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ABSTRACT

Context. Recognizing the type of function regardless of its parameters is an urgent task.

Objective. To develop methods for the operational quantitative measurement of deviations of the type of the analyzed function,
representing the analyzed process, from the standard types of functions: power, polynomial, exponential and sinusoidal according to
the data obtained at the current time.

Method. To solve the problem, methods based on disproportion functions have been developed. The existing disproportion func-
tions and their application for the recognition of power and polynomial functions are given. To recognize the exponential and sinu-
soidal functions at the current time, the disproportion over the first-order derivative with respect to its derivatives is used. With the
parametric specification of functions, it is the difference between the ratios of the values of two functions and the ratio of their first
derivatives for a given parameter value. In the case of a proportional relationship between two functions, this disproportion function
is equal to zero for any value of the proportionality coefficient. It is shown that if for a given value of the argument the disproportion
over the first-order derivative of the analyzed function with respect to its first derivative is zero, this is a sign that the function is ex-
ponential at this point regardless if it’s parameters.

To control the sinusoidality at the current time, the disproportion over the first-order derivative of the analyzed function with re-
spect to its second derivative is calculated. If it is zero, this is a sign that the function is sinusoidal at a given point regardless of its
amplitude, frequency and phase of the oscillations. It is shown that in this way it is also possible to control the sum of sinusoids with
different amplitudes and phases, but with the same frequency. You can also control second-degree sine waves.

Results. The effectiveness of the proposed methods is shown by computer simulation of the decay of radioactive isotopes, as
well as simulation in violation of the sinusoidal nature of the controlled process.

Conclusions. Based on the disproportion functions, methods have been developed for the operative recognition of the type of
function that describes the analyzed process. These methods can be used to analyze chemical-technological processes, control the
purity of radioactive isotopes, and also to control the sinusoidality of processes in electrical networks.

KEYWORDS: disproportion functions, type of numerical function, sinusoid distortion, exponential function, polynomial
function, power function.

NOMENCLATURE tis a time;
A is a sine wave amplitude; v(f) is a disproportion over the first-order value;
b is a decay rate constant; y(x) is a function to be analyzed;
c(x) is a cos(mx +¢); z(?) is a disproportion over the first-order derivative;
d is a means disproportion over the derivative . In pa- @ is a disproportion function calculation symbol;
rentheses indicate its order (n). It is read: “At d n y(x) @d""y is a disproportion over the n-th order deriva-

with respect to x”;
N(?) is a relative disproportion of the current mass
with respect to their first derivatives;
my(?) is a current mass of iodine-131; tive of y(x) with respect to d)/ ;
my(f) is a sum of current masses; . . . dx .
myy is a initial mass of the radioactive iodine-131; @d,"y is a disproportion over the z-th order deriva-

My is a 11}1‘(1211 mass of the radioactive iodine-133; tive of y(x) with respect to d V ;
s(x) is a sin(wx +¢); g

tive of y(x) with respect to x;
@d ;{” y is a disproportion over the n-th order deriva-

© Avramenko V. V., Demianenko V. M., 2020
DOI 10.15588/1607-3274-2020-2-8

75



e-ISSN 1607-3274 PapioenexTpoHika, iHpopmaTuka, ynpasiinss. 2020. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 2

@d;‘m) y' is a disproportion over the st order deriva-

tive of 49/ with respect to ¢ EV
dx d

X
@N"y is a relative n-th order disproportion y(x)

55

with respect to x;
@ N}‘;” y is a relative n-th order disproportion y(x)

ith tt dY/ -
W1 I‘eSpeC 0 dx,

@Ny is a relative n-th order disproportion y(x)

with respect to 4 ZV S5
dx

@v"y is a disproportion over the n-th order value of

y(x) with respect to x;
@v;ﬁ” y s a disproportion over the n-th order value

£ ith tt dY/ -
of y(x) with respect to i

@v;ﬁ) y is a disproportion over the n-th order value

of y(x) with respect to d 2% S5
X

¢ is a sine wave phase;
o is a sine wave frequency.

INTRODUCTION

There are problems for which solution it is necessary to
recognize the form of a numerical function that describes
the analyzed process. In this case, recognition should be
invariant with respect to the parameters of the function that
describes the process. For example, in chemical industry,
vibratory granulators are widely used. They are used to
produce granules from melts or solutions. To improve the
quality of the product in a granular medium, harmonic os-
cillations are excited, which must have strictly sinusoidal
form [1]. The appearance of harmonics leads to a sharp
deterioration in product quality. If we take into account the
fact that vibration granulators are usually used in large-
scale production, untimely detection of non-sinusoidal os-
cillations leads to significant losses. If the vibratory granu-
lator is operating at a variable level of melt, the vibration
frequency must be smoothly varied [1].

