Applied Aspects of Information Technology 2019; Vol.2 No.2: 115-126

DOI:https://doi.org/10.15276/aait.02.2019.3
UDC 517.9

AN APPROACH TO THE CONSTRUCTION OF A NONLINEAR DYNAMIC MODEL
PROCESS CUTTING FOR DIAGNOSIS CONDITION OF TOOLS

Oleksandr A. Fomin®

ORCID: https://orcid.org/ 0000-0001-5199-8913, fomin@opu.ua

Vitaliy D. Pavlenko®

ORCID: https://orcid.org/0000-0002-5655-4171, pavlenko.vitalij@mail.ru

Oleksandr G. Derevyanchenko?

ORCID: https://orcid.org/ 0000-0002-4679-3339, algdrv@opu.ua

Vladimir A. Vodichev?

ORCID: https://orcid.org/0000-0002-7204-1149, vva@eei.opu.ua

Oleksandr D. Ruban®

ORCID: https://orcid.org/0000-0001-5199-8913 westsoldierru—ban@gmail.com

1 Odessa National Polytechnic University, 1, Shevchenko Avenue, Odesa, 65044, Ukraine

ABSTRACT

The features of the use of the theory of integral series in applied problems of identification of nonlinear dynamic systems in the
field of diagnosing the state of cutting tools are considered. The prospects for developing a method for estimating the states of cutting
tools based on indirect measurements using integral non-parametric dynamic models based on experimental input-output data using
test pulse effects on the cutting system are substantiated. This approach allows increasing the efficiency of diagnosis by reducing the
amount of calculations, as well as, the reliability of the diagnosis by simultaneously taking into account the nonlinear and inertial
properties of the system in integrated non-parametric dynamic models. In addition, the models in question are capable of describing
faults caused by both changes in the system parameters and its structure, as well as can be used in test and functional diagnostics. A
method has been developed for building information models of cutting tool states based on indirect measurements using test pulse
effects on a cutting system in the form of loads with impacts and recording system responses, on the basis of which information
models are built in the form of multidimensional transition functions. A block diagram of the organization of the experiment “input-
output” in the framework of the problem of diagnosing the state of the tool under the conditions of pulse effects on the cutting system
to obtain the primary diagnostic information is proposed. The methods of forming test pulse loads of the cutting system by successive
insertion of the cutting tool into the work piece with different cutting depths, with variable feed and with variable cutting duration are
considered. The computational experiment demonstrates the advantages of information models in the form of multidimensional tran-
sition functions for modeling nonlinear dynamic systems in problems of diagnosing the states of cutting tools. It has been established
that multidimensional second-order transition functions can be used as an effective source of primary data in the construction of au-
tomated technical diagnostics systems.
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INTRODUCTION

Production systems of the CIM (Computer In-
tegrated Manufacturing) level, the corresponding
methods and technologies are finding more and
more widespread use in modern machine-building
[1]. With the increasing complexity of modern
means of production and the conditions of their ex-
ploitation to the quality of the cutting tool (CT) used
in flexible manufacturing modules.

Therefore, there is an obvious need to develop
new methods and systems for monitoring and diag-
nosing CT states [2].

The processing of a sequence of images of wear
zones of tools coming from the system of technical
vision, requires a very significant expenditure of
time and computational resources on preliminary
data processing to increase their quality, contours
and textures selection of wearing zones. On the basis
of the processed images, information models are
formed and classifiers are built.

The time factor for constructing models for di-
agnostic tasks is essentially weighing, since the pro-
cessing speed on metal-cutting machines is constant-

To ensure the high quality of production pro-
cesses in modern metal-cutting machines, the meth-
od of direct monitoring of the condition of the cut-
ting tool wearing using vision systems is used [2-4].
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ly increasing.

At the same time, the intensity of wearing pro-
Ccesses is increases.

Therefore, a significant investment of time for
data processing and diagnosis can lead to a delay in
decision making.
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To increase the efficiency of diagnostics, meth-
ods are used that develop the approach of direct con-
trol of the states of CT, for example, reduction of
feature space [5-9]. At the same time, operations of
processing visual data remain the slowest link in
automated technical diagnostics systems (ASTD)
with direct control of the sequence of images of CT.
Therefore, methods of indirect control and diagnos-
tics of the state of tools become more promising.

FORMULATION OF THE PROBLEM

In modern technological processes, machining
operations take place, the specificity of which leads
to the appearance of periodic “shock” loads on the
cutting part of the CT. An example would be the
operation of the so-called “shock” turning [10], dur-
ing which the front surface of the cutting part of the
cutter periodically perceives the “shock’ load.

The specific conditions of using CT, periodic
dynamic loads determine a number of features of the
wear of such tools. There is the appearance of de-
fects such as microcracks and microscopes on the
cutting edges.

To date, there are no adequate models of the
cutting process that take into account nonlinear dy-
namics. Therefore, there is a need to develop meth-
ods for the identification of non-linear cutting sys-
tems with dynamic “shock” loads for subsequent use
in technical diagnostics systems.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Today, in flexible manufacturing modules,
three groups of control methods are used: direct,
indirect, and combined [2; 3].

From the literature on technical diagnostics
such diagnostic methods as functional, test and
combined are known [2; 3].

When implementing direct methods of control
and test diagnostics, the object of analysis is directly
the cutting part (CP) of the instrument. Measure-
ments, as a rule, are made during the interruption of
machining in a special control position of the ma-
chine or in an instrumental store of flexible manu-
facturing modules.

Touch sensors are used that periodically deter-
mine the spatial position of top of worn tool or a
system of technical vision, providing periodic re-
cording of images of wear zones with an estimate of
their change over time [2-3], [4], [11].

Known indirect methods of control and diag-
nostics of CT [2; 12-13], [14,15], [16-17], [18-19],
[20], based on measurements of torque, cutting pow-
er, components of cutting forces, acoustic emission,
dimensions and roughness of the machined surface
of the part and etc.

Applied to the CT, functional diagnostics is car-
ried out in the process of machining, when the tool
experiences only working influences in the cutting
system. The corresponding signals are recorded by
indirect control methods. Test diagnostics of CT
states provides for the formation of test effects on
the instrument.

Combined diagnosis of CT is concluded in the
application of both working and test influences on
the instrument. Its advantage is the use of heteroge-
neous signs, which provides a comprehensive as-
sessment of the state of the CT.

In flexible manufacturing modules, very high
cutting speeds are used [13; 14; 18], which leads to
an increase in the wear of the CT and a reduction in
their working life. Accordingly, there is a need to
reduce the time spent on the processes of monitoring
and diagnosing CT, otherwise the corresponding
control actions on the technological system will be
carried out with a delay. For example, with all the
advantages and high accuracy of recording the size
and shape of CT wear zones using technical vision
systems [2-4], registration, processing and recogni-
tion of corresponding digital images is associated
with significant time costs.

The research conducted by the authors showed
that a very promising method of indirect control (re-
spectively, functional and test diagnostics) of tools
under roughing and semi-finishing machining is the
method of estimating the response of the cutting sys-
tem to periodic “shock” loads of CT [2].

The aim of the work is to build a non-linear
dynamic model of the cutting process, obtained on
the basis of input-output experiment data using test
impulses on the cutting system.

To achieve the goal identified the following
tasks.

1. Analysis of the problem of constructing non-
linear continuous dynamic models of CT in the sys-
tems of technical diagnostics and the substantiation
of information models for the primary description of
objects of various natures based on multidimension-
al transition functions (MTF).

2. Development of a method for identifying CT
states on the basis of indirect measurements by using
test pulse effects on the cutting system in the form of
loads with “shocks” and recording system responses,

116 Applied information technologies
in energy engineering and automation

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)



Applied Aspects of Information Technology

2019; Vol.2 No.2: 115-126

on the basis of which information models are built in
the MTF as a diagnostic source information. Such a
method, in contrast to the existing ones, makes it
possible to simultaneously take into account the non-
linear and inertial properties of the CT, to increase
the efficiency of building information models and
the accuracy of diagnosis using the obtained models.

The object of research is the process of identi-
fying continuous dynamic systems.

The subject of research is the methods of identi-
fication of nonlinear dynamic cutting systems under
pulsed loads.

RESEARCH METHODS

Theoretical studies are based on the theory of
nonparametric identification, modeling of nonlinear
dynamic systems, and functional analysis for build-
ing information models based on the MTF.

To filter out the noise of the measured signal,
elements of the theory of wavelet transforms are
used.

To solve applied problems of modeling, ele-
ments of the theory of computational experiments
are used.

