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MODELING OF PHYSICAL PROCESSES OF ENERGY CONVERSION
IN SMALL-SIZED VORTEX ENERGY SEPARATORS

The object of study in the article is the vortex effect of temperature separation in a rotating gas flow,
which is realized in small-sized vortex energy separators. The subject matter is the models that
describe the physical processes of energy conversion in small-sized vortex energy separators as
objects of automatic control. The goal is to obtain models of a vortex energy separator reflecting its
static and dynamic properties as an automatic control object. The tasks to be solved are: to develop
a three-dimensional computer model of a small-sized vortex energy separator which will allow
analyzing the parameters of the gas flow and physical processes of energy conversion directly inside
the object and obtaining its static characteristics. A linearization method of static characteristics on
the interval of input and output values is proposed which will expand the operating range without
loss of linearization accuracy. A method of structural-parametric identification based on
experimental logarithmic magnitude-frequency characteristics is proposed which will allow for the
same set of experimental points to select the structure of the mathematical model of varying
complexity depending on the specified accuracy. As a result of the work, the scheme for modeling the
automatic control object was formed, consisting of the drive unit, sensor unit, and vortex energy
separator, with the reflection of all the obtained operating modes. The methods used are the method
of graphic linearization, Laplace transform, structural-parametric identification. The following
results were obtained: a computer and linearized mathematical model of the small-sized vortex
energy separator as an automatic control object reflecting its properties in the time and frequency
domains was obtained. A comparative analysis of the reactions of the model and the real object to
the same input action was carried out. Conclusions. The scientific novelty of the results obtained is
as follows: 1) multiple graphic linearizations of one static characteristic to use the full range of the
operation mode of vortex energy separator, which distinguishes it from the known;2) mathematical
model structural-parametric identification for vortex energy separator with the help of known points
of the Bode magnitude plots by using the interpolation polynomial and its derivatives graphs.

Keywords: vortex effect; vortex energy separator; computer model; graphic linearization; frequency
characteristics; identification; automatic control object; simulation scheme; transfer function.

control object with unknown dynamics from the
obtained experimental data.

Introduction

A vortex energy separator is a device in which the
vortex Ranque effect is realized [1]. In the modern
world, vortex energy separators are used for gas
purification, in the automotive industry, in industry as
part of refrigeration systems and cooling systems [2]. In
this article, the vortex energy separator is considered as
a nonlinear control object that does not have a standard
equation describing its dynamic properties.

One of the main tasks solved in the design of
automatic control systems is the identification of the
control object, which consists in obtaining its
mathematical description. The nature and type of
mathematical model is determined by the goals and
objectives for which it will be used. In this work, the
identification problem is to determine the structure and
parameters of the mathematical model of a nonlinear

The control object is characterized by certain
properties. The relationship between the input and
output signals of an object, the change in state over time
are often described by analytical expressions, which
become standard as a result of repeated theoretical
studies and experimental confirmation. Nevertheless,
there are such objects for which mathematical models in
analytical form have not been obtained, or depend on
the area of knowledge in which such objects are used.
The presence of an analytical description of dynamic
properties allows a wider range of identification
methods, simplification of the mathematical model, or
transitions to other necessary forms of presentation to be
applied. In other cases, it becomes necessary to carry
out a series of experiments to obtain various types of
characteristics, and, based only on these data, to solve
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the problem of identifying a single research object.

Automatic control theory includes methods for
identifying and assessing the process state. The choice
of the identification method depends on the properties
of control object. In practice, solving the identification
issue with accuracy is a complex procedure, its
implementation is carried out using expert solutions.

The purpose of the paper is to describe the
proposed methods of structural and parametric
identification of the mathematical model of the vortex
energy separator and the use of the results obtained to
implement the model of a rational control system [3].
The article uses data from the experimental setup based
on vortex energy separator that has a specific design and
fixed dimensions. So the results obtained will be valid
for vortex energy separators of that type.

1. The arrangement and operation principle
of the vortex energy separator

The experiments on the mock-up model [4] which
has the following geometric characteristics: diameter of
working part D,, =58mm, length of working part

L,, =116 mm, stroke of valve regulator AC=2mm,
diameter of diaphragm D, =25mm, area of the

tangential inlet F =1mm?’. Environment factors:

compressed air pressure P =0,5...0,7 MPa , temperature
of environment T,

. = 292 K. The series of experiments
conducted by associate professor S. N. Pasichnik at the
department of Aircraft Control Systems of the National
Aerospace University «Kharkiv Aviation Institute». The

appearance of mock-up model is shown in Fig. 1.

