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Abstract

Purpose: The vibratory inertial technology is a recent modern inertial technology. It represents the most
perspective approach to design of inertial sensors, which can be used in stabilization and tracking systems
operated on vehicles of the wide class. The purpose of the research is to consider advantages of this
technology in comparison with laser and fiber-optic ones. Operation of the inertial sensors on the ground
vehicles requires some improvement of the Coriolis vibratory gyroscope with the goal to simplify
information processing, increase reliability, and compensate bias. Methods: Improvement of the Coriolis
vibratory gyroscope includes introducing of the phase detector and additional excitation unit. The possibility
to use the improved Coriolis vibratory gyroscope in the stabilization systems operated on the ground
vehicles is shown by means of analysis of gyroscope output signal. To prove efficiency of the Coriolis
vibratory gyroscope in stabilization system the simulation technique is used. Results: The scheme of the
improved Coriolis vibratory gyroscope including the phase detector and additional excitation unit is
developed and analyzed. The way to compensate bias is determined. Simulation of the stabilization system
with the improved Coriolis vibratory gyroscope is carried out. Expressions for the output signals of the
improved Coriolis vibratory gyroscope are derived. The error of the output signal is estimated and the
possibility to use the modified Coriolis vibratory gyroscope in stabilization systems is proved. The results of
stabilization system simulation are given. Their analysis is carried out. Conclusions: The represented results
prove efficiency of the proposed technical decisions. They can be useful for design of stabilization platform
with instrumental equipment operated on moving vehicles of the wide class.

Keywords: bias compensation; Coriolis vibratory gyroscope; ground vehicles; stabilization system; phase
detector.
1. Introduction countries. Its usage allows designing of inertial
stabilization systems, which are characterized by the
high accuracy and reliability, simplicity of
maintenance, resistance to shocks, and low cost.
Usage of gyroscopes in stabilization systems
requires some improvements, for example,
simplification of information processing techniques,
and increasing of accuracy due to Dbias
compensation. This can be implemented by means
of technical means, for example, usage of the phase
detector and additional excitation unit and also
algorithm of bias compensation.

Characteristics of systems for stabilization of
equipment operated on the ground vehicles depend
essentially on their structure components. Different
types of gyroscopes can be used in this case. Until
now traditional electro-mechanical gyroscopes can
be used in researched application due to their high
accuracy and dynamics characteristics, and low
noise. Usage of sensor inertial technologies is
widespread trend of modern instrument making
industry. Such sensors have a wide field of
applications including platform stabilization [2, 3]. It
is explained by low cost, and simplicity of 2. Analysis of the latest research and
maintenance. The modern trend of sensor design is  publications
based on inertial technologies.

The Coriolis vibratory gyroscope (the vibrating
structure gyroscope) is a recent modern inertial
technology, which is developed now in many

Review of MEMS-gyroscopes, which can be used in
stabilization systems operated on the ground
vehicles, is represented in [4]. The similar analysis
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of the fiber-optic gyroscopes is given in [5]. The
basic features of the Coriolis vibratory gyroscope
(CVQG) developed by specialists of the National
Aviation University (Aircraft Control Systems
Department) and Kyiv Automatic Plant are
represented in [6, 7]. In [6] basic advantages of CVG
such as the possibility to implement measurements
in some modes are considered. Automated switching
of modes provides minimum errors of measurements
in the wide range. The important feature of CVG is
its resistance to such external disturbances as
shocks. This is very important for such application
as stabilization of platform with the payload
operated on the ground vehicles.

The paper considers some improvements directed
to the better possibilities of usage CVG in platform
stabilization systems. They represent technical
decisions providing simplification of information
processing and bias compensation. There are some
known constructions of the beam vibratory
gyroscopes similar to researched in [8]. And the
beam vibratory gyroscope described in [9] is the
nearest to considered gyroscopes. A mode of output
signal processing of this device is implemented by
means of units realizing addition and subtraction of
primary and secondary oscillations during change of
the primary oscillations on 180° (reverse of the
primary oscillations). Further the resonance
frequency amplitude is determined [9]. Exactly it
includes information about an angular rate. But this
technical decision has some disadvantages. Change
of the primary oscillations phase is accompanied by
a transient, which leads to errors of angular rate
measurement. Furthermore repeated subtraction of
signals increases noise, complicates information
processing, and decreases reliability of the device.

