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EFFECTIVE REJECTION OF ACOUSTIC AND MAGNETIC FIELDS’
DISTURBANCES BY SINGLE-MASS DIFFERENTIAL VIBRATORY GYROSCOPE

Abstract: Differential mode of operation as a third mode unlike the first one - rate and second one - rate-
integrating modes of vibratory gyroscopes is analyzed in this paper. In the differential mode of operation the
standing wave is keeping in between the electrodes. In this case two X and Y measurement channels are created with
opposite signs of angle rates. Biases and scale factors of X and Y measurement channels are dependant on standing
wave angular position @ relative to drive, X, electrode. There is angular position @~ at which X measurement
channel scale factor SF, is equal to Y measurement channel scale factor SF,. Rejection factors of external acoustic
impulses which frequency is close to resonant one, and also of constant and variable magnetic fields are
experimentally determined in this paper when standing wave angle is located at the 8" angular position. As opposed
to other types of differential gyros that can be implemented using two or multi-mass resonator designs, single-mass
resonator gyros can have higher rejection factors for different disturbances at the @ angular position of standing
wave providing meeting the requirements of many important applications. Test results show excellent disturbance
rejection properties of differential mode of operation for single-mass resonator gyros. Comparison of responses of
the differential mode with the rate mode of the same gyro on disturbances is also carried out in this work.
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Introduction

There are two well-known mode of CVG
operation — rate mode and rate-integrating one [1, 2].
Comparatively recent investigations [3, 4] resulted in
the third, differential, mode of CVG operation with
higher shock damping [5] and noise compensation [6]
ability than the first two modes.

The differential mode of operation, which is
analyzed in this paper, can be implemented in a
single-mass Coriolis vibratory gyro (CVG) by
keeping a standing wave between the electrodes by
applying two stable amplitude control signals on X
and Y drive axes electrodes. In this case two
magnitudes of angular rates with opposite signs can
be read-out from X and Y sense axes electrodes [7].
The resulting angular rate can be obtained by signals
subtraction of two X and Y measurement channels,
and at the proper alignment of standing wave, under
angle of 6" to X drive electrode at which scale factors
of the two channels, SF, and SF, are equal to each
other, cross damping bias component is compensated
for. Moreover, the sum of these two signals gives
information about the bias components without
angular rate that may be used to estimate certain bias
components for on-line compensation [3].

As opposed to other types of differential gyros
that can be implemented using two or multi-mass
resonator designs, single-mass resonator gyros can
have higher rejection factors for different
disturbances allowing meeting the requirements of
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many important applications. CVG uses resonator as
a rule of sound frequency to detect rotation. Hence, it
is obvious that it can be disturbed by the external
sound which frequency is close to resonant one or
noisy sound which frequency range covers the
resonant one. Test results show excellent disturbance
rejection properties of differential mode of operation
for single-mass vibratory gyro. Comparison of
responses of the differential mode with the rate mode
of the same gyro to external acoustic impulses which
frequency are close to resonant one, constant and
variable magnetic fields are made in this work.

Problem statement

There is well-known problem of acoustic
disturbances influence on the CVG using sound
frequency resonator when acoustic disturbances
spectrum covers resonant frequency. There is also
external magnetic field influence on the CVG
electronics and resonator when it made of or covered
with magnetic materials. This paper experimentally
investigates the problem of rejection acoustic and
magnetic fields for the metallic resonator CVG
operating in differential mode.

Differential CVG

Because rate and rate-integrating modes of
CVG operation are widely described in technical
literature [1], [2], [8] and many others, let’s shortly
describe the differential mode of operation for single-
mass resonator gyro.
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Let’s apply control forces f, and f, on the X and Y
electrodes such that standing wave is located in between
the X and Y electrodes, as it is shown by dashed line in
fig.1. Dynamic equations of the two dimensional
pendulum [1] in this case can be written down as
follows:

X+d, X+k, x+k,y=(2kQ-d )y+f;

" . P €Y
y+d, y+k x+k y=(-2kQ-d )x+f;

where k is Brian coefficient, d=2/r+A4(1/7)cos2(6-09,)
is X axis damping coefficient, 2/=1/7+1/2,
A/7)=1n-1r, where 7; is minimum resonator’s
damping time, 7, is maximum resonator’s damping time

dy=A4(1/7)sin2(6&-6;) is damping cross-coupling,
kn=an’-wAwcos2(6-6,) is normalized by mass
resonator rigidity along X axis, ®Aw=(wf -})/2where

@, @ are maximum and minimum resonant
frequencies, Kky=-wAwsin2(6-6,) is rigidity cross-
coupling, dy=dy, dy=2/7A(1/7)cos2(&-6;) is Y axis
damping coefficient, k=K, kyy=@,*+wAawcos2(6-6,) is
normalized by mass resonator rigidity along Y axis, fy, f,
are normalized by mass control signals, 6, is an angle
between minimum frequency axis and standing wave
(antinode) axis, @, is angle between minimum damping
axis and standing wave (antinode) axis.

