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YoTMPMENEKTPOOHUIA NPUCTPIN ANS BMMIPOBaHHA BONbT-aMNEPHUX XapaKTEPUCTUK piguH Ta renis
NacyvBHVM METOAOM CKNaAaETbCA 3 [Keperia XUBMEHHS, aMnepMmeTpa, YHoTUPUENEKTPOOHO! KOMIPKM 3
ABOMa CTPYMOBMMM ernekTpoamun Ta BOMa enekTpogamMmn Hanpyru, BonbTMmeTpa. MNepunin Ta apyrun
32 HanpsMKOM CTyMy €enekTpoAuM Hanpyrm - Mrocki napanenbHi MeTanesi CiTKM OOHaKOBOro
mMaTepiany, NeprneHOUKYMspHi HanpsMKy CTPyMy Ta UWMIHOPWYHIN MOBEPXHi YOTUPUENEKTPOAHO!
KOMIpKK, pO3MipOM BIigMOBIAHMM MONepedYHOMY nepepisy uiei Komipkn. Brniok BuUMiptoBaHHs Hanpyru
MICTUTb NaparnenbHO 3'e4HaHi 3 BONbLTMETPOM 3MiHHWA KOMMNEHcauilHMM noTeHuioMeTp Ta apyre
[Kepeno >KUBMEHHA KOHTPOMbOBAHOI 3MiHW MOCTIVHOT Hampyru, enekTpu4yHo Cnony4vyeHe 3
enekTpogamMy Hanpyru: Big'eMHWIA MOMOC 3 APYrMM eneKTpoAoM Hampyru, a AoAaTHin nomc 3
nepLUMM erneKkTpoaoM Hanpyrn Yepes rarbBaHOMETP.
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KopucHa moaenb HanexuTb 4O NPUCTPOIB BUMIPIOIOYOT TEXHIKM, @ came OO0 BUMIPOBaHHS BOJbT-
aMnepHUX XxapakTepucTuK piauH, renis, NPOBIOHUKIB 3 IOHHOIO NMPOBIAHICTIO.

AKTyanbHIiCTb NoB'A3aHa 3 aKTWMBHUM BUKOPUCTAHHAM pigWH Y Hayui Ta nobyTi, Npyu KOHTponi
napameTpiB crneuianbHUX po34uHiB, hapb y npoueci iX BUrOTOBMEHHS.

BiooMum  npucTtpoeM € YOTUPUENEKTPOOHUN MNPUCTPIN  BUMIPIOBAHHSA  BOMbT-aMNepHUX
XapaKkTepucTuk YaCTKOBO Hacn4eHuXx, yLinbHEHMX BKNaauLiB
(https://www.hindawi.com/journals/amse/2019/7974152/), B sikomy NOCMIAOBHO PO3MILLEHI 4OTUPHK
enekTpoan: ABa CTPYMOBI Ta ABa ANSA BUMIPIOBaHHA Hanpyru.

Heponikom € dopma enekTpofiB Hanpyru, O He [03BOMSE KOHTpoOmwBaTW, Ta NiATpUMyBaTu
He3MiHHUM o6'eMm Ta dopmy oO'ekTa: MigooCnigHOT PiAWHW, Tento Npu 3MiHi BENWUYMHU CTPYMY; He
BpaxoBaHO, TAKOX 3aruLIKOBY Nonspu3adito Lmx enekTpoais.

AHanorom KOpMUCHOI Modesi € YOTUPUENeKTPOAHUA NPUCTPIA AN BUMIPIOBaHHSA BOSbT-aMNepHMX
XapakTepuUCTUK piguH Ta renie aktuBHum meTtogom (https://iopscience.iop.org/article/10.1088/0953-
8984/27/22/223201/meta. J. Phys.: Condens. Matter 27 (2015) 223201 (29pp) doi:10.1088/0953-
8984/27/22/223201 Topical Review The 100th anniversary of the four-point probe technique: the role
of probe geometries in isotropic and anisotropic systems | Miccoli1,2, F Edler1, H Pfn “ur1 and C
Tegenkampl), Skuin cknagaeTbCs 3 MKepena XUBMEHHS, amnepMeTpa, YoTUPMENEKTPOAHO! KOMIPKM 3
ABOMa CTPYMOBVMMW enekTpogamMu ANS BUMIPIOBAHHA BenWYMHM CTPyMy Yy KOmi Ta [JBoMma
ernekTpogamu Hanpyru pisHoi oopmu Anst BUMIPIOBaHHS cnagy Hanpyrn y BUAINEHiV 30Hi piguHu/rento,
NPUCTPOID BUMIPIOBaHHA AaHOT Hanpyru - BonbTMeTpa.

