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Abstract—The paper deals with features of accuracy assessment of nonorthogonal redundant measuring
instruments based on inertial sensors. The nonorthogonal redundant measuring instrumental based on
the inertial units are developed. Approaches to assessment procedure both for measuring instruments
based on single inertial sensors and triaxial inertial units are represented. Tables of directional cosines
between the inertial and measuring reference frames are obtained. Analysis of measuring accuracy of the
nonorthogonal redundant measuring instruments is carried out. Experimental results are given. The
represented results can be applied in control systems of unmanned moving vehicles.

Index Terms—Directional cosines; inertial sensor; measuring accuracy; nonorthogonal measuring

instrument; redundancy.

I. INTRODUCTION

Development of modern navigation systems is
accompanied with rising requirements to accuracy
and reliability of navigation information
measurements. One of ways to solve such a problem
is using of the nonorthogonal redundant measuring
instruments based on inertial sensors [1], [2].

It is known that increase of reliability can be
provided by means of redundancy. If inertial sensors
are located along axes of the orthogonal measuring
reference frame, redundancy is achieved by means
of increasing quantity of inertial sensors located
along a given orthogonal axis. Creation of the
nonorthogonal redundant measuring instruments
foresees location of inertial sensors along axes of
some geometrical figure (a nonorthogonal measuring
reference frame). This provides the most redundancy
of a measured navigation parameter (the angular
rate, the acceleration) projections onto axes of the
orthogonal navigation reference frame.

The nonorthogonal redundant measuring
instruments are the most important for application in
navigation systems operating on the unmanned
moving vehicles. It is caused by rigid requirements
to reliability of such navigation measuring
instruments due to their long operation without the
possibility to be changed or repaired. For example,
the nonorthogonal redundant measuring instruments
based on the float rate gyroscopes are used in
navigation systems of artificial satellites.

Nowadays achievements in MEMS-technologies
provide the wide application of these sensors in the
nonorthogonal redundant measuring instruments.

There are some additional advantages of such
measuring units application taking into consideration
features of rate gyroscopes and accelerations based
on MEMS-technologies. These measuring instruments
can be used in autopilots of unmanned aerial
vehicles (UAVs). Another application is connected
with satellites too. The high reliable nonorthogonal
measuring units of low cost can be used in rockets
applied for putting a satellite into the orbit.

In general, the nonorthogonal redundant
navigation measuring instruments based on rate
gyroscopes have the following advantages.

In the first place, such measuring instruments
provide decreasing bias of inertial sensors. It should
be noted that presence of bias is one of the most
important problems of inertial sensors operation. So,
usage of the nonorthogonal redundant measuring
instruments improves accuracy of navigation
information measurements. In the second place,
reliability of navigation information increases
efficiently. In the third place, such measuring
instruments allow using the bigger quantity of
sensors in the same dimensions of the constructive
unit. This is useful even taking into account
miniaturization of modern inertial sensors.

II. REVIEW OF RESEARCHES

Architecture of the nonorthogonal redundant
inertial measuring instruments based on single
inertial sensors is described in many papers [1], [2].
Similar problems relative to sensors based on
MEMS-technologies are given in papers [3], [4].
Paper [5] deals with the nonorthogonal redundant
inertial measuring instruments applied in UAVs.
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Nowadays inertial measuring units are the most
widespread. In this case, three one-axis sensors
(gyroscopes and accelerometers) directed along the
appropriate orthogonal axes are mounted in the
single case. Approaches to assessment of accuracy
of navigation instruments based both on single
inertial sensors and inertial measuring units are of
great importance for inertial navigation.

III. PROBLEM STATEMENT

There are known some ways to create redundant
navigation measuring instruments using the
nonorthogonal measuring reference frames [1], [2]:

1) use of a cone as a figure of symmetry and
arrangement of the navigational sensors along the
cone’s generatrices as it is shown in Fig. 1;

2) use of a cone as a figure of symmetry and
arrangement of the navigational sensors along the
cone’s generatrices and the axis of symmetry as it is
shown in Fig. 2;

3) arrangement of sensor sensitivity axes
perpendicularly to faces of regular polyhedrons in
accordance with Figs 3 and 4.

Fig. 2 Location of sensors along cone symmetry axis
and generatrices

Problem statement is determination of
approaches to assessment of accuracy of the
nonorthogonal redundant measuring navigation
instruments based on both single inertial sensors and
triaxial inertial units.

Optimal orientation of inertial sensors as
components of a redundant navigation measuring
instrument can be determined based on optimization

of a chosen criterion. Such a criterion must provide
the highest accuracy of navigation information
measurement. It means that an error of measurement
of angular rate vector must be minimized [1].

Fig. 3. Location of sensors perpendicularly
to tetrahedron faces

el
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Fig. 4. Location of sensors perpendicularly
to dodecahedron faces

The correlation matrix of errors can be chosen as
one of accuracy characteristics. The optimization
criterion depends both on inertial sensors orientation
and on a way of information processing. To choose
the optimization criterion correctly it is necessary to
take into consideration the following requirements:

1) the highest accuracy and reliability;

2) simplicity of testing of measuring instruments,
diagnostics of failures, reconfiguration and
adaptation of algorithms for information processing;

3) minimum losses of computer time for
information processing.

Accuracy of measurements depends on quantity
and quality of the primary navigation information. It
is also necessary to take into consideration the way
of redundant information processing.

The least square method can be used for
processing of redundant information [1], [2]. The
minimum trace of the correlation matrix of errors
can be chosen as the optimization criterion for this
method. In this case, the statistic characteristics are
believed to be independent and the mathematical
expectation — equal to zero. The trace of the
correlation matrix of errors can be determined by the
expression [2]
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D =[HH]", (1)

where H is a matrix of the directional cosines
between the nonorthogonal measuring reference
frame and the orthogonal navigation frame.

Trace of the matrix D represents a sum of its
diagonal elements that is variances of errors

(D) = Ydy @)

i=1

where d,, are diagonal elements of the matrix D; »n

is quantity of sensors.
Algorithm of the least square method can be
represented in the matrix form [2]

W =DH'E = ME, €)

where W is the vector of assessments; E is the
vector of measurements; M is the matrix of
transformation of the vector of redundant
measurements E into the vector W.

Based on expressions (1) — (3) it is possible to
make the following conclusion. The correlation
matrix of errors of the vector redundant measuring
instrument depends on orientation of separate
measuring instruments.

IV. NONORTHOGONAL REDUNDANT MEASURING
INSTRUMENTS BASED ON SINGLE INERTIAL
SENSORS

To estimate accuracy of the nonorthogonal
redundant measuring instruments based on single
sensors it is necessary to obtain matrices of
directional cosines. Projections of the navigation
reference frame we will denote o, 0, ®,.
Projections of the measuring reference frame —
d,d,,d,,d,,ds,d, respectively.

Directional cosines of the nonorthogonal
measuring instruments for location of measuring
axes of four, five and six sensors along generatrices

of the cone are represented in Tables I, 11, and II1.

TABLEI. LOCATION OF FOUR SENSORS ALONG CONE
GENERATRICES
o, », o,
d, —cosn/4 sind —cosd cosm/ 4sin
d, | —cosm/4sind —cosd —cosn/4sin
d, | cosn/4sin —cos9 —cosm/ 4sin
d, | cosm/4sin —cosd cosm/ 4sin
TABLE II. LOCATION OF FIVE SENSORS ALONG CONE
GENERATRICES
o, », o,
d, sin9 —cosd | O

d, —cos2n/5 sind —cosd | sin2n/5sind
d, —cosm/ 5 sind —cosd | sin2zn/5sind
d, —cosm/ 5 sind —cosd | —sin2n/5sind
d; cos2m/5 sind —cosd | —sin2n/5sind
TABLE III. LOCATION OF SIX SENSORS ALONG CONE
GENERATRICES
Oy @, o,

d, sin9 —cosd 0

d, cosm/3 sind —Cos sinm/3sin9

d, —cosm/3sind | —cos9 sinm/3sin9

d, sin9 —cosd 0

d cosmt/3 sin$ —cos9 —sinm/3sind

d, —cosm/3sind | —cos9 —sinmt/3sin9

Measuring axes of the sensors are tilted to the
cone symmetry axis at angle 3 [1].

If three, four, and five sensors are located along
cone generatrices and one sensor — along cone
symmetry axis, directional cosines look like it is
represented in Tables IV, V, VI [1].

TABLE IV. LOCATION OF FOUR SENSORS

Oy @, o,
d, sin9 —cos9 cosm/4sin9
d, —cosn/3siny | —cosd —cosnt/ 4sin9
d, cosm/3 sin$ —cos9 —cosm/4sin9
d, 0 -1 cosm/4sind
TABLE V. LOCATION OF FIVE SENSORS
Oy @, @,
d, —cosn/4sind —cosd | cosm/4sind
d, —cosn/4sind —cosd | —cosm/4sind
d, cosmt/4sin9 —cos9 | —cosm/4sin9
d, cosm/4sin9 —cosd | cosm/4sind
d; 0 -1 0
TABLE VI. LOCATION OF SIX SENSORS
Oy @, @,
d, sin9 —cosd 0
d, cos2m/5 sind —cosd sin27nt/5 sind
d, —cosm/5 sind —cosd sinm/5 sin9
d, —cosm/5 sind —cosd —sinn/5 sin9
d; cos2n/5 sin9 —cos9 —sin2m/5 sind
d, 0 -1 0
Matrix of directional cosines for the

dodecahedron is represented in Table VII. The angle
between measuring axes of sensors is equal to
31°43' [1].
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TABLE VII. LOCATION OF SIX SENSORS ALONG

DODECAHEDRON
oy (o @,

d, cosy —siny 0

d, cosy siny 0

d, 0 cosy —siny
d, 0 cosy siny
ds —siny 0 cosy
dg siny 0 cosy

V. NONORTHOGONAL REDUNDANT MEASURING
INSTRUMENTS BASED ON TRIAXIAL INERTIAL UNITS

Nowadays inertial measuring units are the most
widespread in practical applications. Taking into
consideration the rigid requirements to accuracy and
reliability of navigation information it is important
to create the new nonorthogonal redundant
measuring instruments based on inertial units.

As stated above, the nonorthogonal redundant
measuring instruments can be based on the triaxial
inertial units located perpendicularly to faces of
regular polyhedrons. In this case, it is possible to
choose such geometrical figures as tetrahedron
(triangular pyramid) and octahedron. From the point
of view of construction implementation and
dimension restrictions it is convenient to use half of
the octahedron (tetragonal pyramid).

Digital triaxial MEMS-units MPU-6050 can be
used as inertial measuring units of the primary
navigation information (the vehicle angular rate) [6].

MPU-6050 is the integrated 6-axis motion
tracking device that combines a 3-axis gyroscope, a
3-axis accelerometer, and a digital motion processor
(DMP) united in a small package [6]. The MPU-6050
includes three 16-bit analog-to-digital converters
(ADCs) for digitizing the gyroscope scope outputs
and three 16-bit ADCs for digitizing the
accelerometer outputs. For precision tracking of both
fast and slow motions it is possible to use a user-
programmable gyroscope in the full scale range of
+ 250, + 500, + 1000, and + 2000°/s and a user-
programmable accelerometer in the full scale range
of+2g +4¢g +8g and £ 16 g [6]. It is includes
also the temperature sensor.

Appearance of the sensor is represented in Fig. 5.

Two constructions of researched inertial
measuring unit are represented in the paper. They
use the triangular and tetragonal pyramids as
constructive units. Appearance of the inertial
measuring unit based on the tetragonal pyramid is
represented in Fig. 6. The unit is mounted at the
tested bench.

Fig. 5. "Appearance of the inertial unit and location
of its axes

Fig. 6. Appearance of inertial measuring unit based on
the tetragonal pyramid

Directions of axes are chosen to make angles
between them as wide as possible. This leads to
decrease of bias influence on determination of
angular rate projections onto axes of the navigation
reference frame.

To obtain navigation information using the
nonorthogonal redundant measuring instruments it is
necessary to determine mutual location between the
navigation reference frame and appropriate reference
frames of the inertial measuring units.

Axes of the navigation references frame, along
which projections of the vehicle angular rate are
determined, are chosen as follows. The axis Oy is
up-directed along the pyramid symmetry axes. Axes
Ox, Oz of the navigation reference frames coincide
with appropriate axes of the inertial measuring unit
located at the pyramid base (triangular or
rectangular). Directions of axes are opposite to
increase reliability of navigation information.

To determine matrices of directional cosines it is
possible using two ways. The first way lies in
obtaining projections of the unit vector using
geometrical transformations. The second way is
determination of directional cosines between
navigation reference frame and reference frames of
inertial measuring units. This process can be
implemented by successive turns on definite angles.
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The first approach can be implemented by less
transformations and calculations respectively.
Advantage of the second way is clearness.
Additional complication of calculations can be
compensated by the possibility to automate all
necessary calculations by means of Matlab.
Directional cosines of the nonorthogonal
configuration based on the triangular pyramid look
like
Dl = Ax;
D,=A,A A ;

D,=A ;A A,

(4)

here D,,D,,D;,D, are matrices of directional

cosines between axes of the navigational reference
frame and the reference frame of the inertial
measuring unit. The matrix A, defines axes of the
inertial measuring unit located at the base of the
triangular pyramid. The matrix A, characterizes tilt
of inertial measuring units located on the side faces
relative to the horizontal plane. Matrices
A, Ay, Ay define location of axes of inertial

measuring units relative to previous axes. The
matrix A is defined by axes of inertial measuring

y2

units located on the side faces along their medians
(equal to 120°). For the triangular pyramid the angle
between the base and side face is equal to 70.5°.
Matrices in (4) look like

1 0 0 cosy, 0 —siny,
A, =|0 cosy siny|,A =| 0 1 0 ,
0 -—siny cosy siny, 0 cosy,
cosy, 0 -—siny, cosd —sind 0
Ay’ = 0 1 0 ,A.=|sin$ cosS 0],
siny, 0 cosy, 0 0 1
)

here i=1,23; y= 180°; y,= 120° wy,= 0%
v, = 120° y; = 240° 9=70.5° vy is defined for
pyramid base; y,; defines turns of lateral faces; v,

defines turns relative to normal axis of the face; 9 is
the angle of the face slope.

Substituting matrices (5) in (4) it is possible to
determine mutual location of navigation and
measuring reference frames. Finally, the table of
directional cosines between the navigation reference
frame and references frames of inertial measuring
units located on faces of the triangular pyramid can
be defined in the following way (Table VIII).

TABLE VIII.  TABLE OF DIRECTIONAL COSINES
(TRIANGULAR PYRAMID)
®x @y @,
d=o, |1 0 0
1 0 cos —sin

d, =, Y Y

dy = 0! 0 siny cos Y

d, =’ —sinysiny; + —sin 9cos y,; s?n\uocoswlcosS+
cos\ycosy; cosd sin y cosy

ds = 0’ sin 9 cos cos 3 siny sin 9

d6=@§ —sinyycosy, — [siny;sind |—sinygsiny; cos 9+
siny; cosy cos9 COS () COS Y,

d7="3i —siny,siny, + |—sindcosy, |sinygcosy, cos+
COS Y cosy, cosd sin W, cos

dg = (’Ji‘ sin 9 cosy cos 3 siny sin &

dy = & —siny,cosy, — [siny,sin§ |-sinygsiny,cos+
siny, cosy cos & COS () COS Y,

dyp = o? —siny,siny; + |—sin8cosyy s?n\uo cos 3 cos Y+
COS Y cosy3 cosS sin 3 cos g

dy, = oaf, sin 9 cosy cos 9 siny g sin &

dyy =@t |-sinygcosy; — [siny;sind  |—siny, siny;cos H
siny 3 cosy cos 9 COS () COS /3

Directional cosines of the nonorthogonal
redundant inertial measuring instruments based on
the tetragonal pyramid can be determined in the
similar way taking into consideration a slope
between the base and the side face, which is equal
to 54.74°.

The appropriate matrices of directional cosines
can be obtained in the following way

D,=A;D,=A,AA;D=A,AA;
D,=A,AA;D=A,AA,

The matrix A, defines location of the inertial
measuring unit located at the base of the tetragonal
pyramid. The angle 3 is equal to 54.74°. It defines
tilt of the side face to the base of the tetragonal
pyramid. Angles v, define location of axes of the
measuring reference units on the side faces. They are
equal to 0°, 90°, 180°, 270° respectively.

Table of directional cosines (numerical data) for
inertial measuring instrument, which uses the

tetragonal pyramid as constructive element, is given
in Table IX.
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TABLE IX. TABLE OF DIRECTIONAL COSINES

(TETRAGONAL PYRAMID)
O ®, o,

dy = ol 1 0

=0, |0 -1 0

dy =o' 0 0 -1

dy =’ -0.28868 —0.81650 —-0.50000
ds = o? —-0.40825 0.57735 -0.70711
do—o? | 0.86603 0 0.5

& -l | 0.86603 0 0.5

dg = o’ —-0.40825 0.57735 -0.70711
dy = @’ 0.28868 0.81650 0.5
do-o' | 0.86603 |0 05

dyy = o} —-0.40825 0.57735 -0.70711
i, -o' | 028868 | 081650 |05
dn-o | —0.86603 |0 05

dyy =0} —-0.40825 0.57735 -0.70711
dys =} —0.28868 —-0.81650 -0.5
It should be noted that expressions for these

direction cosines determination are simpler of
similar than expressions for the directional cosines
of measuring instrument based on the triangular

pyramid.

VI. EXPERIMENTAL RESULTS OF NONORTHOGONAL
REDUDANT INERTIAL MEASURING INSTRUMENTS

Results of experimental researches of the traxial
inertial sensor are given in Fig. 7.

Wy, deg/s Wy, deg/s

w,, deg/s

5 4
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—5 - T T T T

5
0 et ™ty

-5 1

5

0 -
=5 T T T T
0 20 40 60

Time, s

Fig. 7. Graphs of angular rates measured with an inertial
triaxial sensor mounted at the base of the nonorthogonal

measuring instrument

Errors of angular rate determination for the
nonorthogonal inertial measuring units based on

such mounting surfaces as faces of triangular and
tetragonal pyramids are represented in Figs 8 and 9.
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Fig. 8. Errors of angular rate determination for measuring
instruments based on the triangular pyramid

To carry out experimental researches of different
nonorthogonal redundant measuring units based on
the triaxial inertial units, the three-degree-of-
freedom dynamic bench of angular motions has been
used. Such a bench provides the possibility of
simulation of angular motion in three directions,
which correspond to axes of the navigation reference
frame.

0.5 4 -
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Py
0.0 A
3
705 i T I T T
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< 004
< IMU sensor
—0.5 1
0.5 1
L
o0
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0.5 T T T T
0 20 40 60
Time, s

Fig. 9. Errors of angular rate determination for
measuring instruments based on the tetragonal pyramid

Angular sinusoidal motions implemented by

means of the bench can be described in the
following form
x(t)=5sin(n/ 6%¢) ;
y(t)=5sin(m/12¢) ; 6)

z(t)=5sin(n/4¢) .
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The inertial measuring unit before test starting
was keeping in the immovable state during
(15...20) min. This was carried out for temperature
stabilization of MEMS-sensors and levelling of the
zero drift. Angular motions of the three-degree-of-
freedom bench (6) were given during 5 min after
temperature stabilization.

Results represented in Figs 8 and 9 are averaged
readings of angular rates, which have been measured
in the nonorthogonal instruments based on such
constructive units as the triangular and tetragonal
pyramids respectively. Obtained results of
measurements have been converted in projections of
the angular rates onto axes of navigation reference
frame using matrices of the directional cosines given
in Tables VIII and IX.

Assessment of accuracy of nonorthogonal
measuring instruments can be done based on the
expression (1).

Results of comparative analysis of the different
nonorthogonal redundant measuring instruments
based on single inertial sensors are given in Table X.

TABLE X. RESULTS OF ACCURACY COMPARATIVE
ANALYSIS FOR MEASURING INSTRUMENTS BASED
ON SINGLE INERTIAL SENSORS

Characteristic of Quantity of failed sensors
instrument 0 2 3

5 sensors along the | 2.21 3.20 3.92
cone’s generators

4 sensors along the | 1.93 3.15 5.00
cone’s  generators,

1 along the axis of

symmetry

6 sensors along the | 1.79 | 2.13 4.50
cone’s generators

5 sensors along the | 1.70 | 2.18 3.35
cone’s  generators,

1 along the axis of

symmetry

6 sensors along the | 1.50 | 2.00 3.00
dodecahedron

Table X includes information about errors of
navigation information measurement for different
types of the nonorthogonal redundant measuring
instruments based on single inertial sensors. Results
take into consideration different situations of sensor
failures.

Assessments of accuracy of the nonorthogonal
redundant measuring instruments based on triaxial
inertial measuring units are given in Table XI.

Analysis of results given in Table XI shows that
the nonorthogonal redundant measuring instrument
based on five inertial measuring units located on
faces of tetragonal pyramid is the most preferable by
accuracy.

TABLE XI. ASSESSMENT OF ACCURACY FOR
MEASURING INSTRUMENTS BASED ON INERTIAL UNITS
(TRACE OF CORRELATION MATRIX)

Characteristic Number Trace

of instrument of sensors of the matrix
Triangular pyramid 4 0.75
Tetragonal pyramid 4 0.75
Tetragonal Pyramid 5 0.6

Accuracy assessment has been carried out also
based on the normalized value of root-mean-square
(RMS) relative to RMS of the single MEMS-sensor,
which has been calculated during measurement
interval. To make perception easier, assessment
results are given in Table XII.

TABLE XII. ROOT MEAN SQUARE ASSESSMENTS
OF ACCURACY FOR MEASURING INSTRUMENTS BASED

ON INERTIAL UNITS

Type of o —5./5°

constructive 2 —
units * Y z

The triangular 0.66511 0.41626 0.48451

pyramid
The tetragonal 0.54809 0.50939 0.44596

pyramid

VII. CONCLUSIONS

Comparative analysis of accuracy of the
nonorthogonal measuring instruments based on both
the single inertial sensors and the triaxial inertial
units was carried out. Directional cosines for the
nonorthogonal redundant measuring units were
derived.

The nonorthogonal inertial measuring units based
on the triaxial MEMS-sensors and such construction
units as the triangular and tetragonal pyramids were
described in details.

Tests on accuracy assessment of the developed
nonorthogonal instruments based on the triaxial
inertial measuring units were carried out. The three-
degree-of-freedom bench has been used for test
implementation. Test results expressed in RMS
values were represented.

Comparative analysis of the nonorthogonal
measuring instrument accuracy of both single
inertial sensors and inertial measuring units was
carried out.

Research of the mnonorthogonal measuring
instruments of single inertial sensors and inertial
measuring triaxial units proves the possibility of
their using for implementation of the high-accurate
and reliable measurements.

So, even taking into account the possibility of
two sensors failure, the nonorthogonal redundant
measuring instruments of sensors are characterized
by the better efficiency of information processing.
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0. A. Cymenko, FO. M. Be3kopoBaiinmii, H.JI. HoBunbka. OuiHka TOYHOCTI HEOPTOrOHAJIBHUX HAAMIPHHX
iHepuiaJbHUX BUMipIOBaviB

Po3risiHyTO 0COOMMBOCTI OLIHIOBaHHS TOYHOCTI HEOPTOTOHAJBHUX HAJMIPHHX BHMIpIOBadiB Ha OCHOBI iHEpIiaJbHUX
ceHcopiB. Po3po0iieHO HeOpTOroHaNbHI HaJAMIpHI BUMIpIOBadi Ha OCHOBI iHepIliabHUX OJIOKIB. [IpeacTarieHo miaxoau
JI0 TIPOILIETYp OLIHIOBaHHS TOYHOCTI BUMIpIOBadiB Ha OCHOBI SIK IOOJAMHOKHX CEHCOPIB, TaK 1 TPHOCHHUX iHEPIiaIbHUX
6nokiB. OTpuMaHO TaONMI HANPSIMHAX KOCHHYCIB MK HABITaI[ifHOIO Ta BUMIpPIOBAJIILHOIO CUCTEMaMU KOOpPJIWHAT.
BukonaHo aHasi3 BUMIpIOBaJIbHOI TOYHOCTI HEOPTOrOHAJIBHUX HAIMIpHUX BUMipioBadiB. [IpencraBieHo pesynbraTtu
eKCIIEpUMEHTAJIbHUX JIOCTIDKeHb. HanaHi pe3ynpTaTH MOXYTh OyTH BHKOPHCTaHI B CHCTEMax KepyBaHHS
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HHePIHATBHBIX H3MepuTeeii

