHBIX JaHHBIX B YCJIO-
BMSIX, KOTJIa HEM3BECTHbIEe MapaMeTpbl MOAENN IPUHUMMAIOT HECKOJbKO 3Ha-
yeHMi1. YBelIuJyeHue ypoBHS IIyMa B JaHHBIX IIPUBOIUT K YXYAIIEHUIO Kaue-
CTBa aIIIPOKCHUMAIUMA.
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3acmocysaHua pyHKYioHana keazinpomsxxHocmi
8 3a0a4ax anpoKcumMayii cnomsopeHux 0aHux

HocnioxeHa epekmusHiCMb 3aCMOCYBAHHA QYHKUIOHANA KBA3INPOMAXHOCMT 014 pO38'A-
3aHHA 3a0aY anpoKcumMayii OaHux, onucyBaHux napamempuyHor modesnno. [lpedcmasneHi pe-
3y/Ibmamu meopemuyHo2o U YucesbHO20 AHAMI3Y, AKI 0eMOHCMpPyomMb 0C061UBOCMT N0BEOTHKU
Ub020 YHKUYI0HANA K YINbOBOT (DYHKUIT NTHILIHO20 U HeNHIliH020 napamempis Mooesi 0aHUX
O0J1A Pi3HUX PIBHIB WYMY 8 NPUNYLEHHT, W0 napamempu Moodesi npulimaomes 00He abo KiJlbKa
3Ha4eHb. ChopmynbOBAHT peKoMeHOayTi 3 eheKMUBHO20 BUKOPUCMAHHSA YYHKUIOHANA KBA3I-
npomsaHocmi 014 p038'A3GHHA 340y anPoKCUMayii OaHUX.

Using of functional of the quasi-extent
in the problems of approximation of distorted data

The quasi-extent functional is intended to process the data distorted by noise and anoma-
lous values. To solve the approximation problem of distorted data described by a parametric
model it is advisable to build this functional on the basis of a residual function. The goal of this
paper is to formulate the recommendations to effective use of the quasi-extent functional for
approximation of distorted data.

The effectiveness of using the various functionals in the data approximation problem is de-
termined, first of all, by the presence of such local minima that correspond to the true values of
unknown model parameters closely. In this paper, it is noted that the quasi-extent functional of
solution residual contains such minima both for the case of a linear parameter of data model
and for the case of a non-linear parameter of data model. In particular, by setting the corre-
sponding values of free parameters, the quasi-extent functional can be tuned to a quasinorm of
the space L,; 0 <p <1. While the noise is absence, the local minima of this quasi-extent func-
tional will exactly correspond to those values of unknown data model parameter, when using
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which the residual function strictly equals to zero on a certain argument interval, i.e. when at
this interval the model coincides with the data exactly. However, in the presence of moderate
noise, such minima are smoothed out, leading to a decrease in their depth and broadening.
Moreover, in the presence of high noise, the neighboring local minima that correspond to the dif-
ferent values of the sought parameter can either merge into one minimum (for the case of linear
parameter), or become indistinguishable against the general background of values (for the case
of nonlinear parameter). Taking the features of the quasi-extent functional into account, the
recommendations about its effective use to solve the data approximation problem are formu-
lated. The effectiveness of using the quasi-extent functional to solve the data approximation
problem is due to the possibility of tuning of approximation process to the current noise envi-
ronment and the possibility of approximating of distorted data under condition when unknown
model parameters take several values.

BoBk Cepreit MuxaiyioBud - K..-M.H., IOILeHT, JJHeIIpOBCKMI1 HAlIMOHA/Ib-
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B.I0. Kamrran, B.B. I'HaTyiieHKko
BUJTAJIEHHS TIHEN HA IIU®POBUX KOCMIUYHUX 3HIMKAX
HA OCHOBI BEVIBJIET-IIEPETBOPEHHS

AHomayis. Po3znaHymo npobaemy ideHmugikayii ma KomneHcayii miHed Ha KOCMIYHUX 3HIMKAX
BUCOKO20 NpPOCMOpPOB020 PO3pPi3HEHHA. Y pobomi BUKOPUCMAHO 3HIMKU MiCbKOi mepumopii,
ompumaHri cynymuuxom WorldView-3. HaasHicme miHel Ha 3HIMKax MOxe npusecmu 00 Bmpamu
KOpUCHOi THopmayii 1 Hagime NOMusoK 8 pobomi an20pumMis po3Ni3HABAHHSA, BUSB/EHHS,
gidcmexeHHA 1 Kaacugikayii 06’ekmis. 3anponoHoBaHo HOBUL an20pUMM ABMOMAMUYHO20 BU-
ABNEHHA mMa YCYHeHHA miHel UYu@posUX KOCMIYHUX 3HIMKIB, WO 00380/5€ BIOHOBUMU
ocsimaeHiCmb ma nioBUWUMU AKICMb YuX 3HIMKIB. [N 4b020 BUKOPUCMAHO nepexio 00
Konboposoi mempuku HSV, selisnem-nepemsopeHHa ma KOHMypHy ceameHmauyito. [10piBHAHHA
KIIbKICHUX NOKA3HUKIB, G MAKOX B13ya/ibHI pe3ysbmamu noKazaau nepesazy BUKOPUCMAHHSA
3anponoHosaHoz2o anzopummy. Pesynsmamu pobomu moxymb b6ymu BuKOpUuCMAHI nNpu no-
0a/1bWoMy po3nizHABAHHT 06'€KMis ma meMamuyHili 06pobyi KOCMIYHUX 3HIMKIB.

Kntoyosi cnosa: KOCMIYHT 3HIMKU, Belis/lem-nepemBopeHHs, cezcMeHmauyis, meKCmypHa xapakme-
pUCMUKQ, BUABNEHHA MIHI, BUOANEHHA MIHI, KOJbopoBa mempuka HSV.

ITocranoBka mpoosemu. KocMmiuHi 3HIMKM BMCOKOTO i HaJBMCOKOTO
MIPOCTOPOBOTO PO3pPi3HEHHSI 3HAXOMSIThb 3aCTOCYBAHHS B Pi3HUX IMPUKIATHUX
00J1aCTSIX i JO3BOJISIIOTh BUPILIYBaTM HapisHOMAaHITHIII 3aBHaHHs. 3a AOIIO-
MOTI0OI0 TaKMX 3HIMKiB MOXXHA JiarHOCTYBaTU CTaH IIOCiBiB, OIL[IHIOBATU TUIIU
IPYHTIB Ta HaBaHTa)XeHHSI Ha HUX, MMPOTHO3yBaTU BpOXKai, BUAUISTU BOOHI
00’€KTH, BUKOHYBATM iHBEHTApM3allilo JIiCiB i3 BM3HAUEHHSIM BUIOBOTO Ta Bi-
KOBOTO CKJIafy, BU3HAUATU €KOJIOTiYHMIt cTaH TepuTtopii, Tomo [1]. Heobxin-
HiCTb BWJIYYeHHSI KOPUCHOI iHdopMallii 3 MepBMHHMUX JAHUX BMMAarae po3po-
O6KM HOBUX aBTOMAaTM30BaHMX IPOrpaMHMX KOMILJIEKCIB, 3MaTHUX 00pOOIITHU
BeJIMKY KiJbKicTh iHdopmaitii [2,3]. Cepen, 6e3miui pisHMUX 3amady, SKi BipIry-
IOThCSI 3@ JOIOMOI0I0 OOPOOKM HAaHMX AMCTAHIIAHOTO 30HAYBaHHSI 0COO/IMBE
Micile 3ajiMae 3amava BumajeHHs TiHeit. Lleit kinac 3amay morpedye BU3HAUEH-

© Kamrax B.1O., 'HaTtymenko B.B., 2020
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HS 3MiH Ha Pi3HOYACOBMX ClleHaX 3HIMKiB BMCOKOIO MPOCTOPOBOrO pO3pi3-
HEeHHS 3a KOPOTKUi TepMiH. YaCcTO KOCMiuHiI 3HIMKM ITOBePXHi 3eMJIi MiCTSITh
pi3Hi mymMu, B TOMY YMCJI i TiHi Bifg pi3HMX 006'eKTiB (XMap i BUCOKUX Oymi-
BeJib, AepeB Ta iH.). HasgBHICTh 3aTiHEHUX AiISTHOK Ta CTYIiHb MOIVIMHAHHS YU
BiJOMTTS CBITJIOBMX MPOMEHIB YCKIAAHIOE MPOlLiec po3Mi3HaBaHHs i ToKaji3a-
1Iii pisHMX 00'€KTiB, 110 € OOAHMUM 3 HaMOIMbII CKIAAHMX i JOPOTUX 3 TOUKM 30-
py BuTpaT yvacy. Yepes BeMKi BUTpATU Ha 0OpOOKY JaHMX, aBTOMAaTH3allis
IIbOTO Mpollecy HaOyBae aKTyaJbHOIO 3HaUYeHHs. [CHYIOUi MeTOoaM BUIATIEHHS
TiHeli Ha KOCMIYHMX 3HIMKax MalOTh PsiA HeJOJiKiB, OCHOBHUM 3 SIKMX € TOSIBa
HEOJHOPITHOCTI CHeKTpaJIbHUX XapaKTepPUCTUK Ta  «pPO3APOoOJeHOCTi»
00’€KTiB, 1[0 CYTTEBO YCKIAIHIOE IMOAAJIBIITY TEMATUUHY 0OPOOKY JaHUX.
AHaJji3 ocTaHHIX mociiakeHb. B gaHuit yac s BupillieHHsT 3adadi
BUAAJEHHS TiHe/li Ha KOCMIUYHMX 3HiMKaxX pO3po0JeHO BeIMKY KiJIbKiCThb
METO/IiB Ta IPUCBSIUEHO BEIMKY KiJIbKiCTh po6iT. [laHa 3amaya 3a/IMIIAE€THCS
onHielo 3 PyHAAMeHTaJbHUX MpobsieM aHali3y iHGopMallii AMCTaHIiIHOTO
30HAYBaHHS 3eMJIi. ICHYI04i MeToau BUIAJNIEHHS TiHEel MOXXHAa pO3HiIUTU Ha
BUKOPUCTAHHS Qi3MUHMX BJIACTUBOCTEN CBiT/Ia, aITOPUTMIUHI MeTOAM Ta Me-
TOAM KalaiOpyBaHHS KaMepu CYMyTHUKiB. B pob6otax [4,5] 3alpornoHOBaHO
eekTUBHMIT aNropuTM BuaaaeHHs TiHeit RGB 306paskeHb, 1110 BUKOPUCTOBYE
iX pagioMeTpMUUHY ITOCTOOPOOKY. 1le m03BOMMIO BUMIIUTY TiHi Ha CYITyTHUKO-
BUX 3HiMKax Quickbird. OCHOBHMM HeOJiKOM € CKJIaIHICTb aBTOMATUUYHOTO
nmigbopy mopory OGiHapmusaiii 300pakeHHs. Pob6otu [4,6,7] mpucBsueHi
BUJIIJIGHHIO TiHel Ha MYJbTUCIEKTPAJbHUX 3HIMKaxX 3 BUKOPUCTAHHSIM
iHBapiaHTHOCTI KOJIbOPOBOTO mpocTopy RGB. BusiBieHHS TiHi 34i/ICHIOETHCS
Ha OCHOBI po3kyianay 300pakeHHs Ha R, G, B komnoHneHTH. IToTiMm momikcenbHO
00UYMC/TIOIOTHCS MATPULLi TiHEN I'm, €m, i TAKMM UMHOM 3MEHIIYETHCS Pi3HUILIS
MiX TiHPOBOIO 00JIaCTIO Ta CyCigHIMM OCBiTIEHMMM obGsacTssMu. IlepeBaramm
IaHOTO MEeTOMY € Ji0TO BUIKICTh, IPOCTOTA peasisaliii Ta eeKTUBHICTb. AJle
iCHylounii MeToHd, B OOCUTh CKIAJHMUX CIleHaxX TiHb He BUIAJSI€E, a JMUIIe
nmocyiabioe. B pobotax [8, 9] 3amporoHOBaHO MeTOJ, B SIKOMY BUAAJEHHS
TiHei 3[i/iCHIOETbCSI B TPU eTamu: CTBOPIOEThCs 1D 6e3TiHbOBe 300paskeHHS 3
IOCTiiHMM OCBiT/IeHHSIM, 2D 300pakeHHS, SIke MiCTUTh iHQOpMaIil0 IIPO

KoJiip Ta 3D 6e3TiHbOBe KOJIbOPOBe 300paxkeHHs. [Ipu 11boMy TpaHMIli TiHi KO-
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PUTYIOTbCSI 3a OOIIOMOrOI0 Iipolenypu 3acdapboByBaHHS. MeTon BuMarae
KaJTiOpyBaHHS, KpiM TOTO MOXe TOMMJIKOBO KiaacudikyBaTu [esiki Mexi
00’€KTiB pe3yabTyl0uOoro 300pakeHHsI SIK TpaHuili TiHi. Po6ora [10] mpucBsue-
Ha BUJIiJIEHHIO TiHel 3 BUKOPUCTAHHSM Ilepexoay OO0 KOJbOPOBOTO IPOCTOPY
HSV. BusiByieHHs TiHi 3[1i/iCHIOETbCSI HA OCHOBI aHasi3y koMmIioHeHT H i S, 306-
pakeHHSI CEerMeHTYE€TbCSI Ha JeKilbka ob0jacTeif, sIKi MalOTh OJHAKOBY
IIiJIbHICTD TiHeN. /119 BuaajaeHHs TiHell iHTeHCUMBHICTD BiJIOBIHUX ITiKCeiB
MiABUIYETHCS, @ MOTIM 3IiJiICHIOETHCS KOPEKIIis KOJIbOPY 3aTiHEHUX AUISTHOK
BXe y KojipHomy rpoctopi RGB. [TepeBaroro 1iboro MeTO4y € 0ro MBUIKICTb.
AJte MeTo[I OOpe IpaIoe Ha 300paskeHHIX 3 Pi3KMMM I'PaHUISIMM TiHi. Alro-
PUTM 3ampoINOHOBaHMIt y poboTi [11] 6a3yeTbcs Ha aHai3i GOpMU BIKOHHUX
ricrorpam SICKpaBOCTel KOCMiUHMX 3HiIMKiB. AJITOPUTM BUKOPUCTOBYE BiKHa
ricrorpaMm eTaJIOHHOTO 300pajkeHHSI Ta «CIeliaJbHOro» 300paskeHHsI,
iHBapiaHTHOTO [0 OCBiT/eHHS. B pe3ynbTaTi MOPiBHSIHHSI 3HAU€Hb SICKPAaBOCTi
BiKOHHMX TicTOrpaM JBOX 300pakeHb OYAY€ThCSI HOBe BiKHO 6€3TiHbOBOTO
300paskeHHsI. MeTo/l ma€ HeroraHi pe3yabTaTy OJjs1 TiHei 3 Pi3KMMMU TpaHU-
LISIMU, ajie TTOTpebye MOC/IiTOBHOCTI 306paskeHb, 110 MiCTSITh OOHY CLIeHY Ipu
pi3HMX yMOBax OeHHOro cBiTia. [IpoBemeHi OOCHIIXKEHHS IMiATBEPAUIN
HeOoOXimHiCTh PO3POOKM Oibl e(heKTUBHOrO aJITOPUTMY BUIATIEHHS TiHel Ha
KOCMIUHMX 3HIMKax BMCOKOI'O IPOCTOPOBOIO PO3pi3HEHHS 3 ypaxyBaHHSIM
CIEeKTpaJbHMUX Ta IPOCTOPOBUX O3HAK, alIPIOPHUX i €KCIIEPTHUX BiJOMOCTEIA.

MeTo10 JaHOi POOOTH € PO3pPOOKA HOBOT'O aJrOPUTMY aBTOMATUYHO-
ro BUIaJIEHHS TEKCTYPU TiHbOBUX 00siacTelf KOCMiIUHMX 3HIMKiB 3 BpaxXyBaH-
HSIM CIIEKTpaJbHMX Ta MNPOCTOPOBMX O3HAK Ha OCHOBI HSV-; BeliBier-
TepeTBOPEHHS Ta KOHTYPHOI cerMeHTallii. Y SKOCTi BXiJHUX OaHUX BUKOPU-
CTOBYIOTbCS KOCMiuHi 3HiIMKM cymyTHuka WorldView-3. [Ing BM3HAUeHHS
eeKTUBHOCTI pO3p0O6IEHOT0 aAJITOPUTMY OYIYyTh OTPMMAaHi KiJbKiCHiI OLIiHKMU
SIKOCTi BUIaJIeHHS TiHel 6araTocnekTpaJbHOr0 300paskeHHS.

Buknag, ocHoBHOro Marepiaary. Ha  0CHOBI  IpoBemeHMX
nocimkenb [12,13], B maHiii po6OTi IPOIMOHYETHCS AITOPUTM BUIATEHHS
TiHeli KOCMIYHMX 3HIMKIB 3 BMKOPUCTAHHSIM KOHTYPHOI CerMeHTalii na-

HUX [14] Ha OCHOBi MOOYIOBM BeiiBaeT-6a3UCiB 3 JAeKOpessiliel0 MepBUHHUX
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BUIOBUX maHux. CXxeMa ajiropuTMa IpeacTaBjaeHa Ha puc.l. Peasisaiis 1poro
aJTOPUTMY HACTYITHA:

1. 3aBaHTaXkyeMo b6araTociieKTpajbHe 300paskeHHsT RGB.

2. lekopesisiiist TIepBMHHOIO 6araToCIeKTPaJbHOIO 300paskeHHSs Y KO-

IbOpOBY Mojenb HSV (mo3sHaummo HSVres):

oo 0, sikwo BLG ’ 1)
360° -6, saxuwo B>G
S = 1—;min(R,G,B) ; (2)
R+G+B
V=%(R+G+B). (3)

| S R-6+®-B)
ne 6 =cos

(4)

JR-G)% +R-B)(G-B)

OcCKi/JIbKM TiHb MEHII OCBiTJIEHA, Hi’K HETiHbOBA YaCTHHA 300paskeHHS],
TO i1 MOXJIMBO BUSIBUTYU MPU PO3IJISIAI KaHA/IIB HACMUEHOCTi (S) Ta sSICKpaBOC-
Ti (V), o 36epiramTh iHGOpMaIlilo IPo CBITIOTY. [ GinbIIOCTi 300paskeHb
3HAYEHHSI KOMIIOHEHTH V MeHIlle B TiHbOBMX 006/1acTSIX. TOMy [JIS1 BUSIBJIEHHSI
TiHel aHaJi3yeMO 3HaUeHHS IapaMeTpiB S Ta V KOKHOTO ITiKceJs.

3. HacTynmHMM eTarioMm € 3aCTOCyBaHHSI BeliBjieT-TiepeTBOpeHHs. [laHe
IIepeTBOPEHHS 3TJIa[KY€E 3MiHM SICKPaBOCTi 00’€KTiB, TaK IO JIOKAJbHiI KOHT-
pacTu 300pakeHHSI 3MEHIIIYIOThCS, IO T03BOJISIE BUSIBUTU TiHi 00’€KTiB. Bu-
KOHY€EMO BeNBJIeT-TIePEeTBOPEHHS HaJ, KOMIIOHEHTaMU Susvrcs TaViHsvrce. PO3-
KJIa[, BiITIOBiTHMX KOMIIOHEHTIB 300paskeHHs 3/1i/iCHIOETbCS N0 MEepILIOro piB-
HS 1ekoMmo3uiiii (L), Tak SIK [[bOTO HOCTATHbO [AJIsSI BUSIBJI€EHHS TiHel, 3a OIl-
TUMAaJIbHOTO BeJiBjIeT-6a3MCy 3 PO3K/IaJaHHSIM Ha allpOKCUMYIOUi Ta deTalli-

3y10un KoedilieHTu:

fros (M) = fxyz (1), (5)
W (S) = Tc§(5)+IZL1;[Td;;I(S)], (6)
W (V)=Tc:(V) +IzL1:[T L), (7)

me Tcy i T ;;1 - alTPOKCMMYIOUi Ta AeTasizyoun KoedilieHTn piBHS L.
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4. Atipokcumylodi koeditieHTu 306paskeHb Ws Ta Wy MiCTSITh ITO3UTU-
BHi 3HaUeHHS BeliBjeT-TlepeTBOPEHHS, 1[0 aCOILIil0I0ThCS 3 SICKPaBiCTIO ITiKce-
Jis; OeTasizyloui KoedillieHTU — 3HaueHHS, SKi KOIMBAKTbCS OGIM3bKO HYJIS.
[Tikcesi 3 HalOi/IbIIT BMCOKMM aOCOMIOTHUM 3HAUEHHSIM BeliBaeT-KoeillieHTiB
Ws(i,j)>Wv(i,j), m03Ha4YalTHCS SIK TiHbOBI, a peliTa — SIK HeTiHbOBI. [Tikcesi 3
HalOi/IbIII HM3bKMUM abCOIOTHUM 3HAueHHSIM BeiiBieT-KoediiieHTis D(i,j)>T
MOKYTb OYyTH Ki1acu@iKoBaHi SIK Ti, 110 HaJIeXXaTh TiHi, a iHII — SIK He TiHbOBI.
Hami 06Unc/II0EMO BiTHOCHY KOHTPACTHY Pi3HUIIIO Ta OTPUMYEMO TiHbOBY Ma-
CKY:
Ws(i, j)—-Wv(i,))
Ws(i, j) + Wv(i, j)

ne D (i,j) siBas€e co60I0 MPOLIEHTHY Pi3HUIIO i MOPIBHIOETHCS 3 TPAaHUYHUM

D@, j)= 8)

sHaueHHSIM T. Ko pisHuig 6inpiie, Hixk T, MOXXHa 3pOOMTY BUCHOBOK, III0 B
eTaJIOHHOMY 300paskeHHi B Miclii po3TamryBaHHsI (i, j) € TiHb. [TopiBHIOIOUM WS
(i, j) 31 Wv (i, j), MOKHa BUSHAUUTHU, B SIKili i3 HUX 3HAXOAUTHCS TiHb.

5. OTpuMaHa Ha TOINepeIHbOMY eTalli TiHbOBa MacKa 4acTO MiCTUThb
BEJIMKY KiJbKiCTh HeIpaBUIbHO Kiacu@ikoBaHMX TMikcesiB, obJyiacTeil TiHi,
0COOIMBO Ti, SIKi po3TallloBaHi MO6/IM3Y TiHLOBOI I'PaHMIIi Ta HAJIEXATh OJTHOMY
i Tomy X TuITy 06’eKkTiB. 1li 06;acTi MalOTh pisKi rpaHuIli Ta iHTEHCUBHICTb, 1[0
MicTUTbh MaJio iHQopMallii Mpo TeKCTypy MOBEPXHi Ta YCKIaAHIOE i1 BUIaIeHHS
3i 30epeskeHHSIM IIPUPOJHOIO BUIISIAY TeKCTypu. ToMy HaCTYIHMM eTarioM €
3aCTOCYBaHHSI KOHTYPHOI cerMeHTallii 10 300paskeHHs D (i,j), 3alIpOIIOHOBAHO1
y pob6otri [14], 1m0 [O03BOJMSIE BMU3HAUUTU IIPOCTOPOBI Ta CIEKTpasbHi
0COOMBOCTI 06’€KTa OAHOTO i TOTO X TUITY 3 060X CTOPiH Ta TOUHO BU3HAUUTH
IpaHMIIi TIHbOBUX 00/IaCTelA.

6. HacTynmHMM eTarioM € BUOAJEeHHS TiHi 3 300paskeHHsS. [IJISI IIbOTO
pO3paxOBYEMO IIOPOTOBe 3HAUEHHSI 00yacTi OiHApHOI MacKyM KOMIIOHEHTHU
SICKpaBOCTi:

1, npu Wv > D(i,j),, AWs 2= D(,)),,

0, 6 iHwux eunadxkax '

M )

shad —

7. BUKOHa€MO 3BOPOTHE BeiiBJIeT-IIePeTBOPEHHS Ta Iepexif 10 KOJbo-

poBoi meTpuku RGB:
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f}?yz (= App}L((r)‘l' Det;?(r)’
f)?yz(r) = fr@(r)‘

)

]
|
R |

RGB :.RGB->HW

| H 4

- BemBneT-
nepeTBOpPEeHHA

:
BupaneHHs KoHTypHa | TiHbOBa
TiHi cermeHTauin macka

G

3BOpPOTHE BENBAET- | 4sy.>RGB R
nepeTBopeHHs F i
usion

|
|
|
|
|
|
|

H |

Pucynok 1 - Cxema airopuTmy BUAaJIeHHS TiHi

3arpornoHOBaHMii aJITOPUTM OYB ITPOTECTOBAHMIT HA KOCMiUHUX 3HIM-
Kax Worldview-3 3 npocTopoBuM po3pisHeHHsIM: 1,24 M — B GaraToKaHallb-
HOMY pexkuMi, 3,7 — B iHppauepBoHOMY Aiarna3oHi. Ha puc. 2 mpenacrasiieHi
300paskeHHs: 10 00poOKM — parMeHT 6araToOKaHaJbHOTO 300pakeHHS 3 BU-
60poMm y sIKocTi okpeMux R-, G-, B-KOMITIOHEHT, 1[0 MiCTUTb 00'€KTU MiCI[€BO-
cTi (puc 2a), TiHbOBOI GiHapHOI Macku (puc.26), KOHTYPHOI cerMmeHTallii (puc.
2B) Ta Iicass 06poOKM 3aITPOIIOHOBAHMUM Y pOOOTi asiropuTMom (puc.2r). Bisy-
aJIbHUI aHaJIi3 ofep>KaHMX pe3yJbTaTiB 4O3BOJISE BULAIUTU TEKCTYPY TiHbO-
BO1 00J1aCTi Ha CYIYTHUKOBOMY 300paskeHHi, 0 € OJM3bKUM [0 €TaJOHHOIO
300paskeHHSI.

