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antenna systems, etc. Taking into account the three-dimensionality of the antenna pattern will increase the accuracy of the
orientation of additional means of protection against intentional interference, both in azimuth and on the angle of the place and
more accurately solve the task of constructing an area of reach within which stable radio communication between power units is
ensured. Software implementation of the proposed method allows to solve the problem of constructing a maximum zone of stable
radio communication for a specific operational situation.
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TRIPLE-MODE VIBRATORY GYROSCOPE

Coriolis vibratory gyroscope (CVG) is one of the chronologically latest gyroscopic technologies that appeared
on the world market in the 90s of the last century. This technology has spread throughout the world for a relatively
short time, mainly due to its micro-miniature version based on the micro-electro-mechanical system (MEMS), the
so-called MEMS gyroscopes. There are two well-known modes of Coriolis vibratory gyro operation. These are rate
mode and rate-integrating modes described in many works of different authors. There is also known dual mode
CVG in which two abovementioned modes of operation have been combined in one gyro with automatic switching
from one mode to another. Such a dual-mode CVG gains additional advantages over competing technologies, such
as laser and fiber-optic gyroscopes. Recently, differential mode of operation for single mass CVG has been
developed in Ukraine. It was shown that differential mode of operation has excellent external disturbances rejection
properties.

This paper considers each mode of CVG operation and the questions of how to embed the differential mode
into two first abovementioned ones to obtain triple-mode CVG which will widen application area and tighten
position over competitive technologies. This triple-mode CVG can surely be realized in MEMS and non-MEMS gyros.

Thus, the following is defined, Differential CVG can be considered as third mode of operation for vibratory
gyroscopes along with two well-known rate and rate-integrating ones. Differential mode of operation can be built-in
the single gyro together with the two others, rate and rate-integrating modes, to implement triple-mode CVG.
Triple-mode gyro can be implemented both for MEMS and non MEMS vibratory gyros.

Differential mode of operation has greater, than rate mode, external disturbances rejection factor and can be
used when motion occurs in harsh environment.

Realization of triple mode CVG gives it highest «versatility» in comparison with competitive gyro technologies
like ring laser gyro and fiber optic one.

Keywords: Triple-mode CVG, MEMS gyro, rate mode, rate-integrating mode, differential mode.

Introduction signal that compensates for the Coriolis force is
proportional to angle rate. It is so-called rate mode of
CVG operation. This mode of operation has been
described in many works, for example [1-4].

The second mode is rate-integrating one, where
Coriolis force is not compensated for. The quadrature
signal is only compensated for to reduce measurement
errors. In this mode of operation Coriolis force caused
rotation of the vibratory standing wave relative to gyro
and an angle of its rotation is proportional to an angle of
a gyro rotation relative to the inertial space. Coefficient
of proportionality between the angle of a gyro rotation
relative to the inertial space and the angle of the
standing wave rotation relative to gyro is called the

Coriolis vibratory gyroscope (CVG) is one of the
chronologically latest gyroscopic technologies that
appeared on the world market in the 90s of the last
century. This technology has spread throughout the world
for a relatively short time, mainly due to its micro-
miniature version based on the micro-electro-mechanical
system (MEMS), the so-called MEMS gyroscopes.

There are two known modes of CVG operation:
fist one is a force-rebalance mode, where Coriolis force
arising due to rotation is compensated for by the negative
feedback control system, holding the vibratory standing
wave in a fixed position close to an excitation electrode,
and hence, rotates together with a gyro. In this case the
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Bryan coefficient. This mode of operation has been
described in many works, for example [1, 2, 5, 6].

The first and second modes of operation have been
combined in dual-mode CVG [7].