As a result of experiment, a number of static,
logarithmic ~ magnitude-frequency and  transient
characteristics have been obtained.

The information scheme reflecting the movement
of the air flow inside the components of the vortex
energy separator is shown in Fig. 2.

In fig. 3 shows the result of CFD simulation for the
three-dimensional model of vortex energy separator
according to the geometric characteristics of the
experimental setup. The computer model includes solid
structural elements, air parameters, air flow control unit
(adjusting valve). The parameters of the air determine
the steady-state operation mode of the vortex energy
separator. Temperature, pressure and air mass flow have
been considered as the target flow parameters.
Temperature is the main parameter that has been chosen
for quantitative assessment of the effective and adequate
operation of the model [5].

As a result of the choice of the adjusting valve
position the transmission coefficients for the vortex
energy separator are determined

koc = AToc / A&, 1)

kOH = ATOH / A&_,, (2)

where & — adjusting valve position, mm, Toc, Ton — cold
and hot air outlet temperature, °C.

The adequate computer model of vortex energy
separator allows to measure and evaluate parameters at
any point of the model that cannot be determined in real
conditions due to shortcomings of measuring devices or
due to design features.

Fig. 1. Appearance of experimental mock-up model based on the small-sized vortex energy separator
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Fig. 3. Computer model of the vortex energy separator

The disadvantage of computer model is the using
idealized model of the real plant. When the model is
being developed some parameters can be incorrect or
may not be mentioned, so using such calculations will
affect the operation and accuracy of the designed object.

2. Linearization of static characteristics

As a result of experiments with the computer
model the static characteristics of the vortex energy

separator have been obtained as the dependence of the
temperatures of cold and hot air flows on the valve
position when inlet air pressure is 0.5, 0.6, or 0.7 Pa.

For objects that have a nonlinearity similar to the
vortex energy separator it is proposed to carry out
linearization over the entire signal range with a lower
error than with point linearization over the same range.
In fig. 4 shows the values of cold air flow temperature
when adjusting valve moves along its entire possible
diapason for each value of inlet air flow pressure.
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Fig. 4. Dependence of the cold air flow temperature on the adjusting valve position for different values of pressure
and corresponding linearized characteristics: 1 — experimental characteristic when 0.5 MPa; 2 — experimental
characteristic when 0.6 MPa; 3 — experimental characteristic when 0.7 MPa; 4 — linearized characteristic
when 0.5 MPa; 5 — linearized characteristic when 0.6 MPa; 6 — linearized characteristic when 0.7 MPa

In a similar way the interval linearization of static
characteristics has been carried out as the dependence of
the hot air flow temperature on the adjusting valve
position.

In such way, several operating points are
determined, twelve operation modes of the vortex
energy separator have been formed:

- pressure 0.5 MPa, valve position less than
0.5 mm by the cold air flow;

- pressure 0.5 MPa, valve position more than
0.5 mm by the cold air flow;

- pressure 0.5 MPa, valve position less than
0.875 mm by the hot air flow;

- pressure 0.5 MPa, valve position more than
0.875 mm by the hot air flow;

- pressure 0.6 MPa, valve position less than
0.625 mm by the cold air flow;

- pressure 0.6 MPa, valve position more than
0.625 mm by the cold air flow;

- pressure 0.6 MPa, valve position less than
0.875 mm by the hot air flow;

- pressure 0.6 MPa, valve position more than
0.875 mm by the hot air flow;

- pressure 0.7 MPa, valve position less than

0.625 mm by the cold air flow;

- pressure 0.7 MPa, valve position more than
0.625 mm by the cold air flow;

- pressure 0.7 MPa, valve position less than
0.875 mm by the hot air flow;

- pressure 0.7 MPa, valve position more than
0.875 mm by the hot air flow.

The numerical values of the transmission
coefficients according to (1) and (2) for each mode of
operation will be presented in Section 4.

3. Model identification based
on Bode magnitude plot

An alternative method for determining the
mathematical model of object is proposed based on
obtaining a number of experimental logarithmic
frequency characteristics and graphical identification.
The graphical identification presented in this work is
associated with the Bode magnitude plot.