Heponikamun aHanora € HETOYHICTb Ta BenuvKa CKnagHicTb Npouecy BUMIpIOBaHHSA BOMbT-aMNepHoT
XapakTepPUCTUKN 3MiIHHOrO no ob'eMy Ta dopmi BMAINEHOI 30HM pianMHK abo rento, Tak sik HeobXigHO
BpaxoByBaTl (POPMU EKBIMOTEHLiIAHMX MOBEPXOHb, LLO OOMEXYHTb 30HY 00'ekTa AOCNIMKEHHS; He
BPaxOBYETbLCA MNOMApM3aLUia enekTpofiB Hanpyrn, noB's3aHa 3i 3MIHOK HOCIIB CTpyMy iOHHOI
NPOBIQHOCTI HA €NEKTPOHHY.

Y aHanmora 3 aKkTMBHMM METOAOM BUMIPIOBAHHA BONbT-aMMEPHOI XapakTepUCTUKM NpU 3MiHi
CTPYMY 3MIHIOETECA NPOCTOPOBE MONIOXKEHHS EKBINOTEeHLianbHUX MOBEPXOHb, WO NPU3BOAUTbL A0
3MiHM BNacTnBocTern 06'ekTa, B TOMY Yncni 4O 3MiHW reoMeTpii NpoBIiAHOro KaHany, Lo, B CBOK Yepry,
NpM3BOAMTL A0 MOXMOKM BUMIPIOBaHHSA. ICHye BNNUB reoMeTpu4HOi hOpMK eneKkTpoaiB Hamnpyrm Ta
€nocib ix MPOCTOPOBOro PO3MILLEHHSA Ha NPOLLEC BUMIPIOBaHHS BONbT-aMMNEPHNX XapakTepUCTUK pianH
Ta reniB. OTXe, HaBegeHUn aHanor 3abesnevye akTMBHUMIN METOL BUMIPIOBaAHHS BONbT-aMMNepHOi
XapakTepPUCTUKN 3 HEODXiOHICTIO BpaxyBaHHSA (DOpMM €EKBINOTEHLIMHMX MOBEPXOHb, O OOMEXYITb
30HY 00'eKTa JOCTIMKEHHS.

Mpu ubOMy, aHamnor BMMIPIOBAHHSA Hanpyru 3a [OMOMOrOK €eNnekTpodiB Hanpyru nepenbayae
BMKOPUCTaHHSI €IEKTPOHHOTO MPUCTPOI0 BMMIPIOBaHHA (BONbTMETpPA), TOOTO BUMKOPUCTAHHSA CTPyMY,
Xo4a i Manoro 3a BENIMYMHOL, L0 NPU3BOAUTbL OO TOrO, WO BHACMILOK BUMIpIOBaHHA BiobyBaeTbcH
nonsapusauis enekTpoaisB Hanpyru, xo4a i He Benuka 3a Benu4mHoro.

B ocHoBY KOpUCHOI Moaeni nocTaBneHa 3agada BOOCKOHANUTU YOTUPUENEeKTPOAHUIA NPUCTPIn Ang
BMMIipIOBaHHS BONbT-aMMNEPHNX XapaKTepuUCTUK PiAnH Ta renis nacCUBHMM MeTOAO0M LUNAXOM HAsABHOCTI
Axepena XvBIeHHS KOHTPOMbOBaHOI 3MiHM MOCTINHOIO CTPyMYy, amnepMeTpa, YOTMPbOXENEKTPOOHOI
KOMIpKM 3 ABOMa CTPYMOBWMW ernekTpogamMu Ta ABOMa MfOCKUMUW napanefnbHUMU MeTaneBumu
ernekTpogamm Hanpyru y ¢opmi CiTku, 61oka BMMIpIOBaHHA HaMnpyru, SKUn MICTUTb Apyre QKepeno
XWMBMEHHA KOHTPONbOBaHO! 3MiHW MOCTIMHOI Hanpyru, BOMbTMETP, 3MIHHWA KOMMNEeHcauiiHWUN
noTeHLioMeTp Ta rarbBaHOMETP.

