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BIIJIMB ITYMIB HA ITPOLHEC KBAHTYBAHHS NIEPIOAUYHUX CUT'HAJIIB
METOAOM ITPAMOI'O ITIEPETBOPEHH

BkazaHo Ha Oxcepesna wymy ma npoaHanizogaHo enaus wymie nid yac nepemeopeHHs nepiodu4HuUX cuzHaaie 8
Kod Mmemodom npsimozo KeaHmyeauHs. IIpedcmasseni aHanaimuuHi eupasu 045 OYIHKU enaugy wymie Ha npoyec
sumiproearHs. B cepedosuwyi Matlab 3 eukopucmannsam nakemy Simulink po3po6aeHo modenb 0451 HA0OUHO20 JOCAIOHCEHHS
8Nnu8y 8HympiwHIixX wymie Ha npoyec 8uUMIpO8aHHs napamempis amnaimyou nepioduyHozo cuzHaay. 3a peyasmamamu
MO00eN08aHH OMPUMAHA 3a1eHCHICMmb cuzHa/wyMm eid wacmomu exidHozo cuzHaay. HasedeHi epagpiuni mamepianu, ki
HAOYHO deMOHCMpYyomb 8naue Wymie Ha npoyec 8UMIpIOBAHHA amnaimyou. BcmaHosseHo, wjo 8i0HOWeHHS cusHal/Wym
He nepesuujye 63 db Ha yacmomax 8xiOHUX cuHycoidHux cuzHasaie do 210 MI'y npu 3HayeHHi amnaimydu 1B, wo nokpawye
MmexHIYHI NOKA3HUKU nepemeoprosava.

Kawuoei cnosa: akmusHuli ceHcop, amnaimyoda, 6iauli wiym, iHmepHem peuetl, nepioduyHull cuzHaa, npsamuil
Memoo K8aHMy8aHHs, meeKoMyHIKayiliHa Mepedca, Yugpo-aHan0208e nepemseopeHHsI.
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INFLUENCE OF NOISE ON THE PROCESS OF QUANTIFYING PERIODIC SIGNALS BY THE DIRECT
CONVERSION METHOD

In the practice of electrical and radio measurements, voltage measurement is a common operation. This determines the potential
difference or voltage drop in the section of the electrical circuit (on its element). The purpose of measuring DC voltage is to determine its
value and sign of polarity. When measuring AC voltage, any of its parameters can be determined (amplitude, mean, rms, rectified value or
signal scope). The efforts of prominent scientists are aimed at improving the metrological and technical indicators of existing measuring
instruments, in particular the development of new methods for correcting the characteristics of the transformation of the measuring
channel, which is their main component. However, all these methods focus on converting the amplitude of the periodic signal into an
equivalent parameter, followed by converting it into digital code. All this leads to additional conversion errors and requires additional
hardware costs. Accordingly, the improvement of known methods for creating new converters of high-frequency periodic signals into code is
a promising task at this stage of development of measuring technology.

The paper points to noise sources and analyzes the influence of noise during the conversion of the amplitude of periodic signals
into code by direct level quantization. It is established that for industrial tomography, the influence of external factors on the probing input
signal is practically absent, because the processes of cavitation and chain reaction take place in a closed environment. It was found that the
internal noise is related to the technical characteristics and features of each element of the structural diagram of the converter. Analytical
expressions for estimating the influence of noise on the measurement process are presented. In the Matlab environment using the Simulink
package, a model was developed for visual study of the influence of internal noise on the process of measuring the parameters of the
amplitude of the periodic signal. According to the simulation results, the signal / noise dependence on the frequency of the input signal is
obtained. Graphic materials are presented, which clearly demonstrate the influence of noise on the amplitude measurement process. It is
established that the signal-to-noise ratio does not exceed 63 dB at frequencies of input sinusoidal signals up to 210 MHz at an amplitude
value of 1B, which improves the technical performance of the converter.

Keywords: active sensor, amplitude, white noise, Internet of Things, periodic signal, direct quantization
method, telecommunication network, digital-to-analog conversion.

ITocTanoBka mpodaemu

3ycuiuisl BUJATHUX HAYKOBIIB CIIPSIMOBaHI Ha IOKPAIIEHHS METPOJIOTIYHHMX Ta TEXHIYHMX MOKA3HHKIB
ICHYIOUMX 3ac00iB BUMIpIOBaHHS, 30KpeMa Ha po3poOKy HOBHX METOJIIB KOPEKIii XapaKTEepPUCTUKU TEePETBOPEHHS
BUMIPIOBAJILHOTO KaHAJY, IO € IX FOJOBHOIO CKJIa0BOO [1].

BinnoBinHO BIOCKOHAJIEHHS BiJIOMHX METOJIB ISl CTBOPEHHS HOBHX II€PETBOPIOBAYIB BHCOKOYACTOTHHX
NEepiOIMYHNX CUTHAJIB B KOJ € INEPCIEKTUBHOIO 3aJadero Ha CHOTOJHIIIHBOMY €Tali PO3BHTKY BHUMipIOBaJIbHOL
TexHiku [2].

AHaJIi3 0CTaHHIX TKepeJ

3acobu BUMIpIOBaHHS PI3HOMAHITHHX MapaMeTpPiB Ta TEXHIYHUX XapaKTEPHCTHK PATIOTEXHIYHHX 3ac00iB
3aBXKIW 3aiiMalii MPOBIJIHI MO3HIIIi B HAYII Ta TEXHilli. be3 TOYHOro BU3HAYECHHS BiJNOBIIHUX 3HAYCHb HEMOKJIMBA
mo0yI0Ba Cy4acHUX SIKICHUX CHCTEM pajio3B’s3Ky, pamioioKallii, HaBiramifHMX Ha3eMHHX Ta CYIyTHHKOBHX
CHCTEM.

VkpaiHa Mae 3Ha4Hi JOCSTHEHHS B Taly3li MeTpojorii Ta pajxioBuMmiproBaHb. Tak, B HpaKTHII
eJICKTPOPAAI0BUMIPIOBaHb BUMIPIOBaHHS HANPYTH € MOLIMPEHO0 omnepaui€cro. [Ipy 1boMy BHU3HA4Ya€ThCs Pi3HHULS
MOTEHLIaJIIB UM MaAiHHS HANPYTW Ha AUUBHII €JIeKTPUYHOTrO Kojia (Ha ii eneMenTi). MeTolo BUMIpIOBaHHS MOCTIHHOT
Halpyrd € BH3HAYeHHsA I 3HA4eHHA 1 3Haka moJyspHOCTi. [Ipy BuMIpIOBaHHI 3MIHHOI Hampyru Moxe OyTH
Bu3HaueHui Oynp-skuii ii mapameTp (amIUITy[IHE, CepeaHe, CepeAHbOKBAApAaTUYHE, CEpPeIHbOBHIIPSIMIICHE
3HAUEHHS YU PO3Max CHTHAIY).
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B panionokanii Bifi aMIUTITY{ BiTOMTOTO CHTHAIYy 3aJC:KUTh ¢()eKTHUBHA IUIoIa 00’ekta. Pasom 3 Tum
HEOOXiTHUM € 3aCTOCYBaHHS BHCOKOYACTOTHHX 3acO0iB BHUMIPDIOBaHHS aMIUITyId B CHCTEMax 3 aKTHBHUMH
cercopamu [3], mampukian LiDAR, mo BHKOPHCTOBYIOTECS B TEIEKOMYHIKAIlITHUX Mepe)kax Ha 0a3i TeXHOIOTil
IHTepHET pedei.

CyugacHi IOCTi/KeHHS CIIPSAMOBAHI HA MOKPAIIEHHS METPOJOTIYHMX Ta TEXHIYHUX MOKA3HHUKIB ICHYIOUHX
3aco0iB BUMIpIOBAaHHS, 30KpeMa Ha pPO3POOKY HOBHX METONIB KOPEKIii XapaKTePHCTHUKH IEPETBOPCHHS
BUMIpPIOBAIBHOTO KaHAJY, IO € IX TOJIOBHOIO CKIIAmI0BoM0 [4].

Pasom 3 THM, BCi I MeTOmW 30CepekeHi Ha IEPEeTBOPEHHI aMIUTITyId NEPiOJUYHOTO CHTHANLY Y
€KBIBAJICHTHUH TTapaMeTp, 3 OAANIBIINM NIEPETBOPEHHSIM 1Horo y nndposuil Koa. Bee e Beae 10 NosSBY JOAaTKOBUX
MOXMOOK TEePETBOPEHHS 1 MOTPeOye JOAaTKOBUX arnapaTHUX BUTPAT.

MeTo10 po6OTH € IOCHTIPKEHHS BIUIMBY IIyMiB IiJl YaC BUMIPIOBaHHS aMILUIITYAN IEPiOAUYHUX CUTHAIIB
3apPONOHOBaHUM METOJOM [2].

MaremaTH4Ha MO/ieJIb MIEPEeTBOPIOBaYA NMEPiOAMIHIX CUTHAJIIB

[leperBoproBay  aMIUIITYyOu IEPIOAMYHMX CHUTHATIB B KOA MNPSIMHM METOAOM KBaHTYBaHHS
XapaKTepU3y€eTHCS HAsSBHICTIO ITyMiB, SIKi MOXKHA TOJUTHTH HA BHYTPIIIHI Ta 30BHIIIHI.

30BHIIHI IIYMH 3yMOBJICHI DKEpPEJIOM 30BHIMIHBOI (BXiOHOI) HANPYTH 1 Mapa3sUTHUMH IapamMeTpaMu
BXITHUX K. 30KpeMa [0 Mapa3suTHUX MapaMeTpiB MOXYTb OyTH BimHeceHHi: omip R,, iHEXyKTHBHiCTH L, Ta
emHicTh C,, 3’eaHyBanbHUX MpoBiAHUKIB i R;, C;, L; camux 3’eanyBauiB [5]. BiamoBigHo BXigHUI A0CTiIKYyBaHUI
CHTHAJI MOYKHA 3a1aTH BHPa30OM:

R,,.C,.,L

U (t) = Um Sin(a)t + ¢0) iUw.3.()mc.(Uw.c’ 3.0 30 T3 R3’C3’ L3)’ (1)

R,,.C.

3.n?

ne U mlmm_(U wer Rons L,,.R,.C,, L3) — HampyTa IIyMiB JUKEpena BXiJHOTO CHTHATY.

Po3rnsiHeMO BHNAJOK, KOJM BIUIMB 30BHIIIHIX (DAaKTOPIB HA BXIJAHUI CHTHAJ MPAKTUYHO BiJCYTHIH, NpH
bOMY 30UIbIIEHHST (Di3WYHO BEJTMYMHH, SIKA BHMIPIOETHCS, NMPU3BOJUTH 10 3POCTaHHS aMIUTITYAM CUTHAJIYy Ha
BUXO/Ii el1eKTpodi3uyHOTo nepeTBoproBaya (puc. 1) [6].

BryTpimHI mIyM#u TOB’s3aHi 3 TEXHIYHAMH XapaKTEPUCTUKAMH 1 OCOONMBOCTSAMH KOXKHOTO €JIEMEHTa
CTPYKTYpHOI cXeMH IepeTBoproBaya [2]. J[ns naHO cXeMH LMMH €IEeMEHTAMU €: KOMIIapatop, JKEpeJo OMOPHOI
HAIPYTH, HKEPENo KUBJICHHS 1 mu(ppo-aHaioroBuil mepersoproad (I{AIT). Pemra eneMeHTIB cXeMU: JIYMIHHUK,

JemudpaTop Ta iIHINKATOP BILIMBAIOTH JIMIIE HA YaCOBI MApaMeTPH IIEpPETBOPIOBAYA.
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Puc. 1. Emopa ammutityiu Bigdburoro curiasy

Illymu nxepena ONOPHOI HalPyId BILUIMBAIOTh HA
piBerp Horo BuximHoi Hampyr# Uoen, 3Ha4eHHSA SKOI

BH3HAYAETHCA 32 (OPMYIIOIO: M)
U, =UoEU omcon )

ne Umlm_a,,' — Hampyra IIyMiB JpKepesia OIOpPHO1 WAVAVMV\ AvAv /A A/\N/V

Hanpyru LHAIL

Pazom 3 Tum HasBHI BHyTpimHI mymu LIATI, sxi
NOB’sI3aHI 3 HENIHIMHICTIO XapaKTEpUCTHK BHYTPILIHIX
enemenTiB LJAIl 1 ski MaruMyTh BIUIMB Ha BHXIJHY
Harpyry LIATII Tak sk 11e Moka3aHo Ha puc. 2.

BiamosigHo Hampyra Ha Buxozi [IAIl Mmoxe Oytu
BU3HAYCHA 3 BUPA3y:

Puc. 2. Buxinna nanpyra HAIT

U _ (UO +Uw.091c.on.)n
eux IJAIT — 2 N

+ U wi LJAIT (2)

ne N — 3HAYCHHS BINKOBOTO Koay Ha Bxoai LIATL,
N — kinbKicTh aBiliKoBUX po3psaiB LTAIL.
SIK mpaBuUIIO NIYMOBI ITapaMeTpH €JIEMEHTIB BKa3ylOTh B crenudikamisx 10 HuX, Tak i 12-6itHoro LIATIT
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DAC7621 ¢ipmu «Burr-Brown Corporation», sikuit Mmae BOyZoBaHe /pKepeso omopHoi Hampyru 2,435 B, nampyra
mymiB Ha Buxoqi LIATI we nepesumrye 0,6 mB [7].

Hanpyra mymiB Ha BuXOAiI KOMITapaTopa BHU3HAYAETHCA BIIACHOIO HANPYTOI0 ITYMiB IIMX €JIEMEHTIB, a
TaKO’X HATIPYTOIO TMiICHICHUX 30BHIIIHIX NIYMiB, IKYy MOKHA BU3HAYHUTH 3a hopmyioro [5]:

Um.k = I<u ' \/U li.x.().wc + lzix()uc RIZ" + 4kTRFAf ' (3)
ae 4KTR . — criekTpaibHa ryCTHHA TEMIOBOTO MIyMy;

Af — cMyra 4acToT;

k — mocriiina BonsnMana;
Rr— omip mxepena curuaiy;
T — abGcontoTHa TeMneparypa;
Ky — KoedIIieHT miICHIICHHS,

U 1 Im.s.o.)fc

ImiTaniline Moe/I0BaHHSI BUMIPIOBAJLHOI0 NIEPETBOPIOBAYA NMEPiOAMYHUX CUTHAJIB
BrmB BHYTpINIHIX HIYMIB Ha MpOIEC BHUMIPIOBaHHS MapameTpiB aMIUNTYyId HEepiOAWYHOTO CUTHAIY
HAO0YHO JIOCTIKYBaBCs IIUIIXOM MOJICIIOBaHHsI B cepeoBuiii Matlab, BukopucTtoBytoun maket Simulink (puc. 3).

s oo — BIJIIIOBIAHO HAIpyTa IIyMiB i ITyMOBHI CTPYM JKEpEa CUTHATY.
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Puc. 3. Cxema npouecy MoJe/1l0BaHHs B cepenoBuini Matlab

Jnst mpoliecy MOZIETFOBaHHSI BCTAHOBWIIM, 1[0 aMIUTITYAa BXIJIHOrO CUrHajiy BifmoBinae 1B, mpu mpomy
piBeHb 30BHIMHIX myMiB (puc. 3) ckmamae 0,5 MB. PiBens curnamy 3 Buxony LIAII 3miHtoBanm B miamazoHi Bifg 0,8
B 10 0,999 B. Toxi sik piBeHb IIyMiB Ha HOT0 BIHXO1, TOOTO U,y 95¢.0n. HE TIEpEBHIIYE 20 MKB.
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Puc. 4. BiuiuB BHYTPilIHiX 1IyMiB HA pe3yJibTAaT BUMipPIOBAHHSA
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Pi3HuneBa Hanpyra 3 BUX0y KOMIIaparopa MiCTUTh LIIyM, PiBEHb SKOTO BiANOBiAae 5 HB 3rigHO TEXHIYHUX
XapakTepucTHK. HaoyHO BIUIMB BHYTPIIIHIX MIyMiB Ha pe3yiabTaT BUMIPIOBAHHSA MapaMeTpiB aMIUITYAH
MepiOINIHNX CUTHAJIB MpeAcTaBieHnit Ha puc. 4. Ha skoMy BiZnoOBigHO MmO3HA4YEHO, 0 N — KUIBKICTh CHTHAIIIB 3i
3MIHHOIO CKJIaJIOBOIO, PiBEHB SIKMX BiAIIOBia€ piBHIO JIOTIYHOT OAMHUII i CTaHOBUTH Oinbiie 1,4 B.

Kpua 1 (puc. 4) BimoOpaxae 3anexHicth N Bin piBHA BuxigHoro curHamy LAIIl, mpu 3HaueHHI
koedimienTa migcunenHs 100. Kpusa 2 mokasye 3aiexHICTh pu 3Ha4eHHI KoedirienTa mincwmreHas 1000.

3a pesynbTaTaMH MOZECTIOBAaHHS OTPHMAaHa 3aJISKHICTh CHUTHAII/IIYM Bil 9aCTOTH BXiTHOTO CHTHAIY, sKa
npejcTaBicHa Ha puc. 5. Tak BiHONICHHS CUTHAJ/IIyM CTaHOBUTH Oyin3bko 40ab Ha wacToTtax Bim 10 MI't g0 210
MI'11 ipu 3Ha4YeHHI aMILTITYAu BXigHoro curnany 0,1 B. Ilpu migBuineHHi aMIutiTy iy BXiqHoro curaaiy ao 0,5 B ta
1 B, BiiHOIIEHHS CUTHA/ITYM BiamoBigHo ctanoBuTHMe 50 nb Ta 60 ab.
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Puc. 5. 3ane:kHicTh CHIHAJI/IIYM BiX 4aCcTOTH BXiTHOTO CHTHATY

IMixg wac mocmimkenus B cepenosuini MATLAB BmumBY HiymiB Ha Mpoliec MEPETBOPCHHS aMILTITYAA
NepiOAMYHUX CUTHAJIB B KOJ| BCTAHOBJICHO, IO NPH 301IbIIEHH] aMILTITY I BXIIHUX CHHYCOiJJHUX cUrHaiiB 10 1 B
Ha yacroTtax 0 210 MI'1[ BiqHOIIEHHSI CUTHAI/IIYM 3011bLIYEThCS HA BeMUuuHy Bix 5 1o 10 nb, mo moxe OyTtn
BHUKOPHUCTAHO JUTS TIOKPAIICHHS METPOJIOTIYHIX MOKA3HUKIB mepeTBOproBaya (puc. 5).

BucHoBku

Ha ocHOBi moOynoBaHOi iMiTalifHOI MOJIeNi IepeTBOpIOBava MEPiOINIHNX CUTHANIB B KOJI B CEPEIOBHIII
Matlab/Simulink mpoanamizoBaHO BIUIMB BHYTPIIIHIX IIyMIiB IIiJ Yac TIEPETBOPCHHS METOIOM TIPSMOTO
KBaHTyBaHHs. BcraHoBneHo, mo Ha gactorax mo 210 MI'1 BiTHOMICHHS CHUTHAN/IIYM 30UIBIIYETHCS HA BEITHINHY
Bin 5 no 10 nb npwm 30inpmeHHi aMIDIiTyx BXigHEX curHamiB Big 0,5 mo 1 B, mo moxe OyTH BHKOpHCTaHO IS
MOKpPAIIEHH METPOJIOTIYHUX XapaKTEPUCTHK IIEPETBOPIOBaYa.
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