The Bode magnitude plot of the vortex energy
separator obtained as a result of number of experiments
has been taken as the initial data [6]. The accuracy of
determining the model structure depends on the
requirements for the accuracy of its obtaining. The use
of Bode magnitude plot assumes the determination of
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the break frequencies. They can be clearly displayed on
the asymptotic characteristic, however, they are
implicitly expressed on the experimental plot.

The following approach is proposed for finding the
break frequencies. The original graph is interpolated by
a polynomial of (n-1) order where n is the number of
experimental points on the graph. The experimental
logarithmic characteristic has eight points, therefore, it
is definitely possible to obtain the 7 order polynomial
shown in fig. 5.

Yy = prX’+ pex®+ Psx>+ pax’+ pax+ paxP+ pix+ po, (3)

where p7 = 37.149; ps = 234.77; ps = 570.87;
Ps=654.74; p3;=331.14; p,=25.016; p;=-40.441;
Po = -18.802.

The derivatives of the polynomial (3) are used to
find the break frequencies [7]. For the 7" order
polynomial the following is defined: the graph of the 1%
derivative can be used to identify the model with the
highest accuracy (when using this approach), the graph
of the 3™ derivative - with less accuracy, the graph of
the 5" derivative - with the least (for given polynomial)
accuracy.

1%t derivative of a polynomial is a 6™ order
polynomial

Yy = Pex® + psx® + pax* + pax® + pax? + pix + po, (4)

where  ps=260.043; ps=1408.62; ps = 2854.35;
Ps = 2618.96; p2 = 993.42; p1 = 50.032; po = 40.441.

39 derivative of a polynomial is a 4™ order
polynomial

y = pax* + pax® + p2x2 + pix + Po, ®)

where  ps=7801.29; ps;=28172.4;
p1 = 15713.76; po = 1986.84.

5t derivative of a polynomial is a 2" order
polynomial

P2 = 34252.2;

Yy = p2X2 + pix + o, (6)

where p, = 93615.48; p1 = 169034.4; po = 68504.4.

The break frequencies are calculated from the
given graphs by the local extrema of the graphs of the
derivatives of the initial polynomial. If the plot has a
local minimum, the value of which takes a negative
value, then it defines a pole of the desired model. If the
plot has a local maximum, the value of which takes a
positive value, then at this point there is a zero of the
desired model. The rest of the local extrema do not
determine the presence of the break frequency.

L,dB
27 lg (m).
: p— dec
-2 ./—1,8 0,2
/
/\ 2
/
/

22 1

-26 —

Fig. 5. Experimental logarithmic frequency response and 7" order polynomial plot:
1 — experimental characteristic; 2 — 7™ order polynomial plot
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Based on this, three local minima with negative
values and two local maxima with negative values are
clearly expressed on the graph of the 6™ order
polynomial (4). These minima indicate the presence of
three poles but maxima do not indicate the presence of
zeros. The 4™ order polynomial (5) indicates two local
minima with negative values and one local maximum
with a positive value. These minima indicate the
presence of two poles, the positive maximum indicates
the presence of zero. The 2™ order polynomial (6)
indicates only one local minimum with a negative value
that indicates the presence of pole. Aperiodic and
forcing links of the 1%t order for each corresponding
break frequency are selected. So the transfer functions
defined by three derivatives will have the form like

W(s) = Y()/X(s) = L((Tas+1)(Tos+1)(Tas+1)) =

=1/((43.855+1)(8.25+1)(1.1s+1)); (7)

W(S) = Y(S)/X(s) = (Tos+1)/((T1s+1)(Tas+1)) =
= (10s+1)/((25.125+1)(2.55+1)); (8)
W(s) = Y(s)/X(s) = 1/(Ts+1) = 1/(6.3s+1).  (9)

The Bode magnitude plots are shown in fig. 6.

The estimated Bode magnitude plot are not an
approximation of the experimental Bode magnitude
plot. For better approximation, two options are
proposed: shift the estimated Bode magnitude plot by
using the additional transmission coefficient or conduct
more thorough analysis of the graphs of the derivatives
of the polynomial.

It is assumed that the value of the local extremum
that determines the presence of the break frequency
affects the slope of the asymptotic Bode magnitude plot:

when the value increases the slope increases for
absolute values.

Using this approach, the time constants of the
aperiodic function have been obtained as the
mathematical description of the vortex energy separator
T =97, T=8,and T = 5.6 when inlet air pressures of
0.5, 0.6, and 0.7 MPa, respectively.

4. Block diagram
of the automatic control object

In fig. 7 shows the model of vortex energy
separator as an automatic control object [3] created in
Simulink.

Bias 1.57 and 4.57 are the nominal voltage values
of the sensors, corresponding to -1.9 and 44 as the
temperatures of the hot and cold air flows at the valve
zero position.

The actuator unit consists of the actuator transfer
function, that is physically a combination of a stepper
motor and a variable displacement valve. For each
model, non-linearity is applied in the form of saturation,
that is physically caused by the limited range of valve
movement in millimeters.

The value of the air flow pressure supplied to the
working area of the vortex energy separator affects
the parameters of the air flows leaving it. At the scheme,
the choice of the pressure value is carried out

among the set of values (0.5, 0.6 or 0.7 MPa), for
which the mathematical models of the vortex energy
separator have been experimentally obtained, and
other different values of pressure (e.g. 0.8 MPa), that
will be perceived by the system as uncertain or
undesirable.

N

-25 -

Fig. 6. The Bode magnitude plots by transfer function (9):
1 — experimental plot; 2 — estimated plot; 3 — estimated asymptotic plot
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Fig. 7. Block diagram of the automatic control object

In the "Vortex energy separator” subsystem, the
mathematical model of vortex energy separator is
implemented in several parameters, taking into
account the value of the inlet air pressure and the
adjusting valve position. According to the selected
operating mode, a pair of transfer functions of the
vortex energy separator is determined: according to the
cold and hot air flows.

All variants of the vortex energy separator
operating mode have been used due to the subsystem
"VES operation mode”. The presented approach is
carried out in two stages: the set air pressure is manually
set, then the condition is imposed on the current valve
position as a control signal.

The air pressure switching subsystem determines
the value with which the system will operate. It is

| 768 .
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P=0.5MPa, ksi < 0.5
7.8
In2 ST+
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-10.16
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a)

assumed that the supply air pressure is constant for one
simulation iteration. The valve position operating mode,
in turn, is determined continuously during the
simulation time. The values of these positions are
determined from the data of static characteristics of the
vortex energy separator.

The sensor unit consists of two sensors that
measure the temperature of cold and hot air flows. The
operation range of each sensor exceeds the possible
temperature range.

The model at a specific moment in time
determines one of six transfer functions of the vortex
energy separator for the cold flow and one of six for the
hot flow, the structure and parameters of which have
been obtained previously in Sections 2 and 3. The
transfer functions are shown in Fig. 8.

—19.77
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—5.51
e [ *0u2)
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Fig. 8. Subsystems «Variants of the VES transfer functions for cold flow» (a)
and «Variants of the VES transfer functions for hot flow» (b)
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A pulse of unit magnitude and duration is set as an
input signal for the system. The pulse size is chosen in
such a way as to reach the actuator saturation zone and
to activate several modes of vortex energy separator
operation within one simulation.

The reaction of the vortex energy separator to the
linear movement of the valve is a change in the values
of the temperatures of cold and hot air flows, relative to
their initial values according to the static characteristics

of the vortex energy separator. The reaction of the
automatic control object in the form of two transient
processes are changes in the voltage of the temperature
sensors and are shown in fig. 9.

In order to assess the performance of model of
automatic control object a comparison has been made
with the results of experiments that is shown in
fig. 10, 11. Therein the input control signal is supplied
with magnitude of 0.2 V and duration of 0.5 sec.

u, Vv
5 -
4,5 1
4 .
2
35 | /
3 4
2,5 A —
2 '/
1,5 A !
1 -
0,5 1
t, sec
0 : : : : : : : : : .
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Fig. 9. Graphs of cold and hot air temperature sensors voltages:
1 — cold air temperature sensor voltage; 2 — hot air temperature sensor voltage
T,°C
45 -
44
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42 A
41 A
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38 T T T T T T T t, Sec
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Fig. 10. Hot air flow temperature changing:
1 — experimental data; 2 — approximation of experimental data; 3 — model data
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Fig. 11. Cold air flow temperature changing:
1 — experimental data; 2 — approximation of experimental data; 3 — model data

The maximum error of the hot air flow
temperatures between the experimental data and model
data is 1.5 °C, for cold air flow temperature is 0.4 °C.