MocTaBneHa 3agada BUPILLYETHCS TUM, LLO B YOTUPUENEKTPOAHOMY MPUCTPOT ANS BUMIPIOBAHHS
BOMbT-aMMNepHUX XapakTepuUCTUK pPiauH Ta renis nacMBHUM MeTOAOM, SIKUIW CKrafdaeTbes 3 Qxepena
XWMBMEHHSA, aMmnepMeTpa, YOTUPNENEKTPOLHOI KOMIPKM 3 ABOMa CTPYMOBMMU enekTpoamu Ta gBoma
ernekTpogamu Hanpyru, BoNbTMeTPa, 3rigHO 3 KOPUCHOK MOAENMI0, NepLUVA Ta APYrnii 3a HanpsMKOM
CTYyMy enekTpoau Hanpyrm - TnrocKi napanernbHi MeTanesi CiTKM OJHaKOBOro maTtepiany,
nepneHavKynspHi  HanpsiMKy CTPyMy Ta UMITIHAPUYHIA NOBEPXHi YOTUPUENEKTPOAHOI KOMIpKH,
pO3MipOM, BiAMOBIOHMM MONEpPeYHOMyY nepepisy uiei KOMipku, B6nok BUMIpIOBaHHS HaMpyrm MiCTUTb
napanensHoO 3'€dHaHi 3 BONIbTMETPOM 3MiHHMI KOMMEHCauiiHUA NOTeHuioMeTp Ta Apyre maxeperno
XVBMNEHHS KOHTPOSIbOBAHOI 3MiHM MOCTIMHOI HamnpyrM, €eneKTPMYHO CrorlydeHe 3 enekTpogamu
Hanpyru: Big'eMHWIA NOMOC 3 APYrMM eneKTPOoa4OM Harnpyru, a AoAaTHIN Nontoc 3 NepLivm enekTpoaom
Hanpyry Yyepes ranbBaHOMeETp.

BusHayeHHss TepMmiHiB, AKi BUKOPUCTOBYKOTb Y OMNUCI KOPWUCHOI MoOAeni: 4oTUpUenekTpoaHui
NPUCTPIN, BOMbT-aMrnepHa XapakTepucTuka, piavHa, renb, NacuUBHWUA MeTOA, Kepeno XXWUBMeEHHS,
amnepMeTp, YOoTUpUEeneKkTpoaHa KOMipka, CTPYMOBWUW €nekTpof, enekTpod Hanpyru, BOMbTMETP,
3MiHHMI NOTEHLIOMETP, ranbBaHOMETP.
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B KopucHin Mmogeni 3anpornoHOBaHO NMAaCUMBHUIA (HYNbOBWUIN) METOA BMMIPHOBAHHS BOJMbT-aMMNepHOi
XapakTepPUCTUKN, NpU AKOMY NIOCKI napanenbHi MeTanesi CiTKM - enekTpoau Hanpyru - 3aBigoMo
BM3HAYalOTb MOMOXEHHSA €eKBiNoTeHLUianbHMX MOBEPXOHb, (uikCyloTb ¢opmMy o0B8'ekta, a nNpuUcCTpin
BUMIpIOBaHHS Hanpyry, 3'€eAHaHWA enekTpogamMu Hanpyru, BKMKOYAE: Apyre [KEeperio >XMBIEHHSA
KOHTPOMbOBAHOI 3MiHV NOCTINHOI HAaNpyr1, BONbTMETP, 3MiHHMI NOTEHLIOMETp Ta ranbBaHOMETP.

Hanpyra Ha noniocax [pyroro [mpkepena TOHKO HanalToOBYETbCA MNOTEHLUiOMETpoM i
BCTAHOBMIOETLCA Takow, WO 3abesneyye HynbOBUMMW CTPYM 4Yepe3 ranbBaHOMETpP, Mnpu LbOMY
BONbTMETP BKa3ye Ha NafiHHSA Hanpyry Ha 00'eKTi QOCNIMKEHHS NPU CTPYMI, SIKUIA NPOTIKae y AaHun
MOMEHT 4Yepes amnepmeTp.

TakMM 4YMHOM, Yy 3anpornoHOBAHOMY MPUCTPOI EeKBIMOTeHUianbHi noBepxHi Ta ¢opma ob'ekTa
dikcoBaHi Ans BUMIPHOBAHHA Hanpyrn He BUKOPWUCTOBYETLCSA €MEKTPUYHUIA CTPYM, WO NpPOTiKae no
00'eKTy OOCNIMKEHHS, OTXXe MOMNsipu3auis enekTpoaiB Hanpyru BiACYTHS, B MPUHUMII, NiABULLYETLCS
TOYHICTb BUMIpIOBaHHS.

EkcnepumeHTanbHO 6yno nokasaHo, WO 3MiHa MaTepiany enekrpoais (Miab, HeEpXasgiloya cTanb,
nosornoyeHe cpibno) He BNNMBa€E Ha pe3ynbTaTv BUMIPIOBaAHHS.

CyTb KOPUCHOT MOAENNi NOSICHIOE KPECMNEHHS.

Ha cxemi npeacrtaBneHo 4OTUPUENEKTPOAHMW MNPUCTPIA AN BUMIPIOBAHHSA BOMbT-aMNepHUX
XapaKkTepuCTUK piguH Ta renis nacMBHMM METOAOM, WO MICTUTb YOTUPUENEKTPOAHY KOMipKy 1 Ans
PiOVUHW YM Tento, NepLInn CTPYMOBUWA €NeKTPOA 2, eNeKTPUYHO cnonyvyeHun yepes amnepmetp 3 i3
NIOCOBUM MOMOCOM KEpena >XMBMEHHS KOHTPONbOBaHOI 3MiHM CTpymy 4, Opyruni CTPYMOBUIA
enekTpoa 5, enekTpMYHO CnoslydYeHuin i3 MiHYyCOBUM MOJSIIOCOM [KEpena XuBneHHsa 4, nepwun 6 Ta
apyrmi 7 enekTpoau Hanpyrm - MfOoCKi napanenbHi MeTaneBi CiTkKM OAgHakoBOro marepiany,
nepneHauKynapHi  HanpsMKy CTpyMy Ta UWNIHOPUYHIN MNOBEPXHi 4YOTUPUENEKTPOOHOI KOMIpPKM,
po3mipoM, BigMNoBiAHMM MNonepeyYHoOMY nepepisy Liei KoMipku; 6NoK BUMIpIOBaHHS Hanpyrn 8, sikui
aBnse cobolw napanenbHo 3'€dHaHi BonbTMETp 9, 3MiHHMIA KOMMeHcauinHui noTteHuiometp 10 Ta
Apyre [xepeno >XWMBIEHHS KOHTPONbOBAHOI 3MiHM MOCTIMHOI Hanmpyrn 11, MiHYCOBMI MOMKOC AKOrO
CMOMy4YeHUN 3 OpYyruM enekTpoaoM Hanpyru 7, a NiCoBUI MOMOC - 3 NEPLUMM eNeKTPOAOM Hanpyru
6 yepes ranbBaHomeTp 12.

lMpuknag BUKOPUCTaHHSA KOPUCHOT Mogeni.

BmukaloTb gxepeno KOHTPOMbOBAaHOI 3MiHW MOCTIMHOTO CTPYyMY, NPUYOMY MiX CTPYMOBUMMU
enekTpogamMu YOTUPUENEKTPOLAHOI KOMIpKM Ta 4epes piauHy 4u renb NponyckaeTbCca 3afjaHun
€nNeKTPUYHUIN CTPYM, BEMUUYUHY SKOrO KOHTPOMKTL 3a J0NOMOrolo amnepmeTpa. Enekrpoam Hanpyru
€ EKBINnoTeHLUianbHMMM MOBEPXHAMW Ta BM3HA4aloTb HE3MiHHMI 00'eM i chopmy AocnimkyBaHOro
o6'ekTa (piguHM Yn rento), BonbT-aMNepPHY XapaKTEPUCTUKY SKOro BUMIPHOHOT.