Experimental studies were carried out on a uni-
versal milling machine tool mod. 675P. Samples
were processed (specify dimensions) of gray cast
iron with end mill tools. To simulate the step loading
of the cutting system, i.e. the formation of pulsed
impacts on it was carried out short-time incisions of
the CT into the work piece and the registration of
responses of the cutting system to these impacts.

DEVELOPMENT OF A
MATHEMATICAL MODEL BASED ON
INTEGRATE SERIES

Conversion of input vector X=(X1, X2,..., Xy) into
the output vector Y=(y1,y2,...,y.) at any time t i.e. A
mathematical model of a nonlinear dynamic object
can be represented in general form using the opera-
tor A(t)

Y(O=AM[X(D)], @)

where:
teQ, t1eQ:; Q= [to,f] € Q= [to, T],

to, T — respectively, the initial and final moments of
the interval of observation of the object.

The dynamic object operator can be specified in
various forms. Often, the object operator is defined
as a system of differential equations expressing in an
implicit form the relationship between the input and

output variables of the object. Another and, in most
cases, the most convenient form of describing the
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dynamic properties of an object is the represen-
tation of the relation between its input and output
signals in an explicit form, when the solution of dif-
ferential equations is not required. This representa-
tion, which takes into account the nonlinear and dy-
namic properties of an object, is a description based
on the expansion of the operator A(t) into an inte-
gral series [21-24].

dynamic properties of an object is the represen-
tation of the relation between its input and output
signals in an explicit form, when the solution of dif-
ferential equations is not required. This representa-
tion, which takes into account the nonlinear and dy-
namic properties of an object, is a description based
on the expansion of the operator A(t) into an inte-
gral series [21-24].

For a wide class of nonlinear dynamical sys-
tems, the dependence between the action of X(t) and
the reaction Y(t) in explicit form can be represented
by a functional power (integral) series by Volterra
[25-30].

The input — output ratio for continuous non-
linear dynamic systems with an unknown structure
(black box type) with one input and one output can
be represented as the next Volterra series:

v(fl=wq +! wi (1) x(t—1)dt +
tt
+ ! J wa (11, 12)x(t-1 )x(r-T2)drydry +

O a {2)

+!!Jug(q,rg,r;:}x[:—n) X

X x(Ft)x(r—t3)dudndnt..=
=wo(f)+ ) »,(2).

=

where: x(t) and y(t) — respectively, the input and

output signals of the system; Wn (tyo--T0) —mul-
tidimensional weight function of the n-th order (n =
1,2,3, ...), symmetric with respect to real variables
n,..., 7 function; wo(t) — free member of the series,
with zero initial conditions wp (1)=0; t — current
time.

The series (2) with zero initial conditions can be
written in abbreviated form:

y(0= ) valx@) =
n=1

= . r . "
_ Z f o fway r_“_}l_[x{r— r,)dr,
n=1" 0~

r=1

)

where: yn [X(1)] = ya(t) — n-th partial component of
the response system.

DEVELOPMENT OF METHODS FOR
CONSTRUCTING NONLINEAR DYNAMIC
MODELS BASED ON INTEGER SERIES
BASED ON INPUT-OUTPUT

MEASUREMENTS

Building a model (identification) of a dynamic
object from experimental data — determining the pa-
rameters and structure of the mathematical model
that provide the best match for the output coordi-
nates of the model and the object for the same input
effects.

A practical way to check the degree of efficien-
cy of building a mathematical model is to compare
and numerically evaluate the reactions of a real ob-
ject and a model obtained by feeding their inputs of
the same signal.

In solving the problem of identification, identi-
fication criteria play an important role. In most cas-
es, the criterion of the minimum root-mean-square
error is used.

[ &
1 - .
£= |- Z(u} —w)e, 4
LT.e

=1

where: k — the number of reports on the observation
time interval; w; — reference values of multidimen-

sional weight function; W, _ evaluation values of
the multidimensional weight function obtained as a
result of processing experimental data (system re-
sponses) at discrete points in time t.

Thus, the main task is to restore the dynamic
characteristics of the system based on measurements
of the responses of the system to specially selected
test signals.