Thus, it is necessary to determine instantly, whether
the vibrations excited in the melt or solution are sinusoi-
dal, regardless of their frequency and amplitude.

Strict requirements for the sinusoidal shape of the out-
put voltage are also required for DC to AC converters,
especially for powering on-board equipment. In this case,
it is also necessary to apply the system of current diagnos-
tics of the sinusoidal voltage generator, invariant to its
amplitude and frequency.

The task of current non-sinusoidality monitoring of
the current and voltage in the electric network is relevant
for the electric power industry [2].

In addition to non-sinusoidality, there are many exam-
ples when it is necessary to control other types of func-
tions. For example, many chemical reactions and the de-
cay of radioactive materials are described by an exponen-
tial function. Deviation of the controlled function type
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from the exponential one can indicate the simultaneous
occurrence of several reactions or other events that need
to be diagnosed. Therefore, the task of identifying devia-
tions of the function type from the given one regardless of
their parameters is relevant.

In this case, the system should detect deviations at the
moment of measurement using current data only. In addi-
tion, it should be invariant with respect to the amplitude
of the analyzed signal.

1 PROBLEM STATEMENT
A finite set of standard functions is given

y= ca™, y= Asin(mx + (p),

n (1)
y =Y 4;sin(ox+¢), y = 4sin*(ox + ).
i=1

The coefficients in these functions are of real type.
Their values are unknown.

The analyzed signal is described by a smooth, con-
tinuous function y = f'(x). For a given value of x, the type
of the function may relate to the type of one of the listed
standard functions (1) and differs from it in amplitude and
other parameters whose values are unknown.

Using the current values of y(x) and their derivatives
YDy y™, it is necessary to determine to which type
it belongs specifically for a given x.

2 LITERATURE REVIEW

There are many works on the control of non-
sinusoidality of voltage and current. In most cases, the
methods based on the expansion of the analyzed signal in
a Fourier series, for example, [3], are used for this. Typi-
cally, using Fourier analyses a harmonics coefficient is
measured to quantify the distortion of a sinusoidal signal
[4]. However, for this, it is necessary to observe a signal
during at least one period. In practice, this may be unac-
ceptable decision, especially if the process is low-
frequency and one period of oscillation lasts an unac-
ceptably long time.

Also, neural networks are used to evaluate the voltage
non-sinusoidality on the buses of substations of an electric
network with non-linear loads [2].

In [5] the structure of construction and the principle of
operation of a neural network based on adaptive reso-
nance theory are described. A specific example of the
recognition of wavelet images of non-sinusoidal distor-
tions in networks of 0.38 / 0.22 kV using a neural network
is shown.

A comparative analysis of the application of the
mathematical apparatus Fourier and wavelet transforms is
made in [6] to determine the type of non-sinusoidal dis-
tortion in distribution network.

The centroid based signal similarity evaluation
method was proposed in [7]. The paper proposes a novel
approach to reform the projection signal by adding its
centroid at the end. This method has been tested using
traffic sign recognition.
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There is a known Distribution Function Method
(DFM) [8, 9, 10]. This method uses normalized integrals
for the compared signals. Both signals must be repre-
sented by positive continuous functions of the real vari-
able. The method allows to solve a number of problems,
in particular, arising in spectrograph and chromatography.
However, for its application, it is necessary to control
signals during a certain time interval.

In [11], it was proposed to use the disproportion func-
tions [12] to solve the problem. These functions allow you
to create cryptosystems on a new basis, as well as to do an
on-line recognition the state of dynamic objects [13—-15].

3 MATERIALS AND METHODS
To solve the problem, the disproportion functions are
used. There are several disproportion functions. The fol-
lowing is a summary of some of them.
The n-th order derivative disproportion of the function
y(x), with respect to x (x # 0), is defined as follows:

@dWy-2 L 4
x x" ol gy

2

This disproportion allows us to recognize the power
function y=kx", since in this case it is equal to zero re-
gardless of the factor k. Here, n > 1 is an integer.

The coefficient k is unknown. It can randomly change
over time. We assume that the rate of change % —0.

X

Forn=1:

d
@d{y==-=%. 3)
x dx

The @ symbol is chosen to indicate the operation of
calculating disproportion, d means “derivative”. The left-
hand side for (3) is read “at d one y with respect to x”.

Disproportion (3) allows to recognize the function

y = kx. “4)

It is obvious that for (4) the disproportion (3) is equal
to zero regardless of the value of the coefficient £.