3. Research aim and tasks

The aim of this paper is to develop the improved
CVG and solve the following tasks.

1. To analyze modern inertial technologies and to
implement grounded choice of the inertial
technology, the most convenient for stabilization of
platform operating on ground vehicles.

2. To simplify information processing due to
measurement of difference of the primary and
secondary oscillations phase.

3. To compensate bias due to detection of the
axis with the minimum Q-factor and excitation of
resonator oscillations along this axis.

4. To carry out simulation of the stabilization
system with improved CVG and analysis of
simulation results.

4. Choice of inertial technology

It should be noted that ring laser gyroscopes, which
are widely used in the inertial navigation, are rarely
used for platform stabilization due to large
dimensions and quantization noise [2]. So, it is
convenient to analyze such inertial technologies as
fiber-optic,c, MEMS, and vibratory inertial
technologies for the researched application.

Advantages of fiber-optic gyroscopes are absence
of moving parts, instantaneous readiness to
operation, changing sensitivity depending on length
of fiber winding. However mass, dimensions, and
cost can be constraints for such application as
platform stabilization due to the necessity to use
receiving and transmitting unit and keeping fibers
polarization of transmitted radiation. Stabilization
system of the researched type can also use
gyroscopes designed by MEMS-technology, which
are characterized by low cost and serviceability. For
example, Gladiator Technologies (USA)
manufactures small-size silicon two-axis MEMS-
gyroscopes G20 [10] with low power consumption
and long operation life. The embedded vibration
isolation system provides resistance to the external
vibration and shocks. Gyroscopes of such type are
produced for some standard measuring ranges such
as X 75deg/s, *150deg/s, X 300deg/s. There are
modifications of such gyroscope, which differ from
standard ones. The important disadvantage of such
gyroscope is alignment error 1 deg. The one-axis
gyroscope G50Z manufactured by the same
enterprise has not such disadvantage [10].
Characteristics of gyroscopes, which can be used for
platform stabilization, are given in Table 1.

Characteristics of MEMS-gyroscopes represented
in the third and fourth columns of Table 1
correspond to such application as stabilization of
information and measuring devices operated on
ground vehicles because the above stated sensors
have high resistance to shocks influence. However
MEMS-gyroscopes  characteristics have some
statistical dispersion due to manufacturing errors.
Moreover ageing in such sensors has different rates.
And measuring information of MEMS-gyroscopes
requires compensation of zero bias. Therefore in
many cases correction units of different degree of
complexity are used. Usage of imbedded
temperature compensation systems is widespread
too.
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Table 1

Characteristics of MEMS-gyroscopes suitable for platform stabilization

Parameter GG5200 G20-075-100 G50Z-100-100 (200)
Mass, g 60 30 <30
Time of readiness, s <1 - <0.05
Resistance to shocks, g 40 500 500
Temperature range, °C -45...485 -40...485 -55...+100
Supply 5V, <200 mA - 5Vt 5%,35mA
Resolution 10 deg/h or 16 bit - < 0,005 deg/s
Random drift 0,2 deg/+/h 0,05 deg/s/Hz 0,014 deg/s//Hz
Scale factor, mV/(deg/s) 25 15 20
Accuracy of alignment + 17 mrad +1 deg <4 mrad
Bandwidth, Hz 100 100 50
Measuring range, deg/s + 360 + 75 + 100

CVGs have not such disadvantages. Now in
Ukraine are carried tests of CVGs able to operate in
three modes such as integrating, rate, and
differential. Usage of such devices in the differential
mode of operation allows to increase stability of the
scale factor and to correct an error of the bias [7].
These advantages improve effectively the quality of
stabilization and tracking processes.

Comparative analysis of such sensors as MEMS-
gyroscope ADIS-16136 (Analog Devices, USA),
vibratory gyroscope with the metallic resonator
“Quaposon” (SAGEM, France) and CVG developed
by Aircraft Control Systems department and the
Kyiv Automatic Plant (Ukraine) are represented in
Table 2 [7].

Table 2
Comparative analysis of parameters of CVG, ADIS-16136 and “Quapason”
Parameter ADIS16136 “Quapason” CVG
Measuring range, deg/s +400, £250, +250 +400, £200,
+100 +150
Sensitivity of scale factor to temperature, %/°C (10) +0,0035 +0,004 +0,0026
Non-linearity of scale factor, % 0,01 - 0,01-0,03
Repeated bias, deg/s +0,15 - +0,03
Sensitivity of bias to temperature, (deg/s)/°C (1) +1,25-10° +2,2-107 +1,7-10"
Stability of bias, deg/s 107 (3-6) 107 <3-10"
Random drift (noise), deg/\/h 0,167 0,3 0,003-0,01
Sensitivity of bias to linear acceleration, deg/s/g,16 0,017 (x1g) - 0,001(x1g)
Alignment error, deg. +1 +0,5 +(0,5-0,3)
Noise density, (10),deg/s/\/Hz 0,00375 - 0,00187
Bandwidth, Hz 350 100 100
Temperature range, °C -40 +85 -40 +85 -40 +75
Sensitivity, (deg/s)/bit; 7107 Analog 6:107
(ADC capacity) (24) output (16)
Supply power, W 0,6 1,0 2,5
Average nonfailure operating time, h - 500000 500000
Resistance to shocks, g 2000, - 400, 2 ms
Output format SPI - RS-485,422

As can be seen from Table 2 almost all basic
CVG parameters exceed appropriate parameters of
other represented gyroscopes. Only two parameters
of ADIS-16136 such as supply power and bandwidth
are better than appropriate CVG parameters. This is

not critical for the considered application because
platform inertance and delay of motor reaction are
deciding factors for successful operation of the
stabilization system as a whole. The supply power
2,5 W also is not critical for the given application.
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5. Improvement of CVG sensors

The paper proposes the improved beam-type CVG,
structural scheme of which is represented in Fig. 1.
It includes beam resonator 1, drive and sense
electrodes 2, 3, 4, 5, unit of primary oscillations
excitation 6, and phase detector 7 [11].

Principle of operation of this sensor is as follows.
One input of the phase detector 7 is connected with
the primary oscillations sense electrode 2 and
another input is connected with the secondary
oscillations sense electrode 3. A signal proportional
to rotation angular rate is read from the phase
detector output. Such a construction provides
simplification of information processing due to
measurement of difference of primary and secondary
oscillations phases. This simplifies signal processing
and its transformation into the digital form,
decreases manufacturing cost, and increases
reliability of the sensor.

A signal of secondary oscillations taken off from
the electrode gives information about the angular
rate of beam rotation €. It can be described by the
following expression

Y(1)=KQqsinw,t+ A4, cosw, 1 =

= J(KQ)? + A2 cos(w ¢ — ’ M)
- q r (p)

where 4, is an amplitude of the quadrature signal;
K is the gyroscope scale factor.

[ ——
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Fig.1. Structural scheme of vibratory gyroscope
with the phase detector

Further signal (1) enters to the input of the phase
detector. The output signal of the phase detector
represents a signal of the phase difference ¢ [11]

(p:arctg%QzAﬁﬁ for Q<<1. 2)

q q9
The expression (2) defines the signal proportional to
Q for small angular rates.

The further improvement of CVG construction
lies in bias compensation due to detection of axis of
minimum Q-factor and excitation of resonator
oscillations along this axis. This leads to
simplification of information processing due to
measurement of difference of the primary and
secondary oscillations phases. A process of bias
compensation can be explained by the structural
scheme represented in Fig. 2 [12].

&=

A 4

Fig. 2. Structural scheme of CVG with
bias compensation

CVG shown in Fig. 2 includes beam resonator 1
with drive and sense electrodes 2, 3, 4, 5, the first
excitation unit 6, which gives the drive signal of
changed amplitude 4, on the electrode 2, the second
excitation unit 7, which gives the drive signal of
changed amplitude on the orthogonal electrode 3,
peak detector 8, which determines maximum of
output signal amplitude of the second excitation unit
7, unit 9, which gives an amplitude of oscillations of
the second excitation unit, and the phase detector 10.
Represented CVG operates in the following way.
After energization the unit 6 gives signal of
oscillations X, (#) excitation on the electrode 2. The
signal functions on the resonance frequency ®, of
the beam resonator with the constant amplitude 4,,
which can be described by the following expression

X,(t)= 4, cos(w,?). 3)

Reaction of the beam resonator, which operates
on the first mode of oscillations, on the excitation
signal (3) for the beam resonator can be represented
in the following way

Xios(t) = By cos O, sin(w, 1), 4)
where 0_ is an angle between oscillations axis and
direction of the minimum Q-factor axis; B, is an
amplitude of resonator oscillations. It should be
noted that B, in (4) depends on excitation amplitude
A,, resonator Q-factor, and electrode transfer
constant.
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The second excitation unit 7 gives the excitation
oscillations X,(#) on the orthogonal electrode 3.
The signal also functions on the resonance frequency
o, of the beam resonator with the changed

r

amplitude 4, (¢), which looks like
X,(t)= A4, cos(w,1). ®)

Reaction of the resonator on the excitation signal
(5) leads to oscillations
X,05(t) =By (t)cos(0, —m/2)sin(w,t) = 6
=B, (t)sin O, sin(®,?) ' ©)

The signal B,(¢) also depends on excitation
amplitude 4, (¢), resonator’s Q-factor, and electrode
transfer constant.

Resulting primary oscillations of resonator X (#)
is superposition of the two oscillations described by
4, (6).

X (1) = Xy (1) + X, (1) = By 008 8, sin(00,7) +

+ B, (#)sin 0, sin(m,7) = (7)

=B} + B? cos(B, —0)sin(m,7),
here ©=arctg(B,/B,). In (7) 0 is an angle of the
vibration wave turn relative direction of the drive
electrode 2. This direction defines direction of the
resonator oscillations.

So, change of the amplitude A4,(¢) leads to
change of the amplitude B, (¢). As can be seen from
(7) the vibration wave rotates. When direction of the
vibration wave axis will coincide with the axis of
minimum Q-factor, the excitation signal achieves
maximum B,, to keep stable the resulting
amplitude of resonator oscillations. ~ When
oscillations axis will coincide with the axis of
minimum Q-factor, the peak detector 8 fixes this
amplitude value and transmits this value of unit 9 to
the second excitation unit 7. Then unit 8 fixes
maximum amplitude of excitation B, . , and unit 7
gives the signal of fixed amplitude on the electrode
3. It should be noted that bias of vibratory
gyroscopes can be determined by the following
relationship

(’0}’ L_L 1 —
d= " LQI 0, jsm[n(eT 0)], )]

here Q,, O, are maximum and minimum Q-factors;
n is a number of oscillations mode; &k is a constant
depending on resonator geometry. For k=1, n=1,

the expression (8) can be rewritten in the following
form

d=

o, 1 1
~| — —— |sin[n(6, —0)]. 9
4(Q1 QzJ [n(8, —6)] 9)

It means that bias (9) is equal to zero if direction
of oscillations will coincide with the direction of the
minimum Q-factor.

The Coriolis force arises, when angular rate € is
acting along axis parallel to beam longitudinal axis.
This force causes the secondary oscillations Y(¢)
along the axis perpendicular to the axis of the
primary oscillations. In this case, this force arises
under the angle 0, +m/2 to axis of the drive
electrode 2. The signal of secondary oscillations,
which is read from the electrode 5 and includes
information about beam rotation angular rate, can be
represented by the following expression

Y(t) = KQ,cos(0, —0)sinw,t+

+ 4, cos(6, —0)cosw, =

= J(KQ)? + A? sin(0, —0+1/2) cos(w,f — ) =
= J(KQ)? + A? cos(6, —0) cos(w,t — ),
(10)

here 4, is an amplitude of the quadrature signal; K

is the scale factor.