Building a model of a nonlinear dynamic sys-
tem in the form of a MTF consists in choosing the
type of test actions x(t)and developing an algorithm
that would allow for measured responses y(t) allo-

cate partial components Yn[X()] and determine
based on their multidimensional weight functions
Wn(TjL,...,Tn), n=1,2,...
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USING STEP TEST SIGNALS

If the test signal x(t) is the single function & (t)
(Heaviside step function), then the solution of (2) is
the first-order transition function and the diagonal

sections of the n-th  order h,(,....t)
(n=2,N),

To determine the subdiagonal cross sections of
transition functions of the n-th order (n>2) of non-
linear dynamic systems, it is tested using n test step
signals with given amplitudes and different intervals
between signals. With the appropriate processing of
the responses, we obtain the subdiagonal cross sec-
tions of n — dimensional transition functions
hn (t - 71,..., t - ), which represent the n — dimen-
sional integrals of the n-th order kernels
Wh (1,..., Tn)

hy (t-1,,..,t-T, )=

_,‘D wy, (t=1, A Ty —A, JdA; dhy,. (5)

van t
1’ !
=0

Definition of cross sections of n — dimensional
transition functions for nonlinear dynamic systems

with one input and one output in the case when test

actions are the sum of k (k=1, 2,..., n) step signals
i=1,2, ..., k), with a time shift t on =, ..., =, for
nonlinear dynamic systems with one input and one
output, the estimate of the nth order transition char-
acteristic is performed according to expression [31]:

h, (t—rl,..ut—rn ):
1

nl!lau Z (_1)|J+H:1 ET'I;.:Lr (tJﬁTl,..-Jarl,_);

ET:|_' ' '5_._F_=D

(6)

where: ¥n (8.8 ) _ estimation of the n-th
partial component of the response the diagnostic
object at the time t, obtained as a result of processing
the experimental data, under the action of a multi-
step signal at its input with amplitude a; and if

3, =

|
x(r) |
) e e = S el G
| 2 | -
|

(i=1,2, ..., n), then the test action contains a stepped

signal with a shift by z, otherwise, with 9, =0_ it
does not contain it.

DEVELOPMENT OF A METHOD FOR
CONSTRUCTING A NONLINEAR DYNAMIC
MODEL OF THE CUTTING PROCESS USING

STEPPED TEST SIGNALS

The method of constructing models of states of
radiation sources on the basis of indirect measure-
ments by using multi-stage test signals on the cutting
system is implemented in the following sequence:

Step 1. Formation of periodic stucco effects on
the cutting system xx = ka0 (t), wherek =1, 2,..., n'is
the number of stages with an amplitude multiple of
a. The need for multiple step load on the cutting sys-
tem due to its non-linearity. The formation of stepped
exposures X is realized in the form of a series of CT
inserts into the workpiece (within the allowance to be
removed at this technological transition).

Step 2. Registration of the response of the cut-
ting system yi(t) to stepwise impacts Xx.

Step 3. Building the information model h(t) in
the form of MTF by expression (6) based on the re-
ceived responses Y (t).

A block diagram of the organization of the
“input-output” experiment with step loads (steps 1
and 2) for obtaining primary diagnostic information
is presented in Fig. 1.

Experimental implementation of the method of
indirect control of the states of the CT by means of
stepwise influences on the cutting system was carried
out on a universal milling machine mod. 675P. A
control signal with different amplitudes of the cutting
depth s = ka6 (t), specified by the diagnostic signal
generator, is used as an input step signal. As a result
of the action of the stepped control signal in the work
piece 1, the cutter 2 is cut out in the work piece 1, and
the tool grooves are machined. View of the pro-
cessing zone of the work piece is shown in Fig. 2.

./‘L,(f)l

Fig. 1. Block diagram of the organization of the “input-output” experiment within the framework
of the task of diagnosing the cutting process with periodic shock loads:

1 -blank; 2 — CT (cutter); 3 — cutter holder; 4 — indirect control sensor
Source: compiled by the authors
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i

Fig. 2. View of the processing zone of the work
piece with a stepped control signal
Source: compiled by the authors

The response of the cutting system is recorded
by the measuring device (control sensor) SC and
stored in the database (DB). Signals fo (t) and fs (t) are
added to the response of the system - interference
from the cutting process and the sensor, respectively.

The formation of the test pulse (GDS) loading
of the cutting system can be realized by sequential
plunging (loading — unloading CP) of the CT into
the workpiece with depths of cutting sz, s2 (S1 < sz,
where s is the cutting depth due to allowance, timed
on this technological transition). The cutting speed V,
feed S, cutting time T are constant. The variable is the
active length of the cutting edge of the diagnosed CT.

A series of cuts with a variable feed can be pro-
posed as the second loading scheme of a CT, a series
of cuts with a variable duration can be used as the
third scheme.