Relatively recent investigations [8-10] conducted
in Ukraine have led to the development of a third,
differential, mode of CVG operation, which
complements the first two modes. The differential mode
of operation is realized by holding the standing wave
between the electrodes by means of two excitation
signals applied along two axes, located at the angle of
45° to each other. In this case, two measuring channels
X and Y are formed, each of which provides a signal
proportional to an angular rate with opposite signs +Q
and —Q. The differential mode of operation has
additional capabilities to compensate for the effects of
both internal and external destabilizing factors when
measuring angular rate [11, 12].

Problem statement

Analyze in detail each mode of operation, by
representing a standing wave control system block
diagram for each of them. Present and analyze standing
wave control system block diagram combining all three
modes in one gyro to realize a triple-mode CVG.
Analyze advantages and disadvantages of each mode of
operation. Based on this analysis propose an example of
logic for automatic switching from one mode to another
for triple-mode CVG. Graphically represent the results
of simulations and measurements.

Rate mode CVG

CVGs fall into two classes, depending on the nature
of the two vibratory modes involved. In the first class, the
modes are different. An example of this class is the bar
and tuning fork gyros, in which the mode driven is the
ordinary vibration mode of the fork — primary mode,
while the second or readout mode is the torsional
oscillation of the fork about its axis of symmetry —
secondary mode. The primary and secondary modes of
bar and tuning fork gyros are depicted in fig. 1.

Tuning fork
Fig. 1. Resonators for the first class CVG

In the second class, the two modes are identical,

being two orthogonal modes (modes of the same natural
frequency) of an axisymmetric elastic body. Examples
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are the vibrating cylindrical and hemispherical shells
and ring, as depicted in fig. 2, and in fact any shell
obtained as a body of rotation.

Hemispherical shell

Cylinder shell
Fig. 2. Resonators for the second class CVG

Ring

The operation of a Coriolis vibratory gyroscope is
based on sensitivity of elastic resonant structures to
inertial rotation.

One of the most important parameters of
resonators is quality factor (Q-factor), which depends on
properties of a material from which the resonator is
manufactured, and also on degree of an asymmetry of
its shape etc. and is determined as:

Q=wr/2=nfr1, 1)

where o, and f; are circular and cyclic resonant
frequency of a resonator, t is a time of free oscillations
amplitude damping e times.

In this paper we will focus on the second class
CVG. Ring-type resonators shown in fig. 2 use the
second mode of vibration to measure angle rate, because
it has maximum sensitivity to rotation.

Fig. 3 shows the standing wave on the second
resonant mode of the ring-type resonator which is cha-
racterized by 4 antinodes (maximum vibration amplitude)
and 4 nodes (minimum vibration amplitude) located
along circumferential coordinate under angles of 45 deg.

Excitation
electrode

Measuring
electrode

Compensation
electrode

c

Vv resonator

Fig. 3. Standing wave in ring-type resonator

Under resonator rotation with angle rate Q, there
arise Coriolis forces Fi, F,, Fs, F4 (fig.3), which generate
secondary (Coriolis) mode of vibration in the direction
of resultant force F..

Resultant Coriolis force is proportional to angle

rate, Q.
F :2m[grzxvr]; @)

c
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where V is a linear velocity of radial motion in process
of vibration; m is an effective vibrating mass.

Thus, vibration amplitude generated by Coriolis
force is proportional to angle rate Q. Secondary (Coriolis)
mode amplitude is measured by the electrode located at
the node of the primary standing wave and with the aid
of feedback control system is damped by applying
compensation signal on the other node. Feedback control
signal that compensates secondary mode of vibration is
proportional to angle rate. Standing wave control system
of the rate gyro is depicted in fig. 4.

Xip (1) Excitation signal
" B

Cosm,t

Regul-r |—4 Modul-r

cosmt f

Demod-r

f-a

1 sinot

SF*Q

Ico.\w,l

Demod-r H Regul-r H Modul-r

I sinot

N . . VINOXE sinoyt
Compensation signal E .

Fig. 4. Rate CVG control system block diagram

Diametrically opposite electrodes are connected
between each other. As a result sensor has two input
signals (Xi,, Yin) and two output signals (Xout, Your) (S€€
fig. 4). It means that sensor can be considered as two-
input-two-output plant. Vibration excitation is provided
by supplying periodical signal to the X;, electrode at the
resonant frequency. Response is picked off from the Xy
electrode and it is used to sustain vibration and to track
for changing of resonant frequency. Secondary mode
amplitude is picked off from the Y, electrode located at
the nodal point of the primary wave and with the help of
negative feedback signal is suppressed by supplying
opposite phase signal to the Y;, electrode located at the
other nodal point of the primary wave. Thus, feedback
signal amplitude that compensates for the node
vibration is proportional to angle rate Q.

As has been shown in [1], after demodulation of
signal from Y, electrode using reference signal sinwt,
regulator generates compensation signal which is
proportional to angle rate Q. Coefficient of
proportionality called scale factor (SF) and bias B as an
error component can be determined as [1]:

1
Q =—demod{Y + B;
S {YouH

sin o, t

B = 1A[1jsin 0..
2k T

®)
SF = 2ko, A,;

Where A, is vibration amplitude, k is Brian coefficient
determined by mode of vibration and resonator geometry,
A(l/t) is a measure of resonator material non-
homogeneity, 6, is a direction of maximum damping of
resonator free oscillations. A(l/t) and 6, reduce to
minimum by resonator mass-balancing procedure.
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Fig. 5 shows rate CVG output signal, when rota-
ting the gyro around vertical axis with its sensing axis is
in horizontal plane. This curve is usually called azimu-
thal characteristic of the gyro. Average value of all measu-
rements presented in fig. 5 is the gyro bias, which is about
25 deg/h. Maximum of the sine function shown in fig. 5
determines North direction, minimum — South direction,
phase of this sine function determines azimuth of
sensing axis initial position.
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-40
4 0 500 1000 1500 2000

Time, s
Fig. 5. Rate CVG output signal when rotating
sensing axis in horizontal plane

Rate-Integrating mode CVG

Coriolis force caused by gyro rotation is not
compensated for in the rate integrating mode of
operation and as a consequence results in standing wave
rotation through the angle proportional to gyro rotation
angle relative to inertial space. Coefficient of
proportionality between those two angles of rotation, i.e.
rate integrating CVG scale factor, is called Brian
coefficient k or angle gain coefficient.

0(t) = ko (t); a(t):jQ(T)dT; (4)

where 0(t) is standing wave rotation angle with respect
to a CVG; aft) is a CVG rotation angle with respect to
inertial space (distant stars).

In absence of gyro rotation resonator elementary
mass point motion trajectory is ellipse shown in fig. 6.

X

at+¢' N
/ Y
Fig. 6. Mass point trajectory in oscillation.

Ellipse parameters are designated as follows: a is
vibration amplitude; g is quadrature amplitude; ®, is
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resonant frequency; ¢ is vibration phase; 0 is vibrating
pattern orientation relative to X axis (drive electrode).

At a gyro rotation the ellipse turns with the lag
coefficient k. For cylinder resonator Brian coefficient k
can be calculated using expression [13]:

d . (5)
n’+1+ ?’z(rj
n h
where n is a number of vibration mode (n=2); r is a
cylinder radius; h is a cylinder height.
For example, for cylinder size: r=6 mm and
h=10 mm, k~0.38, so, if CVG rotation angle relative to

inertial space is 90°, standing wave rotation angle
relative to CVG is 6=-0.38*90=-34.2°. For bar resonator,

k =
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shown in fig.1, Brian coefficient for the first mode is
k~1 [3]. This means that a standing wave is almost
immovable relative to inertial space and is a zero
reading for CVG inertial rotation angle measurement.