Kpim BisyanbHOi SIKOCTi 00po6GKM 300paskeHb Oysaa IpoaHali30BaHa
TOYHICTh BUIJIEHHS TiHei KOCMiUHMX 3HiMKiB:

1. TouHicTb TiHBOBMX OOacTe ps [15]:
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TP
TP + FP’

ne TP - KiJIbKiCTb IiKCeJIiB eTaJOHHOro 300paxkeHHs, FP — KiJIbKiCTh He Ti-

D, = (10)

HbOBMX ITiKCeJIiB, 1110 HaJIeXXaTh TiHi.

2. TouHicTb HETIHBOBUX 00JIACTEI Pp:
TN

Pr = INTEN’
(11)

ne — FN — KinbKiCTh TiIHbOBMX MiKCeJIiB, 110 Ha/JexXaTb TiHi, TN — 3arajibHa Ki-

JIbKICTh He TiHbOBMX ITiKC€JIiB, 110 JOPiBHIOE:
(12)

B) KOHTYpHA CerMeHTallis r) micjst 06po6Ku

PucyHOK 2 - ®parMeHTH 300paskeHb
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V tabnuii 1 nipeacTaBieHi eKCliepyMMeHTabHi pe3yabTaTy OILiHKYU TO-
YHOCTI BUiJIEHHS TiHel, OTPUMMaHMUX OKPeMO BiJOMMMM KOJbOPOBUMM MeET-
pukamu (HSV, HSI, YIQ, HCV) i 3aniponmoHoBaHuM y po6OTi anroputmom. I1o-
Ka3aHo, 1[0 3alIPOIIOHOBAHMIT aJTOPUTM IO3BOJISIE€ Kpallle BUIIISATU 00JacTi
TiHel y MOPiBHSHI 3 iCHYIOUMMM KOJbOPOBUMMM MeTpuKaMu. [Ipu rmopiBHSIHHI
IBOX 300paskeHb MPOMOHYETHCS TAKOK BUKOPUCTOBYBATH ITiKOBE BiJHOIIIEHHS
curHasi-mym (PSNR), sike 0O3Ha4ya€ CITiBBiAHOIIEHHS MK MaKCMMyMOM MOXX-

JINBOTO 3HAYE€HHS CUTHAIY i HOTY)KHiCTIO rymy, 1o CIIOTBOPIOE€ 3HAYEHHA CU-

THaJIy:
LZ
PSNR =2010g | —————— b (13)
WZX:IZyzl(Ir(X,Y)—If(X,y))
Ile Xj, yi - IOYaTKOBI KOOPAMHATH, X;, Jr - KiHII€Bi KOOpAMHATH.
Tabnnis 1
PesysibTaTyt OL[iHKM TOYHOCTI BUIiJIeHHS TiHei
3a JOTIOMOTOI0 Pi3HUX KPUTEPiiB
KonbopoBi TouHiCTh TiIHBOBUX 00- TOYHICTh He TIHBOBUX
MeTPUKU nacreit, ps(%) obsacteit, pn(%)
HSV 79,2 88,1
HSI 39,5 88,5
YIOQ 88,1 92,4
HCV 80,8 70,3
3arpoIrIOHOBaHUM
(Fusion) anroputm 9.6 i

VY Ttabauili 2 HaBeAeHO po3paxoBaHi KoedimieHTn PSNR m1a nepBuH-
HOTO Ta CMHTE30BaHOro 300pakeHb. AHAJIi3 OTPUMMAHMX pPe3yJbTaTiB J0O3BO-
Jisl€ BU3HAUMTH, IO Bi3ya/ibHA SKiCTh €TaJOHHOrO 300pa)keHHS HIDKYA HiX
PV BUKOPMCTAHHI 3aIllPpOIMIOHOBAHOTO aJrOPUTMY, IO BIUIMBA€ Ha SKIiCTh
poO3Ii3HaBaHHS 006’€KTiB Ta MiABUIIYIOTh SIKiCTh MEPBUHHMUX KOCMIiYHMUX 3HiM-
KiB Ha 10-12%.
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Tabnuis 2
PesynbTaT koediimienra PSNR
300paskeHHsI PSNR
ETanonHe 17,1391
[Ticng BupganeHHs TiHel 22,1391

[T OLiHKM IIBUAKOCTI pOOOTM iCHYIOUMX METOIiB BUIATEHHS TiHei
(AP, K-means) Ta 3aIpOIIOHOBAHOr'0 B POOOTi aJroputmy OyJI0 po3paxoBaHO
cepeHiit yac ix po6OTH [IJIs TECTOBOTO KOCMIiUHOIO 3HiMKy. OIliHKa IIBUIKO-
CTi po60TM METO/IiB BUKOHYBaJIach Ha IIepCOHAIbHOMY KOMIT' IOTepi 3 HACTYII-
uumu napamerpamu: CPU Intel Core 2 Quad Q6600, 2.4 GHz, 86 onepaTus-
HOI Mmam’sTi, onepaiiiida cucrema Windows 10. Pe3ynbTaTit po60TH METO/IiB

BUJAJIeHHs TiHell HaBedeHi B Tabiuili 3.

Tabaung 3
PesynbTaTy JOCTiIKeHHS IBUAKOCTI 06pOOKM METO/IiB BUIaIeHHS TiHe
[IIBUaKicTh 06POOKM JTaHUX B CEK.
MeTtonu Kocmiunmit 3HiMoK (25228770 6aiiT)
AP 120,11
K-means 45,13
3aIpOIIOHOBAHMIT METO/I 1,50

BucHoBKU. YV po60Ti BUpillIeHO aKTya/JbHY 3a7ady aBTOMATUYHOIO
BUSIBJIEHHSI Ta BUAJeHHs TiHel Ha ubpoBUX KOCMiUHMX 3HiMKax. HaykoBa
HOBM3HA Ta MPaKTMUYHA I[iHHICTh pOOOTHU IOJISTA€ Y pO3p00OIli HOBOIO METOIY
BUJAJIeHHS TiHel KocMiuHMX 3HiMKax WorldView-2 Ha coHoBi HSV-, BeiiB-
JIeT-IIepeTBOPEHHS Ta KOHTYPHOI CerMeHTallil, 10 T03BOJISIE CKOPOTUTHU Yac
Ha OOpOOKY AaHMX Ta INABUIIMTY TOUHICTH ITOAAJIBIIOIO PO3Ii3HABAHHS
00’€KTiB Ha 300paskeHHsX. Lle mocsIraeTbcsl, 30KpeMa, 3a paxXyHOK 3IJIaKeHa
3MiHM SICKPaBOCTi 00’€KTiB , TaK IO JIOKAJIbHi KOHTPACTU 300pakeHHSI 3MeH-
IIYIOTHCS, 11O J03BOJISIE BUSIBUTM 00/1aCTi TiHel 06’ €KTiB Ta BUMIIMTY TPAHUITI
TiHbOBMX 00’€KTiB 3i 30epeskeHHSIM IMPUPOTHOIO BUIJISIAY TEKCTYPU ITOBEPXHi
Ha OCHOBI KOMIIJIEKCHOTO BMKODPMCTAHHSI BeiBJIeT-IIepeTBOPEHHSI Ta

KOHTYPHOI cerMeHTalii. TecTyBaHHS IMOKa3a/iy, 1O 3alIPOINIOHOBAHUI aJIro-
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PUTM ITiABUIIYE AOCTOBipHICTh BUAANEHHS TiHel UMPPOBUX 300paxkeHb, Ipu
IIbOMY BPaxOBY€ TiHbOBi 0COOJIMBOCTi Ha IPAHMULISIX 300paskeHHS], IIOJIAHOTO 10
aHasi3y, i Moke BMKOPUCTOBYBATUCS [JIs1 TOIlepeHbOI 00POOKM KOCMIUHMUX
3HIMKIiB.
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YoaneHue merell Ha 4ugpoBbIX KOCMUYECKUX CHUMKAX
Ha ocHoge Belissiem-npeobpazosaxus

B pabome npednoxeH HOBbIG Memod asmomamuyecko2o yoaneHus meHeli Ha LUppPOBbIx
KOCMUYeCKUX CHUMKAX C UCNO/b30BAHUEM UX UBEMHbIX U MEKCMYPHbIX XapaKkmepucmuK Ha oc-
Hose Belisiem-npeobpa3o8aHus. [pednoxeHHbIld Memood 6bl1 NPOMeCcmuUpoBaH HA CNYMHUKO-
BbIX U30OpaxkeHusx. [losy4eHHble KouYecmBeHHble noKazamenu 015 npediazaemMo2o memodd, a
MakKxe BU3ya/bHble pe3ysbmamsl NOKA3AAU NpeuMyw,ecmso UCNnob308aHUA NPeosioXeHH020
memoda. Pe3ynsmamsl pabomel Mo2ym 6bimb UCNOML30BAHLI NPU OasbHelilieM pacno3HasaHuu
06bekmos u memamuyeckol 06pabomke cnymHUKOBbIX CHUMKOSB.

Shadow removal on digital satellite images using wavelet transforms

Shadow detection and removal in real scene images is always a challenging but yet
intriguing problem. Shadows cause hindrance to correct feature extraction of image features like
buildings ,towers etc. in urban areas it may also cause false color tone and shape distortion of
objects, which degrades the quality of images. Hence, it is important to segment shadow regions
and restore their information for image interpretation. Shadows are generated by a local and
relative absence of light. Shadows are, first of all, a local decrease in the amount of light that
reaches a surface. Secondly, they are a local change in the amount of light rejected by a surface
toward the observer. Most shadow detection and segmentation methods are based on image
analysis. This paper presents a novel algoritm for automatic shadow detection and removing
shadows using HSV color model, contour segmentation and wavelet transform based on a
threshold determined by wavelet coefficients in complex urban color remote sensing images for
solving problems caused by shadows. In the proposed algoritm shadows are detected using S and
V components which is invariant to shadow i.e., it conveys the spectral and color characteristics
of image features, regardless of variations in scene illumination condition and means of wavelet
coefficients. The multi-resolution property of the wavelet transform leads into four different
bands without the loss of spatial information. Once the shadows are detected they are classified
and a non shadow area around each shadow termed as buffer area is estimated using contour
segmentation. Experiments show that the new algoritm can accurately detect shadows from ur-
ban high-resolution remote sensing images and can effectively restore shadows with a rate of
over 85%. The proposed algoritm can be used for further object recognition and thematic proc-
essing of scanner images.
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K.C. KpacHikoB
MATEMATHWYHE MOJEJTIOBAHHS BAKYYMHOI JETA3AIIIl CTAJII
Y KOBIII 3 APTOHHOIO ITPOAYBKOIO

AHomayis. Y cmammi nodaHo mamemamuy4Hy mMooesb HecmayioHapHo2o npoyecy deasomauii i
Oe2iOpozeHi3auia po3niasy cmani y BaKyymamopi KamepHo20 muny 3 ap20HHOK NpooyBKO.
Jezazayia cmani 3a donomo2ow BaKyymy — nowupeHa ceped memanypeiliHux nionpuemcms
MexHO/I021A, AKA O0€ MOXAuBiCMb 0ocAeamu HA03B8UYALUHO HU3bKOI KOHUeHmpayii BOOHIO ma
azomy y Mmemasnesomy po3nsasi, Wo HeobXiOHO 015 Ni0BULYeHHsA SKOCMi cmanesux supobis. 3a
8I00MOI0 21NOMeE3010 CNOYAMKY amoMu 2a3y 3HAX00AMbCA Y po3naasi y po3yuHeHomy cmani. by-
Nb6aLWKU BOOHIO T azomy opMyrmsCa 3 PO34UHY HAG NOBEPXHI KOBWOBOT (hymepisru npu ymosi
00CMamHb0 HU3bK020 (hepocmamuyHo20 mUcKy Memanesoz2o po3niasy. Tuck, HeobxioHul 0ns
nossu bynbOAWKU, BU3HAYAEMbCA BION0BIOHO 3aKoHy (iBepmca. 3HAYHOW Mipo Ha 0e2a3auyito
BNAIUBAE T NPOOYBKA ap20HOM, 6Y/IbOALIKU K020 36Upaoms BoOeHb 1 A30M HA CBOEMY WAXY,
Cnausarwyu yepes po3nias. TAKOX BAXNUBUM 3GBOAHHAM € 3MEHWeEHHA mpusasocmi de2a3ayii
015 36epi2aHHA memnepamypu po3naasy Ha 0oCMAMHbO BUCOKOMY piBHi. [IposedeHHs ducesb-
HUx 00C/IOXeHb 03HAYeH020 BULe Npoyecy Ha MamemamuyHili MOOeT 3MeHWYE sumpamu 4a-
cosux 1 (hiHaHCOBUX pecypcis, momy nobydosa Mooeni € aKmMyaibHUM 3aB80aHHAM. Onuc nauHy
po3nnasy i 2a3is y KoBuWi 301LiCHIOEMbCA HA OCHOBI 3KOHIB 36epexeHHs Macu ma BeKmopy Kiflb-
Kocmi pyxy CyuiibHo20 CepedoBuL4a, W0 BUNPABOAHO Yepe3 OpibHuUl po3mip OybOAWOK 1 ix Be-
JIUKY KIZIbKICMb. 3 0210y HA CKAAOHICMb NOWYKY QHAATMUYHO20 PO3B'A3KY HEMIHIUHUX Jugepe-
HUIGIbHUX PIBHAHb Y YACMKOBUX NOXIOHUX Y MPUBUMIPHILU NOCMAHOBYI, NPONOHYEMbCA BUKOPU-
cmosysamu Memood UeHmpaabHUX pi3HUYb, AKUL MAGE OOCMAMHI0 MOYHICMb 1 WUPOKO BUKOPUC-
mosyembcs 014 nodibHux 3ada4. 06Yucmosamu mamemamuyHy MoOelb NPONOHYEMbCS Y
Komn’tomepHil npo2pami Ha Mosi (#, AKa MA€E WUPOKT MOXAUBOCMI NO NPO2PAMYBAHHIO AN20pU-
mmis. [IpoepamHuli dodamok 003801UMb OYIHUMU BNAUB THMEHCUBHOCMIT AP2OHHOT NpodyBKU, a
MaKox 21UubUHU po3Nasy, Ha cMyniHe (1020 0e2a3zayii, U0 Moxe Bymu BUKOPUCMAHO Npu 8Npo-
BAOXEHHT MexHOM021YHUX pekomeHOayili y BUPOBHUYMBO cmanni.

Kntoyosi cnosa: sakyymamop kamepHo20 muny, 0e2a3ayis memaneso2o po3niasy, cyyiisHe 6a-
eamocknadose cepedosuuye, pisHaHHA Has’e-Cmokca.

IToctaHOBKa nmpoosemu. [Tomyk OOLiITbHMUX TEXHOJOTIUYHMUX ITapaMme-

TPiB KAMEPHOTO BaKyyMyBaHHSI, sIke IIMPOKO BUKOPUCTOBYETHCSI CbOTOAHI AJIsI

© Kpacnikos K.C., 2020
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IOCSATHEHHS BMCOKOI SIKOCTi CTasTi, B IIPOMMCJIOBUX 2060 J1abopaTOPHUX YMOBAX
€ KOIITOBHUM i, 3 OTJISIAY Ha BUCOKY TeMIIepaTypy po3IliaBy Ta YMOBU Iepebi-
Iy IIpollecy BaKyyMyBaHHSI, He TOCTaTHbO iHhopMaTUBHUM. B ToJi ke yac ma-
TeMaTUYHe MO eTI0BAHHS J03BOJISIE OflepsKaTu AeTaJlbHUI ONUC CUCTEMHOTO
CTaHy O3HAUYeHOro MpolleCcy NpyU 3HAYHO MeHIili BapTOCTi IPOBeJeHHS I0-
C/TiZ1iB, KIIbKICTb SIKUX CSITA€ COTHi yepe3 BUMOTI'Y JOCTOBipHOCTI.

AHaji3 ocTaHHiX JOCTimKeHb i myosikanii. Ha cboromHiiHiii neHb
icHye 6araTo AOCJiisKeHb Mpollecy BUIyUeHHSI BOJHIO Ta a3oTy. Y pobori [1]
aBTOpM HamawTh iHdopMallilo Mpo mkepena a30Ty Ta BOAHIO B CTasli, MpPO
TPAHCIIOPTYBAHHS a30Ty yepes IIaK 3a 3aKOHOM @Dika Ta OIiHIOITb CTYITiHb
oecopbilii a30Ty. TakoK HaBeJeHO IepeikK IapamMeTpiB eKCIepUMEHTY, IO
BUKOPUCTOBYIOTBCS 3 MiJl YaC KOBIIOBUX OIlepallili, HApUK/aj, Bara MeTay,
Bara J0JIaHOIr'0 KOKCY, YyacC mepeMilllyBaHHS, IIBUKICTb ITIOTOKY iHEpPTHOTO ra-
3y, TOBILMHA IIapy IJIaKy, 3arajbHMiII BMICT BOJHIO Ta a30Ty. ABTOPM IIPOIIO-
HYIOTb TOPIBHSIHHS €KCIIEpUMMEHTAJbHUX I PO3PaXyHKOBUX KOHIIEHTpAIliil 3a
dbopmynammu.

baraTo maTeMaTUMYHMX MOJesieli gerasailii a30Ty BUKOPUCTOBYIOTD Pi-
BHSIHHSI Y YaCTMHHUX TMOXiJTHUX, HAPUKJIAJ, TTpefcTaBieHa B poboTi [2] ma-
TeMaTUYHa MOJe/b BUKOPUCTOBYE 3B'SI3aHi AMHAMIKy piguHM Ta 6aratodas-
HMI1 TIOTiK AJi TIPOTHO3YBaHHSI PO3IIOAiJIiB a30Ty Ta BOOHIO B PiJIKiii CcTaIi.
BinmoBiHiI pyCYHKM MOKAa3YyIOTh I10JIe MIBUIKOCTI Ta KOHIIEHTpaIlilo rasy.

ABTOpU po6OTH [3] OIIiHIOIOTH TTapaMeTpy OyIbOAIIOK AJIS erasallii y
CTOBIIi aproHy, IKUI MifiiMaeThCsa 3 HA KOBIIA. X MOze/b po3Iisgac oBep-
XHEeBUI HATAT PigKoi cTasi, cepenHiit po3mip OynabOaliky, sIKMI BIIMBA€E Ha
neasorailito. ITpunyckaeTbCsl MOCTiViHA KiJIbKICTh ITy3MPiB 1 MOCTiliHA TeMIIe-
patypa craJi (1600 °C).

VY nucepraiiii [4, c. 33-36] HaBegeHO TpadiuHy 3a/I€eXXHICTh BMiCTY BO/I-
HIO BiJl TpMBAJIOCTi ferasaiiii. BcTaHOB/I€HO, 110 KiHETUKY Aera3ailii BOJHIO Ta
a30Ty MOXKHA IPOTHO3YBaTM 3a JOIIOMOTOI0 peakilil Mmepiioro mopsiaxky. Bka-
3Y€ThCS, 10 HOCTATHbO 10 XBUJINMH, 106 3MEHIIMTY BMiCT BOJHIO Ta a30Ty JI0
HeoOXimHOTO piBHSI. ABTOpP 3ayBaXye, 1110 KMCeHb Ta CipKa BIUIMBAIOTh Ha BU-

naJieHHsT a30TY, TOMY iX BMiCT ITOBMHEH OyTy Hikue 80 ppm.
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ABTOp poboTH [5, crop. 17-19, 63-75] Hagae meTasi MOJIEKyJISIPHOI pe-
aKiiii rasy BOOHIO Ta a30Ty 3 iX koedinieHTamu audysii y piikomy 3aiisi. AB-
TOp pOOUTH MTOMITKM 1Ipo 6yabbaliku CO, sIKi YacTO yTBOPIOIOTHCS IIifT yac Ba-
KYyMYBaHHS, IIepeMilllyIoTh PO3IUIaB Ta SIBIASIOTh CO00I0 "Masli BaKyyMHi Ka-
Mmepu" s rasiB H2 i N2. Taka 5k cuTyallisi BUHMKAE, KOJIM IIiJ, yac NpoayBaH-
HS BUMHMKAIOTh THUCSYi OynabbOalloK aproHy. ABTOp MOJAa€ BMUPa3y KOHCTAHT
po3umHHOCTI Ayt H2, N2 Ta 3aiexxHicTb KOHIleHTpalil H B cTasi Bij 3arajabHO-
ro 00csiry HeOOXiTHOTO aproHy Ta Macy CTasli B KOBIIi. TakKoxk aBTOp OIMUCYE
OCHOBHiI KOHCTPYKTMBHI OCOOJMBOCTI JAerasaliifiHMx yCTaHOBOK Ta TEXHOJIOTi-
YHi BapiaHTY CTa/JIeBOrO BaKyyMYyBaHHS B KOBIII.

Pob6oTa [6] npucBsiueHa AOCTiAKEHHIO Iecopobilii a30Ty 3 po3IliaBie-
HOI CTaJjii Ha eKcIlepMMeHTa/ibHOMY anapari. [lIBuakicTh mecop6biiii N2 Bu3Ha-
YAETHCS PIBHSIHHSIMM MEPIIOro MOPSIAKY 3a HOMOMOIOI0 TPbOX CTajiil: Imepe-
HeCeHHSI a30Ty 3 pOo3IUIaBy B iHTepdeiic; XiMiuHa peakiiis yTBOPeHHSI MOJIEKYII
N2; nepenaua a3oTy Bij iHTepdeiicy 10 06'eMHOr0 rasy.

ABTopu [7] po3rnapaTs 2D MaTeMaTUUYHe MOAE/II0BAaHHS PO3KMCIeH-
HS 3 TpbOMa IIOB'SI3aHMMM TIPOLIECAMM: Teui€lo PO3IlIaBy 3 TypOy/JIeHTHICTIO;
KiHeTMKa KoaJsieclleHIlii; IMHaMiuHuit KMCHeBMit 6anaHc. HasgBHICTD 1IJ1aKy Ha
BiJIbHi/ TTOBEPXHi He PO3INISHAEThCS i ITepeabavyeHo CTal[iOHaAPHI YMOBU IIPO-
1ecy. ABTopu Bimobpasuau rpadiydy 3aJeXHiCTh KiJTbKOCTi YaCTOK BKIIOUEHb
BiJl TPMBAJIOCTI.

Cepen icHyHOUMX METOiB BaKyyMHOI Aerasaiiii IIMPOKO BUKOPUCTO-
BYIOTbCSI [Ba METOMAM: 3arjubJeHHs CIellia/ibHOTrO pelUpKyJSILiiiHOrO aera-
3aTopa y pO3IjiaB i pO3MillleHHS KOBIIAa Yy BAKYYMHOMY Zera3aTopi.

Orngp iTepaTypHUX IKepes BUSBUB IeKiJibKa 0C00JMBOCTel Iepebi-
Iy BaKyyMHOI Jerasaiiii:

1) Po3millleHHS KOBIlIa y BAKYYMHOMY ferasaTtopi [8, ¢. 12-13] € cyTre-
BO JIETHIMM HiXX opraHisallisi po60Ty peuypKyJsIiifHOr0 CIioco0y BaKyyMHOI
nerasaiiii. TakoXX y TIOpiBHSIHHI 3 [erasalli€lo y KaMmepi penupKyJsiiniHuiA
crioci6b Mae BUINY iHBECTHUIIiNIHY i orepaliiiiHy KOIITOBHICTh (BMMAara€ Harpi-
BaHHS mepeq 3arIMbeHHsIM Y PO3IUIaB i oTpebye Gibllle MpoCTOPY Hamd, KO-
BIlIeM), aJie O3BOJISIE JIeriie KepyBaTy KUITIHHSIM, 6paTu Ipobu TemIiiepaTypu
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i po3miaBy miJ BaKyyMOM, pO3MilllyBaTy BiJeoKkamMepy [IJis CIIOCTepesKeHHS
TIOBEpPXHi po3Iuiasy [9].