Further signal described by (10) is given on the
first input of the phase detector 10. And the signal
described by (3) from the first excitation unit enters
on the second input of the phase detector. When
6=0, and cos(6, —0)=1, the output of the phase
detector 10 will represent a phase difference @

(p=arcth—Qz£Q,for Q<<1, (11)

Aq A‘]
which is proportional to the angular rate € for small
values. 4, in the expression (11) always is not equal

to zero because it characterizes errors of beam
manufacturing, for example, different thickness of a
beam.

Scale factors of such CVGs are usually equal to
0,01...0,02  V/(deg/s), values of 4 are

q
approximately equal to 0,04...0,5 V. It means that
K/ A,<0,5. Therefore the equality (11) is satisfied

for small Q. For Q<0,2 rad/s (11,5 deg/s) the error

of angular rate measurement ACQ will is equal to
nonlinearity of function arctg(x)

3
AQ< 1 £Q < l(O,l)3 =0,0003 rad = 0,017 deg/s.
3\ 4, 3
(12)

The expression (12) is true for most of
considered stabilization systems modes. It should be
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horizontal channel of stabilization system [14] are

Results of simulation carried out on example of the
given in Figures 3, 4.

6. Analysis of simulation features and results
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Then measurement accuracy in correspondence with
(12) will not exceed 1,3-10” deg/s (approximately

maximum angular rate is not more than 1 deg/s.
0,05 deg/h).

noted that for high-precision stabilization system the
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Fig. 3. Simulation results: dynamic error of stabilization system with GT and CVG (3a, 3b);
dynamic error for different bandwidths (3¢, 3d); the least dynamic error (3e); the smooth signal (3f)
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Fig. 4. Simulation results: reaction on impulse signals with nulling (a) and without it (b)

Sinusoidal and impulse signals have been used as
tested ones during simulation. For simulation of the
stabilization system with developed CVG the values
of adjustable coefficients given in Table 3 have been
used [13]

Table 3
Values of adjustable coefficients
Variant kl k2 k3
1 0,75 0,07 0,08
2 0,624 0,058 0,0665
3 0,32 0,044 0,064
4 0,75 0,055 0,08
5 0,8 0,05 0,013
6 0,8 0,055 0,013

Choice of the adjustable coefficients in the
control contours was carried out on the basis of

minimization of /,-norm of transfer function of
the closed loop stabilization system

i, \/L Tl o) w(jo)o

2n
for different initial conditions. Here W (jw) is the

transfer function of the closed loop stabilization
system; * is the symbol of the complex-conjugate
matrix. The chosen criterion provides the high
accuracy of control processes.

Comparative simulation for different variants of
adjustable coefficients represented in Table 3 was
carried out using two types of rate gyroscopes such
as electromechanical GT-46 and CVG with the
above mentioned technical improvements. Results of
simulation for the first variant of adjustable

coefficients and bandwidth 100 Hz are shown in
Figs 3a, 3b.
It is known that increase of gain k, influences

positively on the stabilization system rigidity. This
characteristic is of great importance for systems
providing stabilization of devices functioned on the
ground vehicles working in difficult conditions of
real operation, which are accompanied by external
disturbances including shocks [15].

The biggest value of gain k, takes place for the

first variant of the adjustable coefficients. In contrast
to stabilization systems with GT-46, usage of CVG
allows increasing of gain, which does not
accompanied by oscillativity increase. So, usage of
CVG allows increasing of gain and respectively
system rigidity. Simulation results have been shown
that permissible dynamic error is keeping in
conditions of the further gain increase including
values k;=0,8 and k,=0,85. Increase of k, to

value 0,9 leads to some increase of the stabilization
system dynamic error oscillativity.