This paper discusses the operation of face mill-
ing. With tool wear, the cutting forces and, accord-
ingly, the amplitudes of the system responses
change, which can be used to estimate the residual
life of the mill.

Indirect control sensor 4, as an element of the
automated control system for the electric drive of the
milling machine [32; 33] measures the output signal
— the active power of the asynchronous main-motion
electric motor W.

In Fig. 3 shows the input control signal (depth
of cut s, mm) in the form of steps with two ampli-
tudes.

In Fig. 4 shows the output signal: oscillogram
of the change in the active power of the asynchro-
nous electric motor of the main motion W, kW,
which reflects two jumps corresponding to two step
effects on the milling cutter.

In this example, the cutting system response
contains high-frequency noise. Recently, approaches
based on wavelet transform have been increasingly
used to eliminate them. These approaches have ad-
vantages in comparison with filters based on the
Fourier transform, since they allow to effectively
eliminating localized interference, which filtering
using the Fourier transform is inefficient due to the
use of the basis of infinitely oscillating functions
[34].

5 T T

25

2 -

1.5 -

1 -

0.5

0 | |

0 2 4 6 8

10 12 14 16 18 t

Fig. 3. The input signal corresponding to a stepwise increase in the depth of cut

(on the abscissa axis — processing time t, s; on the axis of ordinates — depth s, mm)
Source: compiled by the authors
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Fig. 4. The response of the cutting system in the form of — changes in the active

power of the cutting process W, kW intime t, s
Source: compiled by the authors

Noise suppression is usually achieved by re-
moving high-frequency components from the signal
spectrum, which is an additive mixture of the infor-
mation component obtained as a result of processing
the responses and noise due to the inaccuracy of the
measuring apparatus [35]. With respect to wavelet
expansions this can be implemented directly remov-
ing detailing coefficients of high frequency levels.
By setting a certain threshold for their level, and cut-
ting off the detail coefficients by it, it is possible to
reduce the noise level.

The wavelet transform of the signal y(t) — leads
to the family of functions C(a,b), where a is the
scale and b is the position. In turn: where

t—b) . . .
¥ L the family of wavelet functions, R is

the set of real numbers, and @ € R/{0}.b e R.

Known classes of discrete orthogonal wavelets,
such as Haar, Daubechies, Symlets, Coiflets, Bi-
orSplines, Dmeyer, are effectively used in practice
to remove noise in signals. In this paper, in order to
increase the computational stability of deterministic
identification methods, noise reduction (smoothing)
procedures are applied to the resulting responses
based on wavelet transform using a Coiflet wavelet
of order 4 [34].

In Fig. 5 presents the results of filtering the re-

forms. This signal is used further to identify the
states of the cutting system.

The construction of the information model h(t)
in the form of MTF is carried out using the obtained
responses y(t) (time interval te [4; 8] on Fig. 5) and
based on the expression (6).

The results of identifying a test nonlinear
dynamic system using step signals — estimates of
the first order transition function hy(t), and the diag-
onal cross section of the second order transition
function hy(t,t) are presented as graphs in Fig. 6.

USING A NONLINEAR DYNAMIC MOD-
EL OF THE CUTTING PROCESS IN THE
TASKS OF CUTTING TOOL DIAGNOSTICS

Using the considered method of constructing a
nonlinear dynamic model of the cutting process,
models were constructed using a cutting tool belong-
ing to different classes of states ;1 and €-.

In Fig. 7 presents the estimates of the first-order

transition function ®1(®) & hi® for the cutting pro-
cess using the CT belonging to different classes of
states 21 and Q.

In Fig. 8 presents the estimates of the second-
order transition function "2(t,) u h3(6,0) for the
cutting process using CT belonging to different clas-

sponse of the cutting system based on wavelet trans- ~ S€S of states 1 and .
W T T T T T T T T
0.4 |
0.3 1
0.2 1
0.1 .
0 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 1
Fig. 5. Filtering the response of the CS: changing the active power of the cutting
process W, kW intime t, s
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Source: compiled by the authors

- h)
ho,7) |

0 1 2 3 4
Fig. 6. The results of the identification of the test
non-linear dynamic system using step signals
(on the abscissa axis — processing time t, s, on
the axis of ordinates — active power of the
cutting process W, kW)

Source: compiled by the authors

o 1 2 3 !
Fig. 7. Estimates for the first order transition
1
functions "1(8) i R® for the CT belonging to the
classes of states 21 and 22 (on the abscissa axis —

processing time t, s, on the axis of ordinates — ac-
tive power of the cutting process W, kW)