Conclusions

The results of the work prove that the
mathematical model of vortex energy separator obtained
using interval linearization and the proposed approach
to the analysis of Bode magnitude plots corresponds to
the physics of the process occurring inside the object.
The maximum error is 1.5 °C.

Further research will be aimed at describing the
automatic  control object in other forms of
representation: in the state space, finite-difference
equations, discrete transfer functions. The proposed
frequency response analysis will also be refined. One
of the main subsequent stages is the formation
of block diagram of the automatic control object
that makes it possible to recreate the destabilizing
effects of circuit elements of various classes and types
in order to analyze the efficiency of the vortex energy
separator.
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MOJIEJTIOBAHHSA ®I3MYHUX IMPOIECIB TEPETBOPEHHS EHEPTTI
B MAJIOTABAPUTHHUX BUXPOBUX EHEPI'OPO3AIJIBHUKAX

A. C. Kynix, C. M. Ilaciunuk, /]. B. Cokon

O0’€KTOM BHBYEHHS B CTaTTi € BUXPOBUIl e(eKT TeMIepaTypHOro MOALTYy B MOTOLI rasy, Mo o0epTacThes Ta
SKAN BHHHMKaE B MajorabapUTHHX BUXPOBUX CHEPropo3AUIbHHKaX. Y SIKOCTI NMpeaMeTa BHBYCHHS BHCTYIAIOTh
MOJIeNi, 0 ONKCYIOTh ()i3W4HI MPOLIECH IEPETBOPEHHS eHeprii B MajorabapuTHUX BUXPOBUX €HEPTOPO3ALTEHHUKAX SIK
00’€KTax aBTOMAaTUYHOTO YNpaBiIiHHA. MeTol0 € OTpUMaHHS MaTeMaTHYHHX MOENEH MajorabapuTHOr0 BUXPOBOTO
€HEPropo3AUIbHUKA 3a EKCIIEPUMEHTAJIIbHUMH JAHUMH SIK 00’€KTa 3 HEJiHIIHOI0 CTAaTWYHOI0 XapaKTEePHCTHUKOIO.
3amaui: po3poOWTH TPHUBUMIPHY KOMII'IOTEPHY MOJENb MAaJIorabapUTHOTO BHXPOBOTO EHEPrOpO3ALIbHHKA, SKa
JIO3BOJIUTH aHAJ3yBaTH MMapaMeTpH MOTOKY Ta3y 1 (pi3HUHi IpoIecH MepeTBOPEHHS eHepTii Oe3rmocepeTHRO BeepearHi
00’eKTa I OTpUMATH HOTO CTaTHYHI XapaKkTepucTUKH. [IpornoHyeThcs METON JiHeapu3alii CTaTHYHNX XapaKTePHCTHK
Ha iHTepBalli BXiIHUX | BUXIJHUX 3HAYCHb, KU PO3MIMPUTH pOOOYMI Iiama3oH Oe3 BTPATH TOYHOCTI JiHEapH3allil.
IIporoHy€eThCSI METOZ CTPYKTYPHO-TIAPaMETPHUHOT imeHTH(IKAI[l HAa OCHOBI €KCIICPUMEHTAIBHUX JIOrapuMIuHUX
AMIUTITYTHO-4aCTOTHUX XapaKTePUCTHUK, SKUH TO3BOJIUTH JJIsl OJJHOTO il TOTrO XK HAOOpYy €KCHEepUMEHTaIbHHUX TOYOK
o0upaTH CTPYKTYypy MaTEMaTH4HOI MOJEN Pi3HOI CKIAJHOCTI B 3aJICKHOCTI BiX 3amaHoi TOYHOCTI. B pesymbrati
pobotu chopMoBaHa cxema MOJEIIOBAHHS 00’€KTa aBTOMAaTUYHOTO YIPABJIiHHS, IO CKJIAJA€ThCs 3 OJIOKY HPHBOIIB,
OJIOKY JaT4MKiB 1 BHUXPOBOIO EHEProOpO3AiIbHHKA, 3 BIJOOPaXKEHHSM YCIX OTPHUMAaHUX PEXKHMIB pPOOOTH.
BukopucToByBaHUMH MeTOHAMM €. MeTonx rpadiuHoi JiHeapusailii, mneperBopeHHs Jlamiaca, CTPYKTYpHO-
mapaMeTpuydHoi imeHTHgikamii. Hamani HacTymHI pe3yasTaTH: OTPUMaHI KOMIT'IOTEpHa Ta JIiHCapH30BaHA
MaTeMaTH4Ha MOJIEJi MajlorabapuTHOTO BUXPOBOTO €HEPropo3JIiUIbHUKA K 00°€KTa aBTOMATHYHOTO YIPABIIIHHSA, SKi
BiZOOpaXKaroTh HOTO BIACTHBOCTI y YaCOBIH 1 4acTOTHIH obnacTsax. [IpoBeaeHO MOPIBHAIBHUI aHANI3 peakmiid MoJemi
Ta peanbHOro 00’€KTa Ha OAWH i TOW camMuii BXimHUHA curHAI. BucHOBKH. HaykoBa HOBHM3HA OTPUMAaHUX PE3YNIBTATIB
NoJIsITa€ B HACTYMHOMY: 1) MHOXHMHHa TpadiyHa JiHeapu3allis OJHI€]l CTaTHYHOI XapaKTEPUCTHUKH BUXPOBOTO
€Hepropo3AUIEHNKA, 10 BiPI3HAETHCS Bifl BIJOMHX BiJOOpa)KEHHSM IE€PETBOPIOBAILHHUX BJIACTHBOCTEH B IIMPOKOMY
niama3oHi pexuMiB (QYHKIIOHYBaHHS, 2) CTPYKTypHO-TIAPAMETPUYHY ileHTH(IKamifo MaTeMaTHYHOI MOJedi
BHUXPOBOTO €HEPrOpO3AiITbHMKA 3a JOMNOMOTOK BIIOMHX TOYOK JIOTApU(PMIYHHX aMIDITYIHO-4aCTOTHHX
XapaKTEePUCTHK 3 BUKOPUCTAHHAM 1HTEPHOJIAIIIIHOTO MMoliHOMa Ta rpadikiB HOro MoxiTHuX.

