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Signal processing in measuring technologies is related
to performance of mathematical operations such as
multiplication and division. For example, measurement of
power requires multiplying voltage and current and
measurement of impedance voltage and current division.

Some tasks include measurement of physical valuesin
a wide dynamic range, which covers several decades.
Application of the logarithmic system in signal processing
can not only simplify the multiplication and division
operations replacing them by the addition and subtraction,
but also provides a dynamic range compression.

Precision of multiplication and division operations in
analog form are limited. Furthermore, analog devices are
subjected to destahilizing effects of temperature, noise of
different origin, fluctuations in supply voltage, etc.. In
this sense, the undeniable advantage is on the side of the
digital technology.

However, due to the limitations of the logarithmic
function by multiplying and dividing of real numbers
special agorithms were devel oped.

Final expressions of the proposed algorithms for
multiplication and division of two digital signasx and y
are described by expressions (1) and (2) provided in the
main text.

The correctness of the algorithms was verified by
simulation in MatLab. Also was found that the application
of logarithmic transformations does not affect the nature
of additive, multiplicative and nonlinearity errors. The
proposed algorithms can be used in measuring devices
with digital signal processing without the use of signa
processors to perform direct multiplication and division
signals.

The paper presents one of the possible variants of the
hardware realization of the resistance measuring device
(ohmmeter), which implements the algorithm of digital
signalsdivision in the logarithmic system.
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Y pobomi onucano anzopummu npuoammi 0o weudkoz20
00podnenHa yugposux cuzHanie y GUMIpIOGAIbHUX NPUCH-
poax 0e3 3GCMOCY6AHHA CUZHATILHUX NpPOyecopie. 3anpo-
NOHO6AHI anzopummu I[PYHMYIOMbCA HA 3aMIHI Onepauii
Mmuoxcennn (0inenns) onepayiamu 000asants (6iOHIMAHHA) y
nozapumiuniiic cucmemi. Ix ropexmmuicms niomeepocy-
EMBCA WLNAXOM IMIMAUITIHO20 MOOENIO6AHHS.

KiouoBi ciioBa — mudpose onparjfoBaHHs CHUTHAJIB, Jiora-
pudMidHI NEPEeTBOPEHHS], aJITOPUTM HEPEMHOKECHHS Ta JIICHHS
CHTHAJIIB, BILIUB ITOXHOOK.

l.BcTyn

Y BUMIpIOBANIBHIH TEXHIL MPH OMpaIlOBaHHI CHT'HAIB
4acTO BHHHUKAE MOTpeda IX MEePeMHOMXCHHS Ta JiICHHS.
Sk mpuKIIaz, onocepeaKOBaHe BUMIPIOBAHHS MOTYKHOCTI
BHMAarae MepeMHOKEHHS HANPYTH i CTPYMY, a Ui iMIie-
JaHCIB — JieHHs. Hampyru i ctpymy [1]. V mudposux
MpWianax 3arajJbHONPUIHATOI € JeKajJHa OpraHi3allis
IMiJTiana30HiB, aje ICHYIOTh 3ajadi, KOJH BHMAaraeThCs
MIPOBOJUTH BUMIPIOBAHHS BEJIMYUH Y HIMPOKOMY Jiama-
30HI TX 3MiHH, III0 OXOIUTIOE KiJIbKa JeKaJl. 3aCTOCYBaHHS
JorapuMIYHOT CHUCTEMHU JJIs OMpAIfOBAaHHS CHUTHAJIIB
3a0e3meuye CTHUCHEHHs JMHAMIYHOTO Jiama3oHy. VY
JIOTTIOB1/Ti OMHMCAHO aJrOPUTMH IIEPEMHOKCHHS Ta J1ICHHS
CUTHAIIB y Jiorapu(MidHii CHCTEMI SK MOJATHOI, TaK 1
BiJI'€eMHOI TTOJISIPHOCTEH.

[l. 3acTocyBaHHSA norapmudmiyHol cuctemm
A0 onpauBaHHA OBOMNONSIPHUX CUrHaniB8

VY 3arajJpHOMY BWIIQJIKy BHMIpIOBAJIbHI CHUTHAIU MO-
KYTb MaTH Pi3HY IOJSIPHICTE Ta INPUHMATH HYJIHOBE
3HauYeHHs. B ToW ke uwac JsorapudmiuHa QyHKIISA
BU3HAYCHA JIMIIE [T TOAATHUX 3Ha4eHb (puc.l, a). Tomy
JUIL  ONPAIFOBAHHS CUTHAIIB Pi3HOI MOJSIPHOCTI, SIK
HAMpPHUKIAA, y JorapudmivdHux migcumoBayax [2], jora-
pudMiyHy (QYHKIIOHAIBFHY XapaKTEPUCTUKY IPUBOJIATH
IO BUTJISAY, 300pakeHoMY Ha puc. 1,0.

y=Iog(X) +OUTPUT

+INPUT

a) 0)

Puc.1. I'paghix nocapugmiunoi ¢ynxyii (a) ma
xXapaxkmepucmuia "6xio-6uxio" 06ononapHoi noeapugmiynor
cucmemu (6)
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TouHiCTh BHKOHAHHS ONEpaliii MEepPEeMHOXKEHHS Ta
JIJIEHHSI y aHAJIOroBOMY BHITINI € oOMexeHow. Kpim
TOrO, AHAJIOTOBI MPHCTPOI MiJIaHi AeCTallIi3yI0YUM
BIUIMBAM TEMIIEpaTypH, 3aBajl PI3HOIO ITOXOPKEHHS,
KOJIMBAHHSIM HAIIPYTH KHUBJIEHHS, TOMO. Y NaHOMY CEHCI
OesrnepeyHa nepepara Ha OOIl IU(PPOBOI TEXHIKH.

[11.Onuc anropmMTMiB NEPEMHOXEHHS Ta
AiNeHHsa uMdpoBUX CUrHaniB8

[udbpoBoMy 00pOOICHHIO BHUMIPIOBAJILHUX CHUTHAIIB
nepenye aHajoro-mpdpose neperBopeHHs. B pesynbrati
CHTHAITH MOJIAIOTHCS YUCTaMU y TIeBHOMY (dopmarti [3].

Onepattii MHOXeHHs (TineHHst) y jgorapudmiunii crc-
TeMi 3aMiHIOIOTBCS Ha  JOAaBaHHS  (BiAHIMAHHSN).
[pencraBnenHss yucen y norapudMivynii cucremi Ta
3BOPOTHA TPOLEAYpa CKCIOHCHIIIIOBAHHS 3IiHCHIOETHCS
0e3 JONaTKOBMX OOYMCIIEHb IIISXOM 3BEPHEHHS J0
3amam’ ITOBYIOUOro INPHCTPOIO, SKUH MICTUTH 3HAYSHHS
BignoBimHux Qyknid. I[Ipore uepe3 psng oOMexeHs,
BJIACTHBHX JIOrapu(MiuHIN (QYHKIIT, s IePEMHOKEHHS
Ta JIJIEHHS JIHCHUX 4YHCEeNl HEeOoOXiHO po3poOuTH
CrelialbHI aJrOpUTMH.

[lincymMKoOBi BHpa3y, IO OKPECIIOIOTH 3aIpPOIIOHOBaHI
AITOPUTMU TIEPEMHOKEHHS Ta [JIEHHS JABOX IM(POBHX
CUTHAJIIB X 1), MalOTh TaKUH BUTJISI

x"y=sgn(x)" son(y)
{arlog (1 + |x|)+ log , (L + |y|)] - M
-1- - |y

o =5k sanly)

{erllog. (+[yi)- toga (v]l- 1

ne SGN(*) — dynxuis 3Haxy; & — ocHosa anroputmy; [*] -
MOJIyJb IIHCHOTO YHnCIa.

Y HaBeleHWX QITOPUTMAax OINEpyBaHHS (YHKIISIMH
3HaKy 1 MOAYJSIMH CHTHaJiB 3HIMae OOMEXEHHs Ha
Bil'€éMHI I1X 3HaueHHsA. [IpoOiieMa HYJIBOBUX 3HAYCHb
curHaiiB X 1Yy ¢popmyini (1) Bupinryetsbes qonaBaHssM 1
y mignorapudMidHi BUpasW, a BiJHIMAHHSI TPHOX
MPUKIHIIEBUX WICHIB BHOCHTH HEOOXITHY KOPEKIlio. Y
dopmyni  (2) makmamamns ymosu Y#0 cmpomye
BUpILIEHHS TNPOOJEMH HYJIHOBHX 3HAa4eHb X HUILIXOM

mpu Y1 0 (2

IomaBaHHS |y| y migjorapudMidHAN BUpa3, a BiJHIMAaHHI
1 xoperye KiHIIEBUIl pe3ynbTar.

KopekTHICTh HaBEACHUX aJrOPUTMIB Oyia IMiATBEpI-
KEHa NUIXOM IMITaliifHOrO MOJIETIOBAaHHS, BUKOHAHOTO
B mporpamHomy makeri MatLab. Kpim  Toro,
BCTaHOBJIEHO, WIO IPH 3aCTOCYBaHHI JIOrapu(MidHUX
MIEpETBOPEHb XapaKTep aAWTHBHUX, MYJIbTUILTIKATUBHUX
MOXMOOK Ta TMOXMOOK HETIHIMHOCTI  30epiraeThcs.
3anpornoHoBaHi AITOPUTMHU MOXYTh 3HAWTH 3acTOCY-
BaHHS Y BUMIPIOBAIGHUX MPUCTPOSX 13 IM(PPOBUM
00pOOJIEHHSAM CHTHAJIB 0€3 3aCTOCYBAaHHS CHIHAIBHHX
MPOLIECOpIB ISl BUKOHAHHS Oe3nocepenHix —omneparii
MIEPEMHOXKCHHS 1 TUJICHHS CUTHAJIIB.

Jlis npuKiagy po3riiTHEMO BHMIPIOBAJIbHUE MPHUCTPIi
(omMmertp), sKHMii peartisye alroOpuTM JiSICHHS HH(POBUX
CHTHAJIB y Jorapu@miuHii cucremi.

Jo ckiaay npuctporo (puc.2) BXOAUTh BHMIipIOBaIbHA
cXeMa y BHIVISI PE3UCTUBHOTO TMOAIIbHUKA HANpPYTH.
3HavyeHHs BHMipioBaHOoro omopy Ry Bu3HauaeTbcs
BIJHOIICHHSM CHaJKy Hampyr BiacHe Ha Ry Ta
3pa3KoBOMY pe3ucTopi Ro, T00TO

R, =X /Y 3

Puc.2. Cxema ommempa 3 onpayio8anHsIM CUSHATIG Y
noeapu@miuniti cucmemi

Jns peanizarii anroputmy (2) omuH jorapupmivHumit
ananoro-idposuii mepersoprosay (JIAIIT) popmye xox
nponopiionansHuii norapudpmy cymu Hanpyr X+Y, a
iHmmit — norapudmy Hanpyrd Y y JONOBHIOBAEHOMY
komi. Cymarop ¢opmye aprymedt A eKcIOHEHIiHHOT
G yHKIii

A=log, (X +Y)+log,(Y) (4

1106 oTpumartu KiHIEBHU pe3ynbTaT, CyMapHUH KOI
MOTPiOHO eKCITOHEHINifoBaTH. JIJI1 I[bOr0 BUKOPHCTAHO
nocTiiiHuit 3amam’ stopyrounii mpuctpiii (ROM), sikwit
30epirae CKOpUroBaHe 3HaueHHs €KCIIOHEHIIHHOT (QyHKIIT

N=2"A-1 (5)

3a paxyHok BukopucranHs JIAIIIl BuMiproBaIbHUIA

MPUCTpil 3a0e3reuye MIMPOKHIA AWHAMIYHUHN Jiana3oH

BuUMiptoBaHHs omnopy. KpiM Toro, 3ampornoHoBaHa
CTPYKTYpa € TOBOJII MIPOCTOI0 B peatizallii.

BucHoBOK

3anpornoHoBaHi B poOOTi alrOpUTMH MOXYTh 3HAUTH
3aCTOCYBaHHS Y  BHUMIPIOBAIBHHX  IPUCTPOSX 13
IU(pPOBUM OOPOOJICHHSIM CHTHANIIB 0€3 3aCTOCYBaHHS
CHTHAJIbHUX TPOLIECOPIB Ui BUKOHAHHS Oe3mocepenHix
omepamiii TMepPEeMHOXKEHHS 1 JJeHHs CHTHATiB. IX
KOPEKTHICTh IATBEPIKYETCS IUIIXOM  IMITalliiHOrO
MojeroBaHHs. [Ipu 3acTocyBaHHI alropuTMiB Xapaktep
aJIMTHBHUX, MYJIBTHIUTIKATUBHAX IMOXMOOK Ta MOXHOOK
HeJiHIHHOCTI 30epiraeTbesl.
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