Source: compiled by the authors

0 1 2 3 4
Fig. 8. Estimates for the first order transition
functions h2(t.t) y h3(t,©) for the CT
beloning to the classes of states £2: and 2 (on the
abscissa axis — processing time t, s, on the axis of
ordinates — active power of the cutting process W,
kw)

Source: compiled by the authors

The deterministic approach to classifying CT
states according to a linear model (Fig. 7), repre-
sented by an estimate of the first order transition
functions "® i M@ s difficult because the func-
tions "® g hi® for the Q1 and Q2 state classes form
overlapping regions [36].

At the same time, the transition functions of the
second order 12(t,t) i h3(t,t) contain a greater di-
agnostic value — they carry more information about
the state of the CT (belonging to one of the classes
of states Q1 and Q2).

CONCLUSIONS AND PROSPECTS FOR
FURTHER RESEARCH

As a result, the work successfully solved the
problem of constructing a nonlinear dynamic model
of the cutting process, obtained on the basis of the
input — output experiment data using test pulse ef-
fects on the cutting system. The resulting model ad-
equately reflects the state of the cutting tool accord-
ing to the results of indirect measurements and can
be used in diagnostics tasks.

In the process of solving the problem of con-
structing a non-linear dynamic model of the cutting
process, the following results were obtained.

1. The choice of an information model for de-
scribing nonlinear dynamic systems based on inte-
gral non-parametric dynamic models in the form of
multidimensional transition functions is substantiat-
ed. The main advantages of using integral non-
parametric dynamic models in diagnostic tasks are
the ability to simultaneously take into account the
nonlinear and inertial properties of systems, describe
faults caused both by changes in system parameters
and its structure, as well as ease of use in test and
functional diagnostics .

2. A block diagram of the organization of the
“input-output” experiment is proposed within the
framework of the task of diagnosing the state of the
tool under impulse effects on the cutting system.

3. A method for constructing a nonlinear dy-
namic model of the cutting process on the basis of
indirect measurements using test pulse effects on the
cutting system and recording system responses has
been developed. After processing the received re-
sponses, an information model of the cutting system
is constructed in the form of multidimensional tran-
sition functions. Unlike diagnostic methods using
technical vision systems, this method makes it pos-
sible to increase the efficiency of building an infor-
mation model of the cutting process and the reliabil-
ity of diagnosing the cutting tool.
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4. A computational experiment confirms the ad-  tablished that multi-dimensional second-order transi-
vantages of using information models in the form of  tion functions have a greater diagnostic value and can
multidimensional transition functions in problems of  be used as a source of primary data in the construc-
diagnosing the states of cutting tools. It has been es- tion of automated technical diagnostics systems.
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AHOTANIA