Frequency mismatch AF and Q-factor mismatch
AQ resulting from resonator manufacturing imperfections
and external forces result in that parameters a, g, ¢ and
0 are changing versus time. They are changing much
slower than vibration period T=2mn/w,. In order to
calculate parameters a, g, ¢ and 6, demodulation should
be used based on mixing the signals Xou(t) and You(t)
with reference signals sino,t and cosw,t and low pass
filtering to obtain four demodulated variables C,, S,, C,,
Sy as shown in fig. 7.
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Fig. 7. Control system block diagram of rate-integrating CVG

Parameters a, g, ¢ and 0 are calculated by the
following expressions [14]:

= [EE P sa= [H(EEP)

2
E=Cl+S82+C2+S2; P=2(C;S,—C,S); (6)
2(C.C +S.S 2(CS, +CS
e=1arctan72( e y)z; ¢'=}arctan72( — y)z;
2O+ —C=s P T2 -S40 =S

The aim of the CVG control system in rate integrating
mode of operation is to keep the standing wave parameters
in process of operation at the following values:

P=0— ¢=0, a’= E=const, ¢=0; 7

Fig. 8 shows mass point trajectories when g=0 and

g0 during standing wave rotation.
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Fig. 8. Mass point trajectory when
a~0 and g=0
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The upper graph presents oscillation along straight
line and rotation counter-clock-wise, when quadrature
component is compensated for q=0. The lower graph
presents oscillation trajectory along ellipse with quadrature
component g=0.

Fig. 9 shows measurement of 10 Hz periodic input
rotation angle by CVG with the following resonator’s
imperfections AQ/Q=5% and AF =0.1 Hz and internal
electronics noise equal t0 Gyie=0.089 rad. As can be
seen from fig. 9, it is expedient to have more perfect
resonator to measure rotation angle in rate-integrating
mode of operation. Rate-integrating CVG has higher
sensitivity to resonator imperfections, than rate mode
and differential mode. However, scale factor of rate
integrating CVG is a very stable constant that gives
small dynamic error when measuring high angle rate.
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Fig. 9. Measurement of periodic input rotation angle by
rate-integrating CVG
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Differential Mode CVG

In differential CVG standing wave is located
between the electrodes so that wave angle 6=mmn/4,
m=0, 1..., that is standing wave oscillation direction is
not coincident with any of the electrodes. In this case
measurement equations can be written as [12]:

—ZkQDy sin20+D.d cose+dxyDy sin20=1z,;

XXX

: (8)
2kQD, cos20+D,d,, sin0+d, D, cos20 =z,

where 1

d,, =F+hc032(6—61)}; h=A[—]=———;
T T

E:lJri; d,, :[g—hCOSZ(G—GT)}
T T

U T

d,, =hsin2(6-6,).

Dy, and Dy, are transformation coefficients of
deformations into voltages by the X and Y electrodes.

As can be seen from the first equation of (8) angle
rate QO has negative sign, and in the second one it has
positive sign. Thus, control system that holds standing
wave between electrodes realizes differential mode of
operation for CVG.

To effectively realize differential mode of operation
it is necessary to align standing wave under angle 6" at
which the following condition is valid:

2kD, sin 20" = 2kD, c0s20";

X SF? ©)
0 :Eatan D, =1atan Vo tan 20 |,
2 D 2 SF

y X

where SFf and SFf are X and Y channel scale factors at

standing wave angle 0.
When standing wave angle is 8", the difference, zy-
Zy, of two X and Y channel measurement signals are:
d,—d
z,-1,=SF, (Q+ y__x J;
4k
where SFq is a scale factor of differential CVG when
standing wave angle 6 = 6.

(10)

D,D,

JDZ+D?
As can be seen form (10) the differential CVG
output signal does not contain damping cross-coupling
dy. This error is compensated for by subtracting two
channels measurements.
Differential CVG control system block diagram is
presented in fig. 10.