Nature of dynamic error amplitude change
coincides with gain decrease both for GT-46 and for
CVG. This gives the possibility to suppose that the
high frequency oscillations shown in Fig. 3a are
caused by the sufficiently high gain &, =0,75. With

decrease of gain k, to 0,32 the amplitude of the

dynamic error and its representation become
identical. But in this case the dynamic error
amplitude exceeds the permissible value in two
times. Such situation was studied for the third
variant of adjustable coefficients.
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Results of research of changed bandwidth are
represented in Figures 3c, 3d. The dynamic error for
bandwidths 100 Hz, 200 Hz are represented here.
Simulation was considered for the fourth variant of
adjustable coefficients. As follows from these
results, the dynamic error process is smoother for the
bandwidth 200 Hz. And the stabilization accuracy is
sufficient in both cases.

The minimum dynamic error for the stabilization
system with CVG was obtained for the fifth variant
of the adjustable coefficient. It should be noted that
the transient has significant oscillations in this case.

The smoothest transient dynamic error takes
place for the decreased gain k; =0,32 and the third

variant of adjustable coefficient. But the amplitude
of the dynamic error in this case exceeds the
permissible value in two times.

The reaction of the stabilization system with
CVG on impulse signals is given in Figs 4a, 4b.
These graphs were obtained for the fifth variant of
adjustable coefficients.

7. Conclusions

Analysis of modern inertial technologies and the
grounded choice of inertial technology for rate
gyroscopes used in the stabilization systems
operated on the ground vehicle were carried out. The
advantages of the CVG were discussed.

The technical decisions directed to improvement
of CVG were developed. Introducing of the phase
detector makes easier information processing and
increases reliability of the sensor. Technical means
of bias compensation were developed. This provides
increase of stabilization system accuracy.

The expressions, which prove efficiency of the
proposed technical decisions, are represented. The
relation for bias determination was derived.

Simulation of the stabilization system with the
improved CVG was carried out. Analysis of
represented graphs is represented.

The obtained results can be wuseful for
stabilization of information and measuring devices
operated on vehicles of the wide class.
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Osoblyvosti modelyuvannya stabilizatora
0.A. Cymenko

InepuianbHi TexHoJIOTII B ccTeMax cTadinizanii 00J1afHAHHA Ha3eMHMX PYXOMHEX 00’ €KTIiB
Hamionansauit aBiamiitauii yaiBepcurer, mp. Kocmonasra Komaposa, 1, Kui, Ykpaina, 03058
E-mail: sushoa@ukr.net