PosrnsmatoTecsi 0COOIMBOCTI BUKOPHCTaHHS TEOpil IHTErpalbHUX PSAIB y NPHUKIAJHUX 3a1adax igeHTHdikauii HeNiHIMHUX TUHAMIYHUX
CHCTeM B 3aJayax JAiarHOCTYBaHHs CTaHIiB PDKY4MX IHCTpyMeHTiB. OOIPYHTOBaHO MHEPCHEKTHBU PO3POOKM METONY OLIHKHM CTaHIB pi3aJIbHUX
IHCTPYMEHTIB Ha OCHOBI HENPSMHUX BHMipPIOBaHb 3 BUKOPHCTAHHSM IHTErpajbHUX HEMapaMETPUYHUX AWHAMIYHUX MoOJeJel, moOyaoBaHHX Ha 0asi
EKCIIEPUMEHTAIBHUX JaHUX «BXiJI—BHXiJ» NpPU BUKOPUCTAHHI TECTOBUX IMIyJbCHHX BIUIMBIB Ha CHCTeMy pi3aHHS. Takuid MiAXiZ J03BOJISE
MiJIBUIIUTH TPOAYKTHUBHICTh HIarHOCTYBAaHHS 338 PaXyHOK 3MEHIIEHHS 00CATY OOYMCIICHb, a TAaKOX, JOCTOBIPHICTH JIarHO3y 3a paxyHOK OJHO-
JacoBOro OOJIKy HENiHIMHMX Ta iHEpUiffHHX BIACTHBOCTEH CHCTEMH B IHTerpaJbHHX HENApaMETPHYHHX IHHAMIYHMX Monemsx. Kpim Toro,
PO3TJISIHYTI MOJeEJNi 3[aTHi ONMUCYBAaTH HECHPABHOCTI, BHKIMKaHI SK 3MIHOK NapaMerpiB CHCTEMHM, TaK i I CTPYKTYpH, a TaKoX, MOXYTb
BUKOPHCTOBYBATHCS IpPH TECTOBOMY Ta (yHKIiOHaIbHOMY JHdiarHOCTyBaHHI. Po3poOieHo Meron moOymoBu iH(opMamiiHHX Mozenell CTaHiB
pi3aJIbHUX IHCTPYMEHTIB Ha OCHOBI HENMpPSIMHX BHMIPIOBaHb 3 BHKOPHUCTAHHSM TECTOBHX IMIYJbCHHMX BIUIMBIB Ha CHUCTEMY pi3aHHS Yy BUIJIAIL
HaBaHTAXXECHHA 3 yJlapaMH Ta PeeCcTpallii BiATYKiB CUCTEMH, HAa OCHOBI SIKUX OyIyt0ThCs iHpOpMaIiliHi MOzieNi y BUIIISAI 0araTOBUMIpHUX MePexXiJHUX
(yHKUil. 3anponmoHOBaHa CTPYKTypHA CXeMa OpraHisalii €KCIEepUMEHTY «BXiJ-BHUXi» B paMKax 3ajayl JIiarHOCTyBaHHs CTaHy IHCTPYMEHTY B
YMOBax IMITyJIbCHUX BIUIMBIB Ha CHUCTEMY pi3aHHS s OTPHUMAaHHS NMEPBUHHOI JiarHOCTMYHOI iHQopmarii. PosrisHyTo crnocobu ¢opmyBaHHS
TECTOBHX IMITYJIbCHUX HAaBAaHTAXXCHb CHCTEMH Pi3aHHS IUIIXOM IOCIIJOBHOTO BPi3aHHs PiXKy4Oro iHCTPyMEHTY B 3arOTOBKY 3 PI3HHMH IIIHOMHAMU
pi3aHHs, 31 3MIHHOIO MOJAYEI0 Pi3aHHS 1 31 3MIHHOIO TPUBAIICTIO pi3aHHSA. OOYMCIIIOBANIBHUI €KCIIEPUMEHT JEMOHCTpPYE MepeBaru iHdopmar HHUX
Mozeneil y BUTIIAAl 0araTOBUMIPHUX Mepexifi-HuX (QyHKIIH 11 MOJENIOBaHHS HETiHIMHUX JUHAMIYHMX CHUCTEM B 3aJadyax JiarHOCTYBaHHS CTaHIB
PLKYYHX iHCTpYMEHTIB. BcTaHOBIIEHO, 1110 GaraTOBUMIipHI mepeXinHi (YHKIT qpyroro mopsaky MOXYTh BUKOPHCTOBYBATHCS B SKOCTI €()eKTHBHOTO
JpKepesa IepBUHHUX JaHUX [PU M00Y/I0BI aBTOMATH30BAHUX CHCTEM TEXHIYHOrO JiarHOCTY BaHHSL.

KaiouoBi cioBa: HeniHilMHI AMHAMIYHI CHCTeMH; OaraToBHMipHI mepexigHi (yHKUil; igeHTHGiKauis; iHPOpMaLiifHI MoJemni; TexXHiuHa
JiarHOCTHKA
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AHHOTAI U