KiaouoBi cioBa: BuxpoBuil e(eKT; BHXpOBHHA €HEPrOpO3IiUIFHHUK, KOMIT'IOTEpHA MOJENb;
JiHeapu3alis, YacTOTHI XapakTepUCTUKH{; ideHTH(iKamis; 00’€KT aBTOMAaTHYHOTO  YIPABIiHHS;
MO/ICITIFOBaHHSI; NlepelaBalibHa (QYHKIIiS.
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MOJAEJIUPOBAHUE ®U3NYECKHUX TPOLECCOB IIPEOBPA3OBAHUSA DHEPT U
B MAJIOT'ABAPUTHBIX BUXPEBBIX DOHEPT'OPA3JEJIUTEJIAX

A. C. Kynuk, C. M. Ilacuunux, /I. B. Coxon

O0BbeKTOM M3y4YeHHs B CTaThe SBISIETCS BUXPEBOW 3(D(EKT TeMIepaTypHOrO pasJiesieHHs. BO BpallaroiemMcs
MIOTOKE Ta3a, KOTOPHIM BO3HHWKACT B MaorabapUTHBIX BUXPEBBIX HSHEPropasfenuTesix. B kadecTse mpeamera
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W3Y4EHHMs BBICTYNAIOT MOJIEIH, ONKCHIBAIONINE (PH3HIECKHE MPOLECCH TPeoOpa30BaHusl SHEPTUH B MaIOrabapuTHBIX
BUXPEBBIX JHEPropaz[eiuTeIssX Kak 0O0beKTax aproMaTHueckoro ynpasieHus. Lleasio sBisercs mnoirydeHue
MaTeMaTHIECKUX MOJEIEH ManorabapuTHOTO BHXPEBOTO YHEProOpasleNMTENs 10 SKCIEPUMEHTAIBHBIM JaHHBIM Kak
00BeKTa C HETMHEHHOM CTaTHYeCKON XapaKTePUCTHKON. 3agaun: pa3paboTaTh TPEXMEPHYIO KOMITBIOTEPHYIO MOJIEITh
MaJiorabapuTHOTO BHXPEBOTO 3HEPropas/eNUTeNs], KOTOpas IO3BOJIMT AHAIM3HPOBATh IapaMeTphl MOTOKAa rasza U
(r3HUecKre TPOIECCHl MPeoOpa3oBaHMA YHEPTUH HETMOCPEACTBEHHO BHYTPH OOBEKTa W MOJTYYHTh €TO CTATHYECKHE
xapakTepucTukd. [Ipemmaraercs MeTOx JHHEAPH3aIMU CTATHYECKHX XapaKTEPHUCTHK HAa WHTEPBAJIC BXOJHBIX M
BBIXOJHBIX 3HAYCHUH, KOTOPHIA pacmmpuT paboumii quana3oH 0e3 MoTepH TOYHOCTH JmHeapm3auun. [Ipeamaraercs
METOJ] CTPYKTYPHO-TIApaMETPHYECKOH WICHTH(QHUKAIMA Ha OCHOBE OKCIHEPHUMEHTAIBHBIX JOrapu()MHUYECKUX
aMIUIUTYHO-9aCTOTHBIX XapaKTEPUCTUK, KOTOPBIHM MO3BOIMT IJIs1 OJJHOTO U TOXKE HabOpa HKCIEPUMEHTAIBHBIX TOYEK