For the functions y=wy(¢) and x=¢(¢) defined pa-
rametrically (t is a parameter), the n-th order derivative

disproportion (2) of the function y(x) with respect to x is
n

d’y
dx"

calculated taking into account the rules of finding

with the parametric dependence of y on x.
In particular, for n=1

Oy~ @d® gy od Yo VYO _v@©O
@dy’y @d(p(t)\lf(t) ) (Pl(t). (5)

X X
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Obviously, if w(¢) =ko(¢), then disproportion (5) is
equal to zero in the entire area of existence x = (), re-

gardless of the value of k.

The disproportion (3) is the difference of two speeds.
The first term is the speed, which could be in the case of
proportional coupling (4). The second term is the real
speed for the current value of x.

Often, it is more convenient to evaluate disproportion
not in the form of a difference in speeds, but using the
same units in which y(x) is measured. In this case, the
disproportion over value should be used.

This disproportion over the n-th order value is defined
as the product of n-th order derivative disproportion (2)
by x".

It has a form

x"d"
@A"y=y-"-. (©)
n! dx"

The symbol “v” (“value”) is used instead of “d” one in
2.

In the particular case of n=1 (order 1) the value dis-
proportion is reduced to:

d
@ Py=y-xZ, (7
dx

The left-hand side of (7) is read: “at v one y with re-
spect to x”.

The expression (7) is the difference between y and its
possible value, found on the assumption of a proportional
relationship between y and x, with a proportionality factor

equal to ? in the exploration point.
X
Often there is a need to recognize a polynomial de-

pendence

y =k x™ + kg x™!

+..+ kX ®)

This type of function can be recognized if the dispro-
portion (3) is computed sequentially m-times with respect
to x. From the outset, the disproportion (3) y(x) with re-
spect to x is calculated. Then, the disproportion (3) of the
newly obtained disproportion with respect to x is calcu-
lated. Thus, m is determined in accordance with the poly-
nomial order. Such disproportion is called as sequential
disproportion function (SDF) with respect to the first or-
der derivative. It was shown in [8, 9] that it is equal to
zero for arbitrary values of the coefficients k,,,k,,_;,....k

in (8), which makes it possible to recognize the polyno-
mial dependence.

If the disproportions (2), (3), (5), (6), (7) are not equal
to zero, we need to remember that in this case their values
depend not only on the value of deviation of the type of
the function in comparison with the given one, but also on
the scale factor before the analyzed function, when
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y=HKx), )

where £ is unknown.

In order to assess disproportion regardless of the scale
factor, the relative disproportion functions can be used
[11]. They are obtained as a result of dividing the dispro-
portions (6), (7) by y(x) (9). Below the first-order and the
n-th order relative disproportions are shown:

@n,y- —5% (10)
(), _q_*" d"y
@ y=1o (1)

All these disproportion functions can be used to rec-
ognize the type of the functions specified in (1).

To recognize the exponential function, the dispropor-
tion (7) of the function y=f(x) with respect to its first de-
rivative is used.

(12)

dy
@da)yzi_ﬁ_
y d)/ dZ%
dx 2
dx

In [11] it was proved that the equality to zero of the
disproportion (12) indicates that y=f(x) is exponential.
This assertion is valid for the exponential function in the
general form

y=cd™, (13)

where a > 0 and a #1 for arbitrary values of ¢, b, x.

Thus, if the equation (12) is equal to zero for the cur-
rent value of x, then the function y= f(x) is exponential at
this point.

Obviously, in the case when y=f(x) is the sum of ex-
ponential functions with unequal parameters, then the
disproportion (12) will not be zero.

The corresponding disproportion upon the value of the
first order according to (7) has the form:

1 Y
@V\)y=y-y i— (14)

The relative disproportion function according to (14)
is

@Nﬁb:l—%% (15)

A proportional relationship exists also between the si-
nusoid and its second derivative. This allows us to recog-
nize the sinusoidal type of the function being analyzed
based on the current values of the function itself and its
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first three derivatives, regardless of frequency, amplitude
and phase shift. In this case, expression (5) has the form

dy

m, __Y _ dx (16)
@d "y ;;;;’ ;;;;-
dx? a3

Indeed, if we substitute y = Asin(wx+¢) and the cor-

responding derivatives in (16), the result will be zero re-
gardless of the values 4, ®, ¢.
According to (7), the disproportion (16) has the form:

n

1 '
@van)y =y-y %

a7
There will be the same result for the general case
when

y:iAi sin(cox+(pl-). (18)

i=1

It is easy to see that for (18) the disproportions (16)
and (17) are equal to zero too.

Any deviation of the type of the function being ana-
lyzed from (18) will lead to a nonzero of these dispropor-
tions.

Sometimes it’s necessary to compare the analyzed
function with function (19):

(19)
In this case the disproportion (5) may be used for its
first and third derivatives:

2
dy d %
@dWy = 4x __Sdx?
I / pr / :
y y
x> '’

Indeed:
y = 2Acosin(cox + (p)cos((ox + (p) =

y= Asin2(cox+(p)

(20)

= Awsin[Z(cox + (p)],
y" =240° cos[Z(wx + (p)],

"

Y =—40’ sin[2(ox + )] = —40’y
y(4) = 840" cos[Z((Dx + (p)] = —40)2)’"-

Substituting the derivatives to (20), we obtain a result
equal to zero.

When using disproportions (16, 17, 20), it is needed to
keep in mind, that they will not be equal to zero if the
amplitude of sinusoid changes in time (21).

y(t) = A(t)sin((nx + (p). 2n
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Let’s consider the disproportion (16) for this case. To
avoid long formulas, we introduce the notation:

s(x) = sin((nx + (p) s
c(x) = cos(cox + (p) .

Substituting (21) and its derivatives in (16), we obtain

@ al) A()s(x) .
YA - Ao b(x)+ 24/ (FJoc(x)
A’(x)s(x)+ A(x)(nc(x)

()= 34 ()0 () Bam(o - 4(x)o’ F(x)

Obviously, this expression is zero only if the ampli-
tude of the sinusoid is constant.

4 EXPERIMENTS

Three numerical experiments were performed in order
to investigate possibilities of the proposed methods.

First experiment is about recognition and quantitative
evaluation of the deviation of the type of the function
from the exponential one.

It is required to quantify the purity of the radioactive
iodine — 131 with a half-life of 7; = 8.04 days with the
possible presence of the iodine-133 isotope, in which the
half-life of 7, = 0.87 days.

For a pure radioactive substance, the change in mass in
time ¢ has the form [16]:

my (£) = myge 2. (22)

For the case when two substances break up, the mass

changes according to the formula:

my (£) = myge™ +mye™™ (23)

where mo, ms are the initial masses; m(t), ms(?) is a cur-
rent masses; by, b, are the decay rate constants.

According to [16] the decay rate constants are defined
as b;=In (2)/7,=0,0825, b,=0,796721

For both cases (22) and (23), the disproportion (12)
z1(?), zo(f), the corresponding disproportions (14) v(f),
() and (15) Ni(¢), Ny(t) were calculated. The observa-
tions were made during 10 days. An increment is one day.
The initial masses are m3=10g., m,,=0,01g.

Second experiment is related to detection of distortion
of a sinusoidal function.

Consider the example when, in a certain time interval,
in addition to the fundamental frequency, its second har-
monic appears. The circular frequency of the fundamental
harmonic is 314 rad/s, its amplitude is 10 volts, the phase
shift is 0.25. The second harmonic has an amplitude 100
times smaller. In order to avoid processing large numbers,
the frequencies of both harmonics are taken relative to the
maximum frequency of 1000 rad/s.

The third numerical experiment was carried out in or-
der to show that the proposed methods should be used
only if the amplitude of the analyzed signal is constant.
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The amplitude of the sinusoid varies over a certain time
interval. Disproportion behavior (16) was investigated.

5 RESULTS

The results for the first computer simulation are given
in the Table 1.

For a pure isotope (the first case), the disproportions
z1(?), vi(¢) and N\(¢) are equal to zero.

At the same time, in spite of the fact that the initial
mass of iodine-133 is 1000 times smaller than the mass of
the iodine-131 isotope, the first-order derivative dispro-
portion z(#) and the first-order value disproportion v,(¢)
are not equal to zero. The disproportion N, (f) allows us to
quantitatively evaluate the deviation of the type of the
analyzed function from the exponential one, regardless of
its magnitude.

Table 1 — Disproportions changes over the time

t Z] V) Vi 1% N1 Nz

0 0 1,5309 0 —2,6486 0 —0,1318
1 0 5,1674 0 —8,0382 0 —0,4354
2 0 8,0455 0 | —11,3882 0 —0,6708
3 0 9,9136 0 | —12,8455 0 —0,8222
4 0 10,9804 | 0 | —13,0632 0 —0,9083
5 0 11,5462 | 0 | —12,6304 0 —0,9539
6 0 11,8346 | 0 | —11,9123 0 —0,9771
7 0 11,9786 | 0O —11,0986 0 —0,9887
8 0 12,0499 | 0 | -10,2786 0 —0,9945
9 0 12,0849 | 0O -9,4912 0 —0,9973
10 0 12,1021 0 —8,7516 0 —0,9987

According to the obtained results, proposed method
allows to detect the simultaneous decay of more than one
substance. Therefore, if any disproportion function is
equal to zero, it means that the radioactive isotope is
clear. It can be used in the preparation of extremely pure
radioactive substances.

The results of the second experiment are shown in
Figure 1.

A graph of the change of the disproportion (16) over
the time is shown. From 1st count to the 20th one as well
as from 55th to 100th counts, the analyzed function is
sinusoidal. In this case, the disproportion (16) is equal to
zero. On the interval from 20 to 55, the second harmonic
appeared. Despite the fact that the amplitude of the sec-
ond harmonic is only 1% of the amplitude of the funda-
mental frequency, disproportion (16) deviates from zero
significantly and varies from —38,1651 to 36,7351.
5,00E101
4,000+01
300F 101 l
2,00L+01
1,00F+01
.
1, 00E+01
200401 |
-3,00L401
4,00L+01
=5 00T+

Figure 1 — Graph of disproportion (16) when a sinusoid distor-
tion appears
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The given example shows the possibility of operative
control of the non-sinusoidality of the analyzed signal.

On the Figure 2 the time variation of the disproportion

(16) as a function of the amplitude of the sinusoid is
shown. As we can see, after the amplitude reaches a new
constant value, the disproportion is zero again.
The results of the third experiment are shown in Figure 2.
Here the time variation of the disproportion (16) with a
gradual change of the sinusoid amplitude in the range of
time from 30 to 60 is shown. In this interval, the
disproportion (16) is not equal to zero. As we can see,
after the amplitude reaches a new constant value, the
disproportion is again equal to zero.

30
7
10 o - o—
0
N M~ M G M W M~ G ) o~
N — oM Lo M~ M~ 0

-10 = wm Amplitude === disproportion
Figure 2 — Variation of disproportion (16) with amplitude
change in time

Thus, it is possible to control transients in the object,
at the output of which there is an analyzed signal.

6 DISCUSSION

The best known method for recognizing the type of a
function is the least squares method. However, its applica-
tion requires the implementation of the analyzed process
at a certain time interval. That is, this method is not suit-
able for operational control.

To measure nonsinusoidality, special devices are used:
spectrum and harmonic analyzers. The main elements of
such devices are filters. These devices are an integral part
of the operational system for monitoring the quality of
electricity.

As a rule, these devices require the control of signal
during at least one period of the first harmonic. In fact, it
is not operative control also.

Non-sinusoidal voltage is characterized by a distortion
factor of the sinusoidal voltage curve; and the coefficient
of the n-th harmonic component of the voltage.

In this paper, it is proposed to measure the non-
sinusoidality by the disproportion value of the analyzed
signal with respect to its second derivative. The choice of
the disproportion used depends on the units in which to
evaluate. In any case, instead of special equipment, it is
enough to connect a conventional computer to the electric
network through a voltage divider and an analog-to-
digital converter.

On the contrary of previous methods the proposed
methods are operative.
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If necessary, you can enter a scale of correspondence
between the values of disproportion and the currently
used distortion coefficient of the sinusoidality of the volt-
age curve.

To implement the methods, you need to calculate the
first two or three derivatives. In the case of using analog
computing devices, the signal value and its derivatives
can be obtained simultaneously. This allows you to quan-
tify the deviation of the type of the analyzed signal from
the above types at the current time. However, when using
digital devices, derivatives must be calculated numerically,
for example, using the Newton-Stirling formula [17].

To estimate the sinusoidal waveform, as can be seen
from (16), the current values of the first three derivatives
are required.

Table 2 shows the values of the first three derivatives
for sin (0.6) calculated by the Newton-Stirling formula,
and their exact values. The values sin(x) calculated on the
interval x e [0, 1.8] with a step of 0.2.

Table 2 — Exact and calculated values of 1%, 2™ and 3™ de-
rivatives of sinusoidal signal

Derivatives y'(0.6) y"(0.6) y"'(0.6)
Exact values 0.82534 —0.56464 —0.82534
Calculated values 0.82534 —0.56428 —0.82720

The table 2 shows that for the current measurement
with high accuracy of the first three derivatives, it is suff-
cient to use the last 10 discrete values.

In any case, this number of measurements is less than
what is required for existing methods for recognizing the
type of the function.