PaccmarpuBatoTcst 0COOCHHOCTH HCIIONB30BaHUS TEOPUM HHTEIPAIBHBIX DANOB B MNPHUKIAAHBIX 337adaX HICHTU(DUKAIMU
HEJMHEHHBIX AWHAMUYECKHX CHUCTEM [UIsl JUarHOCTUPOBAHHS COCTOSIHMH PEXYIIMX HHCTPYMEHTOB. OOOCHOBaHBI NEPCHEKTHBBI
pa3paboTKH METOAa OLCHKH COCTOSIHMH PEXYIIMX WHCTPYMEHTOB HAa OCHOBE KOCBEHHBIX M3MEPEHHH € HCIOIb30BaHHEM
MHTETPaJIbHBIX HEMapaMeTPUUYECKUX JTHHAMUYECKHX MOJEINCH, MOCTPOCHHBIX Ha 0a3e 3KCIePUMEHTAIbHBIX JAHHBIX «BXOI—BBIXOMI»
IIPU HCMOIb30BAHUM TECTOBBIX HMMITYJIbCHBIX BO3JCHCTBUIM Ha cUCTeMy pe3aHHMs. Takod MOAXOJ TO3BOJSET TIOBBICUTH
OIEPaTHBHOCTb MarHOCTUPOBAHMS 3a CYET YMEHBIICHHsA O0bEMa BBIYMCICHHMI, a TaKkKe, JOCTOBEPHOCTh JAMArHo3a 3a CYeT
OJHOBPEMEHHOI'O YYeTa HEIMHEWHBIX U MHEPLUOHHBIX CBOMCTB CHUCTEMBI B MHTETPAJBHBIX HEMApaMETPUYECKUX IHHAMHYECKUX
Mmozensix. Kpome Toro, paccMarpuBaeMble MOZIGITH CIIOCOOHBI ONUCHIBATh HEMCIIPABHOCTH, BbI3BaHHbIE KaK H3MEHEHHEM IapaMeTpOB
CHCTEMBI, TaK U €€ CTPYKTYPBbI, a TAaKKe MOI'yT HCIOJIb30BAThCS MPU TECTOBOM M (DYHKIIMOHAIBHOM AMarHOCTUPOBaHUH. Pa3paboran
METOZ IOCTPOEHHS HMH(OPMALMOHHBIX MOJENEHl COCTOSHMH PEXYIIMX HHCTPYMEHTOB Ha OCHOBE KOCBEHHBIX H3MEPEHHH C
HCII0Ib30BAHHEM TECTOBBIX MMITYIbCHBIX BO3JEHCTBUM HA CHCTEMY Pe3aHMs B BHIE HArpy3oK C yJapaMH U pPerucTpalii OTKINKOB
CHCTEMBbI, Ha OCHOBE KOTODPBIX CTPOSTCS MH(OpPMAaLMOHHbIE MOJEIM B BHJE MHOIOMEPHBIX NepexonHbix (yHkumil. IIpemnoxena
CTPYKTYpHasl CXeMa OpraHM3alluM SKCIIEPUMEHTa «BXOA-BBIXOI» B paMKaX 3a/laud JAUATHOCTHPOBAHHS COCTOSHMS MHCTPYMEHTA B
YCIOBHMSAX HMITYJIbCHBIX BO3JEHCTBMH Ha CHUCTEMY pE3aHMs JUIS IOJNY4EHHS INEPBUYHOM JUAarHoCTHYeckoil HHQopManuy.
Paccmotpens!  criocoObl  OPMHPOBAaHMS TECTOBBIX HMITYJIbCHBIX HAarpy)KEHHH CHCTEMbI pE3aHHS IyTe€M I10CJIE0BATEIbHOIO
BPE3aHUs PEXyYIIEro HHCTPYMEHTAa B 3arOTOBKY C DPa3IUYHbIMH TJIyOMHaMH pe3aHMs, C MEPEMEHHOH mojgaueil pe3aHus U C
MEPEMEHHON UIMTEIBHOCTBIO pE3aHUs. BBIYMCIMTEIbHBIH 3KCIIEPUMEHT JEMOHCTPUPYET HPEUMYIIECTBAa HH(OPMAIMOHHBIX
Mozienield B BHJIE MHOTOMEPHBIX IIEPEXONHBIX (YHKUMH I8 MOIENUPOBAHMS HEJMHEHHBIX IMHAMHMYECKMX CHCTEM B 3aJadax
JIMarHOCTUPOBAHUS COCTOSIHUN PEXYIIMX MHCTPYMEHTOB. YCTaHOBIICHO, YTO MHOTOMEPHbIE MepeXo/iHble (YHKIMH BTOPOrO TOpsiIKa
MOTYT HCIIOJIb30BaThCs B KauecTBe 3()(HEKTUBHOrO MCTOYHMKA NEPBUYHBIX JAHHBIX HPH MOCTPOCHUM ABTOMATH3HPOBAHHBIX CHCTEM
TEXHUYECKOT O IUArHOCTHPOBAHHUSL.

KiroueBble cil0Ba: HeNUHEHHbIE JMHAMHUYECKHE CHCTEMbl; MHOIOMEpHBIE HepexoiHble (YHKIMH; HICHTU(UKALNS;
nH(POPMAIIMOHHBIC MOJIEIIH; TEXHUYECKAs THarHOCTHKA
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