MeTa: BiOpariiina iHepIialbHa TEXHOJOTIS € OCTaHHBOIO 3 CYYaCHHX IHEpIaJbHUX TEXHOJOTiH. BoHa
SIBJITE COOOK TMEPCIECKTHBHMN MiAXiJ J0 MPOCKTYBAaHHS IHEpLiadbHUX JATUYHMKIB, SKUH MOXe OyTH
BHUKOPHUCTAHO JJIsl CUCTEM CTalimi3alii Ta CTEKEHHSI, 0 eKCILTyaTYIOThCS Ha PyXOMHUX 00’€KTaX IIHPOKOTo
Kiacy. MeToro HOCHiIKEeHHS € PO3IJIsi MepeBar i€l TeXHOJOril y MOpiBHAHHI 3 JIa3epHOI0 Ta BOJIOKOHHO-
onTtruHOI0. DYHKITIOHYBaHHS iHEPIAIBLHOTO JAaTdWKa Ha Ha3eMHUX PYXOMHX 00 €KTax MOTpeOye MesKoro
BJOCKOHAJEHHS KopiojicoBa BiOpaLilfHOro Tipockoma 3 METOI0 CHpOLICHHS 00poOku iHopmalii,
MiJBUIICHHS HAJIMHOCTI Ta KOMIIGHCAIlil 3MimeHHs Hylasd. Meroam mociimkeHHs: BrockoHameHHs
KOpioJricoBa BiOpaIifHOT0 TipOCKOMa IOJSATaeE y BBEACHHI (ha30BOTO JCTCKTOpa Ta JOAATKOBOTO OJIOKa
30y keHHsl. MOXKITMBICTh BUKOPUCTAaHHS BJIOCKOHAJICHOTO KOpPioiicoBa BiOpaliiHOTO TipocKoma B CHCTEMI
cTabinizanii, o eKCITyaTy€eThCsl Ha HA3eMHHUX PYXOMHUX 00’ €KTaX, [I0Ka3aHo Ha MiACTaBi aHami3y BUXiAHOTO
curHainy Tripockomna. E¢ekTHBHICTP BHKOPHCTAaHHS KOpioNlicoBa BiOpamifHOTO TipoCKONa B CHCTEMax
cTalimizamii MiATBEPIKYETHCA 3a JOMOMOIOK METOAY IMITAIiMHOrO MOJentoBanHs. Pe3yabraTu:
Po3pobneno Ta mpoaHanmizoBaHO CXeMy KopiomicoBa BiOpauiiHOTO Tipockoma, M0 MiCTHTh (a30BUH
JIETeKTOp Ta MOJATKOBHiA 010K 30y/keHHS. BusHadeHo cmoci®é komrieHcarii 3MillleHHs HyIls. BukoHaHO
MOJICITFOBAHHS CHCTEMHM CTa0ii3allii 3 BIOCKOHAIICHHM KOPiOJIiCOBUM BiOpamiitHuM ripockomoM. OTpuMaHO
BUpa3W I BUXIJHUX CUTHAJIB BIOCKOHAJIEHOTO KOPioJlicoBa BiOpaliifHOro ripockorna. BukoHaHO OLIHKY
MMOXWOKH BHXIJHOTO CHUTHANY Ta MiATBEPIKEHO MOXKIUBICTh BHKOPHCTAaHHS MOAM(]IKOBAHOTO KOpiojicoBa
BiOpariiiHoro Tipockoma B cucTeMax crabimizamii. [IpencTaBieHO pe3ynbTaTH MOICIIOBAHHS CHCTEMHU
crabimizamii Ta BUKOHAHO ix aHami3. BucHoBkm: OTpuMaHi pe3ynbTaTd MiATBEPIKYIOTh €PEKTUBHICTb
3allpONOHOBAaHUX pillleHb Ta MOXYTb OyTH KOPHUCHUMH Ui crabimizamii miatdopMm 3 NpUIaJOBUM
o0JIaIHaHHSIM, IO EKCIUTYyaTYIOThCS Ha PyXOMHUX 00’ €KTaxX MIMPOKOTro Kiacy.

KiouoBi cjoBa: KommeHcamis 3MILIEHHS HyJIs; KOpIioJicoB BiOpauiliHMH TipOCKON; Ha3eMHI pyxomi
00’exTH; cucTeMa crabimizanii; ha3oBuil 1eTeKTop.

0.A. Cymenko.

HHepumnajibHbIe TEXHOJOTHH B CHCTEMAX CTAOMIM3alMU O0OPYIOBAaHWS HA3€MHBIX MOJBHKHBIX
00bEeKTOB

HannonanpHBIN aBUAIMOHHBIN YHUBEPCUTET, Ip. KocmonaBta Komapoga, 1, Kues, Ykpanna, 03058

