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ABSTRACT

Context. The problem of fast conversion of radio signal frequency for monitoring the radial velocity of a moving object. The
object of the study was the process of converting frequency into a code based on the coincidence method.

Objective. The goal of the work is to improve the coincidence method for creating a new signal-to-code frequency converter
without fixing the conversion time interval.

Method. The coincidence method for converting the signal frequency into a code has been improved. The improved frequency
conversion method, unlike the existing ones, consists in counting the number of complete phase cycles of the known and unknown
signals during the time of double coincidence and asynchronous mode of hardware determination of the particle. The improved
method has advantages in comparison with the method of an electro-counter frequency meter when determining the radial speed of
objects and does not have a methodical error, which in an electro-counter frequency meter increases as the unknown frequency ap-
proaches the reference to 100%. However, the improved coincidence method compared to other versions has a hardware scheme for
tracking the moments of coincidence and determining the fraction and does not require expensive and high-speed microprocessors to
calculate the conversion results.

Results. Based on the phase-frequency interpretation and the derived conversion equation and the proposed frequency-to-code
conversion scheme using the coincidence method, a functional scheme of the frequency converter was developed. This made it
possible to implement a 16-bit frequency converter in code on Intel’s MAX V series CPLD.

Conclusions. The coincidence method for converting the signal frequency into a code received further development, which,
unlike the existing ones, consists in counting the number of complete phase cycles of the known and unknown signals during the time
of double coincidence and the asynchronous mode of hardware determination of the fraction.

The influence of the frequency of signals on the time of a single measurement was studied using the coincidence method, as a
result of which it was found that with an increase in the difference between the reference and unknown frequency, the time of a
single measurement decreases.

The obtained research results can be used for the development of high-speed means of converting the signal frequency into a
binary code: in industrial tomography, radar and radio navigation for monitoring moving objects.

KEYWORDS: frequency, coincidence, electronic counter frequency meter, full phase shift, phase cycle, industrial tomography,
radar, internet of things, unmanned aerial vehicle, complex programmable logic device.

ABBREVIATIONS
CPLD is a complex programmable logic device;
FPHSH is a full phase shift;
UAYV is a unmanned aerial vehicle.

NOMENCLATURE

Ty is a periods of a known signal;

Ty is a periods of a unknown signal;

do is a full phase shift;

Ny is a number of periods of the known signal during
the entire time interval of the coincidence;

Nx is a number of periods of the unknown signal dur-
ing the entire time interval of the coincidence.

ing measuring devices, in particular at developing new
methods for correcting the characteristics of the transfor-
mation of the measuring channel, which is their main
component [1]. Means of measuring various parameters
and technical characteristics of radio equipment have al-
ways occupied leading positions in science and technol-
ogy. Without an accurate definition of the relevant values,
it is impossible to build modern high-quality radio com-
munication systems, radar, navigation ground and satellite
systems. Accordingly, the improvement of known meth-
ods for creating new high-speed converters of the fre-
quency of high-frequency signals into a code is a promis-
ing task at today’s stage of development of measuring

INTRODUCTION
The efforts of outstanding scientists are aimed at im-
proving the metrological and technical indicators of exist-
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technology [10].

The object of study is the process of converting fre-
quency into a code based on the coincidence method. The
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process of converting a frequency into a code using an
electro-counter frequency meter usually takes a long time.
This is caused by the fact that the measurement time is
always fixed, usually one second. At the same time, there
is an additional methodical error inherent in the method of
the electro-counter frequency meter. Therefore, to in-
crease the speed of frequency conversion, it is necessary
to improve the coincidence method for this problem.

The subject of study is the coincidence method for
converting the signal frequency into a code.

The known sampling methods of frequency conver-
sion [1, 3] are low-speed, and are also characterized by
the presence of methodological error, which can reach
100% as the reference frequency approaches the un-
known.

The purpose of the work is to improve the coinci-
dence method for creating a new converter frequency to
code without fixing the conversion time interval.

1 PROBLEM STATEMENT

It is known that to convert the frequency of a signal
into a code, an electronic counter frequency meter uses a
time interval equal to one second [1, 3]. This limits its use
in radio communication systems with pseudo-random
reconfiguration of the operating frequency. Because in
such systems, the period of changing the operating
frequency can be from several seconds to several minutes.
In addition, there are limitations regarding the use of this
method and for measuring the speed of UAV movement.
Because two UAVs moving towards each other at a speed
of 200 km/h will travel more than 100 meters in one
second.

Therefore, in order to prevent emergency situations
and obtain timely information about the operating
frequency or the speed of UAV movement, it is necessary
that the time of converting the signal frequency into a
code is less than one second.

An alternative to an electronic counter frequency
meter can be a converter based on the coincidence
method. However, the imperfect theoretical justification
of the transformation process and the use of a
microprocessor to track the moments of coincidence and
determine the share nullifies all the advantages of this
method. Accordingly, the improvement of the coincidence
method and the development of a frequency conversion
device that would perform a single measurement of the
frequency of a signal in a time of less than one second is a
priority task for this research work.

2 REVIEW OF THE LITERATURE

The modern world does not stand still. The constant
development of the radio engineering industry requires
more high-speed means of converting the frequency of the
radio signal to monitor the speed of a moving object. In
ultrasound diagnostics, which are used in medicine, the
speed of blood flow in vessels is studied by determining
the frequency of the reflected signal [12]. In industrial
tomography and radar, the speed of movement of the ob-
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ject depends on the frequency of the reflected signal [1, 5,
6, 11, 12]. At the same time, it is necessary to use high-
speed frequency measurement tools in systems with ac-
tive sensors used in telecommunication networks and
UAVs based on the Internet of Things technology [2, 9].
In addition, UAVs need a quick response in the environ-
ment.

Among the methods of converting the frequency of a
radio signal into a code, the leading place is occupied by
the method of an electro-counter frequency meter [1, 3].
This method has a simple hardware implementation,
which in the simplest version requires: a reference genera-
tor, a logical AND2 multiplication scheme and a counter.
At the same time, the method of the electro-counter fre-
quency meter has a low speed of single measurement,
usually 1s. In addition, this method has a methodical er-
ror, which increases as the unknown frequency ap-
proaches the reference frequency to 100%.

There are attempts to implement the coincidence
method for frequency conversion [4, 5, 13]. However, all
these attempts have an imperfect coincidence tracking
scheme and require expensive and high-speed microproc-
essors to calculate the conversion results. All this leads to
the appearance of additional errors and increases the time
of converting the frequency into a code.

3 MATERIALS AND METHODS

The essence of the coincidence method for measuring
the signal frequency consists in the double coincidence of
the fronts of the known and unknown signals at a certain
time interval [13]. The graphic interpretation of the dou-
ble coincidence of the fronts of the known and unknown
signals at a certain time interval is presented in fig. 1.
From the point of view of phase-frequency theory[8],
both frequencies of periodic signals can be expressed in
terms of their FPHSH. At the same time, the frequency of
a known periodic signal can be represented as:

dog
Fp=—20 1
0= (D

A
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A

Figure 1 — Graphical interpretation of the coincidence method

OPEN a ACCESS m



p-ISSN 1607-3274 Pagioenexrponika, inpopmaTuka, ynpasminss. 2023. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2023. Ne 2

Accordingly, the frequency of an unknown periodic
signal can be determined by the formula (2):

dox
ot ()

Let’s imagine that the time interval during which a
double coincidence of the fronts of signals of known and
unknown frequency occurs is dt. Let’s express this time
interval from formulas (1) and (2). For a known periodic
signal, we will have:

X

dog
dt=—-. 3)
Fo
For an unknown periodic signal, we will have:
dox
dt=—=-.
s 4)

Since in one period there is a phase shift of 2z, then
for the entire time interval of coincidence, FPHSH for a
known periodic signal will be defined as:

dog =2m-Ng. %)

Accordingly, FPHSH for an unknown periodic signal
will be defined as:

dox =2m-Ny . (6)

Since the coincidence of the signal fronts of a known
and an unknown periodic signal occurs in one time inter-
val, we equate expressions (3) and (4), we will have:

doo _ dox e

Fo  Fx

Substitute expressions (5) and (6) into expression (7)

to determine FPHSH and shorten the left and right parts
by 2x, then we will have:

Ny Ny o
Fo  Fx

From formula (8), we express the frequency of the un-
known periodic signal and obtain the conversion equa-
tion:

Nx
Fx =Fo—>-. 9
N, )

In accordance with the transformation equation (9), to
measure the frequency, it is necessary to count the num-
ber of phase cycles of the known and unknown signals
during the time of coincidence and find their proportion.

4 EXPERIMENTS
At the same time, to determine the frequency of a pe-
riodic signal, it is necessary to count the number of peri-
ods of a known and unknown signal during the time in-
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terval when the fronts of these signals coincide twice.
Schematically, such a process is presented in Fig. 2.

In accordance with the scheme presented in Fig. 2, it
is necessary:

1. Form pulses with minimum duration for signals of
known and unknown frequency.

2. Determine the moments of matching signal fronts.

3. Calculate the moments of matching signal fronts.

4. Count the number of pulses of the known and
unknown signals during the time of two matching signal
fronts.

5. Find the share of the number of pulses of the known
and unknown signals during the time of two coincidences
of the signal fronts.

Fx Formation of Counting the N,
— nmumber of
short pulses
pulses F,
[+
k. ‘%
Formation of Counting =
moments of moments of c
coincidence coincidence -%
1 =z
[m]
Fo Formation of cougthg tj}e No
short pulses umber o
pulses Fy

Figure 2 — Scheme of the process of converting the
frequency of a periodic signal into a code by the method
coincidence

Since most of the blocks of this scheme are related to
digital signal processing, the hardware implementation of
such a converter is better to be implemented on the basis
of CPLD. The use of CPLD in radio equipment allows
you to arrange the entire digital part in the middle of one
microcircuit and improve the immunity of the circuit.
Accordingly, the processing time of the frequency
conversion results can be reduced. To form pulses with a
minimum duration for signals of known and unknown
frequency, it is advisable to use the shaper described in
[10]. In this case, the period will remain constant, and the
duration of the pulse will be equal to 2 time delays of the
basic logic element. For CPLDs of the MAX V family
from Intel, the delay is 7ns [7]. Accordingly, the duration
of the pulse will be 14ns. Determination of the moments
of coincidence of the signal fronts can be implemented
with the help of the logic element AND2. To count the
moments of coincidence of the signal fronts, we will use a
two-digit counter based on the D-trigger. With the help of
8-bit counters, we will calculate the number of pulses of
known and unknown signals during the time of two coin-
cidences of signal fronts. We will determine the share
using the DIVIDE megafunction. In addition, it will allow
to separate the whole and fractional part of the division
results. The functional scheme of the frequency to code
converter based on the coincidence method is presented in

Fig. 3.
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Rectangular pulses of an unknown frequency are re-
ceived at the FX input of the circuit (Fig. 3), and at the FO
input — of the reference frequency. With the help of fi
short pulse generators, the duration of input pulses of un-
known and reference frequency becomes equal to 14 ns.
At the same time, the period of the unknown and refer-
ence signal remains unchanged. Through 2AND logic
multiplication circuits, short pulses are sent to the inverse
exclusive OR element, which captures the moments of
coincidence. At the same time, the cnt2 counter counts the
moments of coincidence. Blocks ff, built on the basis of a
D-trigger and a logic multiplication scheme 2AND, in-
cluded in series. These blocks are intended for fixing the
leading edges of pulses. The first moment of coincidence
enables the operation of the LPM_COUNTER counters.
These counters count pulses of the unknown and refer-
ence signal. After the second moment of coincidence, the
counters are blocked. After that, the counter outputs have
a binary code corresponding to the number of periods of
the unknown Ny and the reference N, signal, for the entire
time period of the double coincidence. From the outputs
of the counters, an 8-bit binary code is sent to the input of
the DIVIDE division block. In asynchronous mode, the
division block DIVIDE defines an integer quotient (cile)
of 8 bits and a remainder (ostacha) of 8 bits. Thus, we
have a 16-bit code at the output of the frequency con-

verter. If the binary 16-bit code from the DIVIDE block is
multiplied by the value of the reference frequency, then
we will have the frequency of the unknown signal.

5 RESULTS

Modeling of the functional scheme of the frequency
converter into code based on the coincidence method
(Fig. 3) was carried out in the automated design environ-
ment Quartus Prime from Intel. In fig. 4 presents an oscil-
logram explaining the operation of the functional circuit
(Fig. 3). The first two signals correspond to the reference
FO and the unknown Fx signal. The other two signals are
data from the counters of the reference NO and measuring
NX channels. The last two signals are the result of
dividing the data from the counters. Accordingly,
cile[7..0] is an integer value, the result of division,
ostacha[7..0] is a fractional value, the result of division.

In order to determine the time of a single conversion
of the frequency into a code, by the method of coinci-
dence, it is necessary to estimate the difference in the du-
ration of the signal periods. The difference in the duration
of the periods can be written in the following way:

l—FO/FX
Fo

AT = . (10)
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Figure 3 — Functional scheme of the frequency converter to the code based on the coincidence method
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Figure 4 — Oscillograms of the operation of the frequency converter to the code based on the coincidence method
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The time between two coincidences of signal edges,

taking into account expression (10), will be determined
as:

Ty To 1

Ti==7 T[F-Fo|

(11

The modulo value in the denominator assumes no
negative time. In this way, the moments when the un-

known frequency may be lower than the reference fre-
quency are taken into account. In fact, expression (11) is a
formula for determining the time of a single transforma-
tion. Graphical interpretation of expression (11) for three
reference frequency values: 10KHz, 100KHz and 1MHz
is presented in Fig. 5. On the vertical axis, the measure-
ment time is indicated in seconds, on the horizontal axis -
the value of the unknown frequency in hertz.
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Figure 5 — Time dependence of a single frequency measurement by the coincidence method

6 DISCUSSION

Signal oscillograms obtained during modeling in the
Quartus Prime automated design environment from Intel
(Fig. 4) confirm the validity of the proposed theoretical
solutions: expression (9), scheme (Fig. 2) and the
functionality of the functional scheme (Fig. 3).

As can be seen from Fig. 5: as the difference between
the reference and the unknown frequency increases, the
time of a single measurement decreases. Thus, it can be
noted that even with a frequency difference of 1Hz, the
time of a single measurement will be one second, which
corresponds to an electric counter frequency meter. On
the basis of the developed functional scheme (Fig. 3), a
high-speed frequency converter can be developed into a
code for industrial tomography or radar reconnaissance.
The proposed version of the frequency to code converter
(Fig. 3) based on the Intel MAX V family CPLD can
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measure the frequency of an unknown signal up to 100
MHz.

CONCLUSIONS

The urgent problem of developing a coincidence
method for converting the signal frequency into a code is
solved.

The scientific novelty of the obtained results is that
the coincidence method for converting the signal fre-
quency into a code was further developed, which, unlike
the existing ones, consists in counting the number of
complete phase cycles of the known and unknown signals
during the coincidence time and the asynchronous mode
of hardware determination of the division result.

The influence of the frequency of signals on the time
of a single measurement was studied by the coincidence
method, as a result of which it was established that with
the increase in the difference between the reference and

OPEN a ACCESS m



p-ISSN 1607-3274 PagioenexrpoHika, iHpopmaTuka, ynpapiinas. 2023. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2023. Ne 2

unknown frequencies, the time of a single measurement 6. Koulountzios P. Rymarczyk T., Soleimani M. A Triple-
of the measurement decreases. Modality Ultrasound Computed Tomography Based on Full-
Waveform Data for Industrial Processes [Electronic re-

The practical significance of obtained results is that
source], IEEE Sensors Journal, 2021, Vol. 21, No. 18,

th i i ti th -
based on the derived conversion equation and the pro pp. 2089620909, Access

posed scheme of frequency conversion to code using the mode: https://doi.org/10.1109/jsen.2021.3100391
coincidence method, a functional scheme of the frequency 7 \iAX V Device Family Data Sheet [Electronic resource],

converter was developed. This made it possible to imple- Intel. Access
ment a 16-bit frequency converter in code on Intel’s mode: https://www.intel.com/content/dam/www/programma
MAX V series CPLD. ble/us/en/pdfs/literature/hb/max-v/mv51001.pdf

Prospects for further research are to study the 8. Gulal V., Polikarovskykh O. L., Horiashchenko K. I. et al.
obtained research results can be used for the development Measurements of Periodic Signals Phase Shifts with Appli-
of high-speed means of converting the signal frequency cation of Direct Digital Synthesis [Electronic resource], De-

vices and Methods of Measurements, 2019, Vol. 10, No. 2,
pp- 169-177. Access mode: https://doi.org/10.21122/2220-
9506-2019-10-2-169-177

into a binary code: in industrial tomography, radar and
radio navigation for monitoring the radial speed of

moving objects. 9. Hu J.,, Zhang H., Di B. et al. Meta-material Sensor Based
Internet of Things: Design, Optimization, and Implementa-
REFERENCES tion [Electronic resource], IEEE Transactions on Communi-
1. Astola J. T., Egiazarian K. O., Khlopov G. . et al. Applica- cations, 2022, P. 1. Access
tion of Bispectrum Estimation for Time-Frequency Analysis mode: https://doi.org/10.1109/tcomm.2022.3187150
of Ground Surveillance Doppler Radar Echo Signals [Elec-  10. Petrushak V. S. Measurement of the amplitude of periodic
tronic resource, IEEE Transactions on Instrumentation and signals using the fibonacci method [Electronic resource],
Measurement, 2008, Vol. 57, No. 9, pp. 1949-1957. Access Devices and Methods of Measurements, 2018, Vol. 9, No. 2.
mode: https://doi.org/10.1109/tim.2008.917192 pp. 167-172. Access mode: https://doi.org/10.21122/2220-
2. Banzhaf S., Waldschmidt Ch. Phase-Code-Based Modula- 9506-2018-9-2-167-172
tion for Coherent Lidar [Electronic resource], IEEE Trans-  11. Roehr S., Gulden P., Vossick M. Precise Distance and Ve-
actions on Vehicular Technology, 2021, P.1.  Access locity Measurement for Real Time Locating in Multipath
mode: https://doi.org/10.1109/tvt.2021.3104109 Environments Using a Frequency-Modulated Continuous-
3. Boff A. F. The Application of Counter Techniques to Preci- Wave Secondary Radar Approach [Electronic resource],
sion Frequency Measurements [Electronic resource], Trans- IEEE Transactions on Microwave Theory and Techniques. —
actions of the IRE Professional Group on Instrumentation. — 2008, Vol.56, No.10, pp.2329-2339.  Access
1954, PGI-3, pp. 2-10. Access mode: https://doi.org/10.1109/tmtt.2008.2003137
mode: https://doi.org/10.1109/irepg-i.1954.5007346 12. Susaki H. A fast algorithm for high-accuracy frequency
4. Du B., Dong Sh., Wang Y. et al. High-resolution frequency measurement: application to ultrasonic Doppler sonar [Elec-
measurement method with a wide-frequency range based on tronic resource], IEEE Journal of Oceanic Engineering,
a quantized phase step law [Electronic resource], IEEE 2002, Vol. 27, No. 1, pp. 5-12. Access
Transactions on Ultrasonics, Ferroelectrics and Frequency mode: https://doi.org/10.1109/48.989878
Control, 2013, Vol. 60, No. 11, pp.2237-2243. Access  13. Zhang M., Wang H. // Precise Frequency Comparison Sys-
mode: https://doi.org/10.1109/tuffc.2013.6644729 tem Using Phase Coincidence Demarcation [Electronic re-
5. Kaszerman P. Frequency of Pulse Coincidence Given n source], IEEE Transactions on Instrumentation and Meas-
Radars of Different Pulse Widths and PRF’s [Electronic re- urement, 2020, Vol.69, No.2, pp.617-622. Access
source], IEEE Transactions on Aerospace and Electronic mode: https://doi.org/10.1109/tim.2019.2904130
Systems, 1971, AES-7, No.5, pp.1013-1014. Access Received 14.02.2023.
mode: https://doi.org/10.1109/taes.1971.310349 Accepted 17.05.2023.
VK 621.317

®A30YACTOTHA IHTEPIPETALISI METOY KOIHIMAEHIII 1151 TEPETBOPEHHSI YACTOTH
B KOJ{

IMerpymak B. C. — xaHz. TexH. HayK, TOLEHT, AoUeHT Kadenpu TenekoMyHikaliid, MEAIMHUX Ta IHTENEKTyalbHUX TEXHOJIOTIH,
XMeTbHULBKUI Hal[lOHAIBHUI YHIBEPCUTET, XMENbHUIbKHHN, YKpaiHa.

AHOTAUIIA

AKTyaabHicTb. PO3rsiHyTO npo6iemMa HMIBHIKOTO HePEeTBOPEHHS YacTOTH PaJiOCUTHAILY AJIi MOHITOPHHIY IIBHIKOCTI PyXOMO-
ro 00’exTy. OO’ €KTOM JIOCHIHKEHHS € MPOIIeC IIEPETBOPCHHS YaCTOTH B KO Ha 6a3i METOy KOIHIIMICHIIIT.

MeTta pod0oTH — yJOCKOHAJIECHHSI METOAY KOIHIMICHIIT JUIsi CTBOPEHHSI HOBOTO IEPETBOPIOBAaYa YaCTOTH CUTHATY B KoJ 0e3 ¢ik-
caii 4acoBOro iHTEpBaJy MEPETBOPEHHSI.

Metoa. Y10CKOHAJICHO METOJ KOIHIMACHIIT TS IEPETBOPEHHS YaCTOTH CHTHAIY B KOA. YIOCKOHAJICHUI METO/I MepEeTBOPEHHS
YacTOTH, Ha BiMiHY BiJl iICHYIOUHX, [OJIATAE Y MiAPAXyHKY KUTBKOCTI MOBHUX (DA30BUX LIMKIIIB BiZIOMOTO i HEBiJOMOr0 CHUTHAIIB 3a
yac TOABIHHOrO 30iry 1 acCHMHXPOHHOTO PEXHMY amapaTHOrO BH3HAYEHHS YAaCTKH. YIOCKOHAJICHHH METOA Ma€ IepeBaru B
MOPIBHIHHI 3 METOJIOM €JIEKTPOJIYMIBHOTO YaCTOTOMIpa i Yac BU3HAYCHHS PaialibHOI MIBUAKOCTI 00 €KTIB 1 HE Ma€ METOIUIHOL
MOXHOKH, SIKa y eJeKTPOJIUMIBHOIO YaCTOTOMIpa 301IBIIY€eThCS 3 HAOMIKEHHAM HeBimoMoi yacToTh 1o onopHoi 1o 100%. Pasom 3
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THM, YJOCKOHAJIEHHI MeTOJ KOIHIUACHIIIT B MOPIBHAHHI 3 MOPIBHSAHHI 3 HIINMH BEPCisIMU Ma€ alapaTHy CXeMY BLICITIIKOBYBaHHS
MOMEHTIB 30ir'y Ta BH3HAUCHHS YacTKH 1 HE MOTpedye IOpOro BapTICHUX i BUCOKOIIBHIKICHUX MIKPOIPOIECOPIB ISl 00paxyHKY
Ppe3yNbTaTiB EPETBOPEHHSI.

PesyabraT. Ha ocHOBI (hazodacToTHOI iHTepHpeTallii i BUBEJCHOr0 PiBHSIHHS NEPETBOPEHHS Ta 3allPOIIOHOBAHOI CXEMHU Iepe-
TBOPEHHs YaCTOTH Y KOJ METOJOM KOIHIMAEHLII, po3po0ieHo (yHKIIOHaIbHY CXeMy NepeTBoproBaua yacToTu. Lle mo3Bonuio pe-
amizyBatu 16-po3psaHuii meperBoproBad yactotu B koai Ha CPLD cepii MAX V kommanii Intel.

BucHoBku. OTprMaB MoOJANBIIAN PO3BUTOK METO KOIHIUICHIIT I TIEPETBOPEHHS YaCTOTH CHTHATY B KOJ, SIKHI, HA BiAMIiHY
BiJ| ICHYIOUHX, TIOJISITAE Y MiJPaxyHKy KUIBKOCTI ITOBHUX (a30BMX IUKIIIB BIIOMOTO i HEBIIOMOTO CUTHAMIB 32 4ac IMOBIHHOro 30iry i
ACHHXPOHHOT'O PEKUMY alapaTHOTO BU3HAYEHHS YaCTKH.

JlociipkeHO BIUIMB YacTOTH CHTHAJIIB HA Yac HMOOAMHOKOTO BUMIpPIOBAaHHS 32 JIONOMOTOI0 METOAY KOIHIMICHIIT, B pe3yJbTaTi
4Oro 3’sICOBaHO, IO 3i 30LIBIICHHSM Pi3HUILI MXK OOPHOIO 1 HEBIZTOMOIO YaCTOTOIO Yac II0OIMHOKOTO BUMipIOBaHHS 3MEHIIY€ETHCS.

OtpuMaHi pe3ysIbTaTé JOCIiHKEHb MOXKYTh OyTH BUKOPHUCTAHI Uil PO3POOKH BHCOKOIIBHIKICHUX 3aC00iB MEPETBOPEHHS 4acTO-
TH CUTHAJy y JBIHKOBHUI KOJ: y IPOMHCIIOBiN ToMorpadii, pamionokaii Ta pagioHaBirarmii 1st MOHITOPUHTY PyXOMHUX 00’ €KTiB.

KJIFOYOBI CJIOBA: wacToTa, KOIHIHICHLIS, €IEKTPOHHO-TIYMIBHUN 4acTOTOMIp, MOBHUH (a30BUil 3CyB, (Pa3oBHI MK,
MIPOMHCIIOBa TOMOTpadis, pagionokamis, iHTEpHET pedel, Oe3MIOTHUIA JTiTa bHUH amapat, IporpaMoBaHa JOTiYHa iHTeTpalbHa CXe-
Ma.
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