90,_ fx X channel drive electrode
' i X ; Standing wave position

X Y ‘thannel sense
electrode
X channel sense~"
electrode \ Ty AXS
Standing wave .
‘Omin aXis

Fig.1. Standing wave with drive and sense electrodes,
Tmin aNd @i axes disposition in CVG resonator.

Usually, quadrature signal Q associated with
frequency mismatch is compensated for by well-known
procedure [8], which can be represented as follows:

Q =n(xy —xy)—null . (2)

In this case oscillation frequencies along both X
and Y axes are almost equal to each other at the value

ax. Stationary solution of equations (1) when oy=w,=mr
can be found as follows:

x=A c0s28sin(mt); y=A sin2dsin(amt+¢), (3)
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where ¢ is a phase difference between X and Y sense
electrode signals, A is standing wave amplitude, 0 is the
angle between X axis and standing wave oscillation
direction. This solution transformed into output signals
in voltages for =0 results in the following
measurement equations [6]:

—2kQD, sin20+D,d,, cos6+d, D, sin20=z,;
2kQD, c0s20+D,d, sin0+d, D, cos20=z,, (4

where z,, z,, Dy, Dy are X and Y channel measurement

signals in voltages and deformation-to-voltage
conversion coefficients, respectively.
These measurement equations show that

differential gyro gives us information about -Q and Q,
from X and Y sense electrodes, respectively. Based on
equations (4), expressions for X and Y channel scale
factors, SF, SFy, and biases, By, By, can be presented as
follows:

SF, =2kD, sin26; B, =D,d,, cos20+d, D, sin 26;

SF, =2kD, cos 20; B, = D,d,, sin20 +d, D, cos26.

It should be noted that both channel biases and
scale factors are changed periodically versus standing
wave angle 6. Dependencies of X and Y channel biases
and scale factors versus angle 6 are presented in [4].
Thus, there is the angle 6, that equalizes X and Y
channel biases

D,d,, cos20, +d, D, sin20, =

Dd s (6)
=D,d,, sin20, +d, D, cos20,.
Solution for 60 yields
d —d
0, = Zatan e % @

Dy dyy _dxy

When standing wave angle is 6y, difference of the
two X and Y channel measurements, z,-z,, cancels bias
and increases angle rate signal. In this case zero bias
measurements can be obtained. For most sensors D,~
Dy, doyy, and de<< dyy, SO O~n/8=22.5°,

There is also standing wave angle 0" that equalizes
X and Y channel scale factors

2kD, sin 20" = 2kD, cos 20"

. SF’ (8)
0 :latan&:latan yg tan 20 |,
2 D, 2 SF,

where SFand SFf are X and Y channel scale factors at

standing wave angle 0. The angle 0 is also close to 7/8.

When standing wave angle is 8", the difference, z,-
zy, and sum, z,+z,, of two X and Y channel measurement
signals are:

d, —d
g—a=5ﬁ(9+iﬁrﬁ} ©
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SF -
Z,+2 :4_kd[dyy +d,, +d, (1+cig20 )] . (1Y)

SF, = 4k (10)

y X

The differential channel (eqg. (9)) does not contain
damping cross-coupling dy, and sum of the two
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channels (eg. (11)) does not contain angle rate and can
be used for on-line estimation of bias parameters dy,, dyy
and differential gyro scale factor SFy when k is known.
It should be noted that SF4 does not depend on resonant
frequency and vibration amplitude in contrast to
conventional rate mode CVG [1]. Differential CVG
output signals are presented in fig. 2.