CONCLUSIONS

In this paper, the actual problem of the operational
recognition of some standard types of a numerical func-
tion is solved.

Scientific novelty lies in the fact that the recognition
of the type of function that describes the process is carried
out promptly from data obtained at the current time. For
this, the current values of the analyzed process and its
derivatives are used. It should be emphasized that it is
recognition of exactly the form of a numerical function,
regardless of its parameters.

The problem is solved using disproportion functions.

Depending on the requirements, disproportion over
the n-th order derivative or disproportion over the n-th
order value or relative disproportion is calculated.

To verify the power function any disproportion with
respect to a time is calculated.

For this case, all of them are equal to zero, regardless
of the scale factor and exponent.

For an exponential function, any of the disproportions
of the analyzed function calculated at the current moment
of time with respect to its first derivative is equal to zero.

If the disproportion of the function with respect to its
second derivative is equal to zero, this is a sign that this
function is currently sinusoidal.

Once again, it should be emphasized that these signs
do not depend on the parameters of the function.
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If the disproportion is not equal to zero, its value al-
lows you to quantify the deviation of the type of the ana-
lyzed function from one of the considered standard types.
This estimate will be presented in different units of meas-
ure, depending on which disproportion is used.

In fact, new quantitative estimates of the deviation of
the type of the function from the given have been devel-
oped.

The proposed methods were verified as a result of
computer simulation of the decay of isotopes of a radioac-
tive substance, as well as modeling of distortion of a sinu-
soidal signal during a limited time interval. The results
obtained indicate a high sensitivity of the proposed meth-
ods.

The practical significance of the results of the work
lies in the fact that the developed methods can be used to
control the purity of radioactive isotopes, to control
chemical-technological and other processes in production.
Particularly, it should be pointed out that the proposed
operational control of the sinusoidality of current and
voltage in electric networks can be widely applied, re-
gardless of amplitude, frequency, and phase. Such control
is an actual practical task.
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Meta. Po3poOuri MeTo 1 ONepaTHBHOIO KUIBKICHOTO BUMIPY BIIXWICHB THIY (QYHKIII, IO IIPEACTABIISE AaHATI30BaHUHN IIPOIIEC,
BiJl CTAaHAAPTHHUX THUIMIB (QYHKLIil: CTENeHeBUX, IOJIHOMIaNbHUX, EKCIIOHEHLIITHUX I CHHYCOINaJbHUX 3a JaHHUMH, OTPHMaHUMHU B
MIOTOYHMH yac.

Metomu. [Iyis1 BupitieHHs mpobiiemMn po3pobiieHi MeTOAH, 3acHOBaHi Ha QyHKuisx aucnporopuii. [IpuBeaeHi icHyroui GyHKii
JHCIPOIOPLIT Ta TX 3aCTOCYBaHHS [JIsl PO3Ii3HABAHH CTCIICHEBHX 1 MOMiHOMIaNbHUX (QyHKIiH. [[st po3mi3zHaBaHHS eKCIIOHEHIIHHOT
1 cuHycoiganbHOI (QYHKLIH B MOTOYHUA MOMEHT BHKOPHCTOBYETHCS AMCIPOIOPIIA MO MOXiAHIH MEpHIOTo MOPSOKY aHATi30BaHOI
¢yHskuii mo ii moxigauM. [Ipy mapameTpuYHOMY MPEACTABICHHIO (PYHKIH 1€ Pi3HUIS MK BiITHOIICHHSIM 3Ha4YeHb IBOX (PyHKIIH i
BIJTHOIIEHHSIM IXHIX MEPIINX MOXIAHUX JUIS JAHOTO 3HAUCHHS rapaMeTpa. Y pasi IpOoNOpLiifHOro 3B’ 3Ky MiX JBOMA (QYHKIIISIMH 15
(GyHKIis AuCTIporiopii OPiBHIOE HYJIIO JUIs OyIb-sIKOTO 3HaYeHHs KoedimieHTa nponopuiitnocTi. ITokazaHo, 1o SKIIO s 3a1aHOTO
3HAUEHHS apryMEeHTY JUCIPONOPIIS 110 MOXIAHIH IepIIoro NopsAKy aHaiizoBaHO! (QYHKIIT 10 BiIHOIIEHHIO 0 11 meproi moxixHol
JIOPIBHIOE HYJIIO, [I¢ O3HAKA TOTO, O (YHKI[S € CKCIIOHCHIIATBHOO B 1[Il TOYII HE3aJe)KHO Bix 11 mapameTpis.