Demodb»{Controller VCOP_%%“S‘(’J’;tt
X sense 1COSot '

SF, = 4k (12)

sinot 1-Ax cosort
Quadrature Control y 27y
» A 3
| -
Demodi—>{Controller >
_’Iﬂ‘*’f‘f’?’,—sm(ﬁr& Y
Demod Controle
Fsinot A, cosex

Fig. 10. Differential CVG control system
block diagram
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Due to the equality of the scale factors of the two
measuring channels, the external disturbances affecting
the gyroscope have the same response and when the
signals are subtracted they are compensated for zero.
However, with strong external disturbances, nonlinear
components appear in the output signals, which are partial-
ly compensated and lead to residual uncompensated errors.

It was experimentally shown in [12] that for such
disturbances as acoustic impulse, a constant and
alternating magnetic field the rejection factors reach
high levels (no less than 65).

For small shocks differential CVG shock rejection
factor as shown in fig.11 is large enough. As can be
from fig. 11 half difference of X and Y channels are
close to zero. It means that small shocks contribute
equal errors to two channels and they are subtracted.

T T T T T T T T T

Ar X channel

Il 1 1 1 1 1 Il 1 L 1 Il
14 1405 141 1415 142 1425 143 1435 144 1445 145
Time, s

Fig. 11. Differential CVG responses to small
shock along input axis

However, for high level shocks (100 g) asymmetric
distortions of the gyro’s structural elements reduce the
shock rejection factor. As can be seen from fig. 12
shock rejection factor is about 3. Analyzing results
presented in figs.11 and 12 and taking into account
more detailed test results presented in [11, 12] one can
conclude that differential mode of operation has greater,
than rate mode, external disturbance rejection factor and
less sensitivity to the following disturbances like shocks,
vibrations, acoustic impulses and magnetic fields.

X channel

Y channel

Diffrential
channel, (X-Y)/2

L L L L L L L L L
37.05 37.1 37.15 37.2 37.25 373 3735 374 37.45

Fig. 12. Differential CVG responses to 100 g shock
along input axis

Triple mode CVG

CVG differs from other modern gyros — ring laser
and fiber optic - by that all three considered in this
paper mode of operations can be realized in one CVG to
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provide accuracy requirements for different motion and
environmental conditions. For example, under measu-
ring of small angle rate it is advisable to operate in the
rate mode, since the measurement errors are mainly
determined by noise and bias drift which can be lower,
than that of rate-integrating modes of operation. Under
measuring of high angle rate, it is advisable to operate
in the rate-integrating mode of operation since the
measurement errors in this mode are mainly determined
by multiplicative error AQ caused by scale factor un-
certainty (ASF), AQ=ASF-Q. Scale factor for rate-
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integrating mode of operation is a stable constant
(Bryan coefficient). It can reach 35 ppm and its dynamic
range can reach 7-10° deg/s even for low-cost gyros [15].

Triple mode CVG can be realized for MEMS and
non-MEMS CVG on the basis of modified rate-
integrating algorithm, presented in fig. 7, with ability to
automatically switch from one mode to ancther.

Block diagram of triple mode CVG is presented in
fig. 13. This block diagram uses switcher 1 to switch
from one mode to another.
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Fig. 13. Triple mode CVG control system block diagram

When switcher 1 is in the position shown in fig. 13
and command angle O¢omm is fixed at one of the values
from a set of O,mm=mn/4, m=0, 1, 2..., it operates in
rate mode. When command angle 0,mm is fixed at one
of the values from a set of O.mm=mn/4, it operates in
differential mode and when switcher 1 is open (dashed
line in fig. 13) it operates in rate integrating mode.

Fig. 14 shows three modes of CVG operation with
automatically switching from one mode to another.

