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ABTOMATU3ALIA BUMIPIOBAHHS EJJEKTPUYHUX TAPAMETPIB
HAIIIBITPOBIJTHUKIB ITPU JOCJIIKEHHI IT’€300I10PY

O.B. Byp6an, C.B. JIynsos, A.L 3imuy, P.C./lemeqiok. ABTOMaTH3allisi BUMiPIOBAHHS eJIEKTPUYHUX MapaMeTpiB
HAMBNPOBITHUKIB NpH Jocaix:keHHi I’e€300mopy. 3MifiCHEHO MOAEpPHI3aNil0 YCTAHOBKH JUIL JOCHIIKEHHS II €300I0DY.
Po3po0iieHO aBTOMAaTH30BaHY BHMIPIOBAlIbHY CHCTEMY Ha OCHOBI MikpokoHTponepa ATMega8, sika 03BOJSE IMPOBOIUTH
BUMIPIOBAaHHSA i3 BHCOKOIO YacTOTOIO Ta IEPEAaBaTH pPe3yabTaTH BUMIpIOBaHb Ha IEPCOHAIBHUN KOMII IOTEp i3 MOJaIbIINM X
30epeKECHHSM.

KuirouoBi ciioBa: MiKpOKOHTpONEp, Hampyra, aHaioroBo-udpoBuil meperBoproBad, aBromarusauisi., ATMega8,
11’ €300Mip.

O.B. Byp6an, C.B. JIyués, A.W. 3umuy, P.C./lemeniok. ABTOMaTH3aIUs H3MePEeHMIl 3JIeKTPHYECKHX TapaMeTpPoB
MOJIYNIPOBOAHMKOB NPH HCCJIeJ0BAHUN NMbe30CONpPoTHBIeHUs.. OCymecTBIeHa MOJCPHU3ANMS YCTAHOBKH JUISl MCCIIC{OBAHUS
MbE30CONMPOTHBIICHUS. Pa3paboTaHa aBTOMAaTH3MPOBAHHAs M3MEPUTENIbHAS CHCTEMa Ha OCHOBE MHKpOKOHTposuiepa ATMegas,
KOTOpasl MO3BOJSCT IPOBOIUTH M3MEPEHUSA C BBICOKOM 4acTOTOM M INEpeJaBaTh PE3yabTaThl M3MEPCHUI Ha IEPCOHAIBHBIN
KOMIIBIOTEP C MOCIEAYIOMNM UX COXPAaHEHHEM.

KiioueBble cj10BaI MHKPOKOHTPO/UICP, HANpsDKEHHE, AHAIOroBO-IM(POBOM mpeoOpazoBaTenb, aBTOMATH3Aalisd,
ATMega8, nbpe30conpoTUBIICHHE.

O.V. Burban, S.V. Luniov, A.l. Zimych, R.S. Demediuk. Automation of measurement of electrical parameters of
semiconductors in the research of piezoresistance.

The device for research of piezoresistance was modernized. An automated measuring system based on the ATMega8
microcontroller has been developed. This system allows you to measure with high frequency and transmit the results of
measurements to a personal computer with further preservation.

Key words: microcontroller, voltage, analog-to-digital converter, automation, ATMega8, piezoresistance.

IlocTanoBKa HayKOBOI MPOOJIEMHU.

[lin yac mpoBeneHHs PI3HOMAaHITHUX HAYKOBHUX IOCIIIKEHb AY)KE aKTyaJbHUM € TUTaHHS
aBToMaTH3alii BUMipIOBaHHS (I3UYHMX MapaMeTpiB JOCHIHKyBaHOro o00’€kTy. Bukopucranus
ABTOMATH30BAHUX CHCTEM J03BOJISIE 30UTBIINTH TOUHICTh BUMIPIOBaHb 3aB/SIKM IIBUAKO/IT JaHUX CUCTEM
Ta 3MCHIIUTH WMOBIPHICTh BHHHMKHEHHS BHIIQJKOBHUX TOXMOOK TOB’S3aHMX 13  Y4acTio
eKCIIepUMEHTATOpa.

OnauM i3 epeKTUBHUX METOMIB JIOCHIDKCHHS HAITiBIPOBIMHUKOBUX MaTepialliB € METO[
m’e3oomnopy[1]. Tlpu maHOMy MeTomi JOCTiPKEHHS HEOoOXimHO omHowacHO (ikcyBaTH Tpu (i3udHi
napaMeTpu: craj Hampyrd Ha JOCHiHKYBAaHOMY 3pa3Ky, BEIMYMHY OJHOBICHOTO TUCKY MPUKIAIEHOrO 10
3pa3ka Ta Temrepatypy 3paska [2]. Temneparypa 3pa3ka BUMIPIOETECS AH(EPEHIIATBHOK TEPMOIAPOIO
Ta BU3HAYAETHCA 3a BenuunHowo TepMo-EPC Tepmomapu. BennunHa omHOBICHOTO THCKY HPHUKIAIEHOTO
JO 3pa3Ka BU3HAYAETbCA 32 BHXIIHOIO HANPYrol JaTyhMKa TUCKY. TakuM YHHOM JJs OTPHUMAaHHS
MaKCHMaJIbHO TOYHHX Pe3yNbTaTiB JOCTIHKEHb HEOOXiJHO OAHOYACHO (PiKCyBaTH TpU MapaMeTpH.

AHaJIi3 0CTaHHIX J0CTiIKeHb i myOmikanii.

Bennka pisHOMaHITHICTh HasIBHUX Ha JaHUI 4ac MIKPOKOHTPOJIEPIB 103BOJISIE CTBOPIOBATH Ha iX
OCHOB1 DI3HOTO poAy MPHJIAAH Ta aBTOMaTW30BaHi cucTeMu. Lli cucTeMHu Ta Mpuiaad 3ajJeKHO Bix
MIOCTaBJICHHX 3aJlad MOXKYTh OyTH moOyoBaHi sk Ha KoHTponepax PIC [6] Tak i Ha koHTponepax Ha 6a3i
sapa AVR abo inmmx[7]. Ha naHuii yac icHye BelnHMKa KUTBKICTh HPHIIA/IB Ta CXEMOTEXHIYHUX PillleHb
JUIL BUMIpPIOBaHb €IEKTPUYHHUX BEJIHYUH y SKUX PE3yJbTaTH BUMIpIOBaHb MOXKYTh BHBOAWUTHUCH K Ha
ceitionionHi [4, 9] abo LCD inaukatopu [5, 10] tak i nepenaBatuck Ha 1K st mogansmioi o6pooxu [8].

Hepupimeni yactuau npoodiaemu

HeaBromatn3zoBana ycraHoBKa AJisl AOCHIIKEHHS I1'€300I0pY MpPHU NPOBEACHHI BHMIPIOBAaHb
BHMAra€ y4acTi KiUIBKOX €KCIEpUMEHTATOpiB KOXKEH 3 SKUX B OJHI 1 Ti1 K MOMEHTHU 4acy (iKCyBaTHMe
oauH i3 mapamerpiB. [Ipu mpoBeneHHI BUMIpIOBaHb 13 y4acTIO JIMIIE OAHOIO €KCIepUMEHTaTopa Oyze
3’SBISITUCH JOAATKOBA MOXMOKA, OCKUIBKU OyJe MPOXOJUTH MEBHUH yac MK (iKcali€lo MMOoKa3iB pi3sHUX
BOJIBTMETPIB, sIKi Manu O (ikcyBaTHCh OJHOYACHO. 3aCTOCYBaHHS K aBTOMAaTH30BaHOI CHCTEMH, SKa
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ofHOYacHO (ikcyBana O BCi TpH Hampyrd, AacTh MOXKJIIHMBICTH MPOBEAECHHS MOCTIIKEHb JIMIIEC OJHHM
EKCIIEpUMEHTAaTOPOM. TaKoK, Taka CHCTEMa J03BOJIHUTH (hiKCyBaTH JaHi i3 BUCOKOIO YaCTOTOIO.

MeTto10 10CaigKeHHs € CTBOPEHHS aBTOMAaTH30BaHOI CHCTEMH sika Oyzae (ikCyBaTH 3 BHCOKOIO
4acToTo0 HeoOXiaH1 ¢i3nuHi mapameTpu, nepeaasatyu qani Ha [IK Ta 3amucyBaTu oTpuMani nani 'y aii.

OcCHOBHI pe3yJbTaTH J0CTIKEHHS

EnexTpuuna yacTuHa MPUCTPOIO IUIS AOCTIIKEHHS 11" €300M0pYy MOBMHHA 3a0e3euyBaTH Mojavy
Ha 3pa30K CTaOLIi30BaHOTr0 MOCTIHHOTO CTPYMY Ta aBTOMAaTHYHUI 3anuc iH(popMaLii Ipu AOCTiHKEHHSIX.
Brok-cxema enekTpruyHOi YaCTHMHU BUMIPIOBaJIbHOI YCTAHOBKH MoaHa Ha puc. 1.

[IK
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OI11 OI12 1T
TIK CC 1
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Puc. 1. Baok-cxema e1eKTPHYHOI YACTHHU BUMIPIOBAIBHOI0 MPHCTPOIO

Taka BuUMipIOBaNbHA CHCTEMa JIa€ MOKJIMBICTH i3 BHCOKOIO YAacCTOTOIO BHMIPIOBATH MOCTIHHY
Hampyry Ta MepejaBaTH OaHi B KOMIT'IOTEp 13 mojanbmmM ix 30epexxeHHsM y ¢aiin. Cucrema
CKIIQJIA€ThCS 13 OMepallifHuX MiJCUIIIOBAYIB JUIS MIJCHJICHHS MaJHMX HAmpyr, MIKpOKOHTpoJepa i3
OaratokanaiapHuM AIlIl Ta mnepconanpHoro komm’rorepa (I1K) i3 BiAMOBIZHMM HpPOrpaMHHUM
3abe3neuenHsaM. s nepenadi nanux Big ALIT no 1K Bukopucrosysasces nopt USB.

Jis BUMIpIOBaHHS 3aJEKHOCTEH Pe = f(P) Ta P = f(T) Ha CTPYMOBI KOHTaKTH

Po

nociipkyBanoro 3paska (3P) Bix mxepena xusnenns (J1K) gepes crabinizatop ctpymy (CC) nomaerbest
cTalini30BaHUK MOCTIHHUN CTpyM. BiAmoBimHO 3HATHH i3 30HIIB Craj HANpYrH MONAETHCS Ha TEPILUHA
onepariiauid miacumoBad (OI11), sxuil micis MiICHIIGHHS CUTHANY TNEPelacThCs Ha TEpUIMH KaHal
aHaoro-uugposoro neperpoproBada (ALIT) mixpokonTponepa. Ha npyruii onepauiifHuii mincuiaroBay
(OI12) nonmaetses curnain i3 repmonapu (TIT), BUuXigHuil CHTHAN 13 SIKOTO TepeIaeThCs HA APYTUH KaHal
AUIT wmikpokonTponepa. CurHan i3 nmatumka THcKy ([AT) mnomaerbcss Ha Tperid kanan AIIT
MIKpPOKOHTpoOJIepa.
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Jnst yHEMOXKIIMBJIEHHS BIUIMBY Ha PoOOTYy €NEKTPUYHOI YaCTHHH YCTaHOBKHM MAarHiTHHX IIOJIB,
SKI CTBOPIOBAJIMCH CTPyMaMH B MPOBIAHMKAX, MU MOAa4yi BUMIPIOBAaHOI HAIIPYTH IO BUMIPIOBaJILHOTO
npuiiay BUKOPHUCTOBYBABCS €KpaHOBaHUHN KabOelb.

OckinpKy craji Hanpyru Ha 3pas3ky Ta TepMoEPC TepMmonapu € JocuTh MaluMU 3a BETHYHHOIO,
TO Ui iX MiACHUJICHHS BUKOPUCTOBYBAIWCH AudepeHUianbHi omepauiiini migcuimroBadi LM358N.
[IpunnmoBa cxema BKIIOYEHHS ONepamiiHoro macuioBada MoJana Ha puc. 2.
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Puc. 2. TlpunnunoBa cxeMa BKJIIOUYEHHS oNepaniiiHOro miacujaoBaya

HeoOxigHuii koediieHT MiICHICHHS BU3HAYAETHCS BiJHOIIECHHAM OIOpPiB pe3ucTopiB R Ta R,.
Jlst 3a0e3neueHHs HaIiIHHOCTI POOOTH OMepaIlifiHUX MiJCUITIOBAYIB KUBJICHHS 3/iCHIOBAJIOCH Bij] OJIOKa
JKUBJIEHHS 13 cTaOl1i30BaHOI0 HANIPYTo0 5 B.

Jns cTBOpeHHsS iH(pOpMaLiiiHO-BUMIPIOBAILHOI CHCTEMH BHOMpABCS TaKUil KOHTpPOJEp SKUH
BiJINOBi/1aB OM HACTYITHUM BUMOTaM:

- kibkicTs ATl moBuHHA OyTH HEMEHIIE TPhOX;

- TaKTOBA YacCTOTa MIKpPOKOHTpoJiepa TOBUHHA OyTH JOCTaTHBOIO Ui HOPMalbHOI poOOTH Beiel
CHCTEMH;

- KOHTpOJIEp MOBUHEH MaTH BOYZOBaHHUH TaiiMep;,

- 00'eM mam'sITi MporpaM MOBMHEH BMILYBaTH MIPOrpaMHUil KOTI,

- o0csIr orepaTHBHOI MaM'sITi Ma€ OyTH JOCTATHIM Uil KOPEKTHOI 1 MIBHIKOI pOOOTH MPHUCTPOIO.

Takum BUMoOram 3a10BoNbHE MikpokoHTposiep ATMega8 [3]. Jlanuii MiIKpOKOHTpOJIEP MICTHUTh
HeoOXximHi Taiimepu, yorupu 10-0itHmx AIIIl, 8 kimobalT moctifiHoi mam’sti, 512 GaiiT onmepaTUBHOI
maM’Ti Ta MOXe€ MPAIIOBATH 13 TAKTOBOIO YacTOTOIO 70 16 MI.

Buxinni curHanm i3 onepamiiiHux mifcuiaoBayiB Ta curHan i3 JIT momaroThcs Ha BiAMOBimHI
Bxogu ALl kontpomepa: Inl, In2, In3. uckperHicTb BUMiproBaibHOI cuctemu Up BH3HAYa€ThCS
po3psimHicTIO Ta BennuuHOI0 onopHoi Hanpyru AL mikpokonTponepa U, . aHuii MiKpOKOHTpoOJIEp €
10-po3psaaHrM, TOMY JUCKPETHICTh BU3HAYAETHCS 13 BiJHOILICHHS

U
Ug=—2". 1)
1023
Omnopuoto Hanpyroto st ALIT MikpokoHTponepa € HOro Hampyra >KMBICHHS. Y AaHii cxemi
MIKPOKOHTpOJIEp XKHUBHUTHCS Bia mopra USB i BigmoBigHOIO omopHOIO Hampyroro € Hampyra 5 B. Otxe,
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3rigHo 3 BHpa3oM (1), THCKpETHICTh JAaHO BHUMIpIOBaNbHOI cuctemu ckianae 4,8876 mB. Ilpunnmmnosa
cxema ALl mogana Ha Puc. 3.

MikpokonTponepu cimeiictBa AVR He MaioTh cranzapTHuX 0i0iioTek A poOOTH 13 MOPTOM
USB, ockinbku pospobisuics st pobotn 3 COM-noproM. Ockinbku, Maiike y BCiX CydaCHHX MOAEISIX
[IK B apxitekrypi BiacytHiii COM-mopT, To Habarato nouiibHine A 3B’ 3Ky MikpokoHTponepa 3 [1K
BUKopucToByBaTH nopT USB. [lns BupilieHHs wiei mpoOieMu MiKpOKOHTPOJIEP MiJKII0YaBcs 10 MopTa
USB uepes neperBoproBau USB-UART «PL2303».
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Puc. 3. llpuniiunoBa cxemMa NpuCTPOI0

Hammcanust mporpamu MIKpOKOHTpoJepa BigOyBanock y cepemoBuiii po3pooku Arduino IDE.
3py4HOI0 (QYHKLIEIO IILOrO CEpeloBHINAa € aBTO()OpMaTyBaHHSA, SKE IO3BOJSIE BUIPABUTH OrPIXH B
PO3MITIII CKEeTYy i IPUBECTH HOTO B JICTKHI JJIsl YUTaHHS BUTISLI. Takoxk cepenoBuiie po3pooku Arduino
IDE no3Bomsie 3aBantaxkutu  bootloader na ATMega8. lle mo3Bonsie 3aBaHTaKyBaTH INPOTrpaMy B
MIKpPOKOHTpoJiep i3 BukopuctaHHsMm mneperBopioBada USB-UART «PL2303» He BHKOPHUCTOBYIOUH
porpamarop.

dinprapamnis myMiB BiZOyBantack HACTYITHUM YMHOM: SIKIIO 3MiHA cUTHANY Oyna *+ 1 momommmii
0iT, TO LIe 3HaUCHHS HE BPaxOBYBaJIOCh, & TIOBEPTAIOCH MOMIEPETHE.

if(filter_sensor[analogPin] > sensor[analogPin] + Noise_level ||

filter_sensor[analogPin] < sensor[analogPin] - Noise_level){
filter_sensor[analogPin] = sensor[analogPin];
}

[IporpamMue 3a0e3medeHHs, fKe [O3BOJIAE MpamoBath i3 mneperBopioBadyeM USB-UART

«PL2303», € y BiibHOMY AOCTyI, a Takox Oe3oraTHuM. Hamu BHKOpHCTOBYBaBcs aomatok «Serial
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Oscilloscope». Lleit momatok nosBoisie orpumyBatu aaHi Bim AL, cmocrepiratu rpagiuyHo 3MiHY
CHUTHaJy y 4aci Ta 30epiratu AaHi y ¢aiii i3 po3mmpeHHsIM «*.CSV». 30epexeHi TabaudHi aHi i3 Qaiina
HaJlaJli MOYKHa 0OpoOJIATH B Pi3HUX MPHKIAJAHUX MporpaMax takux sk Microsoft Excel, Microsoft Word,
Maple, MathCad Ta iH.

BucnoBku Po3pobnena aBTomMaTH30BaHa BHMIpIOBaJbHA CHCTEMa 3HAYHO ONTUMI3y€e TMPOLEC
BHUMIPIOBaHHS 11’ €300110pYy, OCOOIUBO IJIsi 00MacTi HU3BKUX TEMIIEPaTyp, MBUAKICTh 3MIHH SIKHX MOXE
OyTH IOCUTH BHUCOKOIO. Benmka KilnbKicTh BUMIpIiB 32 OAMHUIIO 4Yacy AO03BOJSIE OTPUMATH 3aJIeKHOCTI
LUIYyKaHUX T[apaMeTpiB y BUTIAAI (QYHKUIA OJIM3bKMX OO0 HemepeBHUX. lle a03Boisi€ NPOBOIUTH
TEOPETUYHMH aHaIi3 OJepKAHNUX PE3YJbTATIB Ta 3 BUCOKOIO TOYHICTIO MPOBOAUTH X alpOKCHUMALIIO.

B mopmanpmomy BapTo pPO3MISHYTH MOXJIHMBICTE BIOCKOHAJEHHS IAaHOI CHCTEMH JOJaBIIU
MOXJIUBICTh BUMIPIOBAHHS BETMYMHN MArHITHUX TIOMIB, IO MOKe OYTH BUKOPUCTAHO NPU AOCIIIKEHHAX
TeH30-xoJul-epekry. Tako ISl BUMIpIOBallbHa CHCTEMa MOXX€ OYTH BHMKOPHUCTaHa TPH JOCTIIKEHHI
raJbBaHOMATHITHUX, TEPMOCNEKTPUYHUX Ta ONTHYHMX BJIACTHBOCTEH  HAMIBIPOBIAHUKIB B
HIBUJIKO3MIHHUX TEMIIEpaTYPHUX MOJISIX.
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