PaccMoTpeHBl OCOOCHHOCTH OIICHUBAHHMS TOYHOCTH HEOPTOTOHAJIBHBIX H3MEPUTEICH Ha OCHOBE HHEPIIMATIBHBIX
JATYUKOB. Pa3paOoTaHbl HEOPTOrOHANBHBIC M30BITOUHBIC H3MEPUTEIHM HA OCHOBE WHEPIHUAIBHBIX OJIOKOB.
[IpencraBiaeHbl MOAXOBI K MPOIEAYpaM OICHUBAHUSA TOYHOCTH U3MEPHUTENIeH Ha OCHOBE, KaK OMUHOYHBIX TaTYHKOB,
TaK ¥ TPEXOCHBIX HMHEPIMATIBHBIX M3MEPUTEIBHBIX OJOKOB. IT0dydeHBI TaOJMIBI HAIPABJISIOMINX KOCHHYCOB MEXIY
HABUTALIMOHHON M H3MEPHUTEIHOW KOOPAWHATHBIMUA CHCTEMaMH KOOPIWHAT. BBIMOIHEH aHAW3 H3MEPHUTENbHOU
TOYHOCTH HEOPTOTOHAJIBHBIX HM30BITOYHBIX H3MepHTeNed. [IpencTaBiieHBl pe3ylbTaThl  KCIIEPUMEHTAIBHBIX
ucciaenopanuid. IlonydeHHBIE pe3yIbTaThl MOTYT OBITH HCIIOJNB30BaHBI B CHCTEMax YIPABICHUS OECIHIOTHBIX
MTOABIKHBIX 00BEKTOB.

KiroueBble cji0Ba: HaNPaBJSIOIIUEC KOCUHYCHI; HHEPIMATIBHBIA TaTYNK; H3MEPUTEIbHAS TOUHOCTh; HEOPTOrOHAIBHBIN
HU3MEPHTEITh; U30BITOYHOCTS.

Cymenko Ousibra AngpeeBHa. JlokTop TexHHUeckuX Hayk. [Ipodeccop.

Kadenpa cucrem ynpapieHus JeTaTeNbHBIX amapaToB, Y4eOHO-HAYYHBIH HHCTUTYT a’poHaBHUranuy, HaruoHa pHbINH
aBHAIMOHHBIN yHUBepcuteT, Kues, YkpauHa.

O0pasoBanue: Kuesckuii monurexuuueckuii HHCTUTYT, Kues, Ykpaunna, (1980).

HampaBnenue Hay4qHOH JAEATEIBHOCTH: CHCTEMBI CTaOWIM3alMM WH()OPMAIMOHHO-U3MEPUTENBHBIX YCTPOICTB,
AKCILTYaTUPYEMBIX Ha MOJBIKHBIX 00BEKTaX IIMPOKOro Kiacca.

KonmuecrBo nmyoimkarwii: 250.

E-mail: sushoa@ukr.net

Be3sxoposaiinbiii I0pnii Hukoaaesny. Kanaunat rexuudeckux Hayk. JlOIEHT.

Kadenpa cucrem ynpapieHus JeTaTeNbHBIX amapaToB, Y4eOHO-HAYYHBIH HHCTUTYT a’poHaBHranuy, HaroHa pHbINH
aBHAIIMOHHBIN yHUBepcuteT, Kues, Ykpauna.

OO0pa3oBanue: HarmonansHbIi aBUaMOHHBIA yHUBEpCUTET, (2002).

HamnpaBnenue HayqyHOH NESITENFHOCTU: HACHTH()HUKAIMS U YIIPABIICHUE CIOKHBIMHA CHCTEMaMH.

Konuuectro myonukaruii: 30.

E-mail: yriy.bezkor@ukr.net

HoBuuxkas Hatanus JImutpueBna. Maructp. ACCUCTEHT.

Kadenpa cucrem ynpapieHus JeTaTeNbHBIX amapaToB, Y4eOHO-HAYYHBIH HHCTUTYT a’poHaBHUranuy, HaroHa pHbINH
aBHAIMOHHBIN yHUBepcuTeT, Kues, YkpauHa.

Ob6pa3oBanue: HanmoHanbHbINM aBUAIIMOHHBIN YHUBEpcHTeT, (2008).

HamnpaBnenue HaydHOH NESITENBHOCTU: CUCTEMBI U ITPOLIECCHI YIIPaBIICHUSI.

KonmuectBo myoiukarnmii: 15.

E-mail: n-m@ukr.net