150y

| Rate mode Differential mode
100
Rate integrating mode Ychannel
« 250
o=
L
2
25
EE 0
EJ" % Real rotation angle
<3
=50
X channel
-100}
-150 L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Time, s
Fig. 14. Triple mode CVG measurements
First mode is a rate one that measures angle rate of
100 deg/s, then it is switched to rate integrating mode
without changing angle rate. Deviation from straight
line in this mode of operation is due to resonator
manufacturing imperfections. Then it is switched to
differential mode of operation with two output signals
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100 deg/s and -100 deg/s. Difference of these signals
has the ability to compensate for the errors due to
external disturbances. Sum of these signals can also be
used to estimate residual errors.

In order to realize triple mode CVG with modes
switching, advantages and disadvantage of each mode
of operation should be analyzed.

Advantages and disadvantages of three modes of
operations are presented in the table 1.

Table 1
Advantages and disadvantages of CVG modes of operation

Rate CVG Rate Integrating CVG| Differential CVG
Advantages
« Low noise » High dynamic * Higher resistivity

Standing wave range to external
control simplicity |+ High bandwidth disturbances
Easy to calibrate | ¢ High stability of [« Effective on-line
resonator’s scale factor compensation for
imperfections the frequency
mismatch
Possibility to on-
line bias
compensation

Disadvantages

Limited bandwidtH
Lower scale factor
temperature
stability

Higher sensitivity | »
to external to resonator’s
disturbances imperfections

Lower scale factor| « Higher noise
temperature especially when
stability measuring small
« Limited bandwidtl] angle rate

Higher sensitivity | «
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Based on the results of the above table switching
logic presented in fig. 15 can be proposed.

Rate-integrating

Differential
mode

Rate mode

Fig. 15. Example of modes switching logic

This switching logic is based on one criterion if
Qinput 1S mMore than Qn. which is determined from
practical considerations the rate-integrating mode of
operation should be used. However, in case of presence
of external disturbances differential mode of operation
should be chosen. In all other cases rate mode should be
chosen. Other more complex logic can be developed for
different practical applications based on advantages and
disadvantages of modes of CVVG operation.

Conclusion

Differential CVG can be considered as third mode
of operation for vibratory gyroscopes along with two
well-known rate and rate-integrating ones. Differential
mode of operation can be built-in the single gyro together
with the two others, rate and rate-integrating modes, to
implement triple-mode CVG. Triple-mode gyro can be
implemented both for MEMS and non MEMS vibratory
gyros.

Differential mode of operation has greater, than
rate mode, external disturbances rejection factor and can
be used when motion occurs in harsh environment.

Realization of triple mode CVG gives it highest
«versatility» in comparison with competitive gyro
technologies like ring laser gyro and fiber optic one.
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B.B. Uikosawi, I".B. Lipyk, O.B. KoponsoBa

€ 06a 6idomi pedcumu pobomu Kopionicoso2o siopayiinozo 2ipockona (KBI). Lle pescum oamuuxa Kymogoi wieuokocmi
ma pexcum iHmespyoyuo2o 2ipockona, wo onucani 6 6azamvox pobomax pizHux asmopie. Icnye maxoic 8i0oMuti 08OpeAHCUMHUT
KBI', ¢ sixomy 0sa suweskazami pexcumu pobomu 6yau 00'cOHani 6 00HOMY 2IPOCKONI 3 A8MOMAMUYHUM NEPEKTIOUEHHIM L0
00H020 pexcumy 00 iHuozo. Takuil osopescumnutl KBI' ompumye 000amkosi nepesazu HAO KOHKYPYIOUUMU THEXHOAOSIAMU,
MAaKuMU sIK J1a3epHi ma 60J0KOHHO-ONMUYHI 2IpocKonu. Pedcumu pobomu Modicyms 3MIHIOBAMUCS 8 3ANEHCHOCTIE 8i0 3HAUEHHS.