JUi1s KOHTPOJIIO CHHYCOiJaJIbHOTO THITY B IIOTOYHMII MOMEHT 4acy OOYMCIIIOETHCS AUCIIPONOPLs 10 MOXiAHIH IepIIoro MOpsAaKy
aHanizoBaHOl (QYHKIUIi MO BigHOLICHHIO 10 ii Apyroi moxiaHoi. SIKiio BoHA MOPIBHIOE HYIIIO, IIe O3HaKa TOro, IO (YHKILs €
CHHYCOIaJbHOIO B JAHIM TOYIl HE3aJIEXHO BiX il aMIUIITyIu, 4acTOTH 1 ¢a3u KonuBaHb. [1okazaHO, 0 TakKuM crtocoOOM MOXKHA
TaKOXK KOHTPOJIIOBATH CyMYy CHHYCOI[ 3 PI3HIMH aMILTITyJaMH 1 pa3aMu, ajie 3 OJHAKOBOIO YaCTOTOI0. Takok MOXKHA KOHTPOIIOBATH
CHHYCOIU MiJHECEH] B IPYTy CTEMiHb.

PesyabTatn. EQekTHBHICT 3alIpONOHOBaHMX METOJIB IIOKa3aHa B PE3YJIbTaTi KOMII'IOTEPHOTO MOJCIIOBAHHS pO3HaLy
paioaKTUBHUX 130TOIIIB, @ TAKOXK MOJICIIIOBAHHSIM CIIOTBOPEHHS CHHYCOIJaJIbHOTO XapaKTepy KOHTPOJIbOBAHOT'O IPOLIECY.

BucnoBku. Ha ocHoOBI ¢yHKIiH tuctiporopuii po3po0iieHi METoAN Ul ONIepaTHBHOTO PO3ITi3HABAHHS THIY (YHKIII, sSiKa ONMUCYy€
ananizoBaHuil npouec. Lli Meroan MoXyTh OyTH BHKOPHCTaHI JJIS aHAJi3y XiMiKO-TEXHOJIOTIYHHX IMPOLECIB, KOHTPOJII YUCTOTH
panioakTUBHUX i30TOMIB, & TAKOXK ISl KOHTPOJIIO CHHYCOIAAIBHOCTI IIPOLIECIB B EIEKTPHYHUX MEPEexKax.

KJIFOYOBI CJIOBA: ¢ynkuii aucnpomnopmii, THI YKCIOBOi (YHKIII, CIIOTBOPEHHS CHHYCOINH, €KCIIOHEHIiabHa (QYHKIIis,
MoJIiHOMIiaJIbHa (DYHKIIiS, CTeNIeHeBa (PYHKIIisL.

YK 681.518.5
ONEPATUBHOE PACITIO3HABAHUE 3TAJIOHHBIX TUIIOB CUTHAJIOB
ABpamenko B. B. — kaHz. TeXH. HayK, JOLEHT, JIOLEHT Kadeapbl KOMIbIOTepHUX HayK CyMCKOT0 TOCY1apCTBEHHOTO YHHBEPCHU-
teTa, Cymbl, YKpanHa.

Jlembsinenko B. H.  —
Cywmsl, YkpauHsa.

acrpaHT  Kadenpbl KoMIbIoTepHHX Hayk CyMCKOro TOCyJapCTBEHHOTO YHHBEPCHTETa,

AHHOTALUA

AKTyanbHOCTB. PacriozHaBanue Tuma GyHKIMU HE3aBUCHMO OT €€ IIapaMeTpPOB SIBIISICTCS aKTyaIbHO 3a1auei.

Ieanb. Pa3zpaborate METO/IBI ONEPATUBHOIO KOJIMYECTBEHHOTO M3MEPEHUsI OTKIOHEHHH TUIIa aHATU3UPYyeMOoW (YHKIUH, Tpe.-
CTaBJIAIOIIEH aHATM3UPYEMBIH Mpoluece, OT CTAHJAPTHBIX THUIOB (PYHKIHHA: CTENEHHBIX, TOJIMHOMHANBHBIX, TIOKAa3aTEIbHBIX U CHHY-
COUJIANIBHBIX MO JJAHHBIM, TTOIYYEHHBIM B TEKYII[Ee BPEMSI.