[nga BM3HaAYeHHA Hanpyru MK enekTpoaamun Hanpyru BUKOPUCTaHO NacuBHWUIA (HYNbOBWUA) MeTo[,
BUMIpIOBAHHSA: Hampyra Ha nontocax Apyroro mxepena XWBMEHHS KOHTPOSbOBaHO! 3MiHW MOCTIAHOI
Hanpyrm TOHKO HamnawToOBYETLCA 3MiHHMM KOMMEHCAUinHUM MOTEeHLiOMETPOM | BCTaHOBIIOETLCSA
Takoto, Lo 3abe3nevye HynbOBUIA CTPYM 4vepe3 ranbBaHomeTp. [pu LboMy, BONBTMETP BKa3ye Ha
nagiHHA Hanpyrm Ha OB'eKTi OOCMiXKEHHS Npwu CTPyMi, SKWWA MNpOTiKae y AaHMW MOMEHT 4Yepe3
amnepmeTp. [nNs YHWKHEHHS HEe3HayHoi nomnspu3auii enekTpoaiB Hanpyru npoTaroMm  4yacy
BCTAHOBMEHHSA HYMbOBOIO CTPYMYy 4epe3 ranbBaHOMETP, HanaliTyBaHHS KOMMEHCaUiHOI Hanpyru
OpYroro mxepena XuBneHHs, crig NpoBoAMTU LASXOM Ti 3MEHLLEHHS.

3anponoHoBaHWin NPUCTPIN O03BONAe €(EeKTUBHO MNPOBOAUTU BUMIPIHOBAHHA BOJSbT-aMNePHUX
XapakTepuUCTUK piguMH Ta reniB nacMBHUM METOAOM, CNPOLLYE Mpouec BUMIPIOBaHHA 3aBAsikU
BM3HAYEHHIO TMOJIOXEHHS] €eKBINOTeHLUianbHUX MNOBepXOHb Ta dikcauii dopmu ob'ekTa, a Takox
nigBMLLYE TOYHICTb BUMIPIOBAHHSI 3aBASIKM TOMY, LLO EMEKTPUYHUIA CTPYM, SIKMIA MpPOTiKae no o6'ekTy
[OCHNiOKEHHS, HE BUKOPUCTOBYETBLCS NPY BUMIPHOBaHHI HAanNpyru, LWo Aae 3MOry YHUKHYTWM HEODXigHOCTI
BpaxyBaHHS BMNMMBY MOMsipu3auii enekTpodiB Ha pe3ynbTaT BUMIPIOBAHHS  BOJIbT-aMMEepPHUX
XapaKTEepPUCTUK.

®OPMYIJIA KOPUCHOT MOLENI

YoTupuenekTpoaHMin NpUCTpIin ONA BUMIPIOBaAHHSA BOMNbT-aMMEpPHUX XapakKTepuUCTUK piguH Ta renis
nacuBHUM MeETOAOM, LU0 CKNaJaeTbCA 3 [Keperna >XUBMEHHs, amnepmeTpa, YoTUpUenekTpoaHol
KOMIipK1 3 ABOMa CTPYMOBUMW €rneKkTpojamMu Ta [ABOMa enekTpoamu Hanpyri, BONbTMETpa, AKUK
BiApPi3HAETLCA TUM, WO NEpWMn Ta OPYrMn 3a HanpsiMKOM CTYMY €enekTpoAu Hanpyru - Mrocki
napanenbHi MeTanesi CiTKM OOHAKOBOro Matepiany, neprneHAMKYNspHi HanpsMmky CTpymy Ta
UMMIHAPWYHIA NOBEPXHi YOTUPUENeKTPOAHOI KOMIpKKU, pO3MipoM, BiAnNOBIiAHMM nonepeyHoMy nepepisy
Liei KOMipku, GroK BMMIpIOBaAHHA Hamnpyrn MIiCTUTb MapanenbHo 3'€4HaHi 3 BONMbTMETPOM 3MiHHWUNA
KOMMEHCALUNHUIA MNOTEHLIOMETp Ta [pyre [HPKEPErio XMBIEHHSA KOHTPOSIbOBAHOI 3MiHWM MOCTINHOI
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Hanpyry, eneKTpPMYHO CrosyyeHe 3 enekTpoAaMu Hampyrv: Bid'€MHUIA MOSOC 3 APYIMM eneKTpoaoM
Hanpyru, a goAaTHIlN Nosoc 3 NepLwnM enekTpoaoM Hanpyru Yepes raribBaHOMETP.
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