© B.B. Yikosasi, I'.B. Lipyk, O.B. Koponsosa
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Kymoeoi weuokocnmi abo 308HIWHIX YMO8 Ol 3a0e3neueHHs MAKCUMAnbHoi mouHocmi eumiproeansb. Hedasno 6 Yxpaini
Ppo3pobneno ougepenyitinuti pexcum poobomu KBI'. Ilokazano, wo oughepenyitinuti pexcum pobomu mae 8iOMIHHI 61ACMUBOCTE
npUOyWeHHs 306HIWHIX 30ypenb. YV Oaniti pobomi pozensioacmuvcs koducer pexcum pobomu KBl ma ax edyoyeamu Ou-
hepenyianvuuil pexcum y 08a nepuiux SUWE3A3HAYEHUX pedcuMu, 01 00epiicants mpupexcumnozo KBI', axuil poswupumo
2any3b 30CMOCY8AHHS MA NOCUIUNb Nepedacu HAO KOHKYpeHmHumu mexnonoziamu. Llei mpupexcumnuti KBI' moowcHa
be3nepeyro peanizy8amu K Ha OCHOBI MIKDOMEXAHiuH020, MAaK i HemikpomexaHiunozo KBI .

Knwuosi cnosa: mpupesxcumnuii KBI', MEMC zipockon, pedxcum Kymogoi weuoKocmi, iHmezpyryull pexcum,
Oupepenyitinuil pesicum.

TPEXPEXXUMHBIA BABPAITMOHHBIA THPOCKOII
B.B. Yukosany, I'.B. Hupyxk, O.B. Koponésa

Ecmb 08a u36eCmHbix pexcuma pabomsl KOPUOIUCo8020 subpayuonnozo eupockona (KBI). Omo pesxcum damuuka yenoeou
CKOpOCIU U PEACUM UHMeSPUpYIouje2o 2UpocKond, KOmopble ONUCAHbI 80 MHO2UX pabomax pasmuwix asmopos. Cywecmsyem
makice uzgecmmuwliti ogyxpexcumnblii KBI', 8 komopom 08a 6biuieyKazanHvlx pexcuma pabonul 06beOuteHbl 8 00HOM 2UPOCKOne
C asmomamuyeckum nepexioueHueM ¢ 00Ho20 pedxcuma Ha opyeou. Takoti osyxpescummuviti KBl nonyuaem dononnumenvhule
npeumyuecmed Hao KOHKYPUPYIOWUMU TEXHOTOSUAMU, MAKUMU KAK 1a3epHble U B0J0KOHHO-Onmu4ecKue 2upockonsl. Pescumol
pabomuvl Mo2ym MEHAMbCA 6 3ABUCUMOCHIU OM 3HAYEHUsl Y2N080U CKOPOCMU UMY GHEWHUX YCI08ull O obecneyenus
Maxkcumanvrol mounocmu uzmepenuil. Heoasno ¢ Yxpaune pazpaboman ouggepenyuanvuwiii pesicum pabomst KBI'. [lokaszaro,
umo oupgheperyuanvublil pexcum pabomvl UMeem OMIUdHble CEOUCMEA NOOAGNEHU BHEWHUX 803MyujeHull. B oannoil pabome
paccmampueaemes kadxcovlii pexcum padbomvr KBI' u xax ecmpoumv ougpgepenyuanvuvliil pexcum 6 08a NEpevlx Gvlule-
VROMSIHYMbIX pedicuma, 0711 noiydenust mpexpedicumno2o KBI', komopwiil pacuwupum o6aacms RPUMEHEHUst U YCUIUM npeumy-
wecmea HA0 KOHKYpeHmHbIMU mexnono2usimu. dmom mpexpesicumnvlii. KBI' moocho beccnopho peanuzoéams Kax HA OCHOGE
MUKDOMEXAHUYECKO20, MaK U Hemukpomexanuieckoeo KBI.

Knwueevie cnoea: mpexpexcumunviti KBI', MEMC zupockon, pescum y21080i CKOpOCMU, UHMe2PUPYIOUWUL
pedrcum, oupghepenyuanshblii pesicum.
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