100 T T

T
B oF -40 degfs
8

X-channel angle rate
T

T
40 degfs B

_100 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450
Y channel angle rate
w 100 T T T T T T T
W ooF 40 degfs -40 deg/s g
~ _100 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450

50

Defferential CVG angle rate (Y channel-X channel)/2
T T T

wr T T
z
2 0—:' 40 degfs \__\ 40 deg/s i
.50 | | 1 | t t t t
0 50 100 150 200 250 300 350 400 450
: : : X ch@cI+Y channel)/2 : :
18.5 -
4 0 degfs -40 degfs 40 degfs
e 1% s |\ i
= 16.51 | | | | | | | | |
0 50 100 150 200 Time, 5250 300 350 400 450

Fig.2. Differential CVG output signals

The first two sub-graphs show high enough biases
determined by d. and d,, (see B and B, in (5)). The
third sub-graph shows close to zero bias of differential
channel, because (dyy—dxx)/2=-h0052(§ -6), and h is
close to zero. The fourth sub-graph represents z,+z, as a
combination of differential CVG bias parameters (see
(9)). It is mainly determined by the large enough term
(dyy+de)/2=2/.

Rejection factor determination

Since each of the two X and Y measurement
channels operate, in essence, in the rate mode and their
difference represents differential mode signal, then ratio
of one of the X and Y channel signals to half difference
one, (X-Y)/2, will determine rejection factor Ry of CVG
rate mode as compared with differential one. Ratio will
be determined after bias subtraction for each of the
channels. Thus, rejection factor for external acoustic
impulse will be calculated as follows:

mean(abs(X,)) mean(abs(Y;))

Y,

’ (12)
mean {abs X, _Y‘} mean[abs X = ‘}
2 2

Ry =min

i=1..n,

where, X; and Y; are peak values of X and Y channel
responses for an i-th exposure, n is a number of
exposures.

Acoustic impulse rejection factor

It is well known that resonant gyroscopes, including
MEMS, degrade their performances when external
disturbance is acting at a close to resonant frequency of

© B.B. Yikosani, I'.B. Lipyk

the vibrating structure [9]. Acoustic signals can find
way to CVG resonator through inducing mechanical
vibrations of the gyro casing and anchors to which the
resonator is attached. Acoustic impulse at the resonant
frequency produces resonance response in the vibrating
structure. This response is passing through control
system without suppression and appears on the gyro
output as a wrong angle rate. The higher the resonator Q
factor the larger the wrong angle rate on the output,
because resonator Q times amplifies disturbance at its
resonant frequency. Also, the more the sound pressure
level (SPL) of acoustic impulse the larger the wrong
angle rate arises on the output. High Q factor resonator
can effectively suppress acoustic impulse which frequency
defers from resonant one, because resonator is a band
pass mechanical filter which bandwidth is inversely
proportional to its Q factor. Otherwise, low Q factor
resonator less amplifies acoustic disturbance, but also
less suppress the disturbances which defers from its
resonant frequency. So, in both cases resonant frequency
should be protected from external acoustic impulse or
noise with frequency close to resonator working frequency.
Many investigators tried to mitigate the effect of
acoustic noise on the MEMS gyros by using some types
of foams [10] or other acoustic materials [11]. They also
used multi-resonator design to implement differential
measurements [12]. Micro-Helmholtz resonators have also
been designed and manufactured in [11] to reach attenuation
of the acoustic noise at the level of up to 18 dB.
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This section presents test results on influence of
acoustic impulses with frequencies close to resonant one
on output signal of low Q factor differential vibrating
gyro being under testsin these tests acoustic impulses
are entered into resonator by acoustic wave excitation of
upper part of the CVG housing which source has a
direct mechanical contact with its metallic housing.
Sound intensity level of acoustic impulse was about 60
dB. Figure 3 shows differential C\VVG signal responses to
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three acoustic impulses. Sound impulse rejection
factors, in terms of peak value, Ry, calculated using
(10), give the following results: Ry:=69.7/0.6=116,
Rspp=45.6/0.7=65 and Ryp3=82.2/0.8~103. Minimum of
three is Ry,=65, that is about 36 dB.

Figure 4 shows differential CVG output signals
after exposure by acoustic impulses of approximately
same intensity level which frequency is about 100 Hz
farther than that of shown in figure 3.
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Fig. 3. Differential CVG responses to acoustic impulses close to its resonant frequency
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Fig. 4. Differential CVG response to acoustic impulses of 100 Hz farther from resonant

Acoustic impulse rejection factors for this case are
Rep1=45.5/0.55~83, Rep2=51.2/0.7~73 and
Reps=38/0.5=76. Minimum of three is R,=76, that is
about 38.6 dB.