2) Bynbbaliky iHepTHOTO ra3y go6pe 3a01paioTh BOJEHb i a30T 3 pO3-
TJIaBY, BUHOCSYM iX KPi3b TOBIY PO3IUIaBYy Ha MTOBEPXHIO. BpaxyBaHHS rasy y
PiBHSIHHSIX MoOJeJieii BimOyBaeThCsl 3a IOIOMOIOI0 TPbOX CIIOCOOIB: KBasi-
onHO(a3HOTO i3 3MeHIIIeHOI I'YCTMHOK po3IliaBy; KOMOiHyBaHHS EitiepeBo-
ro onucy 3 JlaHrpaskeBUM [IJIsI TIPOrHO3YBaHHSIM TPaeKToOpii pyxy 6y/ibbOaIiox
6e3 ix B3aemofii i 3 BpaXyBaHHSIM HAsSBHOCTI rasy IIiJl 4yac OOUMCIeHHS pPiB-
H9Hb Hap’e-CTokca ajns (asu cylLilbHOro cepenoBuina posiviaBy; Eitnepis
OINC BOX B3a€EMOIIPOHMKAIOUMX (pa3 CYILJIbHOTO cepeAdoBuIla i 3 MOCTiiHUM
po3mipom Oyibbaiiok. Ha moyaTky gerasaiiii 3 IpoyBaHHSIM aprOHOM IIBU]I -
KiCTh BUBiIJIbHEHHSI BOAHIO Yepe3 OyabOalllKky aproHy y I’SITh pa3iB IepeBUIITye
IMIBUIKICTDb OTO BUBIJIbHEHHS Uepe3 MOBEPXHIO METAJIEBOTO PO3IIABY.

3) B icHylounx pob0oTax CTUCAMBICTb CYMillli pO3IJIaB-ra3oM 4acTo He
BPaxOBYETHCS, 1[0 MOXe CIIPUUMHUTU HeaJeKBaTHICTb pe3yJbTaTiB YMCeIb-
HUX OOCTiIKEeHb.

4) BmiCT pO3UuMHEHOro BOAHIO i @30Ty y MeTaJieBOMY pO3IlIaBi BU3HA-
YaeThCs 3a 3aKOHOM CiBepTca. BiAIOBIZHO 40 HBOT'O IPU 3MEHIIEHHI TUCKY B
pPO3uUMHi (M0 AeKIJIbKOM MPUUYMHAM) CTBOPIOIOTHCS CIIPUSITIANBI YMOBY BUHUK-
HeHHSI Oy/JIbOAIIOK BOJHIO i a30Ty HA TBEpAMX MOBEPXHSIX KOBIIA, HA BKIIIO-
YeHHSIX BCepeIyHi po3miaBy abo Ha OyabOalikax aproHy ITiJI yac IMpo yBaHHS.

dopMYy/ITIOBAaHHS METH HOCTiIKeHHsI. MeTo pob0TH € BU3HAYEHHS
3aJIe’KHOCTi Jerasailii posmuiaBy Bifi iHTEHCMBHOCTi IMPOAYBaHHS i IMIMOMHMU
pO3IlJIaBy HAa OCHOBI 3aKOHIB 30epeskeHHS Y BUTJISANI HeliHiitHuX nudepeHiia-
JIbHUX PiBHSIHb Y YACTKOBMUX TMOXiAHMUX [JIS1 MOHA/IbIIOTO0 BM3HAUEHHS pallio-
HaJIbHMX MIapaMeTpiB IIpoliecy.

BukinageHHsT OCHOBHOIO Marepiany gociaigkeHHA. OCHOBHI Ipu-
MyLIeHHS J1s1 MaTeMaTUYHOI MOJeIi:

1) IloBepxH$ pO3IIABY € IJIOCKA.

2) Tino po3miaBy Mae ¢popMy ycideHoro Konyca (puc. 1), Timo 36epirae

TIOCTiViHMI1 06'€eM y KOBIIIi Ta € B’SI3K00 pignHo0 HploTOHA.
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3) BogeHb i a30T pO3UMHSIOTHCS B pO3IUIaBi BignmoBigHO A0 3akoHy Ci-
BepTca i GopmMyBaHHS My3UpPiB BiOyBa€ThCSI HA MOBEPXHi KOBIIOBOi (yTepiB-
KU B 32JI€5KHOCTI Bif depocTaTMUYHOTO TUCKY PO3IIaBYy.

4) BakyymHe HaOIMKeHHS BUKOPUCTOBYETHCS IJi BpaxyBaHHSI CTUC-
JINBOCTI rasy.

5) Po3unHeHi ra3y BUBIJIbHSIOTHCSI 3 PO3IJIABY 3aBIASKU My3UPSIM ap-
TOHY 3i MBUAKICTIO, MPOIOPIIiIHON KOHIEHTpAIlil aproHy Ta BiAMOBIJHOTO
rasy.

6) ['a30Bi My3upi NpeaCcTaBASIOTLCS CYLUIBHUM CepelOBUILEM, SIKE PY-
Xa€ThCS HACKPi3b PO3IUIAB i3 MOCTIMHOK MBUAKICTIO, MIPUITYCKAIOUM MUTTEBE

il JOCSITHeHHSI.

PucyHnox 1 - Po3paxyHKoBa 006/1aCTh 3 ypaxyBaHHSIM KOHYCHOCTi KOBIIIA

PosmnaB npeacTaBieHMii 6araToCKIagOBUM CYILIIIbHUM CepeIoBUIIEM
3 OapUIIEHTPUUHOIO MIBUIKICTIO i 3 ypaxyBaHHSIM edeKTMBHOI CTUCIMBOCTI
razy [10]. PiBHSIHHSI pyxXy KOHTMHYYMY BUPasKa€TbCsl 3a ITOTOMOTOI0 HabOJIM-
>KeHH$1 byccuHecka AJ1s 1aBy4docCTi:
dv

E=—§ﬁ+nem7+€;ﬁ<§-\7)—a§, )
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Vi=-0, 2)
® =V (0t + DVa)-D,, 3)
O, =y, —alp,gv,, 4)

POBPaXYHOK ra3oBoro pyxy BpaxoOBYy€ II0Jie HIBUIKOCTI pO3Il/IaBy Ta

CTUCIUBICTD cepenoBuina [10]:

%+6 fo + 55 | = (D, Va)+ v, —Cpo@ - o5 + ¢ )+ D,Va|+ vy, 5)
Yy = max(H - K, \/E,O)+max(N—KN\/p7NZ,O) (6)
oH

V)=V (D, VH )k, Ha—max(H - K, \[p, ,0), (7)

ON = - -
SV =V (DyVN)=kyNa—max(N =Ky [py 0),  (8)

ne v, — edeKkTMBHA (3 BpaxyBaHHSIM TypOYyJIeHTHOI) B’S3KiCTb cepefOBUILA;
' — Opyra B’SI3KiCTb, IO BMHMKAa€ 4yepe3 CTUCIMBICTb; W, — KOJIEKTMBHA

HIBUJKICTH ra3oBoro 1noust; D,, Dy, Dn — KoedillieHTH e(eKTMBHOIO PO3Ciio-
BaHHS BiJITOBiIHO aproHy, BOOHIO i a30TY; ku, kv — KoedillieHTM ImpoIopiriii-
HOCTi 3aXBaTy aTOMiB rasy My3upsIMU; y, — JIsKepesio 06’€MHOI YaCTKM aproHy
o6y ¢ypmu; Ky, Ky — KoedillieHTM pO3UMHHOCTI IOAiIeHOi HAa aKTUB-
HiCTb BiAIOBiIHMX ra3iB y po3IliaBi; pu, pn — TUCK, BpPaXOBYIOUM i hepocTaTu-
YHWMI1 i BcepeauHi Oynpbamku (p,, +yh+20/r).

PiBHSIHHSI JOTIOBHIOIOTHCS TPAHUYHUMU YMOBaMu. [IJis1 OIS MBUIKO-
CTi: HA MTOBEPXHI pPO3IJIaBy, Ha CTIHKaxX KOBIIA i HAa BiCi KOBIIAa — yMOBa He-
MPOTiKAaHHS 1 BUIbHOT'O KOB3aHHS. [J1s 110JIs1 aproHy: Ha MOBEPXHi pO3IIaBy —
BiJIbHe mepeHeCceHHs y IMOBITps. [JIs MOJIiB a30Ty i BOJHIO: HA IMMOBEPXHi PO3-
IUIaBYy — BUBIJIbHEHHS 3 PO3IJIaBYy CTali.

[j1s1 ynceibHOTO pO3B’sI3aHHS cucTeMy piBHSHD (1)—(7) BUKOPUCTOBY-
€TbCS UWIIHAPMYHA CUCTEMa KOOpAMHAT i creliaJibHO pO3pobaeHuit Me-
toz, [10].

BucHoBKHU. [106ygoBaHO MaTeMaTUUYHY MOZE/b, sIKa MiCTUTb PiBHSH-
HS 30epeskeHHsI BEKTOPY KiJIbKOCTi pyXy MeTajieBOro po3IliaBy Ta 00’€MHOI
YaCTKM rasiB y HbOMY, AOINOBHIOIOYM PiBHSIHHS I'PAHUMYHMMM YMOBaMM [JIST

po3B’sa3aHHs. LIuaiHapuyHa cucTeMa KOOpAMHAT go0pe BiAmoBigae reomeTpii
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3amayvi. [IpOMOHYETHCS BUKOPUCTOBYBATM METOJ, LIEHTPaJIbHUX Pi3HUIb [JIs1
YMCeJIbHOTO PO3B’SI3aHHS pPiBHSIHb. OGUMC/IIOBAT MaTeMaTUUHY MOJEe/b IIPOo-
MOHYETHCS Y KOMIT'I0TepHili mporpami Ha MoBi C#, sika Ma€ MMUPOKiI MOXK/IMBO-
CTi MO MporpaMyBaHHIO aJlropuTMmiB. [IporpamMHMii JOJATOK MO3BOJUTDH OIli-
HUTY BIUIMB MOTY>KHOCTi aproOHHOI IIPOIYBKM, @ TAKOXK IIMOMHM PO3ILIaBy Ha
CTYIiHb }Oro Jerasailii, 10 MoOXe OYTM BMKOPUCTAHO IIPM BIIPOBaIKEHHI
TEeXHOJIOTIUHUX peKOMeH/Iallili y BUPOOHUIITBO CTaJli.
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Mamemamuyeckoe modenuposaHue BaKyymHol dezazayuu cmanu
8 KoBuWe ¢ ap20HHOU npodysKoli

B cmamse npedcmasneHa mamemamuyeckas mMooesib HeCMayUuoOHApHO20 npoyecca 0easo-
mayuu u OeeudpozeHU3ayUU pacnaasa cmaau 8 BAKYyMamope KamepHo20 muna ¢ ap2oHHOU
npodyskol. [lezasayus cmaau npu NnoMowu BaKyyma — pacnpocmpaHeHHas cpedu memannyp-
eu4eckux npednpusmull mexHos02us, Komopas o0aem BO3MOXHOCMbL 00CMU2AMb HEOObIYHO
HU3KUe KOHYeHmpayuu 8o00poda u a3oma 8 Memasiuyeckom pacniase, Ymo Heobxooumo 05
nosbileHUs Kayecmsa cmanbHbix uzdenull. [TposedeHue BbIYUCAUMESIbHBIX ONbIMOB HA Npeo-
JI0XKeHHOU mMamemamuyeckol mMoOesiu ymMeHblaem 3ampamsl BpeMeHHbIX U PUHAHCOBbLIX pecyp-
C08, N03MOMy nocmpoeHue Modeau A8aaemcs akmyanbHol 3adayel. [IpoepammHoe npunoxeHue
no380/1UM OUeHUMb BAUAHUE UHMEHCUBHOCMU ap20HHOU NPodyBKU, @ Makxe 2y6uHbl pacnia-
84, HA CMeneHb e20 0e2azayuu, Ymo Moxem 6bimb UCNONL30BAHO NPU BHEOPeHUU MexHO02U-
YecKux pekomeHoayul 8 npou3soo0cmso cmau.

Mathematical modelling vacuum degassing of steel in argon-stirred ladle

The article presents a mathematical model of a non-stationary process of denitrogenation
and dehydrogenation of steel melt in vacuum chamber with argon stirring. Vacuum degassing is
a technology that is widely used in metallurgical plants to achieve extremely low concentrations
of hydrogen and nitrogen in the metal melt, which is needed to improve the quality of steel
products. According to the well-known hypothesis, initially the gas in the melt is in the dissolved
state. Hydrogen and nitrogen bubbles are formed from a solution on the surface of the ladle lin-
ing provided that the pressure of metal melt is sufficiently low. The pressure required for the
bubble to appear is determined in accordance with Sieverts' law. To a large extent, the degassing
is also affected by the argon stirring, when bubbles collect hydrogen and nitrogen in their paths,
floating through the melt and flying off the free surface. It is also important to reduce the dura-
tion of degassing to keep the melt temperature at a sufficiently high level, as well as to speed up
overall process. Conducting numerical studies of the above process on a mathematical model re-
duces the cost of time and financial resources, so building a model is an actual task. The descrip-
tion of the melt flow and gases in the ladle is based on the mass and impulse conservation laws
for a continuous medium, which is justified by the small size of the bubbles and their large num-
ber. Given the complexity of finding the analytic solution of nonlinear differential equations in
partial derivatives in three-dimensional formulation, it is proposed to use the central difference
method, which is sufficiently accurate and widely used for similar problems. It is proposed to im-
plement the mathematical model in a C# computer program, because that language has suffi-
cient programming capabilities, including parallelization of computation. The software applica-
tion will allow evaluating the influence of the intensity of argon stirring, as well as the depth of
the melt, on the degree of degassing, which can be used in the implementation of technological
recommendations in the production of steel.
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d.C. )Kuxapesa, B.M. Cunak, T.A. Kucenesa, A.T'. [ly6uHcKuit
BbIBOP ITPOTPAMMHOTI'O OBECITIEYEHU A
OJISI ITIPAKTUKYMA I10 COCTABJIEHUIO AJITOPUTMOB

AHHomayus. CmyOeHmbi-MmeOuKu O0MKHbI NOHUMAMb KOHUenyuw anzopummos. Ham Heobxodu-
MO npozpammHoe obecneyeHue 014 BU3YASIbHO20 NnpedcmasiieHus MeOUUUHCKUX a720pummos
oduazHoCMuKU U nedeHus. Mol ucnosib3yem ynpoujeHHyto sepcuto cmapozo cmaxHdapma IS0 5807:
1985. [lo 3a0aHHbIM mpebosaHuam Mbl Bbi6panu npoepammy «yEd Graph Editors, no makum
NpuyuHaM: npocmoma 8 0CBOEHUU U UCNOJIb30BAHUU, ecmb BCe 610KU 0uazpamm, MOXHO CoXpa-
HAMb U 3KCNOpMUpo8ams pe3yibmamsl, pacnpocmpaxsemcs Kak freeware. Mbl npumeHsiu 3mo
npozpammuoe obecneyeHue 08a NPOWIbIX y4ebHbIX 2000, U MOXeM peKoMeHO0B8aMb UCNOJb30-
8ams e20, K020a 8peMs 01 NPAKMUYECKUX 3aHAMUl 02paHuYyeHo.

Knioyesbie cnosa: anzopumm, uHgpopmamuka, 610k-cxembl, [10.

IlocraHoBKa 3amaum. B nmepeuyeHb KOMIIETEHILIMIA CIIELIMATIMUCTOB, IO-
Jy4dalolux BbICIIee 06pa3oBaHMe, HE3aBUCMMO OT OTpacayu 3HaHWUI, HauMe-
HOBAHMS CIIEIMAJIbHOCTU M YPOBHSI 00pa30BaHMsI, 6€3yCIOBHO BXOIUT LieJIbIi
P, QITOPUTMMYECKMX HABBIKOB. 3HAKOMCTBO C IOHATHEM *aJrOpPUTM” IIPO-
MCXOOUT ellle BO BpeMs 00yueHMs B CpegHel IIIKoJIe, HO, K COXKaJIeHUI0, MHO-
re CTYIOeHTbl, He Ooco3HaBasi yHIaMeHTaJbHbI/ XapakTep MHGOPMATUKMU,
OIIMOOYHO OTHOCST STOT pasies 3HaHMI K HeIpO(MWIbHBIM U I10JIaraloT, UTO
MTOHMMaHMe aJrOPUTMOB HEOOXOOMMO TOJbKO OYIYIIMM MpPOrpaMMMCTaM.
JIlajieko He KaXAbll CTYIEHT CBOEBPEMEHHO MCIBITBIBAET O3apeHue OT 0CO3-
HaHMs TOro (pakTa, YTO pasHOOOpa3Hble MPAKTUUYECKME HABBIKM, M3ydyaeMble
Ha CTapILIMX Kypcax, MO CYTU CBOEN SBJSIOTCS MMEHHO aJrOpuUTMaMU pelie-
HMSI KOHKPEeTHBIX IPUKIAAHbIX 3a4a4.

CoBpeMeHHbIN CreuuaJnuCT OO/KeH YMeTb CTPYKTYPUPOBATh dJIeMEH-
Tbl CBO€I NesATeIbHOCTM, YMEThb pacIliO3HaBaTh IMOBTOPSIONIMECS I10C/IeI0Ba-
TEeJIbHOCTU HeMCTBUII, HAXOAUTb eIVHbIM OOIIMII MeTOH, BHIIIOJHEHUS CepUii

OOJHOPOOHBIX 3a4dad4, IIOHMMATb OIMMCaHMA 3TUX IeCTBUI KaK AJITOPUTMOB —

© XXuxapena 4.C., Cumak B.M., Kucenesa T.A., Iyounckmii A.I'., 2020
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BCE 5TO BXOJIUT B MOHSITUE «JITOPUTMMUYECKASI TPAMOTHOCTb» [1]. AITOPUTMBI
MOTYT OBITh 3aITMCaHbl pa3HbIMU cIiocobamu. Hambosee 4acTo MUCIIONb3YIOTCS
cemyolye TPy crocoba:

1. TeKcTOBbIN MM CIOBECHO-(POPMYJIbHBIN;

2. T'paduyeckuit — c IOMOIIBIO OJIOK-CXeM WM JUarpaMM;

3. IIporpaMMHBIiI — C MOMOIIBIO $SI3bIKA ITPOrPaMMMPOBAHMUSI WU
TICeBIOKO/aA.

CyioBeCHO-(POPMYIbHBIM CIIOCOO CIUIITIKOM MHOTOCIOBEH M YaCTO [IO-
IyCKaeT HEOAHO3HA4YHOe TOJIKOBaHMe. [IceBmOKOA Wiy MPOTPAMMHBIN KOZ,
MICIIOJIb3YeTCSI OOBIYHO IIpU OOYUEHUM CIEHMUATbHOCTSIM, HEeIOCpeICTBEHHO
CBSI3aHHBIM C MHGOPMALMOHHBIMY TEXHOJOTMSIMMU, B T.4. IIPOTPAMMHOI MH-
>keHepueii. VHble CIIOCOOBI 3aIlMCHU aJTOPUTMOB, HAIIpMUMeEpP, CTPYKTYpPHbIe
nuarpaMmmbl (muarpaMmmbl Haccu—IlIHelimepmMaHa) UCIIONIb3YIOTCS 3HAUUTEIIb-
HO peske. Takum 06pa3oM JyUIIMM BbIOOPOM SIBJISIETCS rpadUIecKuii Criocoo
3aMMUCU aITOPUTMOB.

B nporpamme Kypca MeAUIIMHCKO MHAOPMATUKM, KOTOPBI U3y4alOT
CTYIOEHTBI BCEX CIelMaJIbHOCTEe MeOULIMHCKONM akageMuu, OJjis OCBOEHUS Te-
MbI “@opManmnsais ¥ aIrOPUTMMU3ALMSI MeIUIIMHCKIUX 3a0au” BbIIE/I€HO IBa
MPAKTUYECKUX 3aHATUSA (YeTbIpe akaJeMMuuecKux yaca). Pe3ysbraTomM mpak-
TUYECKOI paboThI CTYAEHTOB, KOTOPAs OLIEHMBAETCS IpernoAaBaTejiem, SIBJIs-
eTcsi rpaduyeckas 3amuch HECKOAbKUX MeIUILIMHCKMUX aJITOPUTMOB. s opra-
HM3ALUM MPAKTUYECKUX 3aHATUII HEeOOXOIMMO OIPeAeaUTbCs C BbIOOPOM
crangapta (popmara) rpadbudeckoit samucu, MomoobpaTh MOAXOAsINee Ipo-
rpaMMHoOe obecrieyeHue, yoeauTbCsi B BO3MOKHOCTHM €ro MPaKTUUYeCcKoro Mc-
T10JIb30BaHMS B yUeOHOM ITpoIiecce.

AHanus ucciexoBaHUi U MyoanMKanuii. B MeToguueckux paspabor-
Kax [JIJIST CTapIeKIacCHUKOB, KOTOpble M3y4aloT MHPOPMATUKY Ha IIKOIbHBIX
3aHATUSAX, B METOOMYECKMX MaTepuasax 4acTo BooOIe He YIIOMUHAETCS PO
MICIIOJIb30BaHMe KaKUX-TMO0 KOMITBIOTEPHBIX IIPOrpaMM IJis ITOCTPOEHMUSI
rpaduueckoii 3ammMcu ajJroOpuTMOB. Buanumo, IpeanosaraeTcsi, YTo y4uTesb
3apMCOBBIBAET AJITOPUTM MeJIOM Ha JTOCKe, a YUeHUKM UCITOIb3YIOT JIUIIb OYy-
Mary u pyuky. HekoTopble CTymeHTbI COOOIIAIOT, UTO Ha IIKOJbHBIX YpPOKax
MHOpPMaTUKM OHU CO3HaBay O6JIOK-CXeMbl aJITOPUTMOB C TIOMOIIbIO PaCTPO-
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BbIX rpaduuecKux MporpaMmM, B 4aCcTHOCTHU B Paint — craHgapTHOM IpuIoXe-
Huu Microsoft Windows.

CocTaBjieHHbIe CTyAeHTaMM CXeMbl aJTOPUTMOB OOBIUHO COMEepsKaT
OIIMOKM M HYKIAIOTCSI B UCIIpaBieHMsIX. [Io3TOMy mojiaraem, YTO MCII0/Ib30-
BaHMe pacTPOBBIX rpaduuecKux pegakTopoB HellpuemaeMo.

B BbIcIelt IIKOJe CUTyalusi HeCKOJbKO Jydie. MHDopMalMOHHbIE
TEXHOJOTUM U MHPOpMaTHKa B TOM UAM MHOI (PopmMe BXOOUT B IPOrpaMmy
00yJeHMs TTPaKTUUECKHM JIJIS1 BCeX CITeI[MaTbHOCTE B CUCTeMe BbICIIero oopa-
30BaHMs. COOTBETCTBEHHO MpaKTMUUeckue 3aJaHusl MO COCTaBAEHUIO aJiro-
PUTMOB MOSKHO HaiiTV B METOAMUYECKUX YKa3aHUSX K JIJabopaTOpHBIM paboTam
IJISI CTYIeHTOB Pa3/IMUHBIX CIleliMaJbHOCTel. B MeToaMueckux paspaboTkax
IJIST OCBOEHMSI TEKCTOBOTO pemakTopa Microsoft Word mHorue aBTOpbI 11100
SIBHO YKa3bIBAlOT HA BO3MOKHOCTh COCTAaBJIEHMSI OJIOK-CXeM uepe3 MEHIO
BcraBka-®durypoi-biiok-cxemsl [2,3], 1160 MpsIMO MTPeANMMCbIBAIOT COCTABIISITh
IyarpamMMbl MMEHHO Tak [4].

NUuctpyment “¢burypsr” B Microsoft Office mo3BosisieT cocTaB/sTh Cxe-
Mbl U3 BEKTOPHBIX NMPUMUTUBOB Ha Jyucte Microsoft Word unm Ha cnaiige
Microsoft PowerPoint. CTy#eHTbI yXKe BIaAelT 3TUMU MHCTPYMeHTaMM, HO
CTAJIKUBAIOTCS C PSIIOM CJI0KHOCTEN M HeAOMyCTUMO O0JITOe BpeMs 3aHMMaeT
pasmMelneHye 6JJ0KOB Ha ITOBEPXHOCTHU JIMCTA, X (opMaTupoBaHue, mobase-
HJe TeKCTOB, COBMECTHOe ITepeMeleH1e 6JJ0KOB U JIMHUIA U TIp.

