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Abstract—The proposed scheme of construction of an integrated navigation complex of an unmanned
aerial vehicle, the basis of which are two subsystems — inertial and course-air. For each subsystem,
implementation of algorithms for the complex processing of navigation information from the
corresponding navigation sensors and onboard equipment of the Global Positioning System on the basis
of a non-invariant compensation circuit is envisaged. The logic of using navigation measurements from
both subsystems reflects the adaptation of the navigation complex to the flight conditions of the aircraft.
The adaptive navigational complex unmanned aerial vehicle will improve the accuracy of the
determination of navigational parameters of the flight, reliability and noise immunity of the aircraft

during the flight task.

Index Terms—Integrated navigation complex; adaptive tuning unmanned aerial vehicle; notation
coordinates; accelerometer; angular velocity sensors; course-air sensors; GPS-corrector; noninvariant

compensation scheme; procedure of discrete filter.
I. INTRODUCTION

The current trend and the basic principle of the
construction of navigation complexes of aircraft is
the algorithmic integration of various on-board
navigation devices. Integrated navigation complexes
provide the necessary level of accuracy and
reliability of navigation equipment for unmanned
aerial vehicles (UAV) in difficult operating
conditions. The basis of such complexes is the
course-air and inertial systems for notation
coordinates, as well as the on-board equipment of
the Global Positioning System (GPS), which, under
the condition of normal functioning, provides high-
precision position-velocity correction of the systems
of calculating coordinates.

The main advantage of both of these systems for
notation coordinate is their autonomy and noise
immunity. In this case, additional advantages for the
course-air system are the linear nature of the
increase of errors in the notation coordinates in time
and low cost, and for the inertial system — the ability
to operate in conditions of high dynamics of flight
UAV. The disadvantages of these systems include:
for the course-air system — dependence on the wind
situation, and for the inertial system — nonlinear
character of the increase of errors in the calculation
of coordinates in time. For both systems of notation
coordinates, a great positive effect is their
integration with GPS-corrector. Algorithmic and
hardware issues of such integration are thoroughly

studied and reflected in the literature, for example in
[1] — [5], and others. However, the reserve for
improving the accuracy, reliability and noise
immunity of the integrated navigation complex of
the UAV is its adaptive tuning, depending on the
flight conditions of the aircraft. That is why the topic
of the article is relevant and timely.

II. PROBLEM STATEMENT

Creation of integrated navigation complex UAV
on the basis of navigational meters of different
principle of action: inertial, course-air, etc. has its
own peculiarities. These features include: the
feasibility of separating the vertical and horizontal
channels of navigation calculations; the need to
determine the conditions and logic of switching
inertial and course-air subsystems of the complex; a
special procedure for the correction and
extrapolation operations of the non-invariant
compensation scheme of integration and the
existence of a procedure for identifying the
parameters of the systematic errors of sensors.

This article is devoted to the disclosure of these
features of the integrated navigation complex of
UAYV with adaptive tuning on a qualitative level.

III. INTEGRATED NAVIGATION COMPLEX

The scheme of complex processing of navigation
information in the integrated navigation complex of
UAYV with adaptive tuning is shown in Fig. 1.
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Fig. 1. Scheme of complex processing of navigation information in the integrated navigation complex
with adaptive tuning for UAV

A. Composition of the integrated navigation
complex
The structure of the course-air subsystem

includes sensors of air velocity, angles of attack,
sliding, vertical angles and a three-component
magnetometer. An inertial subsystem is constructed
using accelerometers and gyroscopes (angular-rate
sensors). In computational algorithms, the following
navigation measurements are used (Fig. 1): sz is the
barometric altitude of the flight; &, is the vertical
component of imaginary acceleration from
accelerometer; 4™, V™ are the values of the
height and vertical flight velocity of the UAV from

the receiver of the GPS; (x,ﬁ are the angles of

attack and slip; ¥,9,7 are the angles of course,

pitch and roll; V™,V V™ s the northern,
eastern and vertical velocity components from the
GPS; @y, ,®y,,®,,, dy,,dy, ,d, arethe components
of the absolute angular velocity and imaginary
acceleration on the axes of the instrument coordinate

system; VWIND,\I/ is the velocity and angle of the

stationary wind direction; @, A,H and ¢,

LSS HO™ are geographical coordinates (longitude,
latitude, height) in the Earth's coordinate system and
their estimates for information from the GPS-
corrector, respectively.

B. Particularity of the functioning of the integrated
navigation complex

The first particularity of the functioning of the
integrated navigation complex is that its algorithms
can be divided into six different groups (six blocks in
Fig. 1).

The second particularity is the two levels of the
navigational calculations.

Level 1. The current horizontal components of
the road velocity are calculated either on the basis of
the course-air principle in block 2, or on the basis of
the inertial principle in block 3.

Level 2. The calculation of the coordinates of the
location is performed in block 6.

A third particularity is the use of a non-invariant
compensation schemes in the form of a non-linear
discrete filters. This filter is implemented in the
baro-inertial vertical channel in block 1; in the
inertial subsystem of determination of orientation
parameters and horizontal components of the road
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velocity in block 2; and in the subsystem for
calculating the coordinates of the UAV location in
block 6.

In general terms, the mathematical models of
these subsystems have the following form:

X =f(X)+E, L=h(X)+7, i=1,2,3,(1)

where X, is the n-dimension vector of the system
state; Y, is the m-dimension vector of observation;

&, 7, are gaussian vectors of random perturbations
of the subsystem and observations with covariance
matrices Q; and R; respectively; fand A are known
in the general case nonlinear vector functions that
determine the dynamic properties of the subsystem
and the measurement process, the dimensions »n and
m, respectively.

The fourth particularity is that for each of the
non-linear discrete filters, at each step of the
calculation, the following basic operations are
implemented: the operation of correction of the state
vector on the information from the navigator
corrector, and the operation of extrapolating the state
vector using the information from the sensors (or
information about the assessment of the horizontal
components of the road velocity for block 6).

The correction operation implements the
estimation of the state vector and the covariance
matrix of error estimates using the information from
the navigator corrector.

This operation is
procedures [2], [7]:

realized using known

X0 =XO+ k(7 -n(X)),
i=1,2,..., (2

P =(E, K, H)P),
where K, =P H"(HPVH" +R)® is the matrix
coefficient of filter amplification; E, is the unit

matrix; P is the covariance matrix of estimation

errors;  is the symbol of the pseudo-rotation of the

matrix by the Greville method; “— and “+” are the
indexes of the values “ before ” and “ after ” the
correction.

The fifth particularity is the use of a linear
regression procedure to identify the errors of
primary information sensors and initial orientation
errors in block 4. In this case, for the course-air
subsystem, horizontal components of the wind
stationary velocity and displacement of the readings
of the course angle sensor are identified, and for the
inertial subsystem, the displacement of the readings

of the inertial sensors and the error of the initial
alignment are identified.

C. Algorithmic realization of the functions of the
integrated navigation complex

Block 1 — baro-inertial vertical channel of the
navigation complex

The wvertical and horizontal channels of
navigation complex of the UAV are, to a large
extent, independent, therefore, in algorithmic
implementation, it is advisable to ensure separation
of calculations on these channels. In addition, this
separation will reduce the dimensionality of the
subsystem models and, accordingly, reduce the
computational cost of implementing discrete filters.

The height value should be calculated by the
complex processing of the readings of the
barometric altimeter, the vertical component of the
imaginary acceleration from the accelerometers, and
the estimates of H and V from the GPS-corrector on
the non-invariant compensation scheme. In this case,
for the nonlinear discrete filter (1), the vector of the

system X ,, and observation Y, (n =2, m = 3) will

have the following form:

‘?Bi z(hi’I/hi)T’

1

Vo= (i B V). )

The baro inertial vertical channel (block I)
operates throughout the all flight of the UAV
(autonomously or in combination with a
navigational correction).

The definition of the horizontal components of
the road velocity occurs separately for the course-air
subsystem (block 2) and the inertial subsystem
(block 3).

Block 2 — course-air subsystem of definition of
horizontal components of the road speed

Current components of the road velocity for the
course-air system V, (¢),V,(¢) satisfy the following
ratio:

VN ()= I/airN(t) + VwindNa

4)
VE(t) = I/airE(t) + VwindE’

where Vv (¢) and V- (¢) are the projections of the

airspeed speed of the UAV on the axis N and E,
calculated on the basis of current information from
air velocity sensors, angles of attack, sliding, pitch,
roll and course; V,,,, and V.. is the horizontal

components of the stationary wind velocity.

In the general case, the equation for the
horizontal components of the air velocity is as
follows:
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Vi@ =V, (t) {cos S()cosy . (t)cosat) - cosB(¢) +[siny, (¢#)siny(¢) +cosy, (¢) cosy(¢)
-sin 9(#)]sin au(t)cos B(¢) +[cosy, (¢)sin 3(¢) -siny(¢) —siny, (¢)cos A(¢)]sin B(t)} ,

Ve (1) =V, (£){cos 8(¢)sin y () cos o(?) %cos B(#) +[siny, (¢)sin 3(t)cosy(r) —cosy, (¥)

)

-siny(¢)]sin a(t) cosP(¥) +[cosy () siny(¢) + siny (¢)sin 9(¢)sin y(#)]sin B(t)} ,

where V_ (¢)

ar

is the current air velocity; y (¢),
9(¢), y(¢) are current angles of the true course, pitch
and roll; a(¢), B(¢) are current angles of attack and
slip.

For the course-air in block 2, instead of the filter,

the procedure for determining the weighted
estimations of the components of the road velocity

V,, and V,,. In this case, the vectors of the state of
the and the

(n =2, m = 4) will have the following form:

system X, observation Y,

X =Wy, ’VEi)T’

_ (6)
Ve =V Vel SV Ve )

Block 3 —an inertial subsystem of determining
the orientation parameters and  horizontal
components of the road velocity

Algorithms of the inertial subsystem are the most
complex and here the linear nonlinear discrete filter
(1) is used to calculate the horizontal components of
the road velocity, in which the vector-column of the

system X,, and the observation ¥,, (n =6, m = 2)
will have the following form:
)_(Ii =i Veishos My Ay, ks)Tn
(7

(VGPS VGPS)

Ni >

where A, , A, A,, A, arethe elements of the

quaternion orientation of the instrumental coordinate
system relative to the reference coordinate system.

In order to ensure the required accuracy of the
inertial subsystem, the reading of the inertial sensors
(accelerometers and gyroscopes) is performed at
high frequency, and, as a rule, multi-step algorithms
of high order of accuracy are used for extrapolation
of the required navigational parameters [8, 9, 10].

The analysis shows that the algorithms for
extrapolating navigational parameters from the
primary navigation information from the inertial
sensors of the navigation accuracy class (integrating
accelerometers and angular velocity meters) can be
classified into two groups:

— high-frequency, as a rule, multi-step algorithms
for calculating the orientation parameters of the

instrument dipole and the increase of the imaginary
speed;

— mid-frequency algorithms for numerical
integration of navigation equations with respect to
component speeds.

In the synthesis of high-precision algorithms for
extrapolation of the orientation parameters of the
instrument triangular relative to the reference
coordinate system, the fact that the primary
information from inertial sensors is obtained in the
form of quantized in time and in terms of
increments of quasi-coordinates is taken into
account:

_ bvl Sk+1 [
Py =By =| by | = [@(t)dts
bvl 2 k+1 i
(®)
_ vl dk+l1 t,+h
bra=|b 1o k] t t; k=0,1...,
vl 2 k+1
Where O‘)(t) x] (t) 0‘)1 1 (t) 0‘)z1 (l)) and a(l‘) =

are vectors-columns of

=(a,().a, (t),az] )
components of absolute angular velocity and the
apparent acceleration of the beginning of the device
triangular.

When calculating the desired current orientation
parameters, for example, Rodrigueh—Hamilton
parameters, as intermediate parameters, as a rule, use
increments of the so-called vector of orientation [9].

The compact representation of a high-precision
four-step algorithm for calculating the growth of the
vector of orientation has the following form [8]:

AQ,, = (P+P)(P +P)

32— 32- - -~
+—5<Ra+fza>+4—5[(e-P4>Pz—<e-Pz)P4

)PP,

35

©)
where (P-P,) is the denoting the scalar product of

— - — — — —_- 64 —
~(B-P)R+(P-R)R]-(1-(B-P,

the column vectors P and P, .
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The algorithm (9) has the sixth order of accuracy.
Growth of the Rodriguez—Hamilton parameters in
four steps of the survey of angular velocity sensors
are calculated according to the following equations:

1 1
A, :_(1__|A6k+4|2\)A(pk+4i’ i =123,
2 24 '
. | (10)
_ _ 4
Ak, =1 _§|A(Pk+4| + 384|A(Pk+4 >

where AL = (AXO,AKI,AKZ,MS )T is the increase of

quaternion.
Calculation of quaternion estimates

A =7_»(tk+4m) is performed according to the
following equations:

A =AgAhy — A AL, — A AN, — A AL,
A =Ag AL, + AL +A5AL, — ASAL,,

Ay =N AN, + AL, —A AN, + A AL, b
Ay =N AN; + AN A + A AN — A AN,
where A" Z}_\.(tk)-
1 sin—-
Ap, :_E Ao (A@-A@O),
sin% . o |1
Ay, = no NPT M

In equation (13) A’ is the so-called dual
orientation vector: A’ = (Ag,,Ap),A@;)", for the

Quaternion A characterizes the motion of a
connected (instrumental) triangular relative to the
initial position of the reference geographic basis of
NHE at the time ¢ = 0.

To calculate the growth of the imaginary velocity
vector in a bound basis, a four-stage algorithm of the
sixth order accuracy of this kind can be used:

Ay,
AW, (t, +4At) =21 Ak, | Ap,
Ap, (12)
AN, AL, Apy =AM AR,
— ARy | AL, | =] AM AR =AM AR |,
AN, AN AR, — Al AR,

where (u,,Ap,,Ap,,Ap,)" =Af is the growth of
the so-called dual quaternion; (AA,,AA,,AN,,
AL =AM

In turn, the following algorithm is used to
calculate the growth of a dual quaternion Ap:

Ao (13)

222 |(AGAY); =123,

calculation of which uses the following four step
algorithm:

o = 2 S — . 1
89" =by = S[ (B + BB+ P)+ (B o+ R)by +b) |+ - (BP + By + B,P, + Pb,)

e
+4_5|:b1'31)Pz_(b1'P2)P4_(b4'PS)P]+(b4'PI)P3++(b2'PI)P4_(P4'})I)})2

(14)

+(B,-B)b, —(by - B)B, — (b, - B,)P, +(B, - B)b, — (B, - B,)b, + (b, - P,)E |

—%{D—(E B)](B,B + Bb)-[ (B -B)+(B,-B)] PB}.

The algorithm (14) is a dual version of the
algorithm (9) for calculating the increment of the
usual orientation vector obtained on the basis of the
well-known principle of the transfer of
Kotelnikov—Studi [10], [12].

Block 4 — regression procedure for identification
of the sensor errors and initial orientation errors

In order to improve the accuracy of the
determination of the navigational parameters of the
UAYV in blocks 1, 2, 3, 6, it is proposed to implement

a regression procedure for identifying the parameters
of the systematic errors of the primary information
sensors and the initial alignment errors. To construct
the identification procedure it is recommended to
use the apparatus of the theory of sensitivity.

For the course-air subsystem, horizontal
components of the velocity of the stationary wind
and the displacement of the readings of the sensor of
the course are identified.

At the initial stage of the flight of the BPPL at
the normal operation of the GPS, the vector column
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of corrections V ind vedit »

Bt = (A > A
AV Eedit )° using the high-speed information from

Wi

the on-board equipment of GPS is estimated:

O = =Gy dy (15)
B :] I?]GPS
B _ . _ e
where G, = 2, d, = 2002 ,
BN edit I?N edit I?/\? :dslt
— V. cosS siny,, 1 0
V: = (VN,s ) t >
V;m cosSi cosy,, 0 1
t1+1 ATdt > 1 2 Nedn
In this case, the current estimates of the
components of the road velocity 17,\,1. and I7E ;
calculated by the equation
V=V V2, I=N,E. (16)
In turn, for the calculation V., /= N,E we use
equations (5), in which the results of measurements
airi? ?ia a’i’ 81‘: Bﬂ l//tri'
Under normal operation of the on-board

equipment of GPS, obtained at the initial stage of the
flight, the evaluation of the corrections to the
horizontal component of the wind speed periodically
specified by the next procedure:

(j+1) _ ) ) —
AVw{nti [ edit AVVlendl edit + SVVl{edut > = N’ E’ (17)
NW -
where SV =7, ~TS). 1= N, E:
W i=1

17, .»[=N,E are current estimates of the components

of the road velocity, derived from the preliminary
estimates of the amendments; 7., —¢, = AT, .

> Ti+l i

The identification of the errors of setting the
horizontal components of the speed of the stationary
wind and the systematic error of the definition of the
angle of the course is recommended when
performing the UAV maneuver in a horizontal plane
of the type "circle".

For the inertial subsystem, the displacement of
the readings of the inertial sensors and the initial
alignment errors are identified by the nonlinear
regression procedure.

The equation of the errors of the inertial system is
as follows:

AX = F(X(0))AX (1) +B(X(0)R, (18)

where AX = (AP, AR, AB" )T ;
AV =(AVy,AV,,AV,)"; AR = (AR, ,Ah,AR,)";
A =(a,0,,0;) are NHE baseline modeling
=(@ = Qo) Reyps Ry = (A —Ag) Ry, COSPy ;5
¢, is the local geographic coordinates of the
n=a",Az")" the
displacement of indications of primary information

sensors of the inertial navigation system.
The linear regression model has the form:

errors; R,

location are given;

G,d = AY,, (19)

where Sz(ﬁT,Aég )" is the vector of identifiable
G(4)

, G, | . . -

parameters; Gy = is the regression matrix;
G(ty)

Gt)=U"(t):L(t,t,); U'(t) is the matrix
6x6 , created by the first six lines of the matrix of
sensory functions of estimates of navigational

parameters at the moment 7, of displacement of

o . AX(1))
indications of inertial sensors U(Z;) :6—_j ;
i
L'(t,,t,) is the matrix 6x3, created by the last
three columns of the first six lines of the transition
Y1)

7w

matrix L (¢;,4,) ; is the vector of

Y(ty)
variation of navigational parameters;

=Z"(t)-Z%(t,); Z(t)=(V" (). R' (1)) .

The matrix of sensitivity functions U(¢) is

AY(Z(t)) =

calculated by numerically integrating the equation of
the form:

U@t)=F(X(®)U@)+B(X(1)), (20)

at zero initial condition U(¢,)=0 .

The transition matrix L(Z,,f,) 1is a matrix

function of the influence of the variation of the
initial values of navigation parameters on their
current value:

Ay(tj):L(tJ’tO)A)_((tO) (21)
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The values of the elements of the transition
matrix for moments #(j=1,2,...,N) are calculated

by numerically integrating the equation L(t,z,)=
= F(X(t))L(t,t,) at the initial condition in the form
of a single diagonal matrix L(Z,,t,) = E, .

Estimation of the parameter vector &
corresponding to the regression model (19) is
determined by the following algorithm:

8 =GSAY,. (22)

When implementing the regression procedure for
identifying the systematic errors of the inertial
system, positional and velocity correction of
navigational parameters estimates using information
from the navigator corrector is performed only at the
initial time. Estimates of displacement of sensor
readings and the initial alignment errors, obtained by
means of a regression procedure, are used to make
corrections to the values of the navigational
parameters estimates at the time of the end of the
error identification stage.

In order to provide the conditions for observation
of estimations of parameters of the navigation
system, which are calculated, the accumulation of
information for a regression model is recommended
during the performance of the UAV combined
maneuver of the type "snake" in the horizontal plane
and the "slide" with the set of altitudes and descent
in the vertical plane.

Block 5 — block of adaptation

In this block, the adaptive tuning of the integrated
navigation complex of the UAV is realized by
connecting various subsystems to determine the
horizontal components of the road velocity (block 2
or 3). It is performed automatically, depending on
the nature of the flight path of the UAV, namely the
values of the angles of the roll and pitch. If these
angles are in absolute value less than 30°, then the
readings of the course-air subsystem are used, at
values of angles larger than 30° — the indications of
the inertial subsystem are used.

Block 6 — a system for notation the coordinates of
the location

In this block, based on the horizontal components
of the road velocity and height, estimates of the
coordinates of the location of the UAV R, (¢) and
R, (¢) are calculated.

The operation of correction of coordinates of
location is performed using current positional
information from the navigator corrector.

In this case, in the nonlinear discrete filter, the

vectors-columns of the system X,, and the

observation Y,, (n =2, m =2) have the following

form:
X, =Ry Ry,
_L N E (23)
Y, =(RYLRE),

where

RN = ((p - (pO)REarth and RE = (}\‘ - }\‘O)REarth COS(PO *

The operation of coordinate extrapolation is
realized using information on the current estimates
of the components of the road velocity. Taking into
account the results presented in [8], the equations for

the reduced geographic coordinates can be
represented as follows [4]:
Ry () =V, () C (1), h(0)], o
R, (1) =V, (1) C, [0(1), h(1)],
where
RE'rth 2 s 2
C, [, h] =5 [ 1 4 ¢* (1-1.5sin’ p(1)) ~ h(1) / a |,
a
R
C,[@,h]=—L | 1-0.5¢*sin” o(t) — h(t) / a |,
lo.h] acow(t)[ ¢*sin® o(t) ~ (1) / a ]

o(0), M(t) is the geographic latitude and longitude;
h(t) is the flight height above the surface of the
earth's ellipsoid; R, is the constant, accepted
equal to the radius of the Earth's sphere;
Vy(t),V.(t) are projections of the velocity of the
UAV on the horizontal axis of the geographic
triangular; a, e’ is the large half-axis and the square

of the eccentricity taken to navigate the Earth's
ellipsoid.

