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Paper.

Method for determining the electrical resistance coefficient

OKCTY 5409

Jarta senenns 01.01.93

Hacrosmuit cTaHIapT pacIpoCTpaHAeTCs Ha Oymary, IpeaHa3HauYeHHYIO WA MIPOKIaoK B aIOMU-
HUEBBIX OKCUIHO-3JIEKTPOIUTUIECKUX KOHIEHCATOPAX, M YCTAHABIMBAET METOM oIpenesieHust Koadduium-
€HTAa JIEKTPUIECKOTO COIIPOTUBICHUA.

MeTom ocHOