IIpororum:
Mepnu cucteM 3a 00paly CUTHaJIa ca MHAYKTUBHOT CEH30pa IoMepaja

PykoBoanaan npojexra: npod. np Bnagumup Cpauh
OnaroBopHo Juue: mpod. 1p Mupjana Jammanosuh
AyTtopu: Mupjana /lammanosuh, Muonpar bpkuh, Cuexana DBypuh, Jbusbana )Kupanos

Pa3BHjeHO: y OKBUPY IPOjeKTa MHTETPATHUX U MHTEPAUCIUILUTHHAPHUX UcTpakuBama MNN-45021
Tognua: 2013.
IIpumena: 1. 6. 2013.

Kparak onuc

Mepeme IyxuHE, Kao jeHe OJ OCHOBHHMX (M3MUYKMX BEIMYHMHA, je OJ] M3Y3€THOI 3Hayaja y TEeXHUIU M JbYICKO]
nenatHocTH yomuTe. OCHOBHE METOIE 3a MEpeHe IIoMepaja Cy MeXaHWUKe, eNeKTpUYHe U paiujaurone. Enexrpuune
METOJIe Mepema moMepaja ce 0a3upajy Ha HEMOCPEIHO] KOHBEP3HjU ITOMepaja y HEeKH EIeKTPUYHH MapaMeTap. Y OBOM
TEXHUYIKOM pEIIeHhY je IPHUKa3aH MEPHU CHCTEM Koja oMoryhaBa oOpaay cuUTHaia 1o0HjeHOT ca MHIYKTHBHOT CEH30pa,
4yHja ce MHIAYKTHBHOCT MEHa Y 3aBUCTOCTH 0] momepaja. Cuctem omoryhaBa Mepeme Maiux mnomepaja (Mamux ox 1
mm) y paBHH. [lomepaj y paBHU ce oapehyje MepermheM HHIYKTUBHOCTH CEH30PCKHUX €IeMEHATa.

Pesynrarn mepema n1o06ujeHn KopunrhemeM MEpHOT cHcTeMa Cy ynopeheHu ca BpeAHOCTHMA NOOWjeHUM KopuinhemeM
aHAJIM3aTOpa UMIENaHCe W CUMYJIAIMOHOT anaTta. bp3nHa Mepema kojy 00e30elyje oBa MeToa je KOpHCHa Y CHCTEMIMA
T/1e je MOTPEOHO KOHTHHYHPAHO MEPEHE y PEaTHOM BPEMEHY .

TexHuuKe KApaKTePUCTHKE:

MepHu cucTeM 3acHHBA paj Ha Mepemy KOpeHa cpelme KBaapaTHe BpeaHoctr HamoHa (PMC) Ha cenzopy. I'enepatop
CHHYCOMJIAJIHOT CHUTHAJIa Ce KOPUCTU 3a NoOyhuBame ceH30pckux eieMeHara. Kako je MHIYKTHBHOCT CEH30PCKHX
enemenara Beoma mana (300-400 nH 3a Behu, ogrocHo, 50-100 nH 3a Mamu), MepHa pesoinynuja je 0.5 nH. Xapasepcka
peanu3anuja uaTepdejca 3a 00pagay cCuUrHaia uMma pagHy ¢pekeHiujy ox 8 MHz, mito je HajBumia GpekBeHIMja Koja
00e30ehyje moOpy pesonynmjy u Op3uHy Mepema, Oe3 nerpanmaiuje usza3Bane moBehaHoMm otmopHomhy 300rT
MOBPIIMHCKOT eekTa. MEepHH CUCTEM je HAMEIHCH 3a MIPUMEHY Y POOOTHIIH, T/E j€ MOTPEOHO OP30 MEPEHE 3a MPEIU3HY
KOHTPOJTy po00Ta akTyaTopa, ajii Ce MOXe JIAKO IPUIIArOJUTH 33 yIoTpedy y ApyriM ariuKaiijama.

Texnnuke moryhHocru:

[pukazanu MepHu cucteM omoryhaBa Mepeme MHAYKTUBHOCTH Y CUCTEMHMA TJIe je MOTPEOHO KOHTHHYHUPAHO MEPeHe
HHYKTABHOCTH y pealHoM BpeMmeHy. [IpencraBibeH MepHH METOM OCHIypaBa JA00py Pe30iylHjy, TAYHOCTH U Op3UHY
Mepema BeoMa Malux HHAyKTHBHOCTH, peaa nH. Ilopex Tora, mHTepdejc MOXKE JaKO MPHUIATOTUTH 33 YIIOTPEOy Y
JpYTHM alIMKanjaMa (Kao IITO je Mepere KalalluTHBHOCTH) 0e3 3HaYajHUjuX U3MeHa.

Peanuzaropmu:
®TH, Hosu Capn

Kopucaunm:
Qaxynrer TexHHIKUX Hayka, Hosu Can, MHCTHTYT 3a MyNTHONCHHIUIMHAPHA HCTpaKuBama, beorpan; MPUTEJL A /],
Beorpan.
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YBoa

Mepewe pu3nykux BeTWYMHA WMa BEJIMKH 3Ha4yaj y CaBPEMEHUM HMHIYCTPH]CKUM mpoliecuma. Jla ou
ce M3Mepuia jenHa (pusnyka BelIMYMHA YECTO je moTpedbHo Meputu apyry. Ha nmpumep, y npumenama
r7ie c€ KOHTPOJUIIE KPEeTamke CEH30pH MOPajy /1a HaATJeaa]y BEJIMUYMHE Kao MITO Cy TToMepaj, Op3uHa
yop3ame.

Cenzopu 3a Mepeme Iomepaja MOTy OWTH KiIacu(UKOBAaHW y HEKOJIMKO Tpyma: OTHOPHUYKH,
WHIYKTUBHH, KallallMTUBHU, TUE30€JICKTPUYHU UTA. MHIYKTUBHM ceH30pH Cy jepTHHH, jeTHOCTABHU U
W3ApkJbUBH. VMajy BENHWKYy TOY3IaHOCT W OTIIOPHU Cy HAa XEMHUKaIH]e, MEXaHWUYKe BUOpalHje M
BIOXHOCT. Heke BpcTe MHIYKTHBHUX CEH30pa momepaja ce 0a3upajy Ha NMPOMEHH HHIYKTHBHOCTH
Kajema y MpHUCYCTBY MeTamHHX mnpeamera. Jlpyre ce 0asumpajy Ha MPOMEHHM KOE(UIMjEHTa CIpere
ycliel MeXaHuvKe JeopMalinje CTPyKType CeH30pa; PU TOME je IPOMEHa MHIYKTHBHOCTH Cpa3MepHa
momepajy.

VY OBOM TEXHHYKOM TeLIeHY je MPUKa3aH MEPHU CUCTEM 3a MEpeme rnomepaja y paBHH. MHIyKTUBHU
CEH30p, KOjU Ce MOK€ KOPUCTHTH 3a JCTEKIHjy MAIHX 1moMepaja (Mamwux o1 | mm) y paBHH, je OnHcaH
y [M. Damnjanovic, Lj. Zivanov, L. Nagy, S. Djuric, B. Biberdzic: “A Novel Approach to Extending
the Linearity Range of Displacement Inductive Sensor”, IEEE Transactions on Magnetics, Vol. 44, No.
11, 2008, pp. 4123-4126]. Mepemem yna3zHe UHIYKTUBHOCTH CEH30pa, MOXKE C€ OJPEIUTH MOMEpa]
n3Mel)y ceHzopckmx enemeHnara. MHIyKTHBHOCT ce ojpeljyje momohy reHeparopa CHHYCOWIATHOT
HallOHa M HAMOHCKOI pa3efiHMKa, MEpeHmEeM HaloHa Ha CeH3opy. M3MmepeHu HamoH je
MIPOITOPIIMOHANIAH UMIISIAHCH, KOja c€ MEHha Y 3aBUCHOCTH OJ] IIOMepaja.

ITocroju pa3nuuute MeTOAE 3a Mepewe HHAYKTUBHOCTH. Hajuenthe cy moctHe Metone [Michal Szyper:
“Inductance Measurement”, CRC Press LLC, 2000. Available at: http://www.engnetbase.com]. Kako
OBE MeTO/e OOMYHO 3aXTeBajy pydHa IOJCIIABamC eleMeHaTa MOCTa, OHE HHCY YNOTpeOJbuBE 3a
KOHTHHYaJTHa Mepema. Pa3BHjeHn Cy MHOTH ayTOMAaTCKH CHCTEMH KOjU KOpHUCTE MOCTHE MeTone [M.A.
Atmanand, V.J. Kumar, V.G. Murti: A Microcontroller-Based Quasi-Balanced Bridge for the
Measurement of L, G and R”, I[EEE Transactions on Instrumentation and Measurement, Vol. 45, No.
3, 1996, pp. 757-761], a Hekn o WUX ca BpJo Op3uM U mpeuu3HuM Mepemuma [L. Angrisani, A.
Baccigalupi, A. Pietrosanto: ”A Digital Signal-Processing Instrument for Impedance Measurement”,
IEEE Transactions on Instrumentation and Measurement, Vol. 45, No. 6, 1996, pp. 930-934].
MehyTum, OBU CHCTEMH CY HAMEH-EHH 32 Mepemhe BehnX MHIYKTHBHOCTH, IIITO C€ HE MOXKE TPUMEHUTH
3a Hall CEeH30D, jep je BeroBa MHAYKTUBHOCT peaa nH.

Hoge mMeTozie ca cHHYCHOMIATHUM (UTOBakeM MepeHOT HaroHa Ha ceH3opy [T. Radil, P.M. Ramos,
A.C. Serra: “Impedance Measurement With Sine-Fitting Algorithms Implemented in a DSP Portable
Device”, IEEE Transactions on Instrumentation and Measurement, Vol. 57, No. 1, 2008, pp: 197-204]
uMajy cnudHe HepocTaTke. OHe 3aXTeBajy KOMIUIEKCHE alroOpuTMe, 1a Ou 006e30e1umn nmperu3He
pesyurate. [Tomro oBe MeTone yKby4dyjy A/D KOHBEp3Hjy MEpEHOT CUTHANA, JJOK MEPEHE MATUX
WHAYKTHUBHOCTH 3axTeBa (ppekBennuje pena MHz, Bpeme oOpazie y30pkoBaHUX MojAaTaka Ouino ou
UCYBHIIIC AYTO, YaK U Ca MOJICPHUM JUTUTATHHM IIPOIIECOPUMA.

3a auHaAMHYKa Mepema Iomepaja, merone kKoje kopucre LC ocnmimatopHa Koma Cy jeZHOCTaBHA
pelema, TOMTO C€ MEPEeHme MHIYKTUBHOCTH CBOJAM HAa MHOTO jeJHOCTaBHHje Mepeme (pEeKBEHIIH]E.
MebhyTtum, oBakBa kosia Hemajy Benuky nperusHocT [M.E. Rizkalla, H.C. Gundrum, M.T. Kara: A
Microprocessor-Based Dynamic Inductance/Capacitance Meter”, Proc. the 35th Midwest Symposium
on Circuits and Systems, Vol. 1, 1992, pp: 140-143], [M. HruSkovic, J. Hribik: ”Digital Capacitance
and Inductance Meter”, Measurement Science Review, Vol. 8, No. 3, 2008, Section 3], yritaBHOM 360r
(peKBEHIINjCKE 3aBHCHOCTH KAMallUTUBHUX elieMeHaTa, KOju HMMajy 3HadyajHy NpPOMEHY OCOOHMHA Yy




GyHKIMjH 071 BpeMeHa U TeMIieparype. Merojie Koje Mepe pe30HaHTHY (hPEKBEHIIN]Y TapaJeTHUX WIN
cepujckux LC Koma MepemeM MaKCHUMajHE HaloHa Cy jOII Mame TayHe, alli KOPUCHE Y HEKHUM
aruIMKanyjama, Hrp. rae je notpedno OexwmyHo mepeme [R. Nopper, R. Niekrawietz, L. Reindl:
“Wireless Readout of Passive LC Sensors”, IEEE Transactions on Instrumentation and Measurement,
Vol. 59, No. 9, 2010, pp: 2450 — 2457].

[TocToje u OpojHE MeTozE 32 MEpEeHe MHAYKTUBHOCTH Ha 0a3u CTPYjHO-HANIOHCKUX Mepema. MepemeM
BEKTOpa HAIIOHA U CTPYje Ha CEH30pYy, Moryhe je oapeantu meropy umrenancy [ Ibrahim, Khalid M.
Abdul-Karim, Majid A. H. “Digital Impedance Measurement by Generating Two Waves”, [EEE
Transactions on Instrumentation and Measurement, Vol. 34, No. 1, 1985, pp: 2-5]. OBa meTona ce
yecto kopuctd y komepuujaarauMm LCR merpuma [,,7he Impedance Measurement Handbook-A Guide
to Measurement Technology and Techniques”, Agilent Technologies, December 2000], xoju cy
NPaKTUYHKU camo y jabopatopujckuM ycinoBuma [Siblini, Ali; Khalil, Ismail; Chatelon, Jean Pierre
“Original Design for a Micro-Inductance Prototype Characterized Using a New Technique of Inductive
Measure®, Sensor Letters, Vol. 5, No. 1, March 2007, pp. 51-54].

Y O0BOM TEXHHYKOM pELICHY je MPEeICTaB/beHa IMO0jeJHOCTaB/bEHA CTPYjHO-HAIIOHCKAa METOAa 3a
Mepeme MHIYKTHBHOCTH. Kako CeH30p momepaja MMa JOMUHAHTAH YTHUIA] HHAYKTUBHE KOMITOHCHTE,
MOXKE C€ MEpUTH Kao WAealHa WHIYKTUBHOCT ako je pamHa ¢pexBeHnmja Beha ox 1 MHz [M.
Damnjanovic, Lj. Zivanov, L. Nagy, S. Djuric, B. Biberdzic: “A Novel Approach to Extending the
Linearity Range of Displacement Inductive Sensor”, IEEE Transactions on Magnetics, Vol. 44, No. 11,
2008, pp. 4123-4126]. Ako HaNOHCKH TeHEepaTOp MMa CTaOWIHY (PpEeKBEHIIH]jy, TaJa MEPEHE BEKTOPa
wi ¢ase HUje HEONXOAHO, Beh ce Moxke KOpUCTUTH camo Mepere PMC HamoHa.

NHayKTHBHM CEH30p OMepaja y paBHHA

CeH3op momepaja ce cacToju OJ JBa €IeMEHTa, O]l KOjUX CBAaKM MMa Iap KalieMoBa THUIA MeaHnap,
OKpPEHYTHX jellaH JIpyroM. Y CBakOM Tapy, jelaH oj KajeMoBa je HemokpeTaH (kaiem 1). M3mely
yJIa3HMX IPHUKJbydYaka KajieMa | Mepu ce yna3Ha HHAYKTUBHOCTH Lg (ciuka 1). Ipyru xanem (kanem 2)
J€ KpaTKoO CIIOjEH.

Kama ce xanemoBH Hama3e Ta4yHO jelaH H3HAQA JAPYror, muxoBa MelycoOHa HHIYKTUBHOCT je
MakcuMaiaHa. KoopauHaTHU CHCTEM je TakO YCBOjJEH Jla C€ cMmaTpa Jia je TaJa CEH30p y HYJITOM
noJyoxkajy, Tj. koopaunata x = 0. IlpomeHoMm monokaja kajgema 2 y onHOCy Ha KaieM | Mema ce
mHuxoBa Mel)ycoOHa HHIYKTHBHOCT, @ THME M yJIa3Ha UMIIeJIaHCa CEH30pa oMepaja. Jlakie, musb je na
ce Ha OCHOBY IPOMEHE yJia3He MMIICaHCe CEH30pa OJpeH MoMepaj Kajema 2 y OJHOCY Ha KaieM 1.
JenaH ceH30pCKU €NEMEHT Ce KOPHUCTH 32 MEepeHe IoMepaja y paBIly X—Oce, a IPYTH y MPaBIly z-0cCe.

[TocmaTpano u3 yria Mepema MHIYKTUBHOCTH, MPUHIIMII pajja MEPHOI cucteMa he OuTu ucTH 3a 00a
CEH30pCKa eJIeMEeHTa, OWio na je BehuxX WM MamuxX IUMEH3Hja, JEUHO C€ MEHha MEPHH OIICET
uHAykTHBHOCTU. CTOTa, 32 TECTUPAWmE je€ KOPUChEeH caMO CEH30PCKH €IIEMEHT KOjU MEPH X—TIOMEepa].
I'eomeTpujcki MmapaMeTpu CEH30pPCKOT elleMeHTa Behe M Mame BEIMYMHE elleMeHara CeH30pa
npukazanu cy y Tabemu 1, ka0 M €NEKTPUYHM TapaMeTpPU MEPEHH aHAIM3aTOPOM HMIICAHCE
HP4194A.
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Cnuxa 1. UnOykmusHu cenzop nomepaja y pagHu ce cacmoju 00 08a CeH30pCKa eleMenma, Koju mepe
nomepaj y npasyy x—oce u z-oce .
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Tabena 1. ['eomempujcku napamempu u mepere 8peOHOCMU eleKMPUYHUX napamemapa mareee u gehez
CeH30pcKoe enemenma

['eomeTpHjcku mapaMeTpu ceH3opa Behu cenzop Mamu ceH3op
w [Tupuna npoBoIHE JIMHH]E 0.51 mm 0.51 mm
/ Jy’XxviHa IpOBOJIHE JIMHU]jE 4 cm 2cm
t JleOsprHa IPOBOIHE JTUHM]E 33 um 33 um
p Pactojame u3mel)y cycenHux mpoBOJHUKA 0.51 mm 0.51 mm
N Bpoj 3aBojaka 10 5
Mepene Bpeanoctu Ha § MHz
Ly WNHaykTUBHOCT Kajema | 442 nH 152 nH
R, OtnopHocT Kajema 1 1.92 Q 0.62 Q
Ls (for x=0)" | Nna3ua HHIyKTHBHOCT CEH30PCKOT 290 nH 96.8 nH
elIeMeHTa
Rs (for x=0)" Ya3Ha OTIOPHOCT CEH30PCKOT eIeMEHTa 2.80Q 0.67Q

KOpI/ICTehI/I CKBUBAJICHTHO KOJIO CCH3O0PCKOI' CJICMCHTA IPUKAa3aHO Ha CIIMIA 2, yj1a3Ha HUMIICOaHCa
CCH30PCKOTI" €JICMCHTA CC MOKC OAPCANTH Kao

k*w*L,L,R,
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rae ¢y Ry u L; ¢y OTIIOPHOCT M MHIAYKTUBHOCT KajeMa 1, Ry u Ly Cy OTHOPHOCT M MHAYKTUBHOCT
Kanema 2, a k je koepunujeHt crnpere umely kanemona (koju 3aBucH o momepaja). Kopucrehu monen
MPEJCTaBJbEH HAa CIMIM 2, Pa3BHjEH j€ CHMYJAIMOHHM ajaT 3a MPOIEeHY yJla3He WHAYKTUBHOCTH Y
OJTHOCY Ha X-IIOMEpaj CEH30pcKor eneMmeHTa. CHMyJallMOHU ajaT jeé pa3BHUjeH Ha OCHOBY METOJE
napuujanae uHIykTHBHOCTH [M. Damnjanovic, Lj. Zivanov, L. Nagy, S. Djuric, B. Biberdzic: “A
Novel Approach to Extending the Linearity Range of Displacement Inductive Sensor”, I[EEE Trans. on
Magnetics, Vol. 44, No. 11, 2008, pp. 4123-4126], [S.M. Djuric, L.F. Nagy, M.S. Damnjanovic,
“Detection of Ground Reaction Force Using a Miniaturized Inductive Displacement Sensor”, Proc. 14"
International Power Electronics and Motion Control Conference EPE/PEMC 2010, pp: T15-7-T15-
12].
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Cnuxa 2. Exeusanenmmno xono CEH30pPCKOe eemernma

MepHu cucTeM 3a 00pajay CUIHAJIa ¢ca HHAYKTHBHOI CEH30pa nmoMepaja

MepHu cucTeM 3acHMBA paJl Ha Mepemy KOopeHa cpelme KBaapaTHe BpenHoctu HamoHa (PMC) nHa
ceHzopy. I'eHepaTop CHMHYCOMIQIHOT CHTHala ce KOPHCTH 3a moOyhuBame CEH30pCKHX elleMEHaTa.
Kako je nHIyKTUBHOCT ceH30pckux enemeHara seoma Mana (300-400 nH 3a Behu, onnocHo, 50-100 nH
3a MamH), MepHa pe3oiyiuja je 0.5 nH.

Jla 6u ce mMepuiia Tako Maja IPOMEHa MHAYKTHBHOCTH, HAIIOHCKW reHepaTop Ou Tpebao aa paau Ha
IITO BUINO] (PpEKBEHLM)HU, 1a OM ce 00e30ea10 TOBOJHHO BEJIMK HANIOH Ha €H30pCKOM eneMeHTy. C
npyre crpane, noBehamem (peksennuje (u3nang 8 MHz) mounme ma cBe BUIlE 1a HETAaTHBHO yTHYE
MOBPIIMHCKU edeKaT Ha UMIIEAAHCY, jep ce moBehaBa OTHOPHOCT CEH30PCKOT €JIEMEHTA.

300r Tora je kao pagHa (ppekBeHnrja u3abpana ¢ppekpermnuja onx 8 MHz, mro je HajBuma ppekBeHnja
Koja o00e30ehyje moOpy pesonynmjy u Op3uHy Mepema, 0e3 aerpaganuje u3a3BaHe mnoBehanom
otrnopHotthy 300r MOBPIIMHCKOT edexTa. MEepHH CHCTEM 3a MEpEeHhEe HHAYKTHBHOCTH CEH30PCKOT
€JIEMEHTA j€ TPUKa3aH Ha CIUIN 3.

DDS ypehaj (Discrete Digital Synthesis ) je kopumrhenkao u3Bop curnana. O omoryhaBa renepucame
BEOMa MPENM3HUX U CTAOWIHMUX CHUHYCOMJANHMX curHaia. DDS koju ce KopuCTH y OBOM KOy MMa
panHy ¢pekxBenijy 75 MHz. Jla Ou ce emuMHHHCANNA XapMOHUIM, HUCKonporycHu ¢unrap (LP) ca
JIBa TI0J1a ce KOpUCTH. Peann3oBaH je moMohy omepamroHOT MojayaBavya U KOPUCTHU ce 3a punTpupame
nznasHor curtana JIJIC ypehaja. beceno tun LP ¢unrpa je nuzajuupan kopucrehu codreep "Filter
Pro Desktop". I'pannuna ¢pexsennuja LP ¢unrpa je 10 MHz, ma cuHycoompasiHu CUTHAI HHjE
3HavajHuje ocnabspeH. Crnalbpeme xapmMoHuka Ha 75 MHz je -35 dB.

Cnuka 3. Mepnu cucmem 3a meperoe UHOYKMUBHOCIU CEH30PCKO2 eleMenma
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CuHyCOHMIQTHU CUTHAJ Ce BOJIW Ha HAINOCKH Pa3JEIIHUK, CACTABJHEH OJ OTHOPHHKA R M CEH30pPCKOT
eneMeHTa Z,, (cnuka 3). OxnroBapajyha npeHocHa QyHKIM]ja KoJa je:
v z

A4 ="s=_"% (2)
vi R+Z,
IZle j€ Vs HallOH CEH30pPCKOT €JIEMEHTa, V; ]j€ YJIa3HM CHHYCOMJAIHU HanoH. MmmenaHca ceH3opckor
eJIeMEHTa MoXKe OUTH IpHUKa3aHa Kao penHa Be3a Lg 1 Rs,

Z,, =Rg + jolg

“ ; 3)

IZle je @ y4eCcTaHOCT YJIa3HOT HAloOHCKOI reHepaTtopa. AKo ce y jenHauuHy (2) yBpcTe aMILIUTYyAe
HAallOHa, UMIeaHca Z,, Moxe OUTH oxpeheHa Kao:

_ R- (stpeak /Vifpeak)
AV e Vi
( s _ peak lipeak) , (4)
r1e je Vs pear BPIIHA BPEIHOCT HAIIOHA HA CEH30PCKOM EJIEMEHTY, & Vj peqr BPIIHA BPEIHOCT HAIOHA
renepaTopa. MHOyKkTUBHOCT L, MOXe OMTHM H3padyHara KopumhemeM MepeHe BPEeIHOCTH Vi pea,
nomto €y Vi peax U R mosHate (V; pear =500mV, R =100 Q).

I/IH,Z[yKTI/IBHOCTI/I CCH30PCKOTI" CJICMCHTA MOKC CC OAPCANUTH KaO:

2

2
Zy| — Ry

L = T (5)
Kana ce xasnem 2 momepa y x—z paBHHM H3HaJl HEIIOMHUYHOT Kajiema 1, Memajy ce M MHIYKTHBHOCT H
OTIIOPHOCT CEH30pPCKOT eneMeHTa. 300r moBpmMUHCKOT edekTa Rg ce moBehaBa ca (PpEeKBEHIIH]OM.
MebhyTtum, Kao mWTO ce MOXKE BUAETH Ha ciuiy 4, ako je paaHa ¢pekBeHuuja 8 MHz, taga ce ytumaj
MOBPIIMHCKOT eeKTa MOXKe 3aHeMapuT. Takolhe, momepame Kaiema 2 y OJHOCY Ha KaieM | He yTude
3Ha4ajHo Ha Rs. 3a nato pacrojame nzMehy xanemona 1 u 2, z = 0.1 mm, OTIIOPHOCT C€ MEHAa y OICETY
on 0.62 Q no 0.67 Q2 y nocmaTtpanoM oncery Mepema (o1 x =0 10 x = 0.95 mm) 3a Mambu CEH30pPCKHU
eJIeMeHT. AKO ce yCBOjU cpeama BpenHocT Rg= 0.65 (), MakcuMaiHa Tpelika Koja ce MpaBH je caMo
0.35 %. Ha mpumep, ako Ou ce CEH30pPCKH €JIEMEHT MOocMaTpao Kao uieajlHa MHIYKTUBHOCT (Tj. 3a
Rs=0), makcumanna rpeuika 6u ouna 1.15 %.
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Cnuxa 4. Omnopnocm mepena ananuzamopom umneoauce (a) maree u (6) sehez cenzopcroe enemenma



CrnuvaH 3aKJbydaKk Ce MOXE W3BECTH W 3a Behm ceH30pcku eneMeHT. 3a NaTo z-pacTojame m3mehy
kasema 1 u 2, z= 0.1 mm, ornopHocT ce Mewa oa 1.92 QO no 2.80 {2 y nocMaTpaHoOM OIICETy Mepema
nomepaja. Oner, y3umajyhu KOHCTaHTHY cpeliby BpeIHOCTH Ry = 2.36 (), MakcuMaliHa rpemika je caMmo
0.36%.

[Tommro ce kopuctu mo3HaT DDS HamoHCKHW TeHepaTop, TauHa BPEIHOCT BPITHOT HAINlOHA U (DEKBEHIIH]E
je mosnata. Kopumhenu SMD otnopaunin ¢y Beoma mpernusHu, ca toiepaniujom on 0.1 %, tako na
Zeq MOXKE OMTH U3PauyHaTO MEPEHEM BpPIIHE BPEAHOCTH Vi peqr. OTHOpHOCT R € m3abpaHa Tako Ja
OTPaHUYU CTPYJy y HAIOHCKOM pa3lelIHUKYy HCIOJ MAaKCHUMAallHE [03BOJbEHE BPEIHOCTH CTpYyje
OTIepaIIMOHOT TI0jayaBava, KOjU ce KOpUCTH y ckiomy LP ¢unrpa. Jla Ou ce eIMMHHHCAO YTHI]
MPOBOJHMKA, ,,four-wire® MepHa MeTo/a ce KOPUCTH 3a MEpEHEe HAaloHAa Ha CEH30PCKOM EJIEMEHTY.
PaznmauTe mapoBH eJIEKTpoaa ce KOPHUCTE 32 MEPEHE CTPYje U HAIlOHA.

ITomTo ce ceH30pcKU eNeMEHT IMOHalla Kao aHTeHa, MOCTOoju MoryhHoct na he 3HavajaH mIyM OUTH
CYTIEpIIOHMPAaH Ha KOPUCTaH CUrHaJ. [IpomyCHHK oricera ce KOPUCTH Ja €JIMMHHUIIE CBE CHTHAJe Ha
¢pexBeHurjama paznmuuutuM o 8 MHz. Peanusyje ce momohy 1BOMONHOr akTUBHOT (puiTpa nmomohy
OnepaluoHOr MojayaBaya. [lomTo U3BOp HaMOHA IeHEPUILE CUHYCHOUIAIHU CUTHAI, Vi peqr CE MOXKE
onpenutu MepeweM PMC BpenHocTM HamoHa Ha ceH30pckoM eneMeHTy. PMC Hanon 3a
CHHYCOWIAITHU CUTHAI je:

Vs_RMS = Vs_peak /\/5 (5)

Kao RMS nerekrop ce kopuctu koo AD8361. U3na3 oBor xona je DC Hanon nponopuuroHaian RMS
BpenHocTH ynasHor cwurHana [,,AD8361 LF to 2.5 GHz TruPwr™ Detector Data Sheet”,
www.analog.com/static/imported-files/data_sheets/AD8361.pdf]. A/D xoHBepTOp KOjH je KOpHIIheH je
AD7991, ca 12-bit pe3onynujoM U MaKCUMajJHUM BpEMEHOM KoHBepsuje oa 1 us. 30oa myma y
CHUCTeMY, KOpHCHa pe3onylnuja je camo 9 Ourta. Cnospammu pedepHTHH HAMoH  oMoryhasa
noJiemmaBame MepHoOT oricera A/D KOHBepTOpa Ha IyH OTICET MEPEHOT CUrHaia V.

JenHocTaBHM 8-OMTHU MHUKPOKOHTPOJIEp C€ KOPUCTH Yy OBOM HHTep(ejCcy Aa KOHTPOJIMIIE U YUTA
nonatke w3 A/D kouBepropa. Mako je oBaj koHTponep Hema DSP ¢yHkiujy n He Moxe moctuhm
ciokeHy obpany curnana, uma RISC apxutektypy u makcumym o 20 MIPS, koju omoryhaBa untame
nonaraka w3 A/D kouBepTopa mo cronu on 10° y3opaka y cekyHAu, 00aBjba JOJATHO yCPEIhaBamke
cBakux 100 y3opaka, u Tako nenyje kao LP ¢unrep. Kopumthemem jennaunna (2) o (5), BpenHoct L
13 MEPEHOT HaIloOHA V; ce MOXKEe OJIPETUTH.

Cnuxa 5. Hpomomun MEPHOZ cucmema 3a meperbe qumeueHocmu CEH30pPCKOe elemenma.



JloOujenu pe3yaTaTu ce majby Ha padyHap IyTeM CEpHjCcKe KOMYHHUKAIH]je, T/Ie CE BPIIH MPUKA3UBAHE
U YyBame U3MEPCHHUX IoJlaTaka. BpeTHOCT MHIYKTHBHOCTH L, C€ MepH CBaKe MIIIUCEKyH/e. [IpoToTum
MEPHOT CHCTEMa 32 MEPEHE MHIIYKTHBHOCTH CEH30PCKOT €JIEMEHTA je MPHUKA3aH Ha CIUIH 5.

MoryhHocTH nIpeAcTaB/bEHOr NPOTOTHIIA

Jla Ou ce Bepu(pHKOBaIM pe3yiraTa 100HjeHH KopulthemeM pa3BUjeHOT MEPHOT cucTeMa, yrnopeheHu
Cy pe3ynratu Mepema a00MjeHH KOpUIThemeM MEpHOT CHCTeMa ca BPEIHOCTHMA JIOO0WjeHUM
kopumthemwem aHanuzaropa umnenance HP4194A y omcery no 40 MHz u cumynamuoHor anarta.
Pesynratn cy mpukazaHu Ha ciaukama 6 W 7, 3a BehW CEH30PCKH €JIEMEHT. Y AajbeHOCT u3Melhy
kanemoBa 1 u 2 je z=0.1 mm.
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Cnuxa 6. IIpomena ynazwe uHOYKMuUGHOCMU y 3ABUCHOCIU 00 X-nomepaja oodujena Kopuuhersem
ananusamopa umneoarnce HP4194A4, mepnoz cucmema u cumyrayuoroz aiama, 3a eehu cem3opcKku
enemenm, z = 0.1 mm.

460

4404 —— Linear approximation 0.5mm
Linear approximation 0.8mm
Interface

Polynomal approximation

420
400 ]
380 :
360 4
340 1

Inductance L (nH)

320 -
300 -

280

260 | ISR Y UL S KRS R PR AN A AN E SR I P
00 o1 02 03 04 05 06 07 08

Displacement x {mm)

Cnuka 7. Anpoxcumayuja yiasie uHOYKMUBHOCMU V 3A6UCHOCMU 00 X-nomepaja, 0obujena mepHum
cucmemom 3a eehu censopcku enemenm, z = 0.1 mm.




JIuneapHu oricer Beher CeH30pCKOT eJIeMEHTa y KOMe ce MepH romepaj je 0.5 mm, y oncery ox 0.1 mm
10 0.6 mm, ca MaKCUMaJHUM aIrlCOJyTHUM OJICTYIameM O JIMHeapHe arnpoKcuMaluje MmambuM o 1 %.
3a mepHu omcer ox 0.8 mm oactymame of JnMHeapHe anpokcumanuje je 3.2 %, anu y3 xopuiheme
MOJIMHOMUjaJTHE anmpokcuManuje Tpeher pema, ojacTymame je 3aHEMapJbUBO M OICET Mepema je
NPOIIMPEH, Ca MambUM PE30JIyLIMjOM Yy HEJIMHEapHUM JeoBUMa (yHKIHMje momepaja. YmorpeOom
MHUKPOKOHTpOJIEpa, HMMIUIEMEHTAlldja TOJMHOMHjaTHE AalpOKCHMAIMje C€ JIaKO IIOCTHXKE, HAKOH
IUTUTaTIHU3auje Vs gys CUTHANA. AIIPOKCUMALIMjE Cy MIPpUKa3aHe Ha CIIUIHU 7.

Tpeba HarmoMeHyTH 1a MEpHH cHcTeM 00e30ehyje 1o0py Mpenu3HOCT U MPOUIMPEHH JIMHEAPHU MEPHHU
omcer, 10 0.8 mm (1j. 160 nH) ymecro panuje nocturaytux 0.5 mm (i.e. 120 nH). bp3una mepemaje

1 ms, anmu ce Moxe jako nosehanartu momro A/D KOHBEPTOP KOjU KOPUCTH Y MEPHOM CHUCTEMY HMa
Behy Op3uHy KOHBeEp3Hje.

CanuaH 3aKJby4yak MOXe Ce€ M3BEJIe 3a MambU eJIEMEHT ceH3opa. 1 3a Mamu CeH30p, MambUX TUMEH3H]ja a
TUME U MHIYKTHBHOCTH, 00e30el)eHa je moOpa TauHOCT, Kao IITO C€ MOXKE BUAETH HA CIULH 8.
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Cnuxa 8. Ilpomena ynaszmwe uHOYKMUBHOCMU Y 3A8UCHOCHU 00 X-nomepaja O0obujena xopuuihervem
HP4194A, mepnoz cucmema u cumyiayuoHoe aiama, 3a Marou ceH3opcku enemenm, z = 0.1 mm.

VY OBOM TEXHHUYKOM peEUICHY je MPUKa3aH MPOTOTHII MEPHOT CHUCTEMa 33 MEpEHE WHIAYKTUBHOCTH.
HamemeH je 3a mpumeny y poOOTHIH, T1e je TOTpeOHO Op30 Mepeme 3a Mpelu3Hy KOHTPOTy podoTa
aKTyaTopa, ajli C€ MOKE JIAKO MPWJIATOANTH 32 YHOTpeOy y IpyTUM aruTuKalyjama.

[lpuka3ana MepHa MeToJa je TeCTHpaHa Ha TPETXOTHO pPAa3BHjEHOM CEH30py IoMepaja, 3a JBe
pa3nuyuTe BeMYMHE CeH30pa. MepHU CHUCTeM KOPHUCTH jeTHOCTaBaH, ajld MpELUW3aH HaYMH Mepermba
e(peKTHBHE BPETHOCTH HAIIOHA Ha €JIEMEHTY CEH30pa.

[Ipukasanu MepHu cucTeM omoryhaBa Mepewme HHIYKTHBHOCTH y CHUCTEMHMa TJe je MOTpeOHO
KOHTHHYHPAHO MEpeHmhe MHIYKTUBHOCTH Y peaHoM BpeMeHy. [IpeacraBibeH MEpHH METO OCUTypaBa
00py pe30iyLnjy, TAUHOCTH U Op3UHY MEpera BeoMa MalluX MHIyKTHBHOCTH, peaa nH.

['maBHa MpETHOCT OBOT CHCTEMA j& HherOBa YHHBEP3ATHOCT . MOXKe Ce YCIEITHO KOPUCTUTH 32 MEPEHC
WHAYKTUBHOCTH, aJld Takohe MOXKe J1a ce JIaKO MPUJIaroJuTH 3a ynorpely y APYTHM aruldKalujama
(kKao mTO je Mepeme KaMalMTUBHOCTH) 0€3 MpOMEHa y XapaBepy.

Ilpomomun mepnoz cucmema 3a 06pady cuznana ca UHOYKMUGHOZ CEH30PA NomMepaja pazeujet je Ha
Dakynmemy mexnuuxkux Hayka y Hoeom Cady, y oxkeupy mexkyhez npojexkma op. HHH-45021 koo
Munucmapcmea npoceeme, HayKe u mexnoaouikoz pazeoja Penyonuxe Cpouje.

HHImamnano —2013.
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Oopa3sioxeme |

VY 0BOM TEXHHYKOM pellewy je MpUKa3aH MEpHH CUCTEM Koja omoryhasa oOpady cursaia J1o0ujeHOr
ca MHAYKTUBHOT CEH30pa, Yrja Ce MHAYKTUBHOCT MEHa Y 3aBUCHOCTH o momepaja. Cuctem omoryhasa
Mepeme Manux nomepaja (Mawux of 1 mm) y paBHu. [lomepaj ce netextyje kopuihemeM NPeTXoaHO
pa3BHjeHOT MHIYKTUBHOT CEH30pa rmoMepaja. MepemeM yiasHe HHIYKTHBHOCTH CEH30pa, oapehyje ce
noMepaj u3Mel)y CeH30pCKUX eleMeHaTa.

[TocToju paznmuuuTe METOE 3a Mepeme nHAYKTHBHOCTH. Hajuenthe cy moctHe MeTone [Michal Szyper:
“Inductance Measurement”, CRC Press LLC, 2000. Available at: http://www.engnetbase.com]. Kako
OBE METO/Ie OOMYHO 3aXTeBajy pydyHa MOJCIIaBamke eleMeHaTra MOCTa, OHe HHUCY YHOTpeOJbHBE 3a
KOHTHHYyallHa Mepema. MeTojie ca CHHYCHOMAATHUM (DUTOBameM MepeHOr HamoHa Ha ceH3opy [T.
Radil, P.M. Ramos, A.C. Serra: “Impedance Measurement With Sine-Fitting Algorithms Implemented
in a DSP Portable Device”, IEEE Transactions on Instrumentation and Measurement, Vol. 57, No. 1,
2008, pp: 197-204] wmajy ciamune HemoctaTke. OHE 3axTeBajy KOMIUICGKCHE ajroputMe, jJa Ou
00e30ea1u Ipelu3He pe3yiTaTe.

VY OBOM TEXHMYKOM pEUICHY je TPEACTaBbeHA jETHOCTaBHA CTPYjHO-HAIIOHCKA METO/a 33 MEpEHe
uHAyKTHBHOCTU. Kako ceH3op momepaja mMa JOMHHAHTAH YTHUIQ] HHIYKTUBHE KOMIIOHEHTE, MOXKE CE
MEpUTH Kao HJeallHa WHAYKTUBHOCT ako je pamHa (pexBenmnuja Beha ox 1 MHz. Ako HamoHCKH
reHepatop mMa ctabuiHy (peKBEHIM]y, Taja MEpeme BekTopa Wiau (a3e HUje HeomxoaHo, Beh ce
MOX€E KOPUCTUTHU CaMO Mepeme cpeame kBajpaTHe BpenHoctu (PMC) nanona. MepHu cucrem nma
panny dpekBernujy ox 8 MHz, mro je HajBuma ¢pekBeHnuja koja o6e3behyje 1o6py pesonynujy u
Op3uHy Mepema, 6e3 nerpaaainuje u3a3zpane nopehanom ornopHorthy 300r MOBPIIMHCKOT eeKTa.



JloOujenu pe3yaTaTu ce majby Ha padyHap IyTeM CEpHjCcKe KOMYHHUKAIH]je, T/Ie CE BPIIH MPUKA3UBAHE
U Y4yBame U3MEPCHUX IMoJlaTaka. BpeHOCT MHIyKTHBHOCTH Ls ce Mepu cBake MuucekyHe. [IpotoTum
MEPHOT CHCTEMa 32 MEPEHE MHIIYKTHBHOCTH CEH30PCKOT €JIEMEHTA je MPHUKA3aH Ha CIUIH 5.

Jla 6u ce BepuduKoBaIM pe3yiTaTa J00HjeHH KOpUIThemheM pa3BHjeHOT MEPHOT cUcTeMa, ymnopeheHnu
Cy pe3yiTratu Mepema A00MjeHH KOpHIMNeHheM MEpHOT CHCTEeMa ca BPEAHOCTHUMA JIO0HjeHUM
kopuirhemeM ananu3atopa umnenance HP4194A y oncery no 40 MHz u cumynanuoHor anara.

JIuneapHu oricer Beher CeH30pCKOT eJIeMEHTa Yy KOMe ce MepH romepaj je 0.5 mm, y oncery ox 0.1 mm
10 0.6 mm, ca MaKCUMaJIHUM aIrlCOJyTHUM OJICTYIameM O JIMHeapHe arnpoKcuMaluje MambuM o 1 %.
3a mepHu ormcer ox 0.8 mm oactymame of JnHeapHe anpokcumanuje je 3.2 %, anu y3 xopumheme
MOJIMHOMUjaJTHE ampokcuManuje Tpeher pema, ojacTymame je 3aHEMapJbUBO M OICET Mepema je
NPOIIMPEH, Ca MambUM PE30JIyLIMjOM Yy HEJIMHEapHUM JeoBUMa (yHKIMje momepaja. YmorpeOom
MHUKPOKOHTpOJIEpa, HMMIUIEMEHTAlldja TOJMHOMHjaTHE AalpOKCHMAIMje C€ JIaKO IIOCTHXKE, HAKOH
JIUTHTANN3AIM]e CUTHAJA.

[Ipukazana MepHa MeETOJa je TeCTHpaHa Ha TMPETXOAHO pPa3BHjEHOM CEH30pYy IOMepaja, 3a JIBE
pa3IUUnTe BEIUYUHE CEH30pa. MEpHHU CHCTEM KOPHCTH jeHOCTaBaH, ald MPEIU3aH HAYMH MEpermha
e()eKTUBHE BPEIHOCTH HANOHA Ha CJIEMEHTY ceH3opa. HamemeH je 3a mpuMeHy y poOOTHIH, IIe je
noTpebHO Op30 Mepeme 3a MPEIU3Hy KOHTPOITy po0OoTa akTyaTopa, ajld Ce MOYKE JIAaKO MPUJIATOIUTH 32
yrmoTpedy y APYTUM aruIiKanyjama.

[Ipuka3anu MepHu cucrteM omoryhaBa Mepewme HHIYKTMBHOCTH y CHUCTEMHMMA TJe je NOTpeOHO
KOHTHHYHUPAHO MEPEeHE MHAYKTUBHOCTH y pealHOM BpeMeHy. [IpencraBibeH MEpHU METOJ OCUTypaBa
100py pe30JIyLinjy, TAUHOCTH U Op3MHY Mepema BeoMa MalluX UHIyKTUBHOCTH, peaa nH.

I'maBHa MpEeTHOCT OBOT CHCTEMA je HheroBa YHHBEP3ATHOCT . MOXKe Ce YCIEITHO KOPUCTUTH 32 MEPEHE
WHAYKTUBHOCTH, ajil Takohe MoKe Ja ce JaKo MPHIAroJuTH 3a ynoTpely y IpyruM aruihkaiyjama
(kao mTOo je Mepeme KamaluTABHOCTH) 0€3 MPOMEHA y XapaBepy.

IIpoToTun MepHOT cUcTeMa 3a 00pPay CUTHAJIA ca HHAYKTHBHOI CEH30pa oMepaja pa3BHjeH je
Ha Pakyarery Texunukux Hayka y Hobom Cany, y okBupy Texkyher npojexkra op. UMH1-45021
K01 MUHHCTApCTBA NPOCBETE, HAYKe U TEXHOJI0MKOr pa3Boja Penyoauke Cpouje.

Y Beorpany, 8. 1. 2014. Penesenr:

f% N %o t/]ordw / \fkc‘,(,(f[ﬁ(l) (,nl‘n

Ip Anexcangap Menunhanun
WNuctutyr UMCH, beorpan
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MoaTun pemema: [Ipororun — M85

Oopa3sioxeme |

VY 0BOM TEXHHYKOM pellewy je MpUKa3aH MEpHH CUCTEM Koja omoryhasa oOpady cursaia J1o0ujeHOr
ca MHAYKTUBHOT CEH30pa, Yrja Ce MHAYKTUBHOCT MEHa Y 3aBUCHOCTH o momepaja. Cuctem omoryhasa
Mepeme Manux nomepaja (Mawux of 1 mm) y paBHu. [lomepaj ce netextyje kopuihemeM NPeTXoaHO
pa3BUjeHOT MHAYKTUBHOT CEH30pa MmoMepaja. MepemeM yira3He MHIYKTHBHOCTH CEH30pa, oapelhyje ce
nomepaj u3Mel)y CeH30pCKHX eleMeHaTa.

[TocToju paznmuuTe MeTOE 3a Mepeme nHAYKTHBHOCTH. Hajuenthe cy moctHe meTone [Michal Szyper:
“Inductance Measurement”, CRC Press LLC, 2000. Available at: http://www.engnetbase.com]. Kako
OBE METO/Ie OOMYHO 3aXTeBajy pydyHa MOJCIIaBamke eleMeHaTa MOCTa, OHe HHUCY YIHOTpeOJbHBE 3a
KOHTHHYyaJHa Mepema. MeToje ca CHMHYCHOMAATHUM (UTOBaKHEM MEpPEHOr HamoHa Ha ceHszopy [T.
Radil, P.M. Ramos, A.C. Serra: “Impedance Measurement With Sine-Fitting Algorithms Implemented
in a DSP Portable Device”, IEEE Transactions on Instrumentation and Measurement, Vol. 57, No. 1,
2008, pp: 197-204] wumajy ciauune HemoctaTke. OHE 3axTeBajy KOMIUICGKCHE ajropuTMe, jJa Ou
00e30ea1u Ipelu3He pe3yiTaTe.

Y OBOM TEXHMYKOM pEUICHY je TPEACTaB/beHA jeTHOCTaBHA CTPYjHO-HAIIOHCKA METO/a 33 MEpEHe
uHAyKTHBHOCTU. Kako ceH3op momepaja mMa JOMHHAHTAH YTHUIQ] HHIYKTUBHE KOMIIOHEHTE, MOXKE CE
MEpUTH Kao HJeallHa WHAYKTUBHOCT ako je pamHa (pexBenmuja Beha ox 1 MHz. Ako HamoHCKH
reHepatop uMa ctabuiHy (peKBEHIM]y, Taja Mepeme BeKkTopa Wiau (a3e HUje HeomxoaHo, Beh ce
MOX€E KOPUCTUTU CaMO Mepeme cpeame kBajpaTHe BpenHoctu (PMC) nanona. MepHu cucrem uma
panny dpekBernujy ox 8 MHz, mro je HajBuma ¢pekBeHnuja koja o6e3behyje 1o6py pesonynujy u
Op3uHy Mepema, 6e3 nerpaaarnuje u3a3zpane nopehanom ornopHothy 300r MOBPIIMHCKOT eeKTa.
JloOujeHu pe3yJsiTaTy ce majby Ha padyyHap IMyTeM CEepHjCKe KOMYyHUKAIIH]e, TJIe CE BPIIU NMPUKA3UBAKHE
U 4yBame U3MEPEHUX ojaTaka. Bpennoct uHIyKTHBHOCTH Ls ce Mepu cBake munmucekyHnze. [Ipotorun
MEpHOT CHCTEMA 32 MEPEHE NHIAYKTUBHOCTH CEH30PCKOT €JIEMEHTA je MpHUKa3aH Ha CIUIM 5.




Jla Ou ce Bepu(pHUKOBaIM pe3yiraTa J00HjeH! KopuimhemeM pa3BHjeHOT MEPHOT CUCTeMa, yropeheHu
Cy pe3yiTratd Mepema A00HjeHH KOpUIIhemeM MEpHOT CHUCTeMa ca BpEAHOCTUMA JO00HjeHUM
kopunthemem ananuzatopa umnenance HP4194A y oncery no 40 MHz u cumynanuoHor anara.
Jluneaphu oricer Beher CeH30pCKOT eJleMeHTa y KoMe ce MepH momMepaj je 0.5 mm, y oncery ox 0.1 mm
1o 0.6 mm, ca MaKCHMAaJTHUM aIiCOJyTHUM OJCTYIIAaEEM OJ1 IMHEapHEe arpoKcumMaruje MamiM o1 1 %o.
3a mepuu orcer oa 0.8 mm oxactyname o1 JiMHeapHe anpokcumanuje je 3.2 %, anu y3 kopuinheme
MOJIMHOMHUjallHe ampokcuMandje Tpeher pema, oacTymame je 3aHEeMapJbUBO M OICEr Mepema je
MPOIIUPEH, Ca MambUM PE30IYINHjOM y HEIWHEaApHUM JeioBUMa (yHKIHje Mmomepaja. Ymorpedbom
MHUKpPOKOHTpOJIEpa, WMIUIEMEHTAallMja TOJWHOMHUjaTHE AampoOKCUMAIMje C€ JaKO TIOCTHXKe, HAKOH
TUTHATATH3AI]e CUTHAJIA.

[IpukazaHna MepHa MeTO/Ja je TeCTHpaHa Ha TPETXOJHO pPa3BHUjJEHOM CEH30py IoMepaja, 3a JBe
pa3nuynTe BEIMYMHE CeH30pa. MepHU CHUCTeM KOPHUCTH jeTHOCTaBaH, ajld MPEUW3aH HAYMH Mepermha
e(deKTUBHE BPEIHOCTH HAIlOHA Ha €JIEMEHTy ceH3opa. HamemeH je 3a MpuMeHy Yy poOOTHIIH, TIe je
noTpeOHO Op30 Mepeme 3a MPEIU3Hy KOHTPOITy poOoTa akTyaTopa, ajli C€ MOKE JIAKO MPUJIATOTUTH 3a
ynotpely y ApyTUM aruivKaiujama.

[Ipukasann MepHU cucTeM omoryhaBa Mepeme HWHIYKTHBHOCTH y CHCTEMHMa TJe j€ MOTpeOHO
KOHTHHYHPAHO MEPEHe UHAYKTUBHOCTH y peaHoM BpeMeHy. [IpencraBibeH MEpHU METOJ OCUTYpaBa
I00py pe30iylnjy, TAYHOCTH U Op3UHY MEpera BeoMa MalluX MHIyKTHBHOCTH, peaa nH.

I'maBHa MpeTHOCT OBOT CHCTEMA je HEeroBa YHHBEP3ATHOCT . MOXKe Ce YCIEITHO KOPUCTUTH 32 MEPEHE
WHAYKTUBHOCTH, ajil Takohe Moke Ja ce JaKo MPHIAroJuTH 3a ynoTpely y IpyruM aruihkaiyjama
(kao mTO je Mepeme KamaluTABHOCTH) 0€3 IMPOMEHA y XapaBepy.

IIporoTun MepHOr cucTeMa 3a 00paay CUIHAJIA ca HHAYKTHBHOI CEH30pa oMepaja pa3BHjeH je
Ha @Pakyarery Texunukux Hayka y Hoom Cany, y okBupy Tekyher npojexra op. UMHU-45021
Ko MuHHCTAapCTBA MPOCBETE, HAYKE M TeXHOJIOWKOr pa3Boja Penybuanke Cpouje.

Y Beorpany, 8. 1. 2014. Peunesenr:

M sk

Jp Munosey6 JlyxoBuh
Nucturyr UMCH, beorpan
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