Thus, differential CVG, when standing wave
position is 6, rejects acoustic impulse close to resonant
frequency more effectively, than ordinary rate mode
CVG and micro-Helmholtz resonators [11].

Differential Channel

Acoustic noise in the range [1-10]kHz, 100 dB
! |

800

0 200 400 1000

Time, s

Fig.5. Differential CVG response under action of
wide band noisy acoustic field of 100 dB
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Fig.5 shows output of differential channel under
uniform intensity of 100 dB from all directions in the
range of [1-10] kHz.

Vertical dashed lines show time interval of
acoustic noise action. As can be seen differential
channel responds to acoustic noise with a little, no more
than 10%, increasing in the gyro output noise without
changing in bias [13]. Magnetic field rejection factor

Gyroscopes are usually operate in a moving
vehicle in surrounding of other devices, motors, electric
generators and others which create magnetic field of
different directions. Constant and/or variable magnetic
fields influence on a gyroscope bias through interaction
with electronic circuits and resonator when it made of or
covered with magnetic materials. The amount of
interaction with resonator depends on resonator material
and amount of potential applied to it. This interaction
results in gyro bias variation proportional to external
magnetic field applied. So, it is very important to
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protect gyros from external magnetic field. This section
presents test results that demonstrate high magnetic
field rejection factor of differential CVG and much
lower magnetic sensitivity in comparison with rate CVG.

Magnetic Field Perpendicular to input axis
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Figure 6 shows differential CVG output signal
biases under applied magnetic field of different
magnitudes. One can see that differential channel does
not visually reveal dependency on magnetic field
whereas X and Y rate channels show up significant
changes in biases.
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Fig. 6. Differential CVG signal responses to magnetic field applied

Excellent rejection property of differential signal is
due to almost equal responses to magnetic field both X
and Y channels. It is because signals of X and Y channels
are generated by single mass resonator to which a
magnetic field is applied.

Bias change for each of these three channels X, Y,
and differential one versus magnetic field intensity is
depicted in fig. 7.

Bias Change, deg/s
—

Differential channel

03
01330 120 . 480
Magnetic field, mT

Fig. 7. Differential CVG channels sensitivities to
magnetic field applied

This figure visually shows that differential signal
magnetic field sensitivity is much lower than that of X
and Y rate channels. Each of three channels magnetic
field sensitivity coefficients can be quantitatively
estimated by a tangent of tilt angles of least squares
straight line drawn by the data presented in fig. 6. The
results are the following: X channel magnetic field
sensitivity is Sy,~4.54*10° deg/s/mT; Y channel is
Smy ~4.2%10° deg/s/mT and differential channel is
Smd ~1.7*10™ deg/s/mT. The ratio of minimum of
X and Y channels sensitivity to that of differential one
can be defined as a rejection factor to magnetic field
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perpendicular to gyro IA in comparison to rate CVG. It
is equal to Rynp=Spy/Smg =25.

Figure 8 shows responses of differential CVG
signals to variable magnetic field with amplitude close
to 10 mT. Differential channel does not show change in
bias, because noise does not allow us to see the bias
change at 10 mT magnetic field.
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Fig. 8. Differential CVG signal responses to a
variable magnetic field applied

Magnetic field along input axis

Figure 9 shows bias change for each of three
channels, X, Y, and differential one under different
magnitudes of magnetic field applied along gyro IA.
Behavior features of bias changes, presented in fig. 7
and 8 for both perpendicular and along IA directions of
magnetic field are similar. Differential CVG channels
magnetic field sensitivities along IA are: for X channel
it is Sm,le.?a*lO'2 deg/s/mT, for Y channel it is
Smy=1.2*10" deg/s/mT and for differential channel it is
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Sme=1.3*10° deg/s/mT. Thus, rejection factor for
magnetic field along gyro 1A is Rpa=Sm,/Sma=10.
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Fig. 9. Differential CVG channels sensitivities to
magnetic field applied

Significant difference in rejection factors for
different magnetic field directions is caused, most
likely, by the difference in range of magnetic fields
which were applied, than the change in directions of the
field. One can see from the fig. 7 in spite of responses to
magnetic field of both X and Y channels increase, the
difference channel remains in the region of lower
sensitivity. Based on this fact one can suppose that the
greater the magnetic field, the greater the rejection
factor of differential CVG in comparison to rate one.

