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YCTPOMCTBO JJIs1 BECKOHTAKTHOI'O U3MEPEHM I
SJIEKTPOITPOBOAHOCTU ITOJIYITPOBOJHMUKOB

Paccmompenvr nymu moougpuxayuu us-
BECMHBIX MEMOO08 U NPEOSIONCEHO YCMPOLL-
CMB0 0/ U3MepeHus INeKmponpo8oOHOC-
Mu NoAYNPo8OOHUKOBLIX MAMepuaos.
Onucano @ynkyuonupoganue omoenbHvlx
O10K08 U YCmpoUCmaa 6 Yeiom.

H3BeCTHO MHOYECTBO PA3IMYHBIX CIIOCOOOB U
YCTPOUCTB TSl HI3MEPEHHUS HIEKTPOIIPOBOTHOCTH OJTYTIPO-
BOJTHUKOBBIX MaTepraiios [ 1]. TpaauirioHHBIMY SIBIISTIOTCS
30HAO0BBIC METOABI, UCTIOJIB3YTOIIUE MAAHbIC WJIHU IIPUKHUM-
HBIC KOHTAKTBI, YepPe3 KOTOPBIE MPOITY CKAFOT MTOCTOSIHHBIH
WU TIEPEMEHHBIN U3MEPUTEIBHBIH TOK. OTHAKO UX MPU-
MEHEHUE COTIPSKEHO C PSIIOM TPYIHOCTEH, B TOM YUCIIE
C TTOBPE’KACHUEM ITOBEPXHOCTH HCCICAYEMOTO MaTepH-
ana B Mectax GpopMHpOBaHHs KOHTAKTOB. Kpome Toro,
BO3HHUKAKIINEC KOHTAKTHBIC SIBJICHUS (I/IH)KCKL[I/IH HOCHUTC-
JIel 3apsiia M BOSHUKHOBCHHUE B 30HE KOHTAKTA IIOTCHIIN-
ANBHBIX 0apbEPOB) CO3MAIOT MOOOYHBIE (P PEKTHI, HCKa-
JKaroIIIe pe3ysIbTaThl U3MepeHuil. Beero aToro MoxHO
M30eKaTh UCTIONB3YS OCCKOHTAKTHBIC METOJbI U3Mepe-
HESI QJIEKTPOIPOBOTHOCTH.

B OCHOBE OECKOHTAKTHBIX METOJOB M3MEPCHHUS

AIIEKTPOIIPOBOTHOCTH BEUIECTBA JIEKHT dH(PHEKT
B3aUMOJICUCTBHS C HUM JICKTPOMATrHUTHOTO MOJISI BbI-
cokouacToTHbIX (BY) 1 cBepxBhicOKO4YacTOTHBIX (CBY)
koneOanuii [2]. [Tpu srom CBY-1osst npruMeHsIFOT JI1st hC-
CJICIOBAHUS YIEKTPOIPOBOAHOCTY TOHKUX 00Pa3IIOB HITH
MaTepUAaiOB C HU3KOH ANIEKTPOIPOBOTHOCTHI0. BU-mos
JTAFOT BO3MOXKHOCTB UCCIIEIOBATh O0JIee TOICThIe 00pa3-
IT6I ¥ ¢ OOJIee BRICOKOH AIEKTPOIIPOBOTHOCTRIO, YTO 00y C-
JIOBJICHO TTOTIIOIIEHUEM DJICKTPOMArHUTHOU dHEPTHHU
BCceM 00beMOM 00pasiia, a He TOJIBKO €ro MOBEPXHOCT-
HBIM CJI0eM (3a cuet ckuH-3dexTa). Ha Bp1OOp yacto-

Tl BU-curnana BIusieT Npon3BeiCHIE TONIINHBI 00pa3-
I1a ¥ €0 3JICKTPOIPOBOTHOCTH — YEM BBIIIE 3TO IPOU3-
BEJICHUE, TEM HIDKE YaCTOTA UCTIONB3YEMBIX AIIEKTpOMAr-
HUTHBIX KojeOaHuil. B kauecTBe Takux nosei B u3mepu-
TEJIbHBIX YCTPOUCTBAX MCIOJB3YIOT BHYTPEHHEE IOJje
JlaTyiKa — KOHJIEHCAaTopa Wi KaTyIlIKU MHyKTUBHOC-
TH, B KOTOPOM pacIiojiararoT UCCIeayeMbIi 00pa3erl.

B ci1ydae eMKOCTHOTO JaT4yMKa ero napaMeTpsl onpe-
JIEJIAIOTCS HE TOJIBKO AJIEKTPOIPOBOJHOCTHIO HCCIIEnye-
MOro obpasia, HO ¥ IUAIEKTPUYECKOM ITOCTOSHHOM, UTO
CYIIECTBEHHO ISl MOJTYHNPOBOJHUKOBBIX MATEPHAJIOB.
[TosToMy npenouTeHne OTAa0T UHYKTHBHBIM JaTYUKAM.
B kauecTBe MH(MOPMAIIMOHHOTO ITapaMeTpa BEIOpaHa ero
JOOPOTHOCTb, T. €. BEJINUNHA IOTEPh, BHOCUMBIX B 3JICK-
TPOMAarHUTHOE N10JI€ KaTyIIKH 3a CUET MONIOIEHHS YHEp-
THH CBOOOTHBIMH HOCUTEISIMH 3apsi/ia HCCIIeyeMOr0 Ma-
tepuana. M3sectHo [3], 9yTO mpu 3ToM oOpaserr morio-
IIaeT MOILIHOCTh

P, =(E?/8nn’)ot, (1)

rie E,— >pdeKTHBHOE 3HaYEHHE HANPSKEHUS HA 0OMOTKE HHJTYK-
THBHOTI'O JJaTUMKa, COAEPIKAILEH 77 BUTKOB;
O — BIEKTPONPOBOAHOCTH MaTepHana o0pasua;
{— €ro TOJIIHHA.

[Tpn nomemniennu obpasia B mojie JaTduKa 100poT-
HOCTB KaTyIIku O, oHWkKaetes 10 sHadenust Os. Otcrona
JIOOPOTHOCTB KaTyIIKu O, 00yCIOBICHHAS TOJIBKO ITOTe-
PSIMU 32 CYET MOTIONICHHS YHEPTUU UCCIENYEMbIM 00-
pasuom [1, 4], paBHa

QQ
' (2)
Q-Q
Kak n3BecTHO, Benn4rHa 3ToH J0OPOTHOCTH 00paTHO
TPOTIOPIMOHATLHA MOIIHOCTH P, 8 COOTBETCTBEHHO, H

Q=
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AIIEKTPONIPOBOAHOCTH G KOHTPOIHPYEMOTO 00pasima.
OjHaKO TpoLIeypa ONpeAeTICHNs ATOU TOOPOTHOCTH Ye-
pes Benmuunbl O, 1 Oy W3-3a HEMMHEWHON 3aBUCUMOCTH
MEXIy HUMH YCI0XKHSETCS, 0COOEHHO MPU IpayupoB-
Ke [IKaJIbl IPUOopa B SAMHUIIAX JICKTPOIPOBOTHOCTH.

B [3] Takast 3a1a4a penraercst myTeM U3MEPEHHSI U3-
MeHeHui BU-toka uepes karymky L MHIYKTUBHOTO AaT-
YMKa, BKIIOYEHHOTO B KojieOarenbHblit LC-KOHTYp, M-
TaeMblii ucTouHNKOM BY-konebanuii (puc. 1, a). U3me-
HEHHUE 3TOr0 TOKa COOTBETCTBYET paszHule BU-TokoB ue-
pe3 UHIYKTUBHBIN 1aTUUK IPU pa3MeIieHUH KOHTPOJIHU-
pyeMoro obOpasiia B 3a30pe naTdauka u 6e3 odpasia mnpu
YCJIOBHH, YTO BeJIMYMHA E, B TpoIecce U3MEpEeHUN
0CTaBajIach HEM3MEHHOM.

6)

a)

B4

Puc. 1. Cxema BKIIOYCHUS WHAYKTHUBHOI'O JaTYHKa

Ju1s peanu3aiuy Takoro peleHus UCIoIb3yeTcs CIie-
IIUAITLHBII aBTOTCHEPATOP, COICPIKAIINI KoJIeOaTeTbHBIH
KOHTYP C MHJIyKTHBHBIM AaT4ukoM. [Ipu BeIOOpE cOOT-
BETCTBYIOLIMX TPAH3UCTOPOB U PEKUMOB UX PabOTHI U3-
MepsieMblii TOCTOSHHBIN TOK 4epe3 MHIYKTUBHBIN JaTYHK
paBen BU-Toxy u comepkut nH(OpMAUIo 00 IEKTPO-
MIPOBOJHOCTH HCCIeayeMoro oopasma. B mporecce us-
MepeHHH BEJIMYNHA HAPSHKEHHS HA KOHTYPE CTaOWIIN3H-
pyercs oJ ISHCTBUEM TIeTIH OTpUIIATebHON 00paTHOM
cBs131. OJTHAKO TaKOE yCTPOUCTBO TPeOyET CIOXKHOM cXe-
MBI aBTOT€HEPaTopa U He MPeayCMaTpUBAET HU3MEPEHHH
OTHOCHUTEIIBHO ATATIOHHOTO 00paslia, 4To JKENIATeNbHO NPH
BXOJIHOM KOHTPOJIE AIEKTPOIPOBOAHOCTH MOIYIIPOBOI-
HUKOBBIX MaT€pHajoB, HUCIOJIb3yEeMbIX AJIS U3TOTOBIIE-
HUSl pa3IMYHBIX IPUOOPOB (HATIPUMEDP TEPMOIIICKTPHYE-
CKHX).

JI51 OTIpEeIeTIeHNU s KaK BETMYMHBI AJIEKTPOIIPOBOJI-

HOCTH TOJYTIPOBOIHUKOBBIX TUIACTHH, TaK U €€
OTKJIOHEHUH OT 3HaU€HHsI AIEKTPOIPOBOIHOCTH ITAJIOH-
HOTro 00pa3iia, B HACTOAIICH paboTe MPeIIOKESHBI Ty TH
YCOBEPIICHCTBOBAHUS M3BECTHBIX METOJIOB M YCTPOUCTB
0ECKOHTAKTHOTO U3MEPEHHS ANEKTPOIPOBOTHOCTH.

B omiinume ot cxembl BKIIFOUEHHs WHAYKTHUBHOTO JaT-
yuka (puc. 1, @) Hamu npeuiokeHa cxema (puc. 1, 0),
e napajjlesbHO KaTyIIKe JaT4uKa MOJKII0YEeH pe3uc-
Top R2, onuH 13 AByX OMHAKOBBIX U MIEHTUYHO yIpaB-
asieMbIx pesuctopos R1 u R2. Ilorepu sHepruu, BHOCU-
Mbl€ pe3ucTopoM R2, SKBUBaJIIEHTHBI IOTEPSM, BO3HU-
KaIOIIMM ITPY B3aUMOACHCTBIH JIEKTPOMArHUTHOT'O OIS
KaTYIIKH TaTIUKA C MATEPUAIIOM HCCIIEAYEeMOTo 00pas-
na. B manpHeliem R2 perynupyercs tak, 4To0bl 100-
POTHOCTH KaTymiku, Bxozsiien B LC-koHTyp, a cooTBeT-
CTBEHHO ¥ BEJIMYMHA HANPSDKEHHUS £, OCTaBaIMCh HEU3-
MEHHBIMHU IIPU BHECEHUH HCCIIEAYEMOro obpasiia B 3a-

30p JaTyuKa U [IpH €To yaajaeHuu. it u3smepeHus u3me-
HEHUS BeJIMYMHBI COMIPOTUBIICHUS 3TOT0 PE3UCTOPA, & TEM
CaMbIM U DIJIEKTPOMPOBOJIHOCTH UCCIeayeMOoro odpas-
112, UCIIOJIb3YETCS BTOPOH, MASHTUYHBIH, pesuctop R1.
Takoe cxeMHOE pelIeHre 00eCIeYNBaET BEICOKYIO JIU-
HEMHOCTB IIKaJIbl BEIXOJAHOIO HHAMKATOPA.

Br11 pazpabotan 1 pea30BaH MPHOOP IS SKCIPECC-
M3MEPEHUH IMEKTPONPOBOAHOCTH MOTYTIPOBOTHUKOBBIX
TUTACTHH U KOHTPOJIA €€ OTKIIOHEHHSI OT 3JIEKTPOIIPOBO/I-
HOCTH ATAJIOHHOT0 00pa3na. B nmpubope ObLT HCTIOIB30-
BaH U hepeHIaTbHBIN MeTOJ U3MepeHHuH [5, ¢. 239—
240] B coueTaHHH ¢ OJTHOKAHAIBLHON cXeMoi 00paboTKH
nHPOPMAIIMOHHOTO curHaia. CTpyKTypHas cxema Tako-
T'O YCTpOUCTBA H300pakeHa Ha puC. 2.

Ll
I L. 8 ™ 9
| DRI | |
l' ;%LD_E_2+3+4+5+6
i W PR2 [T
re—{  ——e! |_<_|,—>_l
:_‘ __________________ 1 __._5
7
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Puc. 2. CtpykrypHas cxema ycTpoiicTBa /uis OECKOHTAKTHO-
TO U3MEPEHHS JIEKTPONPOBOAHOCTH IMOTYINPOBOAHUKOBEIX
IJIaCTUH

YeTpoiicTBO COAEPKUT ABA UACHTUUHBIX MHYKTUB-
HbIX natuuka L1 n L2, cocToAmmx U3 KaTyueK HHIyK-
THUBHOCTH, HAMOTAHHBIX Ha KOJIBIIEBBIE Mar HUTOIPOBOJIEI
C IPOPE3SAMH, Ky/a TOMEINAIOT UCCIEAYEMBIN U 3TAJIOH-
HBIA 00pa3nbl. Yepe3 KoMMyTaTop 2 OHH MOOYEPEIHO
MOAKIIIOUAOTCS B YaCTOTO3a/1AI0IIYIO 1I€Ib aBTOIeHEpa-
TOpa 3, BBIOJIHEHHOTO 10 CXEME EMKOCTHOM TPEXTOUKU.
Tok, morpeOseMblil reHepaTopoM, 3aBUCUT OT 100pOT-
Hocty Katymrek L1 u L2. Ecniu 3HaYeHuss nOOpOTHOCTH
OIIMHAKOBHI, TO OTPEOISIEMBIH TOK OyJIeT TOCTOSTHHBIM.
Ecnm 3naueHns 1oOpOTHOCTH pasHbIC, TO TOTPEOIIEMBIi
TOK UMEET BUJ IEPUOITUECKOM ITOCIeI0BATEILHOCTH NS~
MOYTOJIbHBIX UMITYJIbCOB, CHHXPOHHBIX Pab0oTe KOMMY-
TaTopa. YCUIIEHHbIE OJOKOM 4, TH UMITYJIbChI IOCTYIa-
0T Ha BXOJI CHHXPOHHOTI'O JIETeKTopa J.

PaboToli CHHXPOHHOTO JETEKTOpa M KOMMYTaTopa
YIIPaBIISIET NEPUOIIIECKAst TOCIEIOBATEILHOCTD UMITYIb-
coB ¢ yactoroi 12,5 I', BeIpabaThIBAEMBIX Y3JIOM 7.
UYepes yCcUIUTENb OCTOSHHOTO TOKAa 6 BBIXOIHOMU CHUT-
HaJI CHHXPOHHOTO JIETEKTOPa MOCTYIAaeT Ha CBETOAHOA
LD, cBeToBOI1 MOTOK KOTOPOTO U3MEHSAET BETMYUHBI CO-
MPOTHBIICHUN HACHTHIHBIX (oTopesrcTopoB OPR1 1 OR2.
Ceeroguon u (GoTOpe3ncTopsl 00pasyroT onromnapy /.
Cursai yepes CBeTOAMO U3MEHSIETCA TaK, YTOObI U3Me-
HEHHeM cornpotusieHus poropesuctopa PR2 ypaBHATH
nobporaocTH Katymek L1 u L2. CienoBaTtensHo, mome-
LIIEHUE MOJIyIIPOBOAHMUKOBOM MJIaCTUHBI B IPOPE3b Ol-
HOTO U3 JIATYMKOB HapymiaeT OamaHCc TOOpPOTHOCTEH H
MPUBOJUT K N3MEHEHHUIO COMPOTUBICHUH (POTOPE3UCTO-
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poB. Usmenenue conporuBnenus Goropesucropa OR1
oOpabatbpiBaeTcs B OJI0Ke 8, BBIXOHOM CUTHAT KOTOPOTO
MIOCTYIIAeT Ha WHIUKATOpHOE ycTpoiicTtBo 9. Ecnu uc-
CJIelyeMBblii U ATaJIOHHBIH 00pa31bl IOMECTUTD B IIpOpe-
34 pa3HbIX AATYUKOB, TO MHIUKATOP MOKAKET COOTBET-
CTBYIOLIEE OTKJIOHEHHUE JIEKTPOIIPOBOJHOCTH.

ITpu u3roToBeHUN yCTPOHCTBA UCIIOJIB30BAJIUCH JUC-
KPETHBIE MOTYNPOBOTHUKOBBIC IPUOOPHI, MUKPOCXEMBI
cepuit 155 u 140, a Takxke repkoHoBble pene. KoHcTpyk-
THUBHO ITPUOOP cOnePKUT Be yacT. O1HA U3 HUX — 3TO
OJIOK CMEHSIEMbIX JaTYMKOB, @ BTOpast COAEPKUT BCE OC-
TabHBIC OJOKHU U OJIOK MUTAHHS OT CETH TIEPEMEHHOTO
toka 220 B. CMeHa WHIYKTHBHBIX ITATIUKOB TIO3BOJISIET
WCCIIEI0BATh Pa3IUYHbIC TOTYIPOBOAHUKOBBIE I1ACTH-
HBI, IEPEKPHIBAs IPU 3TOM IIUPOKUI JHAaNla30H 3Haue-
HUI 2JIEKTpONIpoBoAHOCTH. Vcionb3oBanue muddepeH-
LIMAJIbHON CXEMBI IaTYMKa U OJTHOKAHAIBHOM CXeMbI 00-
paboTKK HHPOPMAIIMOHHOTO CUTHAJIA 00€CIICUHITH XOPO-
IIYIO TEMITEPATyPHYIO CTAOMIILHOCTD U IIOMEXO3aIHIICH-
HOCTb puOopa. BrICOKas MOMEX03alUIIIEHHOCTh OT MPO-
MBILIUIEHHBIX HABOJIOK (HaBOJKHU ¢ yacToToi 50 I'm) no-
CTUTHYTA 3a CYET CHHXPOHHOTO JIETeKTUPOBAaHHS Ha Yac-
Tote 12,5 ',

OcoOEHHOCTBIO JAHHOTO YCTPOMCTBA SBIISICTCSI JIMHEH-
HOCTB IIKaJIbl HHAUKATOPA JIEKTPOIPOBOJHOCTH. JTO
CYIIIECTBEHHO YIPOIaeT rpaayupoBKy npubdopa (1ocra-
TOYHO OJHOTO 00pa3iia ¢ U3BECTHOM SIEKTPONPOBOIHO-
CTBIO ¥ 33/TAaHHOU TOJIIIIMHON ).

JnTenpHas 3KCITyaTalus yCTpoiCTBa B IPOU3BOJI-
CTBEHHBIX 1 JJAOOPATOPHBIX YCIOBHSX [TOKA3aJIa €ro IMpu-
TOTHOCTB JIJIS AKCITPECC-KOHTPOJISI IOy TPOBOTHUKOBBIX
kpucrasios u3 Bi,Te,, CdSb, CdTe, CdHgTe, Si, snek-
TPOIPOBOJHOCTh KOTOPBIX HAaXOJWJIACh B Mpenenax OT
103 Om em! 1o 10° Om'-em™!. [l skcnpece-KoHT-
POJIsl TONYIPOBOAHUKOBBIX KPUCTAIIJIOB € JIEKTPOIPO-
BoHOCTBIO 1072 OM -cM ™! (Hanpumep kpeMHHEBBIX IL1a-
CTHH) UCTIONTB30BaICS TU(dEpeHINATBHBINA HHIYKTUBHBII
JIATYUK ¢ padoueit actoroit 10 MI .

Ha puc. 3 n306pakeH BHEITHAH BU IPHOOPA, YKOM-
TUIEKTOBAHHOTO T hepeHIInaTbHBIM HHAYKTHBHBIM JaT-
9iKOM ¢ padoueit yactotoit 100 kI'1 asist sSKcpecc-KoH-
TPOJIs 3arOTOBOK M3 Kpuctamos Bi,Te; B Bune mai6

Puc. 3. Buemnuii Bug npudopa

TONIMHOM 2 MM ¥ inaMeTpoM 8 mm. KoHerr mikains! mpu-
6opa coorsercTByeT 6=1500 Om -cm~!. TIpu stom
(AG/6)/AT=5-10"* °C, rne AG — U3MeHEeHHe HYIEBbIX
MOKa3aHUH MprOOpa pH N3MEHEHNH BHEIITHEH TeMITepa-
Typel Ha AT °C. OOmias morpemHocTh U3MEPEHUH He

oomnee 5%.
ek

Taxum 006pa3oM, pe/UI0KEHHBII TPHOOpP obecredn-
BaeT OECKOHTAKTHBIN SKCIPECC-KOHTPOIb IEKTPOIPO-
BOJTHOCTH PA3JINYHBIX MOJYPOBOTHUKOBBIX MaTepPHAJIOB
¥ MOJKET OBITh HCIIOJIb30BaH KaK B JJAOOPATOPHBIX, TAK U
B IIPOM3BOICTBEHHBIX yCIIOBHUSX.
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M3moxkeHbl pU3uUecKre MPUHIUIbBI, METOAbl pa3pabOTKK U BAPUAHTbI MPAaKTHUECKOTO UC-
MOJAb30BaHUSA IUPOKOTrO CIEKTPa JaTUMKOB B CAMbIX Pa3HOOOPa3HbIX 00JACTAX MPUMEHe-
Huil. Ha anrsnniickom sidblke KHUra M37aHa yKe TPeTHH pas, U 3TO He CAydalHo, MOCKOJIbKY
a106asi coBpeMeHHasl cucTeMa u3MepeHui He 06X0auTCs 6e3 MpUMeHeHHs] 1aTYMKOB, KOTO-
pble SBJIAIOTCS «MePEeBOJAUHKAMU» OKPYKAIOlLeH aHaJOrOBOH MPUPObI HA A3bIK UGB PO-
BOH TeXHUKH.

M3naHue 10MoMHEHO ONMUCAHUEM 1aTUMKOB, PEATU30BAHHBIX O CAMbIM COBPEMEHHBIM TeX-
HOJIOTHAM — 3JEKTpOMeXaHuuecKux MukpoaatunkoB (MEMS) u snekTpoontomMmexaHuue-
ckux MmukpocucteM (MEOMS), 6e3 KoTOpbIX Obll Obl HEBO3MOXKEH MpPOTrpect B 06aCTAX
6ecrnpoBOHBIX CUCTEM TENEKOMMYHHUKAILUU U OTAEAbHbBIX 00JACTAX MEAUIIMHBI H TEXHUKH.
Knura gB/asercs cnpaBouHbIM MOCOOUEM JII5 CTYIEHTOB, UCCAe0BATEIEH, MPOEKTHPOBIILH-

\KOB JIATUUKOB U CMELHATUCTOB, pa3pabaThIBAIOIIUX U3MEPUTENbHbIE CUCTEMbI.
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