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Abstract—This article studies the operation of a radio rangefinder with correlation processing of a
broadband signal under conditions of interference of various types. The article considers the structural
model of the radio rangefinder and reveals the key mechanisms of its operation. Separately, the procedures
for calculating the signal delay time and integrating the Doppler compensation contour are considered, the
use of which is a mandatory condition for preventing degradation (blurring) of the correlation maximum
during object movement. The operation of the structural model of the radio rangefinder is modeled in the
MATLAB environment under the influence of white Gaussian noise, impulse noise with a Laplace
distribution, and non-Gaussian interference with a K-distribution, which are characteristic of reflections
from the underlying surface. As a result of the study, the limiting values of the signal-to-noise ratio at which
the system is able to correctly distinguish objects were determined: more than -29 dB for white noise, -27.5
dB for K-distribution noise and -21.3 dB for a mixture of white and impulse noise. In addition, the
simulation results confirmed the high accuracy of the system: the range measurement error is 0.0625 m, and
the resolution reaches 0.375 m. The results obtained prove the feasibility of using the proposed approach for
stable navigation of unmanned and manned vehicles in difficult interference conditions.

Keywords—Radar system, radio engineering system, measurement, correlation, signal processing,
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I. INTRODUCTION

The functioning of the navigation systems and
autopilot systems, which are equipped with both
drones and manned aircraft, is impossible without
constant access to highly accurate indicators of the
height and distance of objects. The basic tool in such
measuring equipment is radio rangefinders [1], [2].

Navigation in dense urban areas, automatic
landing, and low-altitude flight around terrain
require impeccable accuracy in determining
distance. Since the slightest errors during such
operations can provoke emergency Ssituations,
improving the accuracy of radar operation is a
fundamental prerequisite for minimizing hazards and
overall increasing flight reliability [2], [3].

A separate challenge is the operation of radio
rangefinders in real, interference-laden
environments. The target signal undergoes severe
degradation not only due to powerful thermal noise
or multipath effects, but also due to intense
counteraction from electronic warfare equipment
and powerful echoes from the surface under the
aircraft. As a result, background noise loses its
Gaussian  properties.  Traditional ~ reception

algorithms, oriented to the Gaussian noise model,
are powerless in such conditions, which generates
critical errors in distance calculations [4].

To achieve high accuracy and stable operation in
conditions of intense interference, it is necessary to
transition to a correlation reception architecture and
use modernized correlation analysis methods. By
maximizing the signal-to-noise ratio, correlation
processing allows you to confidently capture useful
data even with a critically weak signal, while
ensuring proper immunity to interference [5], [6].

Therefore, there is an urgent scientific and
engineering need to create and optimize efficient
methods for processing radar data. These approaches
should be based on the theory of optimal correlation
reception to ensure maximum distance measurement
accuracy and robustness of modern radio
rangefinders.

Il. REVIEW OF LATEST ARTICLES

In the publications [7] — [9], the feasibility of
correlation processing of broadband signals as one
of the promising areas in radar is substantiated. This
approach allows to improve spatial resolution,
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increases measurement accuracy and provides
reliable protection against external interference.
Such advantages form the basis for the design of
innovative radar equipment with improved tactical
and technical characteristics.

I1l. PROBLEM STATEMENT

The operation of radio rangefinders is based on
the fundamental principles of electrodynamics. The
main point is that electromagnetic waves are able to
reflect from obstacles and move in space in a
straight line at a constant speed. It is thanks to these
physical phenomena that radio radiation serves as a
reliable tool for non-contact determination of spatial
coordinates of objects. To determine the range to the
target, it is necessary to measure the time during
which the probing radio signal covers the distance to
the object and back [10] —[13].

The mathematical model of a broadband probing
signal is given by the following formula:

u (t) =U,_ sin(2n- f t+B,p,), 1)

In this expression, U defines the amplitude,

and the parameter g, is the modulation index; the
element p, denotes a specific random sample from
the array p at time t. Thus, we have a signal with a

guasi-random phase that varies according to a
known law.

The reflected signal receives a time delay t, and
in the case of a moving target, also a change in
frequency f, due to the Doppler effect, which is

formalized by the following equation:

u, (t+7)=U,_ -sin(2n(f +f,)-(t+7)+B,p,..)+n,
)

Here U_ are denotes the amplitude of the
received signal; T is the time delay of the signal; the
value f, is responsible for the Doppler frequency
shift, and p,, . is a pseudo-random sample from the
array p for the moment t+t, n is noise.