E-mail: sushoa@ukr.net

Hean: BubpanuonHas WHEpIHAIbHAS TEXHOJIOTHS SBISCTCS TOCICTHEH W3 COBPEMEHHBIX MHEPIIHATBHBIX
TexHonoruid. OHa MpencTaBiseT COOOH MEPCIEeKTHBHBIM TOAXOJ K IPOCKTHPOBAHHUIO WHEPIUAIBHBIX
JATYUKOB, KOTOPBIH MOXKET OBITh MCIIONB30BaH ISl CHCTEM CTaOWJIM3AIMH CIEKEHUS, SKCILTYaTHPYEeMbIX Ha
TTOABMXHBIX 00BEKTaX IIMPOKOTO Kiacca. Llenmbro mcciaenoBaHUs SBISETCS PAacCMOTPEHHE IPEHMYIIECTB
3TOM TEXHOJIOTMU B CPAaBHEHMH C JIa3€PHOM U BOJIOKOHHO-ONTHYECKOW. DYHKIMOHUPOBAHUE UHEPIIUATBLHOTO
JaTYNKa Ha HAa3eMHBIX TOJBMKHBIX O0BEKTax TpeOyeT HEKOTOPOTo YIYUYIICHHUS KOPUOJIUCOBA
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BUOpAIIMOHHOTO THUPOCKOMNA C LENBI0 YHpOLIeHUs 00pabOTKM HWHGOPMALUK, MOBBIIICHUS HalISKHOCTH U
KOMIICHCAllMM ~ CMEIIeHHs HyiIs. MeToabl HCCIeI0BAHHS: Y COBEPIICHCTBOBAHHE KOPHOJIMCOBA
BHOPAIIIOHHOTO THPOCKONA BKJIOYAeT BBEeICHHE (PAa30BOTO JETEKTOpa W JIOMOJHHTEIBHOTO OJoKa
BO30yX/eHus. BO3MOXXHOCTbP HCITOJIB30BAaHUS yCOBEPIICHCTBOBAHHOTO KOPHOJHMCOBA BHOPALMOHHOTO
THPOCKONA B CHUCTEMaxX CTaOWIM3AIMU, KOTOPBIE IKCIUTYaTUPYIOTCS Ha HAa3eMHBIX IMOJBIIKHBIX OOBEKTaX,
MOKa3aHa Ha OCHOBAHMM AaHAJIN3a BBIXOAHOTO CHTHajJa TUPOCKoma. D(GEKTUBHOCTH HCIOJIB30BAHUS
KOPHUOJIMCOBA BHOPAIIMIOHHOTO TUPOCKOMA B CHCTEMaX CTaOMIIM3allUK MMOATBEPKAACTCS TIPU TOMOIIM METOIa
HMHUTAaOHHOTO MojenupoBaHus. Pe3yabrarsi: PazpaboTana u mpoaHanM3HpoBaHa CTPYKTypHas cxema
KOPHOJINCOBA BHOPAIIMOHHOTO TUPOCKOIA, KOTOPAasi BKIOYaeT (ha30BBIi JETEKTOP U JOTOJHUTEIBHBIA OJIOK
BO30yxaeHus. OmpeeneH crnoco0 KOMIIEHCAlMM CMELeHHs HyJisA. BBIMOTHEHO MOAeTupOBaHHE CHUCTEMBbI
CTa0MIU3allMd C YCOBEPIICHCTBOBAHHBIM KOPUOJHMCOBBIM BHOPAalMOHHBIM THpockonoM. [lomydeHsr
BBIPXEHUS ISl BBIXOIHBIX CHTHAJIOB YCOBEPIICHCTBOBAHHOI'O KOPHOJIHMCOBA BHOPAIMOHHOTO THPOCKOIIA.
BeImosHeHa oreHKa MOTPENTHOCTH BBIXOJHOTO CHIHANA W IOATBEPXKICHA BO3MOXKHOCTH HCIOJIB30BAHHS
MO (PUITUPOBAHHOTO KOPHOIUCOBA BUOPAIIMOHHOTO TUPOCKONA B cucTeMax crabwimsanun. [IpencraBieHs
pe3yabTaThl MOACIMPOBAHHUA CHCTEMBI CTAOWIM3allMM W BBIIONHEH UX aHanu3. BuiBoawl: [loxydeHHble
pE3yNbTaTHl TOATBEP)KAAIOT 3(G(PEKTUBHOCTh NMPEIIOKEHHBIX PEMICHHH W MOTYT OBITh IOJE3HBIMH IS
cradunu3anuu 1miarGopM ¢ MPUOOPHBIM O00OpPYNOBaHUEM, KOTOPBIE AIKCILTYaTHPYIOTCS Ha TOJIBIKHBIX
00beKTax MIMPOKOTro Kiacca.

KiroueBble ci10Ba: KOMIICHCAITUS CMEIICHHUS HYJISI; KOPHOJIUCOB BI/16paLII/IOHHBII71 TUPOCKOII; HAa3€MHBIC
IIOABUKHBIC 06’I>CKTLI; cucTeMa CTa6I/IJ'II/I3a]_[I/II/I; (baSOBLIﬁ ACTCKTOP.
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