Conclusion

Differential CVG can be considered as third mode
of operation for vibratory gyroscopes along with two
well known rate and rate-integrating ones. This 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 g

yro can be implemented both for MEMS and non
MEMS vibratory gyros.

Acoustic impulse close to resonant frequency
results in peak response in three informative channels of
differential CVG. However, differential CVG rejection
factors are 65 (36 dB) and 76 (37.6 dB) times more than
those of for rate CVG. These rejection factors are
significantly higher than that of one that can reach using
micro-Helmholtz resonators.

Investigation of acoustic disturbances influence on
differential CVG output signals will be continued for
wide band acoustic noise covered resonant frequency.

Magnetic field sensitivity for differential CVG is
much less than that of for rate CVG for both along and
perpendicular to gyro IA directions of magnetic field.
Specifically, differential CVG magnetic sensitivity
along IA is 1.3*10° deg/s/mT, and perpendicular to 1A
it is 1.7%10* deg/s/mT. Rejection factors in term of
magnetic sensitivities along and perpendicular to 1A are
respectively equal to 10 and 25. The greater the
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magnetic field, the greater the rejection factor of
differential CVG in comparison to rate one. Differential
CVG response to variable magnetic field for not great of
its amplitude is invisible on the background of low-cost
CVG noise.

This investigation has been carried out for standing
wave angle 6*, that equalizes X and Y channel scale
factors. It will be interesting to conduct investigation on
disturbances sensitivity for standing wave angle 0o, that
equalizes X and Y channel biases.
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EdexTuBHe npuaymeHHst 00ypeHs Bil aKyCTHYHHX i MarHiTHUX moJiiB qudepeHniaabHuM BiGpaniiiHuX ripockomnom 3
onniero BidpauiiiHoo Macoro

B.B. YikosaHi, I'.B. Lipyk

B pobomi ananizyemucs oughepenyitinuii pescum pobomu 8i0payiiino2o 2ipoOCKOna 8 AKOCmi mpemvb0o20 Pexcumy Ha 8i0OMIHY
810 NEPUIOO - PEXCUMY BUMIDIOBAHHS KYMOBOI WeUOKOCHI 1 Opy202o - IHmeepyrouo2o pexcumy. Y ougepenyianohomy pexcumi
pobomu cmosua Xeuisk CMpUMyEmMvcs midic erekmpooamu. B yvomy eunaoky ymeopioromscs 06a X i Y eumipioganvhux Kanaiu 3
NPOMUNENCHUMU 3HAKAMU KYMOGUX weuokocmeti. 3cysu Hynie i macumadHni xoeghiyicnmu eumiproganvhux xauanie X i Y
3anexcams 6i0 Kymoeo2o nonodiceHus 0 cmosuoi xeuni i0HOCHO enekmpooa 36yodocenns X. Ichye kymose nonooicenns 0%, npu
akomy macwmabuuii Koeiyiecnm SFy xanmany X oOopienioe macuwmabnomy xoegiyienmy SFy xamany Y. 'V yiti cmammi
EeKCNEepUMEHMANbHO BUIHAYAIOMbCA KOeDIYicHmMU NPUOYUEHHS K 306HIUHIX AKYCMUYHUX IMRYIbCIB, Yacoma AKUX O1u3bKa 00
PE30HAHCHOL, MAK | ROCMIUHUX T 3MIHHUX MACHIMHUX NOJIG Y PA3i, KOIU CIOAYA XU 3HAXOOUMbCSA 8 KYNOBOMY NON0NCEHHI O*,
B npomunesicnicme inwum munam oughepenyianvhux 2ipockonie, sAxi Modicyms 6ymu peanizogami, UKOPUCIOBYIOUU 080~ A60
bazamomacogi KoHcmpyKyii pesonamopa, 8 2ipOCKONax 3 OOHOMACOBUMU PE30HAMOPAMU MOICYMb Oymu 00cseHymi Guuyi
Koe@iyicnmu npuoyuients piznux 06ypeHv, KOIU CMOAYA X8Uls 3HAXOOUMbC 6 Nonodicenni 0%, 3abesneuyiouu 3a00801eHHs
BUMO2AM 6A2AMBOX BAICTUBUX 3ACMOCY8aHb. Pesynomamu sunpobysans nokazyloms uy006i 61acmueocni npucHivenHs o0ypenb
oughepenyianvhum pexcumom pobomu iOPaAyitiHO20 2iPOCKONA 3 00HOMACOBUM PE3OHAMOPOM. Y pobomi maxoic nposooumscs
NopieHsAHHS 8I02YKI8 HA 0OYPeHHs OUDEPEHYIATLHO20 PENCUMY | PeICUMY SUMIPY KYIMOBOT WUOKOCHI MO0 Jic SIPOCKONA.

Knrouosi cnosa: ougepenyianvruii 2ipockon, Koegiyienm npueHivenHs, aKycmuumi 30ypenns, uymausicmes 00 MacHimHO20
noin.

I¢pdexTHBHOE MOKABICHHE BO3MYIIECHHI 0T aKyCTHYECKHX H MATHUTHBIX NoJieil nuddepeHnnanbLHbIM BUOPAIHOHHBIM
THPOCKOIIOM C O/{HOIf BHOPAIIMOHHOM MaccCoii

B.B. Yukosanu, A.B. llupyk

B pabome ananusupyemcsa oupgepenyuanvhulii pexcum pabomvi UOPAYUOHHO20 2UPOCKONA 6 Kayecmee mpemveo
pedcuma 6 omauuue Om Nepeoeo — pPedcuma UMEpeHus Y2ilosoll CKOpOCmU U 6MOpo20 — UHmezpupyrowezo pexcuma. B
oughepenyuanvrom pexicume pabomvl CMosUAsk BOIHA YOEPIHCUBACMCIL MENHCOY INeKMpooamu. B amom ciyuae obpasyromes 0ea
X u Y usmepumenvHulX Kamanda ¢ NPOMUBONONONCHLIMU 3HAKAMU Yenogblx ckopocmeil. Cmewjenus Hys u macumadnbie
Ko Puyuenmul usmepumenvuvix kauanos X u Y 3zasucam om yenoeozo nonodxcenus 6 cmosueil 801HbI OMHOCUMENLHO
anexmpooa 6036yacoenus X. Cywecmgyem yenogoe noaodcenue 0%, npu xomopom macumabuviii kodgpuyuenm SFy xanana X
pasen  macuimabnomy kodpguyuenmy SFy kanana Y. B amoii cmamve dKCnepumenmansuo onpeoensiomcs. Kod(pouyuenmol
nooagienus, KaK GHEWHUX aKYCIMUYECKUX UMNYTIbCO8, YACMOmda KOMOPbIX OAU3Ka K Pe3OHAHCHOU, MAK U NOCMOAHHbIX U
nepemMeHNbIX MASHUMHBIX NOJEl 6 CIIyYae, K020d CIOAYAs 8OIHA HAXOOUMCS 8 Y2l080M nonoxcenuu 0*. B npomusononoscnocms
opyaum munam Oup@epenyuanshblx 2upockonos, Komopsie Mo2ym Obimb Peanu306anbl, UCNOIL3YA 08YX- UTU MHOLOMACCOBYIE
KOHCMPYKYUU Pe30Hamopa, y 2UpOCKONO8 C OOHOMACCOBLIMU PE3OHAMOPamu Moz2ym Oblmb 0ocmucHymvl Ooiee 8blcoKue
KO uyuenmovl nooasnenus paziudHbIX GO3MYUWJEHUL, K020d CMOSAYas 80JHA HAXOOumcs @ nonodicenuu 0%, obecneuusas
yooenemsoperue mpebo8anutl MHOSUX BAXHCHBIX NpUMeHeHutl. Pe3ynomamul ucnslmanuii NOKa3vlearom npesocxoomvle ceolicmsa
nooasieHust 603MYWeHUll OUP@EPEeHYUATLHBIM PEHCUMOM PAbOmMbl 8UOPAYUOHHO20 2UPOCKONA ¢ OOHOMACCOBbIM PE3OHAMOPOM.
B pabome maxace nposooumcs cpashenue OMKIUKO8 HA 803MYueHUe OUPDEPEHYUATLHOL0 DEHCUMA U PEHCUMA USMEPEHU
V2710801 CKOPOCU MO20 Hce SUPOCKONA.

Knioueevte cnosa: oughpepenyuanvhwii  eupockon,  kod@uyuenm  nooasnenus, aKYCMUYECKUE — BO3MYUJCHUS,
YYECMEUMENbHOCHIb K MASHUMHOMY HOJIO.
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