Metoasl. s pernenus mpoGiieMsl pa3paboTaHbI METO/IBI, OCHOBAHHBIE Ha (DYHKIMSAX JUCTIPONOPIHH. [IpUBEAEHBI CymIeCTBYIONMTE
(YHKIN TUCTPONIOPINHY M NX MPUMEHEHNE IS PACIIO3HABAHKS CTCTICHHBIX W TTOJMHOMHUANBHBEIX (QyHKIUHA. JIIs pacrio3HaBaHHS MOKa-
3aTeJILHON ¥ CHHYCOMIAIBHON (DYHKIMI B TEKYIIMH MOMEHT HCIIONB3YEeTCsl JUCTIPOIIOPIHS IO IIPOU3BOAHOM MIEPBOTO IOPSIKA aHAIIH-
3upyemolt pyHKIMH 10 ee Mpou3BOAHBIM. IIpH mapaMeTpryecKkoM NpeacTaBIeHHN (GyHKINA 3TO pa3HUIAa MEX/y OTHOIIEHHUSIMU 3Hade-
HHUH ABYX (DYHKIMH ¥ OTHOIICHHEM UX IEPBBIX IPOM3BOIHBIX JUIS JAHHOTO 3Ha4YEHHMs MapamMerpa. B ciyuae npornopuroHanbHO 3aBH-
CHMOCTH MEXIy ABYyMs QYHKIMSIMH 3Ta (QYHKIHS JUCIPOIIOPLIMHK paBHA HYJIIO UL JTI000r0 3HaYeHHs1 KO3 QUIMEHTa IPOIIOPIHOHANb-
Hocty. IToka3aHo, 4To, ecnu AyIs 3aAaHHOTO 3HAYEHHs apryMEHTa AUCIIPONOPIKS MO MPOM3BOAHOM MEPBOTo MOpsAKa aHATH3UPYEMO
(YHKIMM 110 OTHOILLICHHUIO K €€ MEePBOi MPOM3BOAHON PaBHA HYJIIO, 3TO MPHU3HAK TOTO, YTO (DYHKIMS SABJISETCS MOKA3aTEIBHOH B 3TON
TOYKE HE3aBHCHMO OT €€ TapaMeTPOB.

JI1st KOHTPOJISI CHHYCOMIANBHOCTH B TEKYIIHH MOMEHT BPEMEHH BBIYMCIISIETCS JUCTIPOIIOPIHS IO TIPOM3BOIHOI IEPBOTO MOPSII-
Ka aHAJIM3UpyeMOoil ()YHKIMHU MO OTHOIICHHIO K ee BTOpOil mpou3BoaHOM. Ecii oHa paBHA HyIIIO, 3TO NMPU3HAK TOTO, YTO (YHKIUSL
SIBISIETCS CHHYCOHMJaJIbHON B JAHHOM TOYKE HE3aBHCHUMO OT €€ aMILIUTY (I, YacTOTHI U (a3sl konebanui. [lokazaHo, 4To TakuM CII0-
cOOOM MOKHO TaKKe KOHTPOJIUPOBATH CyMMY CHHYCOMI C Pa3HBIMHM aMIUTUTYJaMH U (ha3aMH, HO C OJMHAKOBOW yacToToi. Tarke
MOXHO KOHTPOJIMPOBATh CUHYCOMJIbI BO BTOPOIl CTETIEHH.

PesyabTarhl. OQEKTUBHOCTD NPETOKEHHBIX METOIOB [I0Ka3aHa B Pe3yJIbTaTe KOMIIBIOTEPHOIO MOJIEIMPOBAHUS pacnazia pa-
JMOAKTHBHBIX H30TOIIOB, a TAKXKE MOJIEITHPOBAHNUS HAPYILIEHHUS] CHHYCOUIAIBHOTO XapaKTepa KOHTPOINPYEMOro Mmpolecca.

BoiBoabl. Ha ocHoBe (yHKIMIT AnucTiponopnuy pa3paboTaHbl METOIBI JUIS ONIEPATUBHOTO PACIIO3HABAHUS TUMA (QYHKIUHU, KOTO-
past OIIMCHIBAET aHAIM3UPYEMBIil Iporiecc. OTH METOABI MOTYT OBITh UCTIOIB30BAHBI JUIS aHAN3a XUMHUKO-TEXHOJIOTHIECKUX TIPOIIEC-
COB, KOHTPOJISl YUCTOTHI PaJAUOAKTUBHBIX U30TOIOB, a TAKKE /sl KOHTPOJI CUHY COUAAIbHOCTH IIPOLECCOB B IEKTPHUUYECKUX CETSIX.

KJ/IIOYEBBIE CJIOBA: ¢yHKIMN AUCTIPONIOPLIUY, THII YHUCIOBOH (DYHKIUH, UCKa)KEHHE CHHYCOH[BI, ITOKa3aTenbHas (QyHK-
1M1, TOJIMHOMHUAIIbHAS (DYHKIHS, CTEIICHHAsT (DYHKIISL.
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