NOAOHPATh CTPYKTYPY MAaTeMaTHYECKOH MOJENH Pa3IMYHOW CIIOHOCTH B 3aBUCHMOCTH OT 3aJaHHOM TOYHOCTH. B
pesynbrare paboTel chOpMUpPOBAHA CXEMa MOJCIMPOBAaHMS OOBEKTa aBTOMATHYECKOTO YIPABJICHUS, COCTOSIIAS M3
0J0Ka NpUBOJOB, OJIOKa JATYMKOB U BHXPEBOIO 3HEPrOpasleNuTENsl, C OTPaKCHUEM BCEX MOJNYUYEHHBIX PEXHMOB
paboThl. Vcronp3yeMbIMH MeTOJaMH SIBISIIOTCS: MeToJ] rpadudeckodl JMHeapu3aluuu, npeodpaszoBanus Jlamiaca,
CTPYKTYpHO-TIApaMETpUUECKOX  HAeHTU(HKanuu. [IpemocTaBieHsl  Clemylomue  pe3yJbTaThbl:  MONyYEHBI
KOMIBIOTEPHAS U JIMHEAPU30BaHHASI MaTEMaTHUECKash MOJIEIH MaJoradapuTHOTO BUXPEBOTO YHEPropa3AeIuTeNsl KaK
00BEKTa AaBTOMATHIECKOTO YIIPABICHHUS, OTPAXKAIOIINE €TO CBOWCTBA BO BPEMEHHOW M 4acTOTHOM obnacTax. [IpoBeneH
CPaBHUTENBHBIH aHANIN3 PEaKIUi MOJIENTH M pealbHOr0 OOBEKTa Ha ONUH W TOT XK€ BXOJHOM CHrHal. BbIBOJBL
Hayunass HOBH3HA TIOMYYEHHBIX PpE3YJIBTATOB 3aKIIOYACTCS B CIEAYIOmEM: 1) MHOXECTBEHHas Trpaduueckas
JIMHEeapu3anysi OJHOW CTAaTHYECKON XapaKTEPHCTUKH BUXPEBOTO 3HEPTOPA3EINTENs, OTIMYAFONIErocs: OT M3BECTHBIX
OTpakKeHHEeM NpeoOpa3oBaTENIbHBIX CBOWCTB B IMPOKOM JHala30He PEKUMOB (DYHKIIMOHHPOBAHUS; 2) CTPYKTYPHO-
napaMeTpudCeCKas I/IZ[eHTI/I(bI/IKaHI/ISI MaTeMaTHYeCKOM MOJICIN BUXPEBOT'O SHECPTOPA3ACIIUTEIIA IIPHU IMTOMOIIN U3BECTHBIX
TOYCK JIOT! apI/I(i)MI/I‘IeCKI/IX AMIUIUTYJHO-YaCTOTHBIX XapPaKTCPUCTUK C HUCIOJB30BAHHUECM HHTCPHOIAINHUOHHOTO
MOJIMHOMA U TPahUKOB €ro MPOU3BOIHBIX.

KoaroueBble ciioBa: BUXpeBoil 3 (GeKT; BUXPEBOH IHEPropasieliuTellb; KOMIBIOTEpHAs MOJIEIb; rpadudeckas
JMHeapu3anysi; 4YacTOTHBIE XapaKTEPHUCTHKH; HACHTU(PUKALMS; OOBEKT aBTOMATHYECKOTO YMPABICHUS; CXEMa
MOJIETIMPOBAHMS; IEPEAATOTHAS (PYHKIHSL.
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