Bojiee coBepllleHHbBIM ITPOrpaMMHBIM CPeICTBOM [JsI ITOCTPOEHUS
CcXeM aJITOPUTMOB SIBJIsIeTCs ITporpamma Visio, KoTopast BXOAUT B Ipodeccro-
Ha/JIbHYI0 pemakinio nakera Microsoft Office. Onucanmio BO3MOXKHOCTEI MC-
M0JIb30BaHMS 3TOJ IPOTPaMMbl ITOCBSIIEHO OOCTaTOYHO MHOTO MeTodude-
CKMX Iy6mkauuii, cMm. [5-8].

B psime 0630pHBIX PaOOT YKa3bIBAETCSI BO3MOXKHOCTD MCIIOJIb30BAHUS U
MHOKeCTBa IPYyrux mporpamm, Takux Kak ConceptDraw, Dia, Flow Breeze,
Edraw Max [9], EdgeDiagrammer, DiagramStudio, Diagram Designer, CADE,
UMLet, StarUML [10], ymomuHatotcst Kivio, Be6-cepBucsl Creately.com, Lu-
cidChart [11]. Takke cM. cpaBHeHMe yTUAUT s nyuarpamm UML B [12].

Ienb ccnegoBaHmus — OIpeeUTh IMTOAXOASIINIA CTaHIapT rpaduye-

CKOJ 3aIluCU MPOCThIX AJTOPUTMOB, BbIOpPATh IMMPOCTOE U TIOHSITHOE IIPO-
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rpaMMHOe obecrieyeHye, KOTOpOe MO3BOJIUT CTYIeHTaM ObICTPO MPUCTYIIUTD
K CO3JaHMIO CXEM aJITOPUTMOB 6e3 HeOOXOAMMOCTU BBIAEISITh AOIMOJHUTEb-
HOe BpeMs Ha OCBOeHMe uHTepdeiica.

OcHOBHOJI MaTepuaj ucciaegoBaHus. [Ipexkae Bcero He0O6XOIMMO
oIpelieINTh, KAKOMY U3 CYIeCTBYIOUMX CTaHIAPTOB 3aMlCyU aJITOPUTMOB OY-
nem cienoBaTbh. TpaAUIIMOHHO /i1 TpadUUecKoro mpeacTaB/ieHNus] aarOpUT-
MOB MCIOJIb3YIOT MexxayHapoaHbiii cranaapT ISO 5807:1985 (on xke T'OCT
CCCP 19.701-90), Taxske M3BeCTHbIN mof, HeopMaJbHBIM Ha3BaHMEM * OJIOK-
cxeMbl”. YTBepKIEeHHbBI OKOJIO 35 JieT Ha3aJ OH CUMTAEeTCS MOpaJbHO yCTa-
peBiuM. OHA 13 MOMBITOK 3BOJIOIMOHHONM MOAEPHU3ALMM ITOTO CTaHAapTa
M3BeCTHA Kak s13bIK «IPAKOH» [13].

B paspaboTtke MHOOPMAIMOHHBIX CHUCTEM, B ITPOrpaMMHO} MH)XeHe-
pun mnociaenHue 20 jeT UCIOAb3yeTcs] YHUPUIMPOBAHHbBIN SI3bIK MO EINpPO-
Bauus (Unified Modeling Language, UML), KOTOpbIit SIBJISIETCSI CTaHIApTOM
Kak me-¢akTo, Tak u Ae-tope. CTaHAApTaMM YTBEPKAEeHbI IBe Bapualuu S3bl-
ka UML: Bepcusi 1.4.2 - ISO/IEC 19501:2005 u Bepcust 2.4.1 -
ISO/IEC 19505-1:2012.

OmbIT mpoBeJieHMs MPaKTUUECKMUX 3aHSITUI M0 MeAUIIMHCKOI MHDOP-
MaTHKe MoKa3aJa HaM, 4TO JAJIsI JOCTATOYHOTO IMOJTHOT'O OCBOEHMS T€MbI HY>KHO
yIpOIATh 3a/1auy CTYAeHTa, BO3MOKHO B yIIepd CTPOrOCTM 3aIiCy pe3ysbTa-
Ta. [TOCKOJIbKY MCIOJIHUTENIEM pa30upaeMblX HAMU MEIUIIMHCKUX aJTOPUT-
MOB SIBJISIETCSI YeJIoBeK (OObIYHO Bpay WiIM MeAMIIMHCKAsl CecTpa) Helleaeco-
00pa3HO BbIJIENSITh OTAENbHBIM TUIIOM OJIOKOB OIepaluy BBOAA-BbIBOOA MH-
dbopmanuu. boraTcTBo Habopa MPUMUTUBOB, YTBEPKAEHHBIX B CTAPOM CTaH-
oapTe U3JIuIIHe Beauko. IIpakTuyecku Bce MpOCTbie MeAULMHCKME aJTOPUT-
Mbl MOTYT OBbITh M300paskeHbl C MCI0/JIb30BaHUEM JIMIIb TPEX TUIIOB GJIOKOB:
neiicTBMe, yCa0BMUe, orpaHnunTenb. OGbIYHO B HAIIMX aJITOPUTMAaxX €CTb He-
CKOJIBKO BETBJIEHUI U OOMH-[Ba LUKia [14].

d3pik UML ommchiBaeT 00Jbllioii HabOp TUIIOB AmarpamMm. M3 Hux
AUIllb OJHA — Auarpamma aesTenbHOCTM (activity diagram) — sBisieTcsl Ha-
CJIeDHUKOM TPaAMLMOHHBIX OJIOK-cxeM. [Ipyrue TUIIBI AMarpaMM HYKHbI B
OCHOBHOM TpM pa3paboTKe B mapaaurmMe oObEKTHON OpMeHTaluMu WIM Ha
OpYTUX dTanax >XKM3HEHHOTO 1MK/a co3manus MHGOopMaIMOHHbIX cucTem. Ta-
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KM o6pa3zoM, roBopst mpo UML Kak ajqbTepHaTUBY, peub UAET PO UCIOIb30-
BaHMe JIMIIIb OJHOT'O TUIIA AMAaTPAMM.

K moctomHcTtBaM cxeMm Ha si3bike JIPAKOH oTHOCST IIpOCTOTY, 6es-
OIIMOOYHOCTh, COOTBETCTBME MpaBUaM 3SPrOHOMMUYECKUX aJTOPUTMOB U
ap. [15]. OgHako 3TU HOCTOMHCTBA IPOSIBJSIOTCS IJIaBHBIM 06pa3om Ipu pa-
60Te ¢ 60JBIIMMM U CIAOKHBIMMU aJITOPUTMaMM, KOTOPbIe HE pacCMaTpPUBAEM B
paMKax Hallero mpakTukyma. Takxke 3To o6opaunBaeTcsi HEOOXOIMMOCTbIO
O0JIBIINX 3aTpaT BpeMEeHM Ha OCBOEHMe SI3bIKa.

Bo3Bpaiasich K IMMUTAM BpeMeHM, KOTOPOe BbIZleJIEHO Ha OCBOEHMe
9TOV TeMbl B paboueii Mporpamme AUCIUIIMHBI, Mbl IIPUXOAUM K BBIBOHY,
YTO cJieAyeT MPOIoJKaTh UCIO0Ab30BaTh cTaHaapT ISO 5807:1985 c ympoiieH-
HbIM HaGOPOM MCIOIb3yeMbIX OJIOKOB.

BTopoii K/II0UeBOii BOIpPOC — BBIOOP HPOrpaMMHOIO oGecIieueHus.
PaccMOTpyuM OCHOBHbBIE TpeOOBaHMSI.

1. PasMmelneHue Ha JOKaJbHOM KOMIIbIOTEpe, paboTaloleM IIOof
yIipaBjieHMeM OllepalMOHHBIX cucTeM cemelictBa Microsoft Windows. [locTyn
K CEeTU MHTEpPHET U3 KOMITbIOTEpPHBIX K/IAaCCOB He BCerjaa BO3MOKEH Ha BbICO-
KOV CKOpOCTU. B ciyyae mepes3arpys3ku CeTu, BpeMsl OXXUIAHUS OTKIMKA UH-
TepHeT-CepByCa OKAa3bIBAETCS CIMIIKOM BEeJMKO AJ KOM@OPTHOI paboThI.
CnepoBaTesbHO, IIpOrpaMMa JO/KHA BBIMNOJHSITHCS HA JIOKAJIbHOM KOMIIbIO-
Tepe. B KOMITbIOTEPHBIX KjIacCcaX YCTaHOBJIEHbI pa3Hble BepCuUM OIMepaloH-
HoJi cucteMbl — Windows 7 miu 10, ecTb ¥ K1acChl C TOHKMMM KJIMEHTaMU, TAe
10JIb30BaTeb paboTaeT B pexkxume TepmyuHana Ha Windows Server 2003 man
2016.

2. JIulieH3MOHHAsI YMCTOTA, BO3MOKHOCTb OECIUIaTHOM YCTaHOBKU
HY)KHOT'O KOJIMUECTBa 3K3eMIUISIpPoB. Hy>kHa rmporpaMmma, JOCTYITHAsI 6ecIuiaT-
HO Kak freeware, wim obGpasoBaTebHOE YUpeKAeHMe TO/KHO MIpuobpecTu
HY>KHOE KOJIMUECTBO JIMIIEH3MIA JIJIsI BCeX UCIIOIb3YEeMbIX B 00YUE€HMUM KOMIIb-
I0TEPOB.

3. PerynspHble 00HOBJIEHMSI, BBIXOJT HOBBIX Bepcuit. Eciu mporpamma
6pu1a HamucaHa 10 u Gosiee JieT Ha3am U C TeX MOP He OOHOBJISIETCS, BeJIMKA
BEPOSITHOCTb UTO IepecTaHeT paboTaTh IMOC/Ie OOHOBJIEHNMS KOMIIbIOTEPHOIO
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rapka My BepCuy OmepalioHHOM cucTeMbl. Mbl yoke He pa3 CTaJIKUMBAJNUCD C
TaKOM CUTyalyen B IIPOIIIOM.

4. @OYHKIMOHAJIBHOCTh M YA0OCTBO MCIIOJIb30BaHMUSI, BO3MOKHOCTD
OBICTPOTO OCBOEHMSI, IJII Yero HeoOxoaum «VHTYUTUMBHO-IOHSITHBINA MHTEp-
deiic». Korga meiicTBMS MO CO30aHMIO AMarpaMMbl IIPOCTHI M CTYAEHT yCBau-
BaeT Kak JiejiaThb 9TU oIlepaluy yKe Iocjie MepBOii JeMOHCTpaly, a TaKKe
JIeTKO BCIIOMMHAET 3T AeliCTBUS uepe3 Helleslo, Ha CeayIoleM 3aHITUM.

[TepBoe TpeboBaHMe 3aCTaB/sIeT OTKA3aThCSl OT BCEX CETEBBbIX CEPBU-
coB. ONBIT MPOUIJIBIX JIET MpernoAaBaHMusl MOKa3bIBaeT, UYTO Ha IPOTSHKEHUU
ceMecTpa MHOTAA BO3HMKAIOT CUTyallMK C TafeHneM CKOPOCTHU AOCTyIIa K ce-
TeBbIM pecypcam, IO3TOMY Mbl IIpeAIIOUMTaeM I10Jb30BaThCS JIOKAIbHBIMU
peiieHussMM. Takske Mbl He pacCMaTpyuBaeM IIpOorpaMMbl, IipeqHa3HaueHHbIe
IJIsI 3aITycKa Mo/, yIIpaBjaeHMeM APYTUX ONepallMOHHbIX CUCTEM.

BTopoe TpeboBaHMe He ITO3BOJMIO HaM MCIOJab30BaTh Microsoft Visio.
K coxkaneHuio, B cTaHAapTHbII Habop Microsoft Office BXxomuT TOJBKO
Microsoft Visio Viewer. JItoboe freeware Takke BRIUTPBIBAET 3a CUET BO3MOXK-
HOCTb YCTAHOBUTD €ro Ha JMYHbIe KOMIbIOTEPHI CTYAE€HTOB.

TpeTbe TpeboOBaHMe 3acTaBUIO MCKIIOUUTb M3 PACCMOTpPEHMS He-
CKOJIbKO HeIIOXMX IporpaMM C MHTepdeiicoM Ha pPyCcCKOM sI3bike, KOTOpbIe
O6bUIM CO3[aHbl TOCTATOYHO MaBHO, HO He HAIIM HIMPOKOTO pacHpocTpaHe-
HUSI U He OOHOBJISIIOTCS B ITOC/IeIHEE BpeMsl.

[Touck TMOIXOASINEro BEKTOPHOTO pedaKkTopa IPUBEJT HAac K BbIOOPY
yEd Graph Editor [16]. OTo pemakTop AuarpamMm, KOTOpPbI/ TOCTyIleH Kak
freeware. Habop rpaduueckux npuMMUTUBOB Ha BKaaake flowchart comepskur
Bce HeobXxomumbie 6/0ku. CoenmHeHMe GIOKOB CTPENKOM BO3MOSKHO ABYMSI
meTYKaMy MbI. TeKCT BHYTpb 6JI0Ka WJIM K COeqUHsIIoNel 60K/ CTpesike
I0o06aBjsgeTcs: uepes peJakTUpPOBaHMe CBOVCTBA 110 KOPOTKOI KiaBuiie F2. Pe-
3yJIbTaT PabOThl MOKHO COXPaHUTb MM IKCIOPTUPOBATh. CTYIEeHThI OCBaM-
BalOT OCHOBHbIE JIeJICTBMS B 3TOM peJaKTope 3a HeCKOJIbKO MUHYT M Ha 3aHS-
TUM OCTAETCS JOCTATOYHO BpeMeHM, YTOObI COCTABUTh CXEMY CJI0XKHOI'O aJIro-
pUTMa U BHECTU B Hee UCIIPaBJIeHMs 110 3aMeUaHusIM MpenoaaBaTesl.

BeiBoapbl. [Ipy n3yueHun TeMbl, CBSI3aHHOM C CO3aHUEeM aJITOPUTMOB,

CTygeHTaMI, OJisd KOTOPbIX I/IH(l)OpMaLU/IOHHI)Ie TEXHOJIOTUM He ABJISIIOTCS OC-
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HOBHOJ CITeLMaJIbHOCTBIO, B YCIOBUSX HeduiiuTa BbIIEJIE€HHOTO BpeMeHU
MOXXHO OTpaHMUYUTBLCS UCIOJb30BaHMEM YycTapeBilero craHgapra I[SO
5807:1985. 151 mocTpoeHus rpadudecKux cxeM ajJropuTMOB Mbl PEKOMEHTY-
eM GecriyiaTHoOe mporpammHoe obecrieuenne YEd Graph Editor, koTopoe cooT-
BETCTBYET BCEM 3asIBJIEHHbIM TpeOoBaHMSIM. [I03UTUBHBI OIBIT UCIIOIb30Ba-
HUS 9TOJ MPOTpaMMbl Ha MPAKTUUYECKUX 3aHITUSIX 110 MeIULIMHCKOM MHPOP-
matuke B 2018/2019 u 2019/2020 yue6GHBIX romax MOATBEPsKIAET IPaBUIb-
HOCTb CJIeJIaHHOT'O BhIOOpA.
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Bu6ip npo2pamHo20 3a6e3nedeHHs 019 NPAKMUKYMY 31 CKNAOAHHA an20pummis

CmydeHmu-meduKku Marme po3yMimu KoHyenyil anzopummis. Ham nompibHe npozpamHe
3ab6e3neyeHHs 0N Bi3yasbHO20 BIOOOPAXEHHS MeOUYHUX an2opummis 0ia2HOCMUKU ma JiKy-
BaHHA. Mu BuKopucmosyemo cnpouwjeHy sepcito cmapoeo cmaHoapmy IS0 5807: 1985. 3a 3ada-
HumMu gumoz2amu mu subpanu npoepamy «yEd Graph Editory, 3 makux npuyuH: npocmoma 8 0cgo-
EHHI Ma BUKOPUCMAHHI, € BCT 610KU Oia2pam, MOXHa 36epizamu i ekcnopmysamu pe3yibmamu,
nowupemsca K freeware. Mu sukopucmosyemo ye npozpamHe 3abe3nedyeHHs 08a MUHYAUX HA-
BYA/ILHUX POKI, 1 MOXXeMO pexomeHOyBamu BUKOPUCMOBYBamMuU (i020, KOJIU 4ac 019 NPAKMUYHUX
3aHAMb 06MexeHud.

The software choice for a practice about algorithms flowcharts making

Medical students mast understand the concept of algorithm. There are three main ways for
algorithm writing and representation. The main and most convenient is the well-known flow-
charts. Therefore, we need special software for creating flowcharts of medical algorithms of di-
agnosis and treatments.

The most common recommendations are about using Microsoft solutions: “insert figures”
button/command in Microsoft Word, or Microsoft Visio for professional cases. Also there are large
number software utilities for building UML diagrams.

Our goal is selecting the standard for flowcharts and finding good software. There are 4 al-
ternative flowchart rules: standard IS0 5807:1985, Dragon-schemas, and two versions of Unified
Modeling Language (ISO/IEC standards). The merits of the new solutions are actual only for
large and complex algorithms and it takes more time for learn and use. Unfortunately, we have
only two practical classes by course syllabus. So we select simplified version of old standard ISO
5807: 1985.

The requirements mast be defined before making choice about software. There are several
basic requirements. Application launch on the workstations instead of server or cloud. By this
way we will not dependent of quality of internet or LAN services. Compatibility with most popular
versions of Windows. Availability as freeware and we need rights for installing multiple copies.
Regular updating software versions. Functionality and usability, the "intuitive interface."

By this set of requirements, we select “yEd Graph Editor” software, because it is easy to
learn and use, have all of diagram shapes, can save and export results, and it is freeware.

Students understand how to make the base actions in this environment in a few minutes -
after the first demonstration. Now there is enough time for drawing a complex algorithm flow-
chart during the lesson. And student have time for making corrections and update flowchart af-
ter teacher checking.

We used this software over the last two years and we can recommend to use "yEd Graph
Editor" in the case of limited time for practical classes. Key words: algorithm, computer science,
flowcharts, software.
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JXuxapeBa SIlHa CepreeBHa - T1IperiojaBaTenb Kadeapbl MeauKO-
ouosiornueckoit busmkyu u uHbopmatuku I'V "JIHerporneTpoBcKkasi MeIUIINH-
ckas akagemuss M3 YkpauHbl'.

Cupak Bacuamit MwuxaiyioBuu - I[penogaBaTe/ib Kadeapbl MeauKo-
ouosniornueckoit busmkyu u uHbopmatuku I'Y "JIHerporneTpoBckasi MeIUIINH-
ckas akageMmust M3 YkpauHbl'.

KuceneBa TaTbsiHa AekceeBHa - K.MCT.H., IpenoaBaTe/ib Kadeapbl Meau-
Ko-Omosiornyeckoit dusuky u nHDopmatuku I'Y "JIHermponeTpoBcKkasi Meay-
LMHCKas akageMmuss M3 YKpauHbl'.

OyouHckuit Anekcei 'eoprueBud - K.T.H., JOLIEHT, MOLeHT Kadeapbl MeIu-
Ko-Omosiornuyeckoit dusuky u nHPopmatuku I'Y "JIHermporneTpoBcKasi Meay-
LMHCKas akageMust M3 YKpauHbl'.

JXuxapena fIua CepriiBHa - BuKIagad Kadegpyu MeanKo-0iosoriyHoi ¢isukmu
i inbopmaTuku 13 "IHinporneTpoBchka MeauuyHa akagemis MO3 Ykpainn'.
Cimak Bacuap MuxaitioBuu - BUKIagau kabeapu Meauko-6ionoriunoi gi-
3uKM i inpopmatuku 13 "[IHimporneTpoBchbKa MeanuHa akagemis MO3 Ykpai-
KucinboBa Tersana OjekciiBHa - K.icT.H., BUKJIagauy Kadeapu MeaynKoO-
6ionoriunoi dismkm i inbopmatuku I3 "[JHinponeTpoBchbKa MeAMYHa aKaJe-
mist MO3 Vkpainu".

Nyo6incekuit Osekciit 'eopriiioBuY — K.T.H., IOIIEHT, JOLIEHT Kadeapu Me-
IUKo-6ioyioriunoi ¢dismku i indopmaTuku I3 "[HinmporeTpoBCcbKa MeIWYHa
akagemist MO3 Vkpainu'.
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ITEPCITEKTBU BUKOPVICTAHHSI KOMIUIEKCHIX TEXHOJIOTTIA
T'A30JIJMHAMIYHOTO BIIJIUBY HA PO3IIJIAB B JINBAPHII ®OPMI

AHomauia. [lpedcmasneHull aHani3 HayKOBO-MexHIYHOI THhopMayii w000 BUKOPUCMAHHA Npo-
yecis no3aniyHoi 06pobKu 0a15 nidBUUEHHS sKocmi aumo2o memany. [loka3aHa nepcnekmus-
HICMb 30CMOCYBAHHSA BKA3AHUX BNAUBIB 015 06POOKU po3niasy 6e3nocepedHbo 8 NUBAPHIL ¢o-
pmi (BunusHuyi). BuzHayeHa Moxausicms peanizayii npoyecy KOMnaeKCcHo2o0 BHympiuHb0pop-
MeHH020 2a300UHAMIYHO20 BNJIUBY HA PO3NJIAB KPYNHUX BUJAUBKIB mMa 3/1UMKI8, AKUU CK1aoa-
EMbCA 3 NOCNIO0BHUX onepayili npodysKU THEPMHUMU 2a3aMU Yepe3 CUGOHHY JIUBHUKOBY CUC-
memy, BaKyyMyBaHHA mMa HACMYNHO20 2a300UHAMIYHO20 MUCKY 8 npoyeci 3amsepoiHHA 3a 00-
nomo2or 8i0N0BIOHUX npucmpois. Bu3HayeHi KOHKpemHT 8aPIGHMU iX KOHCMPYKUIi ma mexHo-
J10214HI ocobausocmi pobomu. [TokaszaHo, wWo BIOMIHHOK PUCOI MexHOI02li € me, Wo NPoms2om
YCb020 npouecy 810 noyamky msepOiHHA Ha PiOKul meman 30iUCHIOEMbCA BNAUB 3a PAXYHOK
CMBOPEHHSA pe2ysib0BAH020 24308020 MUCKY B 2epMemu308aHill cucmemi BUUBOK-NpUCMpoi 015
88e0eHHS 2a3y. 3anponoHOBAHI NPUCMPOT, WO € KOHCMPYKMUBHO NPOCMUMU MA MOXymb 6ymu
3 leekicmio BOYO0BaHUMU Y Bxe 0itoYyull mexHoa0214HUl npoyec 6e3 HeobxiOHOCMI 3HAYHUX Ka-
nimanbHUx sBumpam. 3a3Ha4yeHa HeobxioHiCMb NodanbLUX 00CAIOKeHb 019 pO3POOKU 3a2abHOT
MemoOUKU BU3HAYEHHS peXumis mpusanocmi npoOysKU ma PayioHA/NbHUX PeXUMIB BHYmpiL-
HbO(OPMEHHO020 BAKyyMyBaHHSA po3njasy.

Knioyosi cnosa: KomniekcHa mexHoN02is, opma, BUAUBHUUSA, po3n/as, BNaUB, BUIUBOK, 3/1U-
MOK, iHepmHul 2a3, NPpoOYBKA, BAKYYMYBAHHSA, 2a300UHAMIYHUL MUCK, 2epMmemu3ayia, npucmpid,
PO3PAxXyHOK.

Beryn. Bimomo, mo mammHOOymyBaHHS HE3MiHHO 3ajiMae ojHe 3
MPOBITHUX MiCIllb B CTPYKTYpPi TOBAapHOTO BMPOOHMIITBA YCiX IPOMMCIOBO
pPO3BMHYTUX KpaiH cBiTy. 30kpema, y 2017 poui B VKpaiHi 4acTka
peasii3oBaHOi MPOAYKIIii MalIMHOOYAYBaHHS B 3arajJbHOMY ITPOMMCIOBOMY
06cs3i cknamana 10,9 % [1]. [Ipu 1boMy BakJIMBICTh POJIi MeTa/IyprifiHOTO Ta
JIMBAPHOTO BUPOOHMUIITB, SIK OCHOBHMX 3arOTiBeJIbHUX 0a3 )11 MallMHOOYIY-
BaHHSI, 36epiraeTbcsl Ha BMCOKOMY PiBHi Ta, pa3soM 3 LIMM, ITiIBUIIYIOThHCS
BMMOTHU JI0 SIKOCTi 3/IMTKIiB Ta BUIMBKiB. HeogHopigHicTh po3MipiB, popmu
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Ta PO3MOMAiTY KPUCTATiB B 00’€Mi JIMTOI 3arOTOBKM, LIMAPUCTICTh, XiMiuHa
HEOIHOPIIHICTh € OCHOBHMMM IpO6ieMaMy IpM OTPUMaHHI SKiCHOTO BUJIM-
BKa a00 3/7IMTKa, i TIOBHOIO MipOIO 1Ie CTOCYEThCSI KPYITHUX JTUTUX 3arOTOBOK,
3BakKaluyM Ha KOMIUIEKC crenu@iuHmux TeriodisMuHmux yMoB GOpMYyBaHHS
CTPYKTYpU Ta TeOMeTPUUYHMX XapaKTepPUCTUK, 10 3yMOBJIE€Hi, B CBOIO Uepry,
TEXHOJIOTIYHUMMM OCOOAMBOCTSIMM BUPOOHUIITBA [2]. 30KpemMa, eKOHOMiUHM
aHasi3 BUPOOHMUIITBA CTAJIeBUX 3JIMTKIB ITOKA3ye, 110 YaCcTKa 3JUTKIB Macoio
6inpme 10-15 T cknamae mpubamsHo 7-10% 3araabHOi KiabKOCTi, OgHAK BU-
TpaTy Ha iXHE BUPOOHUIITBO, B CBOIO Uepry, CKIaJalOTh Oiisl TPETUHU YCix
BUPOOHMUMX BUTPAT BHACTIZOK BMCOKOI TPYAOMICTKOCTi Ta YHiKaJbHOCTi
ocHaileHHsT [2]. OcO6/JMBICTI0O TakMX TEXHOJIOTIiUHMX CXeM €, Hacamiepe,
000B’SI3K0OBa HASIBHICTh JOIATKOBOI'O IOCUTh CKJIAAHOTO 00alHAHHSI, 11O TSI-
THe 3a c00010 HeOOXiAHICTh peastisallii palioHaJbHOI 00’€MHO — IJIAHYBaJIb-
HOI cxeMM MOOYIOBM YCiX TeXHOJOTriUYHMX arperatiB. IIpu 1iboMy, TeHAeHIIii
0 PO3IIMpPEeHHSI HOMEHK/IATypy, HecTabilbHICTh Ta ApOOJieHHST 3aKa3iB Ha
BKe MiI0UMX JIMBApPHMUX BUPOOHUIITBAX, [0 HE MAIOTh AOAATKOBOTO CIieliali-
30BaHOTO 00JIaJHAHHS, BeJIMKi KaIiTajabHi BUTpATU Ha IVI0OOAbHE TeXHiUHe
1epeo36pPOeHHSsI, 3yMOBJIIOIOTh HEOOXiHICTh IMOIIYKY HOBUX TEXHOJIOTIUHUX
IJISIXiB OTpUMMAaHHS SIKiCHOI mpoAyKiiii. ToMy Bce 6i/ibIly yBary HayKoBIIiB Ta
npodecioHaniB-NIpaKTUKIB MpUBEPTAIOTh MUTAHHS, 1110 IMOB’SI3aHi 3 YI0OCKO-
HaJIEHHSIM iCHYIOUMX Ta PO3POOKOI0 HOBUX IPOIIECiB, SIKi 3a0€3I1euyl0Thb Mif-
BUIIIEHHS SIKOCTi JIMTOTO MeTaJly, 3HMKEeHHS CO6iBapTOCTi OTpUMMAaHHS BUPO-
0iB, IMiABUILEHHS CTYIIEHIO €KOJIOTiYHOCTi BUPOOHMIITBA B HioMy. OOHUM i3
TaKMX BU3HAHMX NUISIXiB ITiABUIIEHHS SIKOCTi JUTUX 3aTOTOBOK € BUKOPUC-
TaHHS 30BHIilIHIX Qi3MUHMX BIUIMBIB Ha PigKuMii MeTas, Ta MeTas, 10 Kpuc-
TaJli3y€eThCsT 6e3rocepeHbO B IMBapHiit popmi [2, 3].

AHaji3 craHy nuTaHHA. YCTaJeHa MPaKTUKa BUPOOHUIITBA SIKiCHUX
3JIMTKIB Iepeabavae BUKOPUCTAHHS OTHOTO ab0 OHOYACHO IEKiTbKOX TEXHO-
JIOTiYHMX MPUITOMiB: 06pOOKM pO3IUIAaBY BaKyyMOM, ITPOAYBKY iHEPTHUM ra-
30M, BBEJIEHHS ITOPOIIKOIIOMiOHMX MaTepiasiB abo ApOTy, HMepeMilllyBaHHS
pPO3ILIABY 3i CIeliaJibHO IPUTOTOBJIEHMM IIIJIAKOM a6o0 jiratypor. Bci 11i ome-
parliii 3aiiICHIOIOTHCS B KOBIIII ITiC/IST 3aBEePIIEHHS IIPOoIeCy IUIaBKM 3a OIIOMO-

TOI0 BiJTIOBiIHOIO 06JIaJHAHHS, O SKOTO BigHOCSITHCS YCTAHOBKM KiBII-ITiU
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Ta BaKyyMaTOpU Pi3HUX KOHCTPYKUiit [2 - 6]. bing 60 % Bciel crasii 3a gaHu-
MU [2] migmaeThcsl BAKYYMYBAHHIO [ 3HUKEHHST BMiCTy BOAHIO MeHie 1,5-
2ppm i 30 % - njs migBUINEHHS CTYIeHI0 YMCTOTHM 3a HeMeTaJleBUMMU BKIIIO-
YeHHSIMU.

TexHoJs0Oriss BaKyyMHOI 00pOOKM 3aCHOBaHa Ha TepMOAMHAMIiUHil Mo-
SKJIMBOCTI 3MillleHHSI piBHOBaru XiMiuHMX peaxiliii B 0iK BUIiJIeHHS ra30Iomi-
OHMX MPOMYKTIB B pe3y/bTaTi 3HMKEHHST aTMOChEepPHOro TUCKY i, HacamIepe/,
1le BIiIHOCUTBCS 4O PO3UMHEHMX B PO3IUIABi CTajli BOAHIO, a30TY Ta KUCHIO [2,
6]. B pesynbTari XiMmiuHOI peakuii (1) KuceHb BUIIISETHCS i3 pO3MJIABY Y BU-
TJISIAI OKCUIIB BYIJIEeIlo, UMM 3abe3reuyye pasoM 3 PO3KUCIEHHSIM TaKOX i
3HUKEHHS BMiCTY BYTJIell10.

[C] +[0] = COras (D

B Tux BuIIagKax, KOJM KMCEHb B MeTali 3HAXOAUTbCS B CKIAi OKCU]I-
HMX HeMeTaJeBUX BK/IIOUEeHb, 3HMKeHHSI TUCKY HaJ pO3IIaBOM MPU3BOIUTH
10 4aCTKOBOTO ab0 ITOBHOI'O PYMHYBaHHS AeSKUX CIIOJYK B pe3y/ibTaTi B3ae-
mogii 3 Byrienem (2). Hanpuknag, MnO ta Cr,O3 BifHOBIIOOTBHCS Maiike I10-
BHICTIO, a JJIS HaBiTh yacTKOBOro BimHOBieHHS Al:Os ab6o TiO; HeoOXimHMI1
nyxe riaubokuit Bakyym [7].

(MeO) + [C] = Me + COras (2)

[Ipy 3HMOKEHHI TUCKY Haj, po3miaBoM piBHoBara peakuii 2[H]<>Haras
3MiIIyeThCsI BIIpaBO. BomeHb B pifiKiit cTali Ma€ BeIMUKY PYyXOMiCTh, Koedilri-
€HT ¥toro mudysii mocratHbo Benukuit (Du = 1,2 — 1,5 - 1073 cm/c) i B pe3yib-
TaTi BAKYYyMYBaHHS BiH BUBOJOUTBHCS 3 PO3IUIABY 3HAUYHOK MipOI0 Ha BiIMIiHY
Bil a30Ty, B SIKOTO BiAMOBigHMUIA KoedillieHT € Ha TMOpPSIOK MEeHIIUM
(Dxn=1-4 - 10* cm/c). ToMmy 1151 BUOaJIEHHS a30Ty HEOOXigHMit GibII In-
60KMi1 BaKyyM Ta 30i/IbIIIEHHS Yacy BUTPUMKH [2, 7].

[Tpouec ouMilleHHS MeTaly BiJ, BOOHIO Ta a30Ty I BAKYYyMOM IIpU-
CKOPIOETHCS MPOLECOM BUIiEeHHSI MyXUPIiB okcuay Byriaenio (CO), mo 1mpo-
TiKa€ ogHOoYacHo. Lli myxupiii nepemMiiyoTb MeTajl Ta € MaJIEHbKMMU «BaKyy-
MHMMM KaMepaMu», TOMY IO BCepeauHi HMUX MapilliajJbHMII TUCK BOOAHIO Ta
a30Ty nopiBHIOE HYJIIO [7]. [IpM 06p0o6IIi cTati IMiji HM3bKMM BakyyMoM (1mb6ap)
BMIiCT BOJHIO 3HMXKYEThCA 3 6,0 — 8,0 mo 1,5 — 2, 0 ppm, a3zoTty 3 80 — 100
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no 70, a mpu TpuBaJIOMy BaKyymMyBaHHi 10 40 ppm. BMiCT KMCHIO miCJisl BaKy-
YMHO1 00p06KM 3HUXKYETHCS 10 piBHS 25 -30 ppm i MeHite [2, 6].

Takum umHOM, MpU 0OpOOIi MeTasly BaKyyMOM 3MEHIITYETbCS Kijlb-
KiCTb PO3UMHEHOr0 KMCHIO, BOJHIO, @30Ty i BMICT OKCUMIHMUX HeMeTaJleBUX
BK/IIOUEHb, 4 BUAJIEHHSI BeJMKOI KiJIbKOCTi ra30BUX IMyXUPIIiB COpUSIE mepe-
MilllyBaHHIO Ta IeBHili ToMoreHisailii po3iuiaBy, mpoTe edeKTUBHA IJIMOMHA
Takoi 0O0po6KM B pasi BiCYTHOCTi iHTEHCUMBHOTO MPUMYCOBOTO Mepemilry-
BaHHSI PO3ILJIaBy IO BUCOTI JIMTOI 3arOTOBKM (3JIMTKA) BIJHOCHO HeBeJIMKa
(mo 0,5 — 0,7 m). Tomy nJ1s1 3a6e31meueHHsT JOCTATHbOI IO TTOBEPXHi pO3/Ii-
ny a3z, 1110 B3a€EMO/IiI0Th, BAKYYMHY 00pOOKY PO3KUCIEHOI CTalli MOEAHYIOTH 3
MIPOYBKOIO PO3IUIaBy iHEPTHUM Tra3oM. Take MO€IHAHHS JO3BOJISIE OOCITHYTU
30i/IbIIIeHHS TOTY>KHOCTI MepemilryBaHHS y 4 -5 pasiB [2, 5, 6]. Onepaiiis npo-
IOYBKY BEJIMKMX MaC MeTajay iHepTHUMMM rasaMy B KOBIIi OiJIbII IIpOCTa Ta Ae-
IIeBIla, Hi’k 00poOKa BaKyyMOM, TOMY B 6araTbOX BUITaQJKax BOHA MOKEe 3aMi-
HIOBaTU BaKyyMyBaHHS [8].

Oco6MMBOCTSIMM TIpOLeCcy MPOAYBKM 3 TOUKM 30pYy BIUIMBY Ha IEBHi
XapaKTepUCTUKU CTaHy Ta MPOLeCH y pO3IUIaBi €: 3MEHIIIeHHS BMICTy rasiB B
MeTaJli, IHTeHCUBHE MepeMilllyBaHHS pO3IUIaBy, IOJIMIIEeHHS YMOB MPOTiKaH-
HS peakliiii OKMUCIEeHHS BYIJIELI0, 3HVKEeHHSI TeMIlepaTypu MeTtany. Butpatu
iHepTHOrO rasy (mepeBakHO aproHy) CKJIajaloTh, 3a3Buuait, 0,1 — 3 m>/T craJi:
MIPOJIyBKa 3 BUTpaATOlo rasy ao 0,5 M3/T mocTaTHs sl ycepeqHeHHs XiMiuHOTro
CKJIaly Ta TeEMIIEpaTypyu MeTasly, 3 iHTeHCUBHICTIO 10 1 M3/T — BIUIMBA€E Ha BU-
najieHHsI 3 MeTajly HeMeTa/leBUX BK/IIOUeHb, a [IJis eeKTUBHOI Jerasailii He-
00XimHi BUTpaTy iHEpTHOTO rasy Ha piBHi 2 — 3 M3/T. B 3a/ieskHOCTi Bim macu
pPiAKOi CTasi B KOBIII, CHVOKEHHSI TeMITepaTypy PO3IIaBy IPU TaKUX BUTPATax
aprouy ckiaagae 2,5 - 4,5 °C/xB (6e3 MmpoayBKyM PO3ILIaB B KOBIII OXOJIOIKY-
eTbest 3i mBuakicrio 0,5 — 1 °C/xB) [5, 6, 8]. Teruio mpu MpoayBIi JOAATKOBO
BUTPAYAETHCSI HA HArpiB iHEPTHOTO rasy Ta BUIPOMIHIOBAaHHSI IMOBEPXHIMU
MeTasy i IJIaKy, 110 aKTUMBHO IepeMilllyI0TbCs, TIpU I[bOMY Oijbllla YacTMHA
TeIUIOBUX BTpAT ITOB’sI3aHa 3i 36i/IbIIIeHHSM caMe TeIlJIOBOI'O BUITPOMiHIOBAaH-
HSI, TOMY BMKOPMCTAHHSI KPUILKM JJIs1 KOBIIa 3abe3mneuye 3MeHIIeHHS BTpaT
TeIjia Ta CTyIeHs OKMCHeHHS MeTainy [5, 6, 8]. Ha 1iboMy MpuHINIIi, 30KpeMa,
6a3yeTbcs TexHosoris CAB — mniporecy (Capped — HakpuBaTu, Argon — aproH,
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Bubbling — npopayBka), 1o po3pobieHa B SAmnoHii (puc. 1) [8]. Ik BUgHO 3 pu-
CYHKY, TEXHOJIOTi€I0 TepeabaueHa He TiIbKY HASIBHICTh CMHTETUUYHOTO IIJIAaKy
Ha IMOBEpXHi MeTaJy, ajie i CTBOpPeHHS MeBHOi 3axXMCHOi aTMocdepu B 3aKpu-

TOMY KPUIIIKOIO 00’€Mi KOBIIIa IIpU 3[iliICHEHHI ITPOIlecy MPOAyBKNA.

1 — KiBII 3 MeTaJIOM, 2 — KpPUIIIKa KOBIIA, 3 — IMIPUCTPIii AJj1 3aBaHTa)KEHHS
dbepocnnagib, 4 — OTBip /i Bimbopy 1Mpoob, 5 — CMUHTeTUYHMIA 1Ak, 6 — M-
6epHMii 3aTBOp, 7 — IIMNapUCTa IMIPOOKa A1 BBEIEHHS aproOHY
PucyHoxk 1 — Cxema CAB —mnpouecy [8]

Ha remnepiniHiit yac y BUpOOHMUI MMPAKTUIlI 3HAMIIIM CBOE 3aCTOCY-
BaHHS 0araTo BapiaHTiB IIPUCTPOIB Ta 0OagHAHHS O/ 3ilICHEHHSI TeXHOJIO-
riuHOi omepaliii MpoayBKM pPO3IUIaBy B KOBIIi: Kpi3b MIMOEpPHMIT 3aTBOP, ra3o-
MIPOHUKIIMBY BCTAaBKY, KPi3b GypMy, 110 3aHYPIOETHCS Y PO3ILIaB Ta iH. OKpiM
TOr0, BOHM BUKOPUCTOBYIOTbCSI MpU peasisdallii KoOMOiHOBaAaHUX TEXHOJIOTilA,
HaAMNpUKIa, B YyCTAHOBKAaxX KiBII-Miu Ta BakyymaTtopax. OgHaK, 3HaUYHOK Ba-
1010, 110 3HMKYE KiHIleBY e(eKTUBHICTb yCiX KOBIIOBMX MPOLIeCiB MO3amiyHoi
00p00OKM, € 00’€KTHBHA TEXHOJIOriYHA HeOOXiIHICTh IOJaIbIIOro NepeIBaH-
HSI PO3ILIABY B JIMBAapHY (popMy (BUIMBHUINO) a60 MPOMisKHMIA KiBIII, i YMM Oi-
JbIINII 00’eM MeTany Tpeba pO3JMBATH, TUM OiJbIIMII 1€/ HeraTUBHUI
BIUIMB. Hanpuknan, 3a gauumu [3] maike 70 % HeMeTaneBUX BKIIOYEHb, 110
BUSIBJISIIOTHCSI B CTaJIi, BUHMKAIOTh BHAC/IiAOK BTOPMHHOT'O OKMUC/IEHHS MeTaly
B IIPOI1IECi 110ro nepeiMBaHHS i3 OCHOBHOTO KOBIIIA B IIPOMiKHUI. Pe3yibTaT
nocrigxkenb B.A. EdimoBa mokasanu, 10 CTYIiHb MOTJIMHAHHS KUCHIO BM3HA-

Ya€TbCA Typ6YJ'IeHTHiCTIO CTPYMEHIO CTa]Ii, 10 3aJIMBA€THCA, Ta IIJIOIIEIO OO-
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TUKY i1 TIOBEPXHi 3 HABKOJIMIIHIM cepeloBUIleM. BUTiKaHHSI CTPyMeEHiB i3 OcC-
HOBHOTI'O KOBIIIA 3[Ii/iCHIOETHCS ITiJi TUCKOM CTOBIIA MeTany 3 — 5 M mpu Beiu-
KMX 3HaUeHHsX uuciaa PeiiHonbaca. biuHa moBepxHSI JOTUKY CTPYMEHIO TOBi-
Tps 3a 4yac pos3nuBkyu 300 ToHHMX KOBUIIB ckiaazae 300 — 400m2 [3]. Hocmi-
I’KeHHS TToKa3aju, 0 3a 4ac PO3JIMBKU CTajli KiJIbKiCTh KUCHIO, TTIOTJIMHEHOTO
cTpymeHeMm, ckiagae 0,5 — 2,3 kr/t crajni [3]. OCHOBHMM 3aco00M 3aXUCTY
CTPYMEHIO MeTajy Mpy mepenBi i3 OCHOBHOTO KOBIIA B MIPOMIXKHUI € BUKO-
PUCTAHHS CIlelliaTbHMX BOTHETPUBKMUX TPYO Ta CTBOPEHHS B HUX IMO3UTUBHO-
rO TUCKY apTOHY.

[Ipy posnuBaHHI 3JUTKIB i KPYIMHUX BUIMBKIB IpobjieMa 3aXUCTy
CTPYMEHSI MeTaJly Ta 3aCTOCYBaHHS 30BHIIIHIX Qi3sMUHMX BIUIMBIB Ha PO3ILIaB,
B TOMY UMCJIi B IIPOIleci 3aTBepAiHHS 6e31ocepeHbo Y popMi, € He MeHIII aK-
TyaJbHOIO, TOMY Y BUPOOHMYII MPaKTUILIi 3’SIBJISIIOTHCS BiAIIOBiIHI T€XHOJIOTI-
YyHi mpouecu Ta obsagHaHHA. OJHA 3 TaKMX TEXHOJIOrii po3pobiseHa B dro-
Hil [9]. Ha pucyHKy 2 npe[cTaBieHa cxeMa YCTaHOBKU JJISI PO3/IMBKU KPYITHUX
BWJIMBKIB Ta 3JIMTKIB, 1[0 MAa€ YIIIJIbHIOBAJIbHUIA TIPUCTPIi1 7, 10 T€PMETU3YE
CHUCTEeMY KiBIII — BUJIMBOK Ta 3abe3I1euye B IPOLieci 3a/IMBKU JIMBApHOi popMu
(BMIMBHMIII) Ta MicCjas 11 3aBepLIeHHS MOKIUBICTb CTBOPEHHSI MOHAAATMOC-
dbepHoro TUCKy aprony. Ilpu 1ibomy, mic/isi 3aBepiiieHHS 3aJMBKU Pigkuit Mme-
TaJl BUTICHSIETHCS i3 CTOSKA Y BMJIMBKOK 3 MOXXJIMBICTIO 3[i/iCHEHHS B IOJa-
JIBIIIOMY IMPOJYBKM aprOHOM BiCbOBOi 30HM BWJIMBKA Ta BAYBAHHS Pi3HUX I10-
POIIKOMOAIOHNX peareHTiB. /[0 HemOJIiKiB JAHOTO CIIOCOOy MOXKHA BimHeCTH
HasSIBHICTh JIETKO YpPa3/JMBUX CUCTEMMU 3’€HAHHS CTOSIKA i KOBIIA Ta YIIiJIb-
HIOI0YOTO MPUCTPOIO 32 HASIBHOCTI OpM30K Ta 0X0JIOelt MeTajy Mif uac 3a1m-
BKM. OKpiM TOro, KOHCTPYKIIisl yCTAHOBKM AOCTAaTHbO CKJaJHa Ta rpoMi3fka,
BiAMOBITHO, BUKOPUCTAHHS 11 Y BXe [il0UOMY TE€XHOJIOTIYHOMY MpOILeci Io-

Tpebye 3HAUHMX KalliTaJbHUX BUTPAT.
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YALINEET ST
R (N A

1-po3miaB; 2-CTONOPHDIN KiBIlI; 3-3aJMBHUI CTakaH; 4-CTOSIK;
5-nuBapHa popma; 6-TimpaBiIiuHMii IPpUBOI,; 7- YIIiIbHIOBAJIbHUI IPUCTPIii;
8-6aJIoH 3 rasom

PucyHOK 2 — YcTaHOBKA JIJIS1 pO3JIMBKU CTasTi

HaBegeHi Buie pAaHi cBiguaTh IIPO AaKTYaIbHICTh MUTaHb, IO
TIOB’s13aHi 3 pO3p0OKOI0 ePeKTUBHUX METO/IiB BUKOPUCTAHHS MTPOIYBKU iHEp-
THYMM Ta3aMy Ta BaKyyMYBaHHS OJ1S MiJABUIIEHHS SIKOCTI KiHLE€BOI JTUTOI 3a-
TOTOBKM, 30KpeMa, HOBMX KOMOiHOBAaHMX TEXHOJIOTiH, IO ITOE€IHYIOThH IIi
BIUIMBM Ta Peali3yloTbCS 3a AOIIOMOIOI0 BifIIOBiZHMX TEXHOJIOTii 00POOKMU
po3IIaBy 6e31ocepeaHbO B IMBapHii hopmi (BUAMBHMUIL). 30KpeMa, mepcrie-
KTUBHUM MpPeACTaBSIETbCS BUKOPUCTAHHS JJISI [IbOTO iCHYKOUMX TE€XHOJIOTiu-
HMX CXeM Ta IIPUCTPOIB AJjs ra30AMHAMidYHOTO BIUIMBY Ha pO3ILIaB, IO IIe-
penbavyaroTh BUKOPUCTAHHS repMeTu3allii CMCTeMM BUIMBOK (3JIUTOK) — IIPH-
CTpiit Ajist BBemeHHS (BigBOY) Ta3y 3a paxyHOK 3aJIMTOrO B GopMy (BUIIMBHM-
o) mertany [10].

MeTo10 po6OTH € OOI'PYHTYBAHHS TEXHOJIOITYHOI MOK/IMBOCTI Ta po3-
pOOKa MPUHLIMIIOBUX CXeM 3[IiJiCHeHHSI KOMOiHOBaHMX TeXHOJIOTi, 110 BKIIIO-
YalTh NpOoLeCH MPOAYBKM iHEpTHMMM ra3aMi, BaKyyMyBaHHSI Ta HaCTYITHUM
BIUIMB Ia30BMM TMCKOM Ha pO3IIaB B MpoIleci 3aTBepAiHHS BUIMBKA B JIMBa-

pHiit bopmi (BMIMBHMUILI).
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OcHoBHMII Martepian. Ha BigmiHy Big BuIleomucaHOi TeXHOJIOTii
(muB. puc. 2), ceriasicramu Kadenpu amBapHoro BupobuuiTsa HMeTAY 3a-
MIPOTIOHOBAHI KOHCTPYKIIii MPUCTPOIB, 1110 BBOASITHCS Oe3rocepeqHbO B JIMB-
HMKOBY CMCTeMY IIiCJ/IsI 3aBepIlleHHs 3aJIMBKM Ta TepMeTU3YyIOTh ii BiJl HABKO-
JIMIIHbOTO CepelOBUINA, MiC/IsI YOr0 PO3MJjIaB BUTICHSIETHCS i3 IMBHUKOBOI CH-
CTeMM y BWIMBOK (3JIMTOK) ITif, i€t ra3oBoro Tucky [11, 12]. HactynHum era-
IIOM MOXKe OyTM 3[iliCHeHHSI TPOAYBKM BiCbOBOI 30HM 3aJUTOTO B GOpMY BU-
nuBKa (31muTKa). CxemMa OOHOTO 3 BapiaHTIiB KOHCTPYKIII TAKOro MpuUCTPOIO
npenacTaBieHa Ha puc. 3. EQekTuBHICTh 10ro poboTH 3anekuThb Bif 3abe3rie-
YeHHSI TepMEeTUYHOCTI CUCTeMM CTOSIK — IMPUCTPiil i1 BBedeHHS rasy. [Ipu
IIbOMY IPOMIXKOK Yacy BijJ, 3aBepIlleHHs 3aJMBKM A0 I0YaTKy MoAadi CTUCHe-
HOTO rasy, BKJIIOUalouy IIpollec repMeTusallii, OoBMHEH OYyTM MEHIIMM HiX
yac 3aTBepiHHS MeTajly y Halibi/lblll By3bKOMY IepeTuHi JIMBHUKOBOI CUCTe-
MU, SIKUM € TIePeTUH XUBUJIbHUKIB. /11 TUTTS 3MUTKIB, 3a3BUYaii, BUKOPUC-
TOBYIOTb CM(OHHMIT BOTHETPUBKMIA ITpuUIIac 3 AiameTpoM > 50 MM B MicIIi mif-
BOAYy MeTaJy Bif CTOsIKa A0 BUAMBHUIIL, AiaMmeTp cTosika > 100 mm. ITpu ibomy
TPUBAIICTh 3aTBEPAiHHS XMUBUIbHMKA AiaMeTpoM 50 MM ckiazmae Ginbiie 70 ¢
B 3aJIEXKHOCTI Bif, TPMBAJIOCTI 3aJMBKU, BIAIIOBILHO BiJ MacCyu pO3IUIABY, IO
MPOXOAUTD Uepe3 MUMBHUKOBY cuctemy (JIC). LIporo vacy mijikoM BUCTAva€ OIS
BBeJleHHSI MPUCTPOIO, OTO repmeTu3allii Ta nmouyaTky rnopaui rasy B JIC. Ha-
MIPUKJIAM, eKCIIepUMeHTa/IbHi JOCTiI)KeHHS TeXHOJIOTii BUTMCHEHHS PO3IIIaBy
i3 crosika giametpom 100 MM Ta BUCOTOIO 2,7 M B 3JIUTKM Macow 7,2 T B yMO-
Bax KKIJ ITAT «[IHIinIpoBCbKMUIA MeTanypriviuuii 3aBoa» (3aBof iM. I'.I. ITeTpo-
BCbKOT'0) IMOKa3ajy, 10 TOBIIMHA 3aTBEPAIJIOro Mapy MeTaly Ha CTiHKaxX BOT-
HETPUBKMUX TIPOBOAOK IIiC/As BUTUCHEHHS posiviaBy 3 JIC cknapmana Bif
1,5 - 2,0 MM y BepXHiit 4aCTMHi cTOsIKa 10 3,5 — 5,0 MM B HMKHIi 710r0 4acTu-
Hi. TakMM YMHOM, BUKOPUCTAHHS IIPUCTPOIO AO3BOJISIE TAKOK 36 KOHOMUTHU HA
MeTasli, 0 MepexoauThb B 3JUTOK i3 cudoHHOi JIC, Maca SKOro 3 BpaxyBaH-
HSM TOBIUMHM 3aTBEPALUIOro LIapy Ha CTiHKaX BOTHETPUBKUX ITPOBOAOK [JIS
Buie3asHaueHoi JIC craHoButsh 6inst 200 Kr. B mporieci mpoayBKM MOKIMUBE
BBEeJleHHS B CTPYMiHb rasy Ta, BiAIIOBIJHO, Y BUJIMBOK (3JIMTOK) MOPOIIKOIIO-
OiOHMX peareHTiB (JIiraTyp, poO3KuCIOBauiB, MoaudikatopiB Toino). Tpeba

Bi3HAUUTH, L0 AAHUI OPUCTPi KOHCTPYKTUBHO MPOCTUI, & TEXHOJIOTIUYHMIT
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TMIPOLIeC O0ro BUKOPUCTAHHS MOsKe OyTHU JIerKo BOYJIOBaHMM B JIil0UMIT TEXHO-
JoriuHmii mpouec. OKpiM TOTO, IMPUCTPili MOKe TIpalioBaTy HaBITh y pasi mo-

TPAIUISTHHS B CTOSIK HAIIPUKIiHIII 3a/IMBKM IIJIaKy i3 KOBIIIA.
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1 — BeHTWIb ITOAAYi Ta3y; 2 — MAaHOMETP; 3 — BUITyCKHMI1 BEeHTWIIb;
4 — OCHOBHA YaCcTMHA; 5 — 3’ MydTa; 6 — OropHa CTPyOIMHA; 7 — 3a7MBaIbHA
JiliKa; 8 — 3MiHHa yacTuHa; 9 — KijblieBa Haciuka; 10 — Xo/JIoOUIbHMK;
11 - Top1iioBa BcTaBKa-IIpooOKa; 12 — BOrHETpMBKa MPOBO/IKA;
13 — posmuias; 14 — KOpITyC LIEHTPOBOI
PucyHOK 3 — [IpuCTpiii 3 peryJibOBaHOIO IMOfavyero rasy

Komb6iHOBaHa TeXHOJIOTiSI MPOAYBKY, BAKYYMYBaHHSI Ta BILIMBY ra3o-
BMM TMCKOM Ha pPO3IIJaB B IIpOlieci 3aTBepAiHHS B IMBapHiit Gopmi 3acHOBaHa
Ha TOMY, IO IPOTSATOM YCbOT'O MPOLIECY Bill MOYATKy TBEPHAiHHS HA PiIKUIA
MeTaJsl 3[iMCHIOETbCS BIUIMB 3@ PaXyHOK CTBOPEHHSI PeryjibOBaHOTO ra3oBOro
TUCKY B repMeTU30BaHii CUCTeMi BUJIMBOK-TIPUCTPOI AJIs1 BBeIeHHS rasy. Pe-
ajJi30BYBaHMIi Tpoliec mepembadyae sIK HEOOXiAHY YMOBY 3[iliCHEHHSI HasiB-
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HicTb Ha MoBepxHi JIC Ta po60U0i MOPOKHMHM JIMBAPHOi (opMM HIapy 3aTBe-
pOJIOTO MeTaay A0 MOMEHTY Mojadi rasy B CMCTEMY BMJIMBOK-MIPUCTPOIL AJIs
nogauvi rasy. TOBIIMHA I[bOTO IIAPY, IO 36ibITYETHCS B Uaci, TOBMHHA 3a0€3-
MevyyBaTy 3a CBOIMM MILIHICTHUMM XapaKTepUCTUKAMU Te€pPMETUUYHICTb CUC-
TeMM BUJIMBOK-TIPUCTPOI OIS BBeIEHHS rasy, 10 3HAXOAUTHCS ITifi, TUCKOM,
aX 0 TOBHOTrO 3aTBepiHHSI BUJIMBKA. 3arajbHa cxeMa peajisailii KoMOiHO-

BAHOI TeXHOJIOT1i IpeicTaBleHa Ha PUCYHKY 4.

Kombinorana TexHonoria NpofjyEKH, BaKyyMyEaHHA Ta ENMHEY raz0oEMM
THCKOM Ha POZNNaE B Npoueci 2areepaiHHA E NUEapHin ghopwi

BeegeHHs B NMABHAKOBY CUCTEMY
MPUCTPOIO ANA BUTUCHEHHA PO3NNAaBy Ta
HATYPHOI NPOLYBKK

BUTPUMEA AnA 330e3ne4eHH Po3paxyHoOK 4acy repmeTuzauil
repMeTuaauii cuctemu JIC-NpUCTpii aAna cuctemu JNIC-NpUCTpii AnA
BHTUCHEHHA PO3MNNABY Ta NPO/IYBKH EWTHCHEHHA Ta NPOAYEKH

3NiACHEHHA BUTMCHEHHA PO3NNaBy i3 JIC

Ta npogyeka

BeefeHHa npucTpoio ansa ITB

lepMeTH3aLid CHCTEMM PospaxyHoK (MoAenoBaHHA)
3NUBOK-NPKUCTPIA gna IMB npouecy saTEepAiHHA 3NHEKY

3nifchednn IMB 3
BaKyyMYBaHHAM

3nifcheHHn ITB 3
HapOCTAHYMM THCKOM

PucyHok 4 — Komb6iHOBaHa TeXHOJIOTisI MPOyBKY, BAKYYMYBaHHS Ta BIUIUBY
ra3oBMM TMCKOM Ha pO3IJIaB B IPOLieci 3aTBepIiHHS B IMBAPHiit popmi
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TexHosoriss MOKe 3aCTOCOBYBATUCS IJIsI 3/IMTKIB Ta BUJIMBKIB, 1110 BU-
KOPUCTOBYIOTD IJis 3anuBKM cudoHHy JIC, i BK/ItoUae IBi OCHOBHI CK/IaI0Bi.

Peani3zaliist mepiioi CK/1aJ0BOi MPOIOHOBAHOI'O 3arajbHOI0 TEXHOJIOTI-
YHOTO MpOliecy MoB’sg3aHa 3 BUKOPUCTAHHAM cudoHHOi JIC m1s1 BUTUCHEHHS
piIkoro MeTanay y BUJIMBOK (3JIMTOK) ITic/IsT 3a7IMBKM PO3ILIaBy B PopMy Ta Ha-
CTYITHOI MPOJYBKM iHEPTHUM ra3oM BiCbOBOI 30HM BMJIMBKA 3a IOIIOMOIOI0
MIPUCTPOIO, 110 MpeacTaBaeHni Ha puc. 3. [Ipu ubomy, iHepTHMUIT ra3 (3a3Bu-
yail aproH), 10 HeoOXiTHMII I BUTUCHEHHST po3iuiaBy 3 JIC Ta HACTYITHOI
MPOAYBKU BiCbOBO1 30HM BWJIMBKA (3/IMTKA) MICJAS TepmeTmu3alii cucremm 3a
OOTIOMOTOI0 IMCKOBOTO CTaleBOro xosoauiabHuKka 10, momaeTbCs BiJl 30BHIIII-
HbOT'O JIKepeJjia uepes THEeBMOIIPOBI 4 Ta 3MiHHUI TpyOUuacTuii eieMeHT 8.

[Ticnsg 3aHypeHHSI NMPUCTPOK B pigkuii Metan 13 BeHTWIb 3, IO
TIOB’SI3y€ CUCTeMY 3 aTMOchepolo, 3a/IMIIAETHCS BiZKPUTUM A0 TUX TIip, TIOKU
He 3[i/iICHUTbCSI 3aTBepAiHHSI PO3MaaBy B 3a30pi MixX xonoamiabHuKoM 10 Ta
BHYTPIIIHbOIO TTOBEPXHEI0 BOTHETPUBKOI MPOBOAKM 12 CTOSIKY, 1110 BUKJIMKAHO
HeOOXiTHICTIO BiIBOMY i3 CUCTeMM HaIJIMIIKIB Tasy, 10 PO3MIUPIOETHCS MPU
HarpiBi Ta 34aTHUI IOPYIIMUTHU Iipouec repmerusanii. Iliciss 3aBepiieHHS
MpoLecy repMmeTn3allii BEHTWIb 3 MepeKpUBaIOTh, MiC/s YOro MOAAETHCS ras,
[0 CIIOYaTKy BUTiCHSIE po3iuiaB 3 JIC, a MOTiM IoTpamnse y aMBapHy dbopmy
(BWIMBHULIIO).

Po3paxyHKoBa TpPUBAiCTh MPOAYBKM 3aJ€KUTh BiJi KOHKPETHMUX Ila-
pameTpiB BwiIMBKa Ta dopmu (TemiepaTypy, GQisMuHUX Ta TeraodismuHmx
BJIACTMBOCTEM CIJIaBy, Macu, reOMeTPUIHUX OCOOJMBOCTEN Ta iH.). JlaHe Iu-
TaHHS € Iy)XXe Ba*KJIMBMM Ta MOTpebye MpoBedeHHS MOAaIbIINX MOC/TiIKeHb
IJisT PO3pOOKM 3arajbHOI METOAMKM BU3HAUEHHS peXMMIB peasizarii Iiei
CKJIaJ1I0BO1 KOMIIJIEKCHOI T€XHOJIOTi].

Peasizaiisi gpyroi ckjaagoBoi Mpoliecy IOB’SI3aHa 3 BUKOPUCTAHHSIM
TEXHOJIOTil ra3oAMHaMiuHOro BBy Ha posiuiaB (['/IB), 1m0 3HaXOOUThCS B
pob0oUiit MOPOKHMHI JIMBAapHOI opMU (BWIMBHMIII) 3@ TOTIOMOTOIO BifIOBiI-
HUX TIPUCTPOIB Pi3HUX KOHCTPYKUiN [13 - 16]. B uisomy, ui npuctpoi npep-
CTaBJISIIOTh COO0I0 MeTajieBi XOMOAMIbHMUKM KOPITyCHOTO TUITY, IO 3abe3Iie-
yy0Th QYHKIIii repMeTu3aliii BUAMBKA (3/IMTKA) Bifi HABKOJMUIITHBOTO Cepeo-
BUIIIA Ta I10[IaUy CTMCHEHOIO rasy BiJ 30BHIIIIHHOIO [isKepejia abo BiaBim rasy
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BaKyyMHOIO cuctemor. OauH 3 BapiaHTiB KOHCTPYKIIil TAKOTO MPUCTPOIO OIS
3pivicHenHs I'IB (puc 5, a, 6) CK/IaAaeTbCs 3 MeTaaeBOro KOpItycy 1, BCTaBKM 3
BOTHETPMBKOTO MaTepiany 2, 0 po3TallloBaHa B I[bOMY KOPITyCi, ra30MpoBO-
Iy, TIOEIHAHOTO 3 CMCTEMOIO 30BHIIITHBOTO 3a0e31eUueHHsI Ta30M BMCOKOTO TH-
CKy 260 BaKyyMHOIO CMCTEMOIO (Ha PUCYHKY He ITOKa3aHO). MeTasieBuil KOp-
yCc o6JagHAHMUI OCbOBMM ra30IlOCTavYa/JIbHMM MAaTPyOKOM 3 3 HACKPi3SHUMU
OTBOpaMM 4, 1110 po3TalloBaHi 6e3rocepeaHbO MiJi BHYTPIIIHbOIO MMOBEPXHEIO
BEpXHbOi CTiHKM MeTaJeBOro KOPIyCy, a KiHI[iBKa Ta OTBOPU ra3olocTravyasib-
HOT'O MMaTPyOKy IMepeKpuTi ra30MpOHMUKIMNBOIO IIPOOKOIO 5.

3a OgHMM 3 BapiaHTIB peasi3allii TEXHOJIOTIYHOTO IIPOLIECY ITiCas 3a-
BepllleHHs MPOyBKM Ha MOBEPXHIO PiIKOTO MeTaay B HAJJIMBHY YaCTUHY JIU-
BapHOi ¢popMu (BWIMBHMUILI) KPi3b IIap TeII0i30/s1i/iHOT 3aCUTIKM OMTYCKal0Th
MIPUCTPIit, TIpM YoMy, GiuHA TTOBEPXHSI METaJeBOTO KOPITYCY, IO OMMUHSIETHCS
3aHYPEHOI0 Y PO3IIaB, TepMeTHU3Y€ 3IMTOK ab0 BUJIMBOK (pUC 5, B).

Pucynok 5 — CxemMa KOHCTPYKIIii (a) Ta 3araabHMit BUTJISI]
(6) mpucTporo A peanisaiii I'IB, a TakoxX ¢pparMeHT 3aHypPeHHS 10r0
B HaJJIMBHY YaCTUHY 3JIUTKA (B)
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BripogoBX po3paxyHKOBOTO 4yacy Ipollec repmeTrusaliii CMCcTeMu BU-
JIUBOK (3UTOK) — mpucTpiit as I'/IB ripoTikae rnmpu aTMocpepHOMY TUCKY, 11O
BUKJIIOUAE MOXK/IMBICTh IIPOPUBY ra3oM IIapy MeTaly MiX CTiHKaMMu KOPHIYyCY
Ta MuBapHoi Gopmu. Ile mo3Bossie 3rogom 3aiMicHUTH Tpouiec I'IIB Ha pigkuit
MeTaJl Ta MeTaJ, 1[0 TBepAie. BapiaHTamMu peasisaliil TaKOrO BIUIMBY MOXYTb
OyTHu 3miliCHeHi IIOC/IiLOBHO BaKyyMYBaHHSI Ta Ta30dMHaMiuHMII TUCK, ab0
II0Ch OJIHE, BiAMOBiAHO A0 KOHKPETHMX 3aBAaHb IIOA0 SKOCTi JIMTOTO MeTaly
Ta TEXHOJIOTiYHMX MOXJIMBOCTEl B yMOBaX JIil0u0ro BUPOOHUIITBA.

Po3paxyHKM TEXHOJIOTIYHMX PEXUMIB 3[i/iCHEHHS MPOILeCiB BaKyyMy-
BaHHSI Ta ra3ogMHaAMiUHOTO TUCKY Tpeba IPOBOAUTH B KOKHOMY BUIMAIKY
OKpemMo, BpaxOBYIOUM BCi HEOOXigHiI mapamMeTpy BUPOOHMUIITBA KOHKPETHOTO
BUJIMBKA 260 3/1uTKa. Tpeba Bii3HAUMUTH, 1110 IUTAHHSI, ITOB’sI3aHi 3 METOI0JI0-
ri€lo BU3HAUEHHS pallioHAJIbHMUX PEeKUMIiB BHYTPIIIHbOOOPMEHHOTI'O BaKyyMYy-
BaHHSI pO3IUIaBy B repMeTM30BaHill cucTemMi BUAMBOK — IpucTpinn mas /1B
MOTPeOYIOTh MPOBEAEHHS MOAAMbIINX TOC/iIKeHb IJIsS1 OTPMMAaHHS BiIIOBifI-
HMX HAaYKOBO OOI'PYHTOBAHMUX pe3y/IbTaTiB 3 METOI0 iX BUKOPUCTAHHS B SIKOCTI
BUXITHUX AAHUX IJISI CTBOPEeHHSI e()eKTUBHUX PO3PAaxXyYHKOBUX CXeM, aJIropu-
TMiB Ta BiJITTOBiHOT'O MPOTPaMHOro 3a6e3TeueHHsl.

OcCHOBHI 3acaay pO3paxyHKy PeKMMiB 3/i/iCHEHHS Ta30JMHaMiuYHOIO
TUCKY 6a3YIOTbCS Ha BiAIIOBiZHOCTi CTBOPIOBAHOTO B CUMCTEMi BWJIMBOK — IIPU-
cTpiii gns I'IIB ra3oBOro TMCKy KiHeTUIli 3pOCTaHHS 3aTBepAiJOoro mapy MeTa-
JIy BUIMBKA B mpoueci 3arBephinHs [17 — 19]. [Ipu upomy, MakCMMaJIbHUIA pi-
BeHb TUCKY ra3y B MEeBHMII MOMEHT 4yacy Moske OyTM OGJIM3bKMM 3HAUEHHIO
TMMYaCOBOTI'O OMOPY MeTa/lly B 3aTBepAiJioMy IIapi (os) 3 ypaxyBaHHSM Ha-
MpyXeHb PO3TATYBaHHS, COPUUYMHEHUX TiAPOCTATUYHUM TUCKOM BCepenuHi
BWIMBKA ab0 31muTKa. [IJIs1 BUKOHAHHSI YMOBM 30€epeskeHHsT CTabiIbHUX reoMe-
TPUUHUX XapaKTePUCTUK BUJIMBKA B PO3PaXyHKaxX BUKOPUCTOBYETHCS OITip
nedbopmaliii maTepiaay BUIMBKA (c), IO PO3PAXOBYETHCS 3 MiHiMaJbHUMU
3HaYeHHSIMM IIBUAKiICHOTO Ta CTyIlleHeBOro Koe@ilieHTiB (3):

6 =6 o Kt k. ke mpy k. ky —min, (3)

Iie G o5 — Oa3yCcHe 3HaUeHHs onopy Aedopmariii, kr/MmMm?; ke — TeMIepaTypHuii
KoediwieHT; k, — cTyneneBuit KoediieHT; ky— MBUAKICHMIT KoeillieHT.
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3arajbHa MeTOAMKa pPO3PaxyHKy T€XHOJIOTIUHMX MTapaMeTpiB BKIOUAE
eTarny IornepeaHboi 06POOKM i OTpUMaHHS BUXiTHUX TaHUX, 6e3rocepeaHbO-
ro BUKOHAHHSI PO3PaxyHKOBOI'O aJrOpUTMY i MOAa/JbIIOTO aHasi3y pe3yibTa-
TiB. Ha moyaTkoBOMy eTalli BM3HAYa€ThCs KiHETMKA TBepAiHHS BUIMBKA i
3MiHa TemIlepaTypu oro noBepxHi. JIjis iboro 6yaAyiOTh TeMIlepaTypHe IoJje
BUJIMBKA HA OCHOBi pe3y/jbTaTiB MOMAEeNIOBAaHHS ab0 TepmorpadiuyHux JOCi-
I>KeHb. J10 BUXiZHUX AaHUX TAKOX BiIHOCSTHCS 3a71€3KHOCTI Bif, TeMIiepaTypu
TMMYacOBOI'0 OIOPY Ta omnopy AedopMaliii, iIbHOCTI MeTa/lly BUJIMBKA, 110TO
reoMeTpUUHi XapaKTepUCTUKINA.

Hani 06UMC/IIOI0Th AMHAMIKY HApOCTaHHSI po6ovoro THUCKy. B mporieci
TBEPAiHHS BUJIMBKA 3MiHIOEThCS CepedHs TemIepaTypa 3aTBepHijioro mapy,
BiITIOBiTHO i BeJIMUMHM MeXi MilIHOCTi Ta oropy gedopmaliii metasy, 10 10-
3BOJISIE PO3PAxXOBYBATM AMHAMIKy 3MiHM poO0OYOro TUCKy. Bennumua i guHa-
MiKa 3MiHM pPOOOYOrO TUCKY SIBJISE COOOKI Pi3HMUIIO MiXX 3HAYEHHSIMM OIIOPY
nedopMaliii Ta BeIMUYMHOIO PO3TATYIOUMX HAIIPYKEeHb.

IlJisi aBTOMaTM30BaHOTO BUKOHAHHS PO3paxXyHKiB peXXMMiB ra3oyuHa-
MiYHOT'O TMCKY po3pob6sieHa KomIl'toTepHa rporpama «GDICalc» (Gas-Dynamic
Influence Calculation) [20,21], uio Mae 3pyuyHwuit iHTepdeiic i 3abe3meuye

OTPMMAaHHSI pe3y/IbTaTiB SIK B TAOIMUHOMY, Ta i B rpadiuHoMy BUTISAI (puc. 6)

NQ T, G[" JB’ 67 Pmax’ P? e
| cex | v | Mia | Ma | MIa | Mila ==
- _,_--_'_'_'_--_‘_
1 | 74 | 1,03 | 1,12 | 0,00667 | 0,0949 | 1,02 = h
2 | 115 | 025 | 1,14 | 0,0133 | 0,892 | 0,237 S
3 | 184 | 0,107 | 1,49 | 0,14 1,39 | 0,033 HLE=E
4 | 282 | 0,067 | 1,84 | 0,267 1,78 | 0,2
5 | 366 | 0,0520 | 2,12 | 0,367 2,07 | 0,315 hesaall e
6 | 533 | 0,038 | 2,56 | 0,527 2,52 | 0,489 e A L )
7 | 700 | 0,025 | 3,04 0,7 3,02 | 0,675
a 6

PucyHox 6 — [Ipuknan pe3yabraTiB o6uncieHHs B mporpami GDICalc: pesxkxumu
ra3oAMHAaMiUHOTO TUCKY IJISI BUIMBKA i3 cTasti 35J1 B TaGIMUHOMY BUTJISIII
(a) Ta iHTepdelic mporpamu, IiajJoroBe BiKHO «PeskuM ra30aMHaMiYHOTO

BIUIMBY», 3aKianka «I'padikm»
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HasBHi 3aco6M po3paxyHKy peskKMMiB ra3oJMHaMidYHOTO TUCKY JT03BO-
JISSIIOTh BU3HAUUTY HEeOOXiTHi mapamMeTpy 3[4iliiCHeHHS I[i€l YaCTMHM KOMOiHO-
BAHOI TE€XHOJIOTi] 3 BpaXyBaHHSIM iHAMBiIyaJbHUX 0COOJMBOCTE KOHKPETHO-
ro BWIMBKA 200 3/IMTKa 6e3 IMpoBeleHHs J0JaTKOBMX HATYPHUX eKCIIepyMeH-
TaJIbHUX, B TOMY UMCJIi TepMorpadiuyHux, JOCTiIKeHb Ta 3HAYHO CKOPOTUTHU
BUTpPATM Yacy Ha eTarli ITiAroToBKM BUPOOHMUIITBA.

BUCHOBKM!.

1. IlpoBeneHuii aHa/li3 pe3yjbTaTiB TEOPETUYHMUX, €KCIIepUMEHTab-
HUX pOOIT, iCHYIOUMX TEXHOJIOTIUHMX PO3POOOK MO BUKOPUCTAHHIO MPOIIECiB
MPOAYBKM, BAKYYMYBaHHS Ta BUKOPMUCTAHHS ra30BOTO TUCKY IJIS TTiABUILIEHHS
SIKOCTi JIMTOTO MeTally KPYITHUX BUJIMBKIB a00 3JIUTKiB, [IOKa3aB IepPCIIeKTUB-
HiCThb 3aCTOCYBaHHSI BKa3aHMX BIUIMBIB JIjIsi 0OpOOKM po3MmjiaBy 6e3mnocepe-
HbO B JIMBapHiin dopmi (BunmBHMUIL). Takuit migxim mo 3milicHeHHS IIPOIleciB
103aIiyHoi 06poOKM pO3IUIaBy Ja€ 3MOTY, B TOMY YMCJ/Ii, OTPMMATH IepeBaru
TPaAuLiiHO BUKOPUCTOBYBAHMX TE€XHOJIOTil KOBIIOBOi 00p0oOKM 6e3 3acToCy-
BaHHSI CIeliaji3oBaHOro o6/aJHaHHS Y BUMAJKY 1Oro BilcCyTHOCTI abo eKo-
HOMIYHOI HeJOIIJIbHOCTI KaliTaJIbHUX BUTPAT [JISI 1IOTO BCTAaHOBJIEHHS.

2. BusHaueHa MOXIMBICTH peasizallii Mmporecy KOMIIJIEKCHOTO BHYT-
pilIHbO(OPMEHHOI'0 Ta30AMHAMIUYHOTO BIUIMBY Ha PO3IIaB KPYITHUX BUIUB-
KiB Ta 3JIUTKiB, SIKUI CKIAMA€ThCS 3 TOCAITOBHMX OIepalliii IpoayBKM iHEpT-
HMMM rasaMu uepes cdOHHY JMBHUKOBY CUCTEMY, BAKYYMYBaHHS Ta HaACTYy-
ITHOTO Ta30JMHAMiYHOTO TUCKY B IIpOIieci 3aTBepAiHHS 3a JOMOMOIO BiJIO-
BiIHMUX MpUCTPOiB. OCOOJMBICTIO TEXHOJIOTIi € Te, 1[0 MPOTITOM YChOTO ITPO-
1IeCy BiJl MOYAaTKy TBEPAiHHS Ha PiAKMIT MeTas 3M0i/iCHIOETHCS BIUIMB 3a paxy-
HOK CTBOPEHHSI peryibOBaHOr0 ra3oBOr0 TUCKY B repMeTM30BaHiil cuctemi
BUJIMBOK-TIPUCTPOI 1IJIsI BBeleHHs rasy. HeobximHa yMoBa - HasiBHICTb Ha I10-
BEPXHi JIMBHMKOBOI CMCTEMM Ta POOOUOi MOPOKHMHM JIMBAPHOI hopMU IIapy
3aTBep/iIoro MeTaay 40 MOMEHTY Mojiaui rasy B CMCTeMy BUJIMBOK-IPUCTPOI
s rogavi rasy. ToBIIMHA IIBOTO IIAPY, IO 30i/JbIIYETHCS B Yaci, ITOBMHHA
3a6e3MmevyBaTy 3a CBOIMM MIIIHICTHMMM XapaKTepPUCTUKAMMU TrepMeTUYHICTb
CUCTEMM BUIMBOK-IPUCTPOI 1Jis1 BBeAEHHS rasdy, 0 3HAXOAUTBLCS ITiJ THUC-

KOM, aX [0 TIOBHOTO 3aTBepAiHHS BUIMBKA (3/IUTKA).
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3. B pe3yabTaTi mpoBegeHHSI KOHTEKCTHOI'O aHa/li3y poboTH IMPUCTPOiB
IJIs BUTMCHEHHS pO3MJIaBy i3 CM(OHHOI TMBHMUKOBOI CUCTEMU KPYITHUX BUJIN-
BKiB Ta 3JMUTKIB i 3[ilicCHEHHS BHYTPillIHbO(OPMEHHOI IMPOAYBKM, a TaKOX
MpOIeCciB BAKYYMYBaHHS Ta ra30AMHAMIUHOTO TUCKY ITiZl Yac 3aTBEpHiHHS Me-
Tany B popMi (BMAMBHMUILI), BU3HAUEHI KOHKPETHI BapiaHTH iX KOHCTPYKIIii Ta
BiTIOBiIHI T€XHOJIOTiUHi 0COOJMBOCTI poOOTH. [IJisT BUTMCHEHHS PO3IIaBYy i3
c(OHHOI JIMBHMKOBOI CUCTEMM MOKE€ BUKOPUCTOBYBATUCS MPUCTPIii, IO
TIpeficTaBiIsiE cOO00 TMPOBITHMK rasy Bif, 30BHIIIHLOIO IyKepesia CTUCHEHOTO
rasy 3 MeTaJeBMM TrepMeTU3YIOUMM XOJOAMIbHUKOM, II0 PO3MOYMHAE «IIpa-
LI0BaTV» BOPONOBX 1 — 2 XBWJIMH ITiCJ/ISI 3aBepIIeHHS 3aIMBKU. BHYTPIillIHbO-
dbopMeHHe BaKyyMyBaHHS Ta peasi3allilo ra30aMHaMiYHOTO TUCKY BIIPOIOBXK
3aTBepHiHHSI BWIMBKA (3/IMTKA) 3a0e3meuye MPUCTPiii, 1110 BBOAUTHCS B Ha-
JIUBHY YaCTMHY BWIMBKA (3/IMTKA) IiCJs1 3aBeplleHHS oIllepallii MpoayBKu
PO3ILIaBy iHEPTHUM Ta30M Ta SIBJISIE COO0I0 XOJIOAMIbHUK KOPITYCHOTO TUITY 3i
BCTAaBKOIO i3 BOTHETPMBKOrO MaTepiany. BigMiHHOI pUCOI0 3alIPOIIOHOBAHMUX
TIPUCTPOIB €, B TOMY YMCJIi, IPOCTOTA KOHCTPYKIIii Ta JIeTKiCTh BOYIOBYBaHHS
TIPOLIECiB iX po6GOTM Y BXKe [Ailounii TEXHOJIOTiUHMII Ipollec 6e3 HeoOXimHOCTI
3HAUHUX KalliTalIbHUX BUTPAT.

4. BcTaHOBJIEHA HEOOXiJHICTh MOJaNbIINX AOCTiIKEeHb OJI PO3pOOKU
3arajbHOI METOAMKM BU3HAUYEHHS PEeXMMIB 3/i/iCHEHHS MEeBHMX CKIaJ0BUX
KOMILJIEKCHOI TeXHOJIOril, 30KpeMa, peasi3aliii po3paxyHKOBOi TpPUBAIOCTi
MIPOJIYBKM, IO 3aJI€KUTh BiJi KOHKPETHMUX IlapamMeTpiB BWIMBKA Ta (GoOpmMHU
(TemmepaTypy, i3sMuHMX Ta Terioi3sMUHMX BIACTMBOCTEH CILJIaBy, Macw,
reoMeTPUUHMUX 0COOJMBOCTeN Ta iH.). TaKOX MOTPeOYIOTh ITPOBEAEHHS I10/1a-
JABIINX MOCTIIKEeHb MJISI OTPUMMAaHHS BiIMOBiZHMX HAYKOBO OOTPYHTOBAHMUX
pe3yabTaTiB 3 METOK 1X BUKOPUCTAHHS B SIKOCTI BUXITHMX HAHUX [JiSI CTBO-
peHHsT eeKTUBHUX PO3PaXyHKOBUX CXEM, aJITOPUTMIB Ta BiAIIOBiIHOTrO IpO-
IPaMHOr0 3abe3MneueHHs] MUTAHHS, [0 MOB’SI3aHi 3 METO/I0JIOTi€l0 BU3HAUEH-
HS pallioHaJbHUX PEeXMMiB BHYTPilllHbODOPMEHHOT0 BaKyyMyBaHHS pO3Iljia-
BY B repMeTM30BaHili CUCTeMi BUIMBOK — TPUCTPiil IJisI ra30AMHaAMiuHOTO

BIUIVBY.
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Mepcnekmusbl UCNONb308AHUA KOMNJIEKCHbIX MeXHOM02Ull 2300UHAMUYECK020
so30elicmsus Ha pacnaas 8 numeliHol ¢popme
TpedcmasnieHHbIl AHANU3 HAYYHO-MeXHUYeCKol UH(opMayuu no Ucnosb308aHUI Npoyec-
co8 BHene4yHol 0bpabomku 013 NOBbIWEHUA Kadecmsa numoeo memasnnd. [lokasaHa nepcnek-
MUBHOCMb NPUMEHeHUS YKA3aHHbIX Bo30elicmsuli 015 06pabomku pacnnasa HenocpeocmseHHo
8 lumeliHol ¢opme (u3noxHuysl). OnpedeneHa BOIMOXHOCMb peanu3ayuu NPoyecca KomMnJek-
CHO020 BHYMPUWHbOHOPMEHHO20 2a300UHAMUYECK020 BO30RUCMBUSA HA PACNAas KpynHbIX OmJu-
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BOK U CIUMKOB, KOMOpbILi cocmoum u3 nociedosamesnibHbix onepayuli npodysKU UHEPMHbIMU
2a3amu Yepe3 CUGOHHYI0 TUMHUKOBYIO cUCMeEMY, BAKYYMUPOBAHUSA U nociedyouje2o 2a300UHa-
MUYecKo20 0as/ieHUs B npoyecce 3amseepoesaHus ¢ NOMOUWbI0 COOMBEMCMBYIUUX Yycmpolicma.
OnpedesieHbl KOHKpemHble BAPUAHMbI UX KOHCMPYKUUU U MexHos02u4Yeckue ocobeHHocmu pa-
6omel. [lokazaHo, Yymo omauyumenbHol Yepmoli mexHo/M02uU ABAAEMCA MO, YMO 8 meyeHue
8Ce20 npoyecca om Ha4ana msepOeHUs HA XUOKU( Memasnn okasbisaemcs gosdelicmsue 3a
cyem co30aHus peaynupyemoll 2a3080l O0as/ieHUs 8 2epMemu3UpPOBAHHOLU cucmeme omJuBKa-
ycmpolicmsa 0413 8800a 2a3d. [IpednoxeHHble ycmpolicmsa, A8/15emcsi KOHCMPYKMUBHO NPoc-
meiMu U Mo2ym Obimb C Ie2KOCMbI0 BCMPOEHHbIMU 8 Yxxe Oelicmsytoujuli mexHoso2udeckul
npoyecc 6e3 He06X00UMOCMU 3HAYUMENbHbIX KanUumManbHeix 3ampam. OmmeyeHa Heob6X0Ou-
mMocmb 0anbHeliwux uccnedosaruli 0na paspabomku obweli MemoouKu onpedesieHus pexumos
npodosxumesnbHOCMU NPooysKU U PAUUOHANIbHIX PEXUMOB BHYMPUWHbOMOPMEHHO20 BAKYY-
MUpPOBAHUSA pacniasa.

Prospects for the use of integrated technologies

of gas-dynamic impact on the melt in the mold

Trends in expanding the range of steel ingots, instability and crushing of orders at existing
foundries that do not have additional specialized equipment, high capital costs for global tech-
nical re-equipment, necessitate the search for new technological ways to obtain quality products.
Therefore, more and more attention of scientists and practitioners is attracting questions related
to improving existing and developing new processes to improve the quality of cast metal, reduce
the cost of producing products, and increase the degree of environmental friendliness of produc-
tion in general. One of such recognized ways to improve the quality of cast billets is the use of
external physical effects on the liquid metal, and the metal that crystallizes directly in the mold.

The paper presents an analysis of scientific and technical information on the use of out-of-
furnace processing processes and the use of gas pressure to improve the quality of cast metal of
large castings or ingots. The prospects of using these effects for processing the melt directly in
the mold 1s shown. The possibility of implementing a process of complex in-situ gas-dynamic im-
pact on the melt of large castings and ingots, which consists of sequential inert gas blowing
through a siphon sprue system, evacuation and subsequent gas-dynamic pressure in the solidifi-
cation process using the appropriate devices. Specific options for their design and technological
features of the work are determined.

A distinctive feature of the technology is that during the entire process from the onset of
solidification, the metal is affected by the creation of an adjustable gas pressure in a sealed
casting-gas injection system. The proposed device is structurally simple and can be easily inte-
grated into an existing process without the need for significant capital costs.

The need for further research to develop a common methodology for determining the dura-
tion of the purge, and rational modes of intra-molten melt evacuation of the sealed casting sys-
tem - a device for gas-dynamic effects.
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PE®EPATU

YK 681.518

Navenko I'.l.,  Asiokoscbkuit 0.0. Perynatop 6esnepepBHOi  onTuUMmisauii
eHeproedeKTUBHOCTI B BEKTOPHO-KEPOBAaHMX AaCUHXPOHHMX npusopax // CuctemHi
TexHonorii. PerioHanbHWI MiXBY3iBCbKWI1 30ipHUK HayKoBMX mpaub. - Bunyck 5 (130). -
[OHinpo, 2020. - C. 3 - 14.

Y Uit po6oTi po3rnafaETbcs afanTUBHUI BUGip NOCTiiiHOT Yacy dinbTpa ana dinbTpauii
CTauiOHapHOro CWUrHany 3aBAaHHA NMOTOKY pOTOpa B 3ajayi eHeproeqeKTMBHOr0 KepyBaHHA
ACMHXPOHHUMU MaWIMHAMU 3 BEKTOPHUM KEPYBAHHAM B NMepexifHWUX pexumax, Koau yMoBU Ha-
BAHTAXEHHA Ta WBMAKOCTI 3MiHIOIOTbCA 3 ypaxyBaHHAM edeKTy OCHOBHOIO HACUYEHHS
MarHitonposogy. lNoKa3aHo, Wo Npyu HaNEXHOMY KepyBaHHi WBWAKICTIO 3MiHWM NOTOKY poTopa
BTpPATK eHeprii 3a NOBHUM LUKN POOOTU NPK 3MiHi KPYTHOTO MOMEHTY MOXHA 3HAYHO 3MEHLINUTU
NOPiBHAHO 3i 3BMYaliHMMKM BMNagKamu. AHani3 BignoBigHoro BMOOPY MocTiliHOT Yyacy dinbTpa
IK YACTKW NOCTINHOT Yacy poTopa 6a3yeTbCA HA YNCENBbHOMY JOCNiIKEHHI Ta pe3yabTaTax Mo-
AENoBaHHA ANA TPbOX Pi3HMUX THAYKLIAHWUX MALIWH 3 Pi3HOIO NOTYXKHICTIO.

bi6n. 7.

YIK 519.71

Konocos I.B., Monusopa 0.B., Pypakosa I'.B. IneHTudikayia HanpyeHoro CTaHy nio-
AuHu-onepatopa // CuctemHi TexHonorii. PerioHanbHUil MiXBY3iBCbKMI 30ipHUK HAyKOBUX
npaup. - Bunyck 5 (130). - AHinpo, 2020. - C. 15 - 22.

Y paHiin cTatTi aBTOpamMuM NpPOBEAEHO AOCNiAXeHHs 6iodi3MyHMX napameTpiB, fAKi
3MiHIOIOTLCA MifJ YaC BUKOHAHHA Onepawii pi3HOro xapakTepy Ta MOXYTb BUMiptoBaTUCA 3a A0-
nomorot fatyukis. O6IPYHTOBAHO MOXNUBICTb BU3HAYEHHSA PiBHA HANPYXEHOCT CTaHy Niogu-
HW Ta OLiHIOBAHHA CKNAAHOCTI ONepaTUBHOT CUTyaLii HA OCHOBI aHaNi3y AaHuX, Wo QiKCYIOTbCS
3a pe3ynbTaTaMu BUMipiB. [JoBeAeHO, WO BUKOPWUCTAHHA MeTOLYy HaWMEHWWX KBAApaTiB
A03BOJISIE OTPUMYBATU OL[iHKM NapameTpiB Mofeni ANHAMiYHOrO 06'€KTY, Ha OCHOBI AKOT MOXHA
afleKBaTHO 1eHTUdiKyBaTK CTaH NOLMHU-0NEpaTopa.

bi6n. 5, in. 4.

YIK 621.856.8+62-503.5

PeseHko C.B., Toydak E.P. JlebepeHko H0.0. OnTuManbHe KepyBaHHA 6araTtonpuBop-
HOI0 CUCTEMOI0 KapKAaCHOT YCTAaHOBKU NapanenbHOi KOHCTPYKUii // CuctemHi TexHonorii.
PerioHanbHUI MixBY3iBCbKMI 30ipHUK HayKoBMX npaub. - Bunyck 5 (130). - QHinpo, 2020. -
C.23-29.

CraTTa onucye KapKacHy YCTaHOBKY napanenbHOi KOHCTpyKuii. HaeepeHo ¢opmynu
MexaHiKuM Ta pyxy KapKacHOi yCTaHOBKW. 33 AOMOMOro 3aNeXHOCTel BU3HAYEHT NONOXKEHHS
ueHTpy nnatopmu, KyT BigXMNEHHS HOpMM Bif BepTMKanbHoi oci. OnucaHo TaKoX
CNiBBIJHOWEHHA KOOPAMHAT  CTPYKTypu. [lpoaHanizoBaHO PiBHAHHA  AWHAMiKM  Ans
MHOronpiBoAHMX cuUcTeM. 3a [AONOMOroil piBHAHb JlarpaHxa OTpuMMaHa cucTema
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AndepeHLianbHUX PiBHAHD, WO ONUCYIOTb ONTUMAbHE NO BiAXMNEHHIO Bif 3afaHOi TpaekTopii
pyx MaHinynsaTopa.

bi6n. 4,1in. 2.

YOK 621.774.35

Conositosa I.A., HukonaeHko H0.M. MporHo3yBaHHA TOYHOCTI Tpy6 npu GesonpaBou-
HoMYy BOJIOYiHHI // CucTemHi TexHonorii. PerioHanbHUIA MiXBY3iBCbKMI 30ipHUK HAyKOBMX
npaub. - Bunyck 5 (130). - JHinpo, 2020. - C. 30 - 36.

MpoBeaeHo [OCNIAKEHHA TEXHONOTYHNX NapaMeTpiB BUPOOHULTBA TPYO 3 Pi3HMX MapoK
cTaneit npu 6e30nNpaBOYHOMY BONOYiHHI. Bu3HaueHi dakTopy, Wo BNANBAKOTL HA 3MiHY pi3HO-
CTiHHOCTI Tpy6 3a [OMOMOrol KopensuiiHo-perpeciHoro aHanisy Ta nobyaoBaHi perpeciiHi
mogeni. Pe3ynbTat pocnigxeHb BNPOBAAXEeHi B PO3paxXyHKM MAapLpyTiB Ta TEXHONOMYHUX
KapT BUpOOHULTBA 3 METOI NPOrHO3YBaHHA Pi3HOCTIHHOCTI rOTOBUX TPYO NpW BONOYiIHHI Ta 3a-
NPOBA/XEHHIO CKOPOYEHHS BUTPAT MeTasy Ha BUPOOHULTBI.

bi6n. 3, puc. 2

YK 519.65

XomueHko A.H., JinteuHenko 0.I., ActioHeHko I1.0. HectaHaapTHa Mopenb TPUKYTHOIO
cKiHYeHHoro enemeHTa T7 // CuctemHi TexHonorii. PerioHanbHUA MiXBY3iBCbKMiA 36ipHMK
HayKoBUX npaub. - Bunyck 5 (130). - Hinpo, 2020. - C. 37 - 46.

Po3rnsaHyTo TpUKYTHUK T7, AKWIA MAE CiM By3NiB (TpU By3NW y BEpLIMHAX, TPU BY3/IM Ha ce-
penuHax cTopiH i oguH By3on y 6apuueHTpi). MokasaHo, wo T7, sk i ctaHpapTHuit T10, moxe
BWKOHYBATK NOABIAHY PONib: 06UMCNIOBANBHOTO WABMOHA i CKIHYEHHOrO e/IeMeHTa, a NOpYyLUEeH-
HA MiXenemMeHTHOT HenepepBHOCTi (HECYMiCHICTb) Ha rpaHuLi 3 TPUKYTHUM T6 ab0 KBaapaTHUM
Q8 He mae HebaxaHux Hacnigkis. Mogenb T7 ycnilWHO BUTPUMYE KyCKOBe TecTyBaHHA. [pu
UbOMY «ayTa» Mopa T7 BiAKPUBAE MOXIMUBOCTI reHepyBaTH LWNAXOM KOHAeHcauii 6e3niy anb-
TepHaTMBHMX Mogeneii T6.

bi6n. 8, in. 3.

YK 622.028:620.173.24

Bacunves J1.M., Bacunses [.J1., Manuy H.l., Hazapos A.E. MopgenupoBaHue npouecca
paspylieHua UMAUHAPUYECKUX 00pa3suoB ropHbix nopop // CuctemHi TexHonorii.
PerioHanbHUil MixBY3iBCbKMI1 36ipHUK HayKoBMX npaub. - Bunyck 5 (130). - [Hinpo, 2020. -
C. 47 - 58.

B ctatbe pa3paboTaHa maTemaTMyecKkas MOAENb Pa3pyleHnUs LMAUHLUYECKUX 0Opa3LoB
FOPHiX NOPOA NPW HAIMYUN KOHTAKTHOrO TpeHus. [laH MeToA pacyeTa npefesbHOro BepTUKab-
HOrO HanpsXXeHWs B BeplIMHE TPeLMHbl U pacyeTa npefena NPOYHOCTH, B YACTHOM Clyyae Lu-
NIMHLAPUYECKMX 06pa3L0B roOpHbLIX NOPOJ C UCMOIb30BaHMEM Npefena CoONpoTUBAEHUA MaTepua-
Na CABUIY, YrNa BHYTPEHHEro TpeHus n ko3 duumeHTa KOHTAKTHOTO TpeHus. MeToa no3sonset
MCNONb30BaTh 3TW AaHHbIE AN ONEPATUBHOIO YNpaBaeHMs NpoLeccaMm ge3nHTerpayuu.

bn6n.9, un.2.
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YK 004.94
Omutpiesa I.C., lpuwenko [.M. Ornap npo6nemMu nepeBaHTAXKEHHA BYJIUYHO-
AOPOXXHbOT Mepexi Ta MofeNloBaHHA poboTU peakux ii ginAaHok // CuctemHi TexHonorii.
PerioHanbHUI MiXBY3iBCbKWIA 36IpHUK HayKoBMX npaub. - Bunyck 5 (130). - OHinpo, 2020. -
C. 59 - 64.
Po3rnsHyTo 0COGNMBOCTI CKNafoBKUX TPAHCNOPTHOT Mepexi Ta ix 3B'A30K. Y poboTi yBara

npuaineHa imiTayinHoMy MOLENIOBAHHIO BYNIMYHO-TPAHCNOPTHOT Mepexi, Ana peanizauii 4yoro
BuKopucTaHo cepeposuite MATLAB (Simulink i SimEvents). B paHiit poboTi 6yno nposegeHo
imiTauiliHe MofentoBaHHA AiNAHOK aBTOMOOiINbHOT AOPOrU 3 OLHOCTOPOHHIM Ta [BOCTOPOHHIM
pyxoMm, nepexpecTb Tuny T-nepexpects, X-nepexpecTs.

bi6n. 2,1in. 2.

YK 004

CraHumy A.T., CenisbopctoBa T.B..CraHuuy T.H0. ®pakranbHi poCnigKeHHA piuku
AHinpo // CuctemHi TexHonorii. PerioHanbHUit MiXBY3iBCbKMit 30ipHUK HAayKOBMX npalb. - Bu-
nyck 5 (130). - ninpo, 2020. - C. 65 - 70.

BoaHi pecypcu [lHinpa 3 paBHix YaciB BUKOPUCTOBYIOTLCA AN pi3HMx Uinei. Ocobnuso
3pOC/I0 roCnofapcbKe 3HAYEHHS BOLHMX pecypciB [lHinpa, Konu BUMHMKNA 3arpo3a aediunty
BOAHMX PecypciB i 341MCHEHT WMPOKI 3aX04M WOAO iX KOMNNEKCHOr0 BUKOPUCTaHHA. Po3paxy-
HOK 6araTopiuyHOi MiHAWMBOCTI BOJHOCTI PiYKW CTAE BAXK/NMBOIO NIAHKOI B MJaHyBaHHi PO3BUTKY
BUPOGHMYMX cun KpaiHu. Lob Bupiwmtu npobnemy BOAHOCTI B MabyTHbOMY, NoTpibHO Gasy-
BaTMCsA Ha 6AraToBiKOBMX BiOMOCTAX 3@ MUHYAT YacK, TOMY pO3rnsfaEeThbca PpaKTanbHiCTb CTO-
Ky piuKMm.

bi6n. 4, Tabn. 2.

YK 004.021

bynaHa T., Monogeub b. AHani3 icHylouux BapiaHTiB Knacudikayii xBopux Ha cepue-
BO-CYAUHHMMU 3aXBOPIOBAHHAMM 33 [OMNOMOrowd HeMpoHHUMM Mmepexamu // CuctemHi
TexHonorii. PerioHanbHUN MiXBY3iBCbKWIA 30ipHWMK HaykoBMX npaub. - Bunyck 5 (130). -
[IHinpo, 2020. - C. 71 - 78.

Po6oTa npucesyeHa aHanizy iHdopMmayinHWX  TexHonorin  xpoHobionoriyHoro
MOHITOPUHTY KapAiocucTeMm, po3pobui cuctemy MiATPUMKW NPUIAHATTA pilleHb ANA fikaps-
AOCNifHWKA Ha 6a3i meToniB Knacudikayii 3 BUKOPUCTAHHAM HEMPOHHUX Mepex TaKux fK
imoBipHOCTHA HepoHHa mepexa PNN (Probabilistic Neural Networks), 6aratowaposuit nepcen-
TpoH MLP NN (Multi-Layer Perceptron), kackagHo-kopensuiiina mepexa CasCor (Cascade
Correlation). Y pe3ynbTaTi oTpUMaHO HacTynHe: HaNKpawWwmMM Knacudikatopom € Helipomepexa
KackagHoi kopensuii 3 85-88% TouHicTio knacudikauii. Hairipwum knacudikatopom crana
#IMOBIpHiCHa HEMPOHHA MepeXa, OCKINbKM TOYHICTb LbOr0 anropuTMy 3aleXuTb Bif po3Mmipy
Habopy AaHMX.

bi6n. 5.
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YK 004.02
Boek C.M. 3actocyBaHHA (hyHKLiOHaNa KBa3inpoTAXHOCTI B 3aja4yax anpoKcumauii

cnoTBopeHux AaHux // CuctemHi TexHonorii. PerioHanbHuit MiXBY3iBCbKUIA 30T PHUK HAYKOBUX
npaub. - Bunyck 5 (130). - ininpo, 2020. - C. 79 - 87.

JocnipxeHa edekTUBHICTb  3acTocyBaHHA  (YHKLiOHana KBA3inpoOTAXHOCTI  Ans
PO3B'A3aHHA  3afjay  anpoKcMMalii  AaHMX, ONUCYBaHWUX NapaMeTPUYHOID  MOZennto.
MpeacTaBneHi pe3ynbTaTh TEOPETUYHOTO W YWUCENbHOrO aHanisy, fAKi [AEeMOHCTPYIOTH
0Co6NMBOCTI NOBEAIHKM LbOro dyHKUioHana sk LinboBOi (yHKUiT NiHiNHOro i HeniHiNHOro
napameTpiB Mogeni faHuWx ANA Pi3HMX PiBHIB WyMy B MPUMNYLLEHHI, WO napameTpu mopfeni
npuitMatoTb ofHe abo Kinbka 3HayeHb. ChopmynboBaHi pekoMeHpaLii 3 eeKTUBHOrO BUKOPU-
CTaHHA QYHKLIOHANA KBA3iNPOTAXHOCTI ANA PO3B'A3aHHA 3a4ay anpoKcUMauii gaHux.

bi6n. 7,in. 2.

YK 004.9

KawTaH B.}H0., HaTyweHko B.B. BupaneHHA TiHe# HA uMPpoBMX KOCMiYHMX 3HIMKaX Ha
OCHOBi BeMBneT-neperBopeHHA // CuctemHi TexHonorii. PerioHanbHUWA MiXKBY3iBCbKMiA
36ipHMK HayKoBUX npaLb. - Bunyck 5 (130). - AHinpo, 2020. - C. 88 - 101.

Po3rnsHyTo npobnemy igeHTUdikauii Ta KOMneHcauii TiHeit Ha KOCMiYHUX 3HIMKax BUCO-
KOro NpoCTOPOBOro po3pi3HeHHsA. Y pobOTi BUKOPUCTAHO 3HIMKM MiCbKOT TepUTOPii, OTpUMaHi
cynytHukom WorldView-3. HasBHicTb TiHeit Ha 3HIMKax MOXe NMPUBECTU [O BTPAaTU KOPUCHOT
iHdopMmaLii i HaBiTb NOMUNOK B po6OTi aNropuTMiB po3ni3HaBaHHA, BUABNEHHS, BiCTEXEHHS i
knacudikauii 06’ekTiB. 3anponoHOBaHO HOBWUI aNrOpUTM aBTOMATUYHOrO BUSABNEHHS Ta yCy-
HEHHA TiHeW UMPPOBMUX KOCMIYHMX 3HIMKIB, WO [AO03BONAE BiJHOBUTU OCBITNEHICTb Ta
NiABULLNTM AKICTb LKMX 3HIMKIB. [INf LbOro BUKOPUCTAHO nepexia [0 KonbopoBoi MeTpuku HSVY,
Be/BNeT-NepeTBOPEHHA Ta KOHTYPHY cermeHTauito. NOpiBHAHHA KiNbKiCHUX MOKAa3HMKIB, a Ta-
KOX Bi3yanbHi pe3ynbTaTi MoKasanu nepesary BUKOPUCTAHHA 3anpOMNOHOBAHOIO anropuTmy.
Pe3ynbTatn poboTM MOXKyTb OYTW BUKOPUCTAHi Npu nopanbluiomy po3ni3HaBaHHi 06’eKTiB Ta
TeMaTUYHiil 06pOoOLT KOCMiYHMX 3HIMKIB.

bi6n. 15.

YK 669.1:004.942:[532.54+519.63+66.069.84]

KpacHukos K.C. MaremaTuyeckoe mMopenupoBaHMe BaKYyMHOM Aerasauuu Ctanau B
KOBWWE C aproHHoM npopyBkon // CuctemHi TexHonorii. PerioHanbHWN MiXBY3iBCbKUIA
36ipHUK HayKoBMX npaub. - Bunyck 5 (130). - Axinpo, 2020. - C. 102 - 110.

B cTaTbe npepctaBneHa matematMyeckas MOAeNb HECTALMOHAPHOro mpolecca feas3oTa-
UMM W LernpporeHnsauum pacniasa CTaau B BaKyymMaTope KaMepHOro TUNa C aproHHON npo-
AyBKOW. [lerazauma ctanu npu noMmoLwm Bakyyma — pacnpocTpaHeHHas cpefu MeTanaypruye-
CKUX NpeanpuaTUi TEXHONOTUSA, KOTOPAs [AET BO3MOXHOCTb AOCTUTaTb HEOOBIYHO HU3KNE KOH-
LEeHTpaLMUM BOAOPOAA M a30Ta B METANNIMYECKOM pacnnase, YTo HEOOXOAMMO AN NOBbIWEHUS
KauecTBa CTa/bHbIX U3genunii. llpoBefeHne BbIYUCAUTENbHBIX OMBITOB HA NPEANOXKEHHON MaTe-
MaTMYECKON MOJENN YyMEeHbLAEeT 3aTpaTbl BPEMEHHbIX U (DUHAHCOBbLIX PECYpCcOB, NO3TOMY No-
CTPOEHUEe MOAeNnu ABNAeTCA aKTyanbHOW 3ajadeit. [IporpaMMHOe NpUNOXEHWEe NMO3BOAUT Oue-

HUTb BINAHUE MHTEHCUBHOCTU apFOHHOVI npoayBKKW, a TaKxe I'J'Iy6MHbI pacnniaBa, Ha CTeNEHb €ro
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Aerasaumm, 4To MoXeT ObITb UCNONb30BAHO NPU BHELPEHWUMU TEXHONOTMYECKUX PEKOMEH AL B
NPOWU3BOACTBO CTaNU.

bi6n. 10, in. 1.

YK 004.021+004.43

Xuxapesa f.C., Cugak B.M., Kucenesa T.A., dy6unckuit A.l. Bbl6op nporpammHoro
obecneyeHns ANA NPaKTMKYMa Mo COCTaBJieHWIO anroputmoB // CuctemHi TexHonorii.
PerioHanbHUI MixBY3iBCbKMI 30ipHUK HayKoBUX npaub. - Bunyck 5 (130). - QHinpo, 2020. -
C.111-121.

CTyAeHTbI-MeLMKN AOMKHBI MOHMMATL KOHUENUUio anroputmos. Ham Heobxogumo npo-
rpamMmMHoe obecneyeHune Ans BU3YasbHOTO NpeAcTaBAeHUs MegULUHCKUX anropuTMOB AMATHO-
CTUKM U nevyeHua. Mbl ucnonb3yem ynpoLleHHy Bepcuio ctaporo ctaHaapta IS0 5807: 1985.
Mo 3apaHHbIM TpeboBaHMAM Mbl BbiOpanu nporpammy «yEd Graph Editory, no Takum npuymnam:
NpOCTOTa B OCBOEHWUU U UCMONb30BAHUM, €CTb BCE BNIOKM AMArpaMM, MOXKHO COXPaHATb U 3KC-
NOpTUPOBATb pe3ynbTaTbl, pacNpoCTpaHseTca Kak freeware. Mbl npumeHseM 3T0 NporpammHoe
obecneyeHune Ba NpoLWbIX y4eOHbIX Fofa, U MOXEM PEKOMEeHA0BATb MCMONb30BATL €ro, Koraa
BpeMS AN NPAKTUYECKNUX 3aHATUI OrpaHMYeHo.

bubn. 16.

YOK 66.083: 621.74.04:621.746.6:004.942

CenisbopctoB B.H)., CenisbopctoBa T.B. MepcneKTMBU BUKOPUCTAHHA KOMMJIEKCHUX
TEXHONOrin ra3’oAuMHamiyHoro BMAMBY Ha po3nnaB B nuBapHin dopmi // Cuctemni
TexHonorii. PerioHanbHWI MiXBY3iBCbKWIA 30ipHMK HaykoBMx mpaub. - Bunyck 5 (130). -
OHinpo, 2020. - C. 122 - 143.

MpeacTaBneHUn aHani3 HayKkoBO-TeXHIYHOT THdOpMaLii WOAO BMKOPUCTAHHA NpoLecis
no3aniyHoi 06pOOKM ANs MiABUWEHHSA AKOCTI nuToro metany. lokasaHa nMepcnekTUBHICTb 3a-
CTOCYBaHHA BKa3aHWX BNAUBiB Ans 06pobku po3nnaBy 6Ge3nocepeaHbO B NMBApHii dopmi
(BunuBHMUi). Bu3HayeHa MoxNMBicTb peanisauii npouecy KOMNAEKCHOrO BHYTPiWHbOO-
PMEHHOr0 ra3ofMHaMiYHOTO BMAMBY Ha pO3NJaB KPYMHUX BWIMBKIB Ta 3/UTKIB, AKWUN
CKNafa€eTbCA 3 NOCNIJOBHUX OnepaLiin NpoAyBKM THEPTHUMM razamu yepe3 cUOHHY TIMBHUKOBY
cucTeMy, BaKyyMyBaHHA Ta HAaCTYMHOrO ra3ofuHaMiYHOro TUCKY B NpoLeci 3aTBepAiHHA 3a fo-
NOMOroK BiAMOBIAHMX NpUCTPOiB. Bu3HauyeHi KOHKpPeTHI BapiaHTM iX KOHCTPYKUiT Ta
TEXHO/I0rYHi 0c06nnBOCTI poboTH. [OKa3aHo, WO BiAMiHHOK PUCOI0 TEXHONOTIT € Te, WO NpoTA-
roOM yCbOro npouecy Bifi NoYaTKy TBEPAIHHA HA PifKWIA MeTan 34iACHIOETLCA BNMB 33 PaxXyHOK
CTBOPEHHS Pery/sb0BaHOro ra3oBOro TUCKY B repMETM30BaHil CMCTEMi BUNMBOK-NPUCTPOT Ans
BBeJEHHSA rasy. 3anponoHOBaHi NPUCTPOi, WO € KOHCTPYKTUBHO NPOCTUMU Ta MOXYTb OyTW 3
NErKicTio BOYAOBAHWMM Y BXe Ait0YMA TEXHOMOriYHMii mpouec 6e3 HeobXifHOCTI 3HAYHMX
KaniTanbHUX BWTpaT. 3a3HayeHa HeOoOXifHICTb noAanbliMX [OCNIMKEHb ANA  PO3POOKM
3aranbHOT METOAWKM BM3HAYEHHA PEeXUMiB TPUBANOCTI NPOAYBKM Ta PaLiOHaNbHUX PEXMMIB
BHYTPilWHbO(OPMEHHOr0 BaKyyMyBaHHA PO3NaBy.

bi6n. 21.
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UDC 681.518

Diachenko G.G., Aziukovskyi 0.0. A continuous energy-efficiency optimization con-
troller for field-orientation induction motor drives // System technologies. N 5(130) - Dni-
pro, 2020.- P.3 - 14.

Abstract. The current paper discusses the adaptive choice of a filter time constant for
filtering the steady-state flux reference in the energy-efficient control problem of field-
orientation induction machines in transient behavior when load and speed conditions are
changing taking into account the effect of the main induction saturation. It is shown that by
appropriately managing the flux linkage rate of change the energy losses per full operation
cycle under torque changes can be significantly reduced compared to the conventional cases.
The analysis for the appropriate choice of the filter time constant as a fraction of the rotor
time constant is based on a numerical study and simulation results for three different induc-
tion machines with different rated powers.

Ref. 7.

ubC519.71

Kolosov I.V., Polyvoda 0.V., Rudakova H.V. Identification of the human operator
stress conditions // System technologies. N 5(130) - Dnipro, 2020.- P.15 - 22.

In this article, the authors conducted a study of biophysical parameters that change
during the execution of different operations and can be measured using sensors. The possibil-
ity of determining the of a human’s stress conditions level and assessing the complexity of
the operational situation based on the analysis of data that are recorded according to the
measurement results is substantiated. It is proved that the use of the least squares method
allows to obtain estimates of the parameters of a dynamic object model, based on which it is
possible to adequately identify the condition of a human operator.

Bibl. 5, ill. 4.

UDC 621.856.8+62-503.5

Revenko S.V., Tchoufack E.R., Lebedenko Yu.A. Optimal control of the multi-drive sys-
tem framework installation of parallel construction // System technologies. N 5(130) -
Dnipro, 2020.- P.23 - 29.

This article describes the frame installation of parallel construction. Formulas for me-
chanics and movement of this device are given. By means of dependencies the positions of
the center of the platform are determined, the angle of deviation of the normal from the ver-
tical axis. Relations of the coordinates of the structure were also described. The equations of
dynamics for multi-drive systems are analyzed. Using the Lagrange equations, a system of dif-
ferential equations is obtained that describe the optimal movement of the manipulator in de-

viation from a given trajectory.

Bibl. 4, fig. 2.

UDK 621.774.35

Solovyova I., Nykolayenko Yu. Predicting the accuracy of pipes at sinking // System
technologies. N 5(130) - Dnipro, 2020.- P.30 - 36.
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Technological parameters of production of pipes from different grades at sinking. The
factors that influence the variation of the pipe diversity by correlation-regression analysis are
determined and regression models are constructed. The results of the researches are incorpo-
rated into the calculations of routes and technological maps of production in order to predict
the difference of finished pipes during drawing and to introduce a reduction of metal costs in
production.

Bibl. 3,il. 2.

UDC519.65

Khomchenko A.N., Litvinenko, 0.I., Astionenko I.0. Non-Standard Model of Triangular
Finite Element T7 // System technologies. N 5(130) - Dnipro, 2020.- P.37 - 46.

The paper considers the triangle T7, which has seven nodes (three nodes in the points,
three nodes in the middle of the sides and one node in the barycenter). It is shown that T7, as
well as standard T10 can fulfill a dual role: both of a computational pattern and a finite ele-
ment. Violation of inter-element continuity (incompatibility) at the boundary with triangular
T6 or square Q8 has no undesirable effects. T7 model successfully withstands lump testing.
Upon that the "blown" mode of T7 opens the possibility to generate by condensation many
alternative models of T6 with different integral characteristics.

Bibl.8, illustr. 5.

UDC 622.028: 620.173.24

Vasilyev L.M., Vasilyev D.L., Malich M.G., Nazarov A.E. Simulation of the process of de-
struction of cylindrical rock samples // System technologies. N 5(130) - Dnipro, 2020.-
P.47 - 58.

The mathematical model of the destruction of cylindrical rock samples in the presence
of contact friction is developed.

The method of calculation of the maximum vertical stress in the crack tip and the calcu-
lation of the tensile strength, in the particular case of cylindrical samples of rocks using the
limit of resistance of the shear material, the angle of internal friction and the coefficient of
contact friction. The method allows to use this data for operational management of disinte-
gration processes.

Bible 9, Figure 2.

UDC 004.94

Dmytriieva I.S., Hryshchenko D.M. Overview of the problem of overloading the street
transport network and modeling the operation of some of its sections // System tech-
nologies. N 5(130) - Dnipro, 2020.- P.59 — 64.

The features of the components of the transport network and their connection are con-
sidered. Attention is paid to the simulation of the street transport network, for the implemen-
tation of which the MATLAB environment (Simulink and SimEvents) was used. In this paper,
we simulated sections of a motorway with one-way and two-way traffic, intersections of the
type T-intersection, X-intersection.

Bible 2, ill. 2.
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UDC 004
Stanchyts A.G., Seliverstova T.V., Stanchyts G.Yu. Fractal studies of the Dnieper River
// System technologies. N 5(130) - Dnipro, 2020.- P.65 - 70.
Since ancient times, the Dnieper water resources have been used for various purposes.

The economic importance of the Dnieper water resources has especially grown, when there
was a threat of a shortage of water resources and the implementation of broad measures for
their integrated use. The calculation of the long-term variability of river water content be-
comes an important link in planning the development of the country's productive forces. To
solve the problem of water availability in the future, it is necessary to be based on centuries-
old information from past times, therefore, the fractality of the river flow is considered.

Ref. 4, tab. 2.

UDC 004.021

Molodets B., Bulanaya T. Analysis of existing options for the classification of pa-
tients with cardiovascular disease using neural networks // System technologies. N 5(130)
- Dnipro, 2020.- P.71 - 78.

The work is devoted to the analysis of information technologies of chronobiological
monitoring of cardiac systems, development of decision support system for physician-
researcher based on classification methods using neural networks such as PNN (Probabilistic
Neural Networks), multilayer perceptron and CasCor (Cascade Correlation).

The training sample was 80% of the total number of patients (278 training pairs), and
the test sample was 20% (65 training pairs). The presented data sample is highly representa-
tive, considering the number of patients: dataset includes 343 patients with cardiovascular
complications (class 1 - 142, class 2 - 207). The age range of patients in the sample is 50-60
years old.

The result is the following: the best classifier is the neural network of cascade correla-
tion with 85-88% classification accuracy. The worst classifier was the probabilistic neural
network, since the accuracy of this algorithm depends on the size of the data set.

Ref. 5.

UDC 004.02

Vovk S.M. Using of functional of the quasi-extent in the problems of approximation
of distorted data // System technologies. N 5(130) - Dnipro, 2020.- P.79 - 87.

The efficiency of using the quasi-extent functional for the solving of the approximation
problems of data described by a parametric model is investigated. The results of theoretical
and numerical analysis are presented, which demonstrate the behavior of this functional as an
objective function of the linear and nonlinear parameters of data model for different noise
levels under the assumption that the model parameters take one or more values. Recommen-
dations are formulated for the effective use of the quasi-extent functional for the solving of
data approximation problems.

Bibl. 7, fig. 2.
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UDC 004.9
Kashtan V., Hnatushenko V. Shadow removal on digital satellite images using wavelet
transforms // System technologies. N 5(130) - Dnipro, 2020.- P.88 - 101.
Shadow detection and removal in real scene images is always a challenging but yet in-
triguing problem. Shadows cause hindrance to correct feature extraction of image features
like buildings ,towers etc. in urban areas it may also cause false color tone and shape distor-

tion of objects, which degrades the quality of images. Hence, it is important to segment
shadow regions and restore their information for image interpretation. Shadows are gener-
ated by a local and relative absence of light. Shadows are, first of all, a local decrease in the
amount of light that reaches a surface. Secondly, they are a local change in the amount of
light rejected by a surface toward the observer. Most shadow detection and segmentation
methods are based on image analysis. This paper presents a novel algoritm for automatic
shadow detection and removing shadows using HSV color model, contour segmentation and
wavelet transform based on a threshold determined by wavelet coefficients in complex urban
color remote sensing images for solving problems caused by shadows. In the proposed algo-
ritm shadows are detected using S and V components which is invariant to shadow i.e., it con-
veys the spectral and color characteristics of image features, regardless of variations in scene
illumination condition and means of wavelet coefficients. The multi-resolution property of
the wavelet transform leads into four different bands without the loss of spatial information.
Once the shadows are detected they are classified and a non shadow area around each shadow
termed as buffer area is estimated using contour segmentation. Experiments show that the
new algoritm can accurately detect shadows from urban high-resolution remote sensing im-
ages and can effectively restore shadows with a rate of over 85%. The proposed algoritm can
be used for further object recognition and thematic processing of scanner images.

Bibl. 15.

UDC 669.1:004.942:[532.54+519.63+66.069.84]

Krasnikov K.S. Mathematical modelling vacuum degassing of steel in argon-stirred
ladle // System technologies. N 5(130) - Dnipro, 2020.- P.102 - 110.

The article presents a mathematical model of the unsteady process of denitrogenation
and dehydrogenation of a steel melt in a chamber type vacuum with argon stirring. Vacuum
degassing of steel is a widespread among metallurgical plants technology that makes it possi-
ble to achieve an unusually low level of hydrogen and nitrogen in a metal melt, which is a
necessary condition for improving the quality of steel products. Computational experiments
based on the proposed mathematical model require lesser time and financial resources, that's
why the model construction is actual task. The software application will allow scientists to
assess the impact of argon-stirring intensity, as well as the depth of the melt, on degree of its
degassing. That can be used when implementing technological recommendations in steel
production.

Ref. 10, fig. 1.
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UDC 004.021+004.43

Zhikhareva Ya.S., Sidak V.M., Kysilova T.0., Dubinsky A.G. The software choice for a
practice about algorithms flowcharts making // System technologies. N 5(130) - Dnipro,
2020.- P.111 - 121.

Medical students mast understand the concept of algorithm. So we need software for
making visual representations of medical algorithms of diagnosis and treatments. We use the
simplified version of old standard ISO 5807:1985. By the set of requirements, we select “yEd
Graph Editor” software because its implements our requirements: easy to learn and use, have
all of diagram shapes, can save and export results, and it is freeware. We used this software
over the last two years and we can recommend to use "yEd Graph Editor" in the case of limited
time for practical classes.

Refs. 16.

UDC 66.083: 621.74.04:621.746.6:004.942

Selivyorstov V., Selivyorstova T. Prospects for the use of integrated technologies of
gas-dynamic impact on the melt in the mold // System technologies. N 5(130) - Dnipro,
2020.- P.122 - 143.

Trends in expanding the range of steel ingots, instability and crushing of orders at ex-
isting foundries that do not have additional specialized equipment, high capital costs for
global technical re-equipment, necessitate the search for new technological ways to obtain
quality products. Therefore, more and more attention of scientists and practitioners is attract-
ing questions related to improving existing and developing new processes to improve the
quality of cast metal, reduce the cost of producing products, and increase the degree of envi-
ronmental friendliness of production in general. One of such recognized ways to improve the
quality of cast billets is the use of external physical effects on the liquid metal, and the metal
that crystallizes directly in the mold (mold).

The paper presents an analysis of scientific and technical information on the use of out-
of-furnace processing processes and the use of gas pressure to improve the quality of cast
metal of large castings or ingots. The prospects of using these effects for processing the melt
directly in the mold (mold) is shown. The possibility of implementing a process of complex in-
situ gas-dynamic impact on the melt of large castings and ingots, which consists of sequential
inert gas blowing through a siphon sprue system, evacuation and subsequent gas-dynamic
pressure in the solidification process using the appropriate devices. Specific options for their
design and technological features of the work are determined.

A distinctive feature of the technology is that during the entire process from the onset
of solidification, the metal is affected by the creation of an adjustable gas pressure in a sealed
casting-gas injection system. The proposed device is structurally simple and can be easily in-
tegrated into an existing process without the need for significant capital costs.

The need for further research to develop a common methodology for determining the
duration of the purge, and rational modes of intra-molten melt evacuation of the sealed cast-
ing system - a device for gas-dynamic effects.

Refs.21.
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