IV. CONCLUSIONS

Creation of an integrated navigation complex of
the UAV with adaptive tuning will allow to improve
the accuracy of the determination of navigational
parameters of the flight, the reliability and noise
immunity of the UAV in the performance of the
flight task.
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3anporoHOBaHO CXeMy MOOYIOBU IHTEIPOBAHOIO HABITAI[ifHOrO KOMIUIEKCY OE3IMIJIOTHOrO JIITAJIBHOI'O amaparty,
OCHOBY SIKOi CKJIaJ[alOTh JIBI MiJICUCTEMH — iHepIiajbHa Ta KypCo-TOBITpsiHA. [l KOXKHOI IMiACUCTEMH TepeadadyeHo
peasizaiiio alropuTMiB KOMIUIEKCHOI 0OpOOKH HaBiramiifHoi iH(popMarii Bi BiJNOBITHAX HaBITaIlifHUX AAaTYUKIB Ta
OOpTOBOI amapaTypy CYIYTHHKOBOI HABITamifiHOI CHCTEMH Ha OCHOBI HEiHBapiaHTHOI KOMIICHCAIIHOI cxemu. Jlorika
BUKOPHCTAaHHS HaBiraliiHUX BUMIpPIOBaHb Bifl 000X ITiJICUCTEM BiloOpakae aganTaiilo HaBiralifHOro KOMIUIEKCY 10
YMOB TIOJNBOTY JIITAIBHOTO amapary. AJAaNTUBHHN HaBITaliiHUA KOMIUIEKC OE3ITIOTHOrO JITaJbHOIO amapary
JIO3BOJIUTH MIJIBUIIUTH TOYHICTh BH3HAYEHHS HaBIrallifHUX IapaMeTpiB MOJbOTY, HAAIWHICTH 1 3aBaJI03aXUIIECHICTh
0€3ITIOTHOTO JIITAJILHOTO anapaTy MpyU BUKOHAHHI ITOJILOTHOTO 3aBJaHHS.
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IMpemioxkeHa cxema IMOCTPOCHUS HMHTEIPUPOBAHHOTO HABHIALMOHHOIO KOMIUIEKCA OECIMIOTHOTO JIETAaTEIHLHOrO
ammapaTa, OCHOBY KOTOpPOH COCTaBIISIIOT ABE IOJACHUCTEMBl — HMHEpLHUaNbHas M Kypco-BO3AymmHas. [l kaxmoi
MIOZICUCTEMBI TIPEAYCMOTPEHa pean3alysl ajJrOpUTMOB KOMILUIEKCHOH 00pabOTKM HaBUralMOHHOH HH(OpMAalnuu OT
COOTBETCTBYIOIINX HABUT'AIMOHHBIX TaTYMKOB M OOPTOBOM ammapaTypbl CIYTHHKOBOH HABUTAIlMOHHON CHUCTEMBI Ha
OCHOBE HEMHBApUAHTHON KOMIICHCAIIMOHHON cXeMbl. JIorMKa MCIONb30BaHUs HABHTALMOHHBIX U3MEPEHUI OT 00enx
MOACUCTEM OTpakaeT aJalTallMi0 HABUTAIIMOHHOTO KOMIUIEKCa K YCIOBUSM IIOJI€Ta JIETATENbHOTO almapara.
ANanTUBHBIN HaBUTallMOHHBIA KOMILIEKC OECIMIOTHOI'O JIETATENLHOTO ammapara II03BOJIUT IOBBICUTH TOYHOCTh
OIIpEeJICJICHUs] HaBUTAIIMOHHBIX IIapaMeTpOB TMOJIETa, HAJEKHOCTh M ITOMEXO3aIIUIIEHHOCTh OECIUIOTHOTO
JIETAaTEeNIbHOTO alapaTa IIPY BHIIIOJHEHUH ITOJIETHOTO 3aaHUsL.
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