The task is to estimate the delay time t.

The estimation algorithm consists in maximizing
the cross-correlation integral:

9(1)=] u.(t)-u, (t+o)dt @3)

The vector of parameter estimates is searched
according to the rule

©

£, f.)=argmax| [ u (t)-u_(t+7)e 2" ™dt
(7, fp) =arg (®)-u,

7,fp

(4)

—

If there is one object and it is stationary ( f, =0),
a clearly pronounced peak on the graph of the cross-
correlation function (CCF) in the coordinate equal to
the delay time .

If there are several objects, then more than one
peak is formed.

Having information about the speed of
propagation of an electromagnetic wave in space ¢
and measuring the signal delay time z, it is possible
to determine the exact distance to the object D. For
this calculation, the formula [10], [11] is used:

Ct
D S (5)

The Doppler effect is used for radar measurement

of the radial velocity of an object v . The

relationship between the Doppler frequency f, and
the radial velocity of the target v is mathematically
expressed by the following equation [10], [11]:
_ fye
“2f

Co

, (6)

where f_ is the carrier frequency of the radiated

signal.

The aim of the article is to study the efficiency of
the correlation rangefinder with a broadband noise-
like probing signal under conditions of interference
of various types. To solve this problem, methods of
computer modeling of the rangefinder operation
under conditions of influence of white noise, impulse
noise and noise with K-distribution are used.

IV. THE METHOD

The technical implementation of the algorithm
(4) is presented by the structural diagram of the
radio rangefinder in Fig. 1. The given graphic image
comprehensively reveals the path of the signal,
starting from the stage of its generation and up to the
final calculation of the distance.

Al} Transmitter

u (6 T
- U HFG
A PA € PM <

u((t+r]t Receiver \ b
x XS

Fig. 1.Structural diagram of a correlation radio
rangefinder: transmitting antenna — A1, receiving antenna
— A2, power amplifier — PA, phase modulator — PM, high-
frequency generator — HFG, linear path — LP, multiplier —
X, integrator — |, peak meter — M, distance determination

module — D
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The algorithm for generating the probing signal
(1) is as follows: the HFG generates the initial

harmonic with the carrier frequency f_. Then this

signal enters the PM, in which its phase is shifted
based on an array of pseudo-random values p.

The generated signal undergoes an amplification
stage in the corresponding block (PP), after which
the antenna Al transmits it into the surrounding
space. Having encountered an object on its way, the
electromagnetic wave is reflected and recorded by
the receiving antenna A2. This reflected signal
receives a time delay 7, and in the case of a moving
target — also a frequency change f, due to the
Doppler effect.

The task of the peak meter (M) is to register the
peak of the cross-correlation integral, which
corresponds to the delay t (Fig. 2), with subsequent
data transmission to block D to determine the final
distance. In Figure 2, the time delay t=3.08 ps.

Cross-correlation function
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Fig. 2.Cross-correlation function

The presence of radial velocity in the target
generates a Doppler shift (f, =0), which has a
negative impact on the correctness of the system.
Frequency deviations cause degradation and blurring
of the CCF peak, making it impossible to directly
determine the delay time. To combat this
phenomenon, the Doppler shift compensation circuit
is used, shown in Fig. 3.

Doppler Compensation
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Fig. 3.Doppler shift compensation scheme: LPF — low-
pass filter, FA — frequency analyzer, DL — delay line, exp
— mathematical operation of multiplying by the exponent

After the multiplier, the signal is filtered using an
LPF, which extracts the low-frequency information
part with amplitude U, :

Uppe (E+ 1)
=U o Cos(—anDt —2n(f,+ f)t+B,(p, — pm)).
()
The signal at the output of the filter u .. (t+1)
has the spectrum shown in Fig. 4 ( f, =8300 Hz ).
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Fig. 4.Signal spectrum at the output of the low-pass filter

The frequency analyzer (FA) block examines the
spectrum and isolates the Doppler frequency value
f, FA is the threshold. Having received this
parameter, the system performs phase correction by
multiplying the signal by the exponent e '*™'.
Thanks to this operation, the effect of the object
velocity is completely eliminated, which allows the
integrator to generate a contrast maximum of the
VCF for accurate range calculation. At the same
time, the calculated Doppler shift value is fed to the
V. module (Fig. 5) to calculate the radial velocity of
the target in order to determine the radial velocity of
the target.

The complete configuration of the radio
rangefinder using the described compensation
algorithm is presented in Fig. 5.

Receiver

Fig. 5. Block diagram of a correlation radio rangefinder
with Doppler shift compensation
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The operation of the structural diagram in Fig. 5
was modeled in the MATLAB environment. The
graphs in Fig. 2 and Fig. 4 were generated from the
data of this simulation.

V. IMPACT OF NOISE ON SYSTEM OPERATION

The accuracy of radio rangefinders depends
largely on the quality of the received signal. One of
the main factors that negatively affects the operation
of radio rangefinders is noise.

This section presents the results of the simulation
of the system operation in the MATLAB
environment in the presence of white noise, K-
distribution noise, and a mixture of white and
impulse noise. The simulation was performed for the
following characteristics of the probing signal: the
amplitude of the probing signal U_ =1V, necyua

uacrota f_ =4 GHz, the modulation index g,= 1,

the number of signal samples n = 8000000.

White noise is a random process that has a
uniform energy distribution over all frequencies in a
given range. Its amplitudes are distributed according
to the normal (Gaussian) law [10]. Sources of such
noise are thermal (Johnson) noise, cosmic
background, quantum fluctuations of vacuum,
random processes in electronic circuits, etc.

Figures 6 — 11 shows the cross-correlation
functions in the presence of white noise with a
Gaussian distribution for different values of the
standard deviation o and signal-to-noise ratios
(SNR). Graphs 6-8 show the results of the
simulation in the presence of two objects: the first
object at a given distance D, =110 m (1 ~ 0.733 ps)
with a given radial velocity
V., =110 m/s (f, ~2.933kHz); the second object at

a given distance D, =310m (t~2.07 us) with a
given radial velocity Vv, =310mi/s
(fp, ~8.266 kHz). Before constructing the cross-
correlation functions, the Doppler shifts f, and

previously

compensation scheme (see Fig. 3).

In Figures 6 and 7, two peaks are clearly visible,
meaning that both objects were detected with
corresponding delays.

Figure 8 shows that at SNR = — 29 dB one peak

disappeared due to an error in the Doppler frequency
spectrum estimation algorithm. One of the Doppler
shifts was not detected correctly, and therefore
compensated, which led to the disappearance of the
second CCF peak. Only one peak is clearly visible,

f,, — were compensated using a

which corresponds to the first object, i.e. the second
object was not detected.
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Fig. 6.Cross-correlation function in the presence of noise
with a Gaussian distribution c=1, SNR =-3dB
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Fig. 7.Cross-correlation function in the presence of noise
with a Gaussian distribution 6=2.2, SNR =-10dB
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Fig. 8.Cross-correlation function in the presence of noise
with a Gaussian distribution 6=20, SNR =-29dB

Graphs 9-11 show the results of the simulation in
the presence of two other objects located very close
to each other: the third object at a given distance
D,=215m (t~1.4333ps) Wwith a given radial
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velocity V, =110 m/s (f, ~2.933kHz); the fourth

object at a given distance
D, = 215,3750 m (t ~1.4358 us) with a given radial

velocity Vv, =310m/s (f, ~8.266 kHz). Before

constructing the cross-correlation functions, the
Doppler shifts f, and f, were previously

compensated using a compensation scheme (see
Fig. 3).

In Figures 9 and 10, two peaks are clearly visible,
meaning that both objects were detected with
corresponding delays.

Figure 11 shows that at SNR = — 20 dB one peak

disappeared due to an error in the Doppler frequency
spectrum estimation algorithm. One of the Doppler
shifts was not detected correctly, and therefore
compensated, which led to the disappearance of the
second CCF peak. Only one peak is clearly visible,
which corresponds to the third object. The fourth
object was not detected.
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Fig. 9.Cross-correlation function in the presence of noise
with a Gaussian distribution c=1, SNR =-3dB
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Fig. 10. Cross-correlation function in the presence of
noise with a Gaussian distribution
6=2.2, SNR=-10dB
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Fig. 11. Cross-correlation function in the presence of
noise with a Gaussian distribution =20, SNR =-29 dB

Thus, for correct detection of all targets in the
presence of white noise, it is necessary that the
signal to noise ratio be greater than SNR = — 29 dB .

During the operation of radio rangefinders in
difficult  conditions, their signal undergoes
significant distortions due to reflections from the
underlying surface, which mostly have a pronounced
non-Gaussian nature. One of the options for
mathematically describing such scattering, in
particular in cases of reflections from turbulent sea
areas, is the K-distribution model [15].

From a physical point of view, this distribution
characterizes the processes of reflection of
electromagnetic radiation from environments with
multi-level spatial geometry (for example, a stormy
sea). The basis of this model is the concept of
composite scattering, which considers the resulting
signal as a superposition of two independent
phenomena, namely: fast fluctuations (speckle
noise), which arise due to the interference of waves
from a large number of small local reflectors located
within one resolution element; slow fluctuations
(modulation process), which are caused by
macroscopic changes in the effective scattering area
of the surface itself (for example, the presence of
large waves or changes in the relief) (the gamma
distribution is used for description).

The K-distribution, due to the mixing of these
two factors, is formed as a Gaussian distribution, in
which the standard deviation is distributed according
to the gamma law:

x[n]=z[n]-g[n], (8)

where x[n] is the K-noise count; z[n] is the texture

component, modeled as the root of a random
variable v[n], which has a Gamma distribution:
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z[n]=+/v[n]; g[n]- is the speckle component,

which is Gaussian noise with zero expectation and
unit variance.

Figures 12-14 show histograms of K-distributed
noise for different values of the shape parameter v.

It can be seen from histograms 12-14 that the
smaller the value of v, the longer the “tails” of the
histogram. Physically, this means that the
probability of large-amplitude pulses increases with
decreasing shape parameter v.

Figures 15-20 shows the cross-correlation
functions in the presence of noise with K-
distribution with different values of the scale
parameter p and, accordingly, with different signal-
to-noise ratios. Graphs 15-17 show the results of the
simulation in the presence of two objects: the first
object at a given distance D, =110 m (t ~0.733 ps)
with a given radial velocity
V, =110 m/s (f, ~2.933kHz); the second object at

a given distance D, =310m (t~2.07 us) with a
given radial velocity Vv, =310m/s
(fo, ~8.266 kHz). Before constructing the cross-
correlation functions, the Doppler shifts f, and
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Fig. 14. K-distribution histogram v=0.5

f,, were previously compensated using a
compensation scheme (see Fig. 3).
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Fig. 15. Cross-correlation function in the presence of
noise with K-distribution v=0.5, u=1,SNR =-3dB
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In Figures 15 and 16, two peaks are clearly
visible, meaning that both objects were detected
with corresponding delays.

Figure 17 shows that at SNR =-27.5dB one
peak disappeared due to an error in the Doppler
frequency spectrum estimation algorithm. One of the
Doppler shifts was not detected correctly, and
therefore  compensated, which led to the
disappearance of the second CCF peak. Only one
peak is clearly visible, which corresponds to the first
object, i.e. the second object was not detected.

Graphs 18-20 show the results of the simulation
in the presence of two other objects located very
close to each other: the third object at a given
distance D, =215m (t~1.4333ps) with a given

radial velocity V, =110m/s (f, ~2.933kHz); the
fourth object at a given distance D, =215,3750 m
(t~1.4358us) with a given radial velocity
Vv, =310m/s (f, ~8.266 kHz). Before

constructing the cross-correlation functions, the
Doppler shifts f, and f, were previously

compensated using a compensation scheme (see
Fig. 3).
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Fig. 17. Cross-correlation function in the presence of
noise with K-distribution v=0.5, u=280,

SNR =-27.5dB
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Fig. 18. Cross-correlation function in the presence of
noise with K-distribution v=20, p=1,SNR =-3dB
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Fig. 19. Cross-correlation function in the presence of
noise with K-distribution v=0.5, n=10,SNR =-13dB
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Fig. 20. Cross-correlation function in the presence of
noise with K-distribution v=0.5, p=280,

SNR =-27.5dB

In Figures 18 and 19, two peaks are clearly
visible, meaning that both objects were detected
with corresponding delays.

Figure 20 shows that at SNR =-27.5dB one

peak disappeared due to an error in the Doppler
frequency spectrum estimation algorithm. One of the
Doppler shifts was not detected correctly, and
therefore  compensated, which led to the
disappearance of the second CCF peak. Only one
peak is clearly visible, which corresponds to the
third object, i.e. the fourth object was not detected.

Thus, for correct detection of all targets in the
presence of K-distribution noise, it is necessary that
the  signal/noise  ratio be greater than
SNR = - 27.5dB.

Impulse noise is a type of interference that
consists of individual short-duration pulses of large
amplitude that occur randomly in time and are
superimposed on the desired signal. Sources of such
noise are industrial devices and equipment, electrical
discharges, pulsed power supplies, communication
equipment, electronic switching devices, natural
phenomena (lightning, solar activity), etc. [17]. One
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of the options for mathematical description of
impulse noise is the Laplace distribution:

f(x)= ngexp{—ﬁ'z‘“'} ©)

In equation (9), o is the standard deviation, p is
the mathematical expectation.

Figures 21-26 shows the cross-correlation
functions in the presence of background Gaussian
noise (u=0,0=1) and impulse noise with a
Laplace distribution (pn =0, P = 0.1— probability of
pulse occurrence) for different values of the standard
deviation (o).

Graphs 21-23 show the results of the simulation in
the presence of two objects: the first object at a given
distance D, =110m (t~0.733pus) Wwith a given

radial velocity V, =110 m/s (f, ~2.933kHz); the
second object at a given distance D, =310m
(t~2.07pus) with a given radial velocity
V, =310 m/s (f, ~8.266 kHz). Before constructing

the cross-correlation functions, the Doppler shifts f,

and f, were previously compensated using a
compensation scheme (see Fig. 3).
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Fig. 21. Cross-correlation function in the presence of
impulse noise c=1, SNR =-3.4dB

Cross-correlation function
T T T T

T
X 2.06625e-06
Y1

X 7.3375e-07
Y 0.98544

o o
=) o -

Normalized amplitude

°
IS

o
)

o o5 1 15 2 25 3 a5
Time, s «10®
Fig. 22. Cross-correlation function in the presence of
impulse noise =7, SNR =-10.7dB

In Figures 21 and 22, two peaks are clearly
visible, meaning that both objects were detected
with corresponding delays.
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Fig. 23. Cross-correlation function in the presence of
impulse noise 6=26, SNR =-21.3dB

Figure 23 shows that at SNR =-21.3dB one

peak disappeared. One of the Doppler shifts was not
detected correctly, and therefore compensated,
which led to the disappearance of the second peak of
the CCF. Only one peak is clearly visible, which
corresponds to the first object, i.e. the second object
was not detected.

Graphs 24-26 show the simulation results in the
presence of two other objects located very close to
each other: the third object at a given distance
D,=215m (t~1.4333ps) Wwith a given radial
velocity V, =110 m/s (f, ~2.933kHz); the fourth

object at a given distance D, =215.3750m
(t~1.4358 us) with a given radial velocity
Vv, =310m/s (f, ~8.266 kHz). Before constructing
the cross-correlation functions, the Doppler shifts f

and f, were previously compensated using a
compensation scheme (see Fig. 3).

Cross-correlation function
T T

11k X 1.43625€-06
Y1
.

Normalized amplitude
o
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M X 1.433750-06 | | |
0.5 Y 0.439565 ‘ |
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Fig. 24. Cross-correlation function in the presence of
impulse noise =1, SNR =-3.4dB
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Fig. 25. Cross-correlation function in the presence of
impulse noise c=7, SNR =-10.7dB

In Figures 24 and 25, two peaks are clearly
visible, meaning that both objects were detected
with corresponding delays.
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Fig. 26. Cross-correlation function in the presence of
impulse noise 6=26, SNR =-21.3dB

Figure 26 shows that at SNR =-21.3dB one

peak disappeared. One of the Doppler shifts was not
detected correctly, and therefore compensated,
which led to the disappearance of the second peak of
the CCF. Only one peak is clearly visible, which
corresponds to the third object, i.e. the fourth object
was not detected.

Thus, for correct detection of all targets in the
presence of a mixture of white and impulse noise, it
is necessary that the signal/noise ratio be greater
than SNR = - 21.3dB.

Therefore, peaks corresponding to different
objects can be clearly separated from each other
even under the influence of interference, provided
that the signal-to-noise ratio is greater than —29 dB
for white noise, greater than -27,5 dB for K-
distribution noise, and greater than —21,3 dB for a
mixture of white and impulse noise.

Graphs 6-26 were constructed based on the
corresponding data from the simulation of the radio
rangefinder operation (Fig. 5) in the MATLAB
environment.

According to the modeling results, the distance to

the first object is D, =110.0625m; the distance to
the second object is D, =309.9375m; the distance
to the third object is D, =215.0625m; the distance

to the fourth objectis D, =215.4375m.
Thus, the measurement errors are:

AD, =D, - D, |=0.0625m, (10)

AD, =|D, - D, |=0.0625m, (11)

AD, =|D, - D, |=0.0625 m, (12)

AD, =|D, - D, |=0.0625m. (13)

From Figures 9-10, 18-19 and 24-25 the
resolution is:

D, =|D,, - D, |=0375m. (14)

V1. CONCLUSIONS

This study reveals the principles of construction
and algorithmic basis of a radio rangefinder that uses
cross-correlation processing of broadband pulses with
a noise-like structure. The features of the applied
probing signals together with the corresponding
processing algorithms allow to clearly fix the peaks of
the cross-correlation function, which determines the
high accuracy of distance determination.

The effectiveness of the developed system was
tested using computer simulation under the influence
of white noise, a mixture of white and impulse noise,
and noise with a K-distribution. From the
experimental data and graphical results, the signal-
to-noise ratios necessary for the correct operation of
the system were determined, namely more than -29
dB for white noise, more than —27,5 dB for noise
with a K-distribution, and more than —21,3 dB for a
mixture of white and impulse noise. The
measurement error, which is 0.0625 m and the
resolution, which is 0.375 m.

The general conclusion is that the combination of
noise-like signals with correlation processing
methods forms the foundation for designing radio
rangefinders with high noise immunity and
measurement accuracy. The introduction of such
innovations into modern navigation equipment can
be a step towards increasing the level of safety and
overall efficiency of spatial positioning systems.
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O. L. Inpin, K. I. IIpokonenko, Jlocainxenns edeKTUBHOCTI paaiogajiekomipa 3 KopeJsililiHol0 00po0Ko0 B
yMoBax Aii HerayciBcbKHX IMITyJIbCHHMX 32Ba/l

VY crarTi JOCHIIKYEThCS poOOTa pajiofaneKoMipa 3 KOpeIaiiiHO 00poOKOI0 IMIMPOKOCMYTOBOTO CHTHAIY B YMOBax
niit 3aBajg pi3HOTO Timmy. PO3MIsSHYTO CTPYKTYpPHY MOJETH padiofaiekoMipa Ta PO3KPUTO KIFOUOBI MEXaHi3MH HOTO
pobotu. OKkpeMo pO3TIAHYTO IPOIEAYPH OOUHCICHHS Yacy 3aTPUMKH CHUTHAITY Ta IHTErpaIlifo KOHTYPY AONIUIEPiBCHKOT
KOMIICHCAIlil, BHKOPUCTAHHS SKOTO € 000B’I3KOBOI0 YMOBOKO JJIS 3amo0iranHs Aaerpanamii (pO3MHUTTIO) KOPEIAMiHHOTO
MakcuMyMy Tpu pyci ob'ekta Poboty cTpykTypHOI MOmenmi pamiomajekoMipa IMPOMOICIFOBAHO B CEPEIOBHIII
MATLAB B yMoBax BIUIHBY 01JI0TO TayCiBCEKOTO IIIyMY, IMITYJIbCHOTO IIIyMY 3 po3moaiioM Jlamiaca Ta HerayciBChKUX
3aBag i3 K-posmoninom, mo XapakTepHi IJs BiIOWTTIB Bif MiACTHIA0Y0i MOBEpPXHI. B pe3ymbTaTi JOCITIIKEHHS
BH3HAUCHO TPAHUYHI 3HAYCHHS BIMHOIICHHS CUTHAN / MIyM, 3a SKUX CHCTEMa 3[[aTHa KOPEKTHO PO3PI3HATH 00'€KTH: HE
menie —29 ab mist 6inoro mymy, —27,5 1b s mymy 3 K-posnoginom ta —21,3 ab amst cymiii 6110r0 Ta iMITyJIbCHOTO
mymiB. Kpim Toro, pesyiabpraTi cuMyssuil MiATBEpAWIA BUCOKY TOYHICTh CUCTEMH: MOXMOKa BUMIPIOBAaHHS AalbHOCTI
cranoButh 0,0625 M, a po3uminbHa 3natHicTh csrae 0,4125 M. Otpumani pe3yibTaTH JOBOJASATH IOLIIBHICTH
BUKOPHCTAHHS 3aIIPOIIOHOBAHOTO MMIX0Yy JUIsl cTaOLIBbHOT HaBiramii O€3MIOTHUX Ta MUJIOTOBAHMX alapariB y CKJIAJHUX
3aBa/IOBUX YMOBAX.

KurouoBi cioBa: pagionokariiiHa cuctema, pafioTeXHiYHa CHCTEMa, BHUMIpIOBaHHS, KOpermis, oOpoOKa cHTHAIy,
aepoHaBirariifHa cucTema, pagioelneKTpOHHa CUCTeMa, 3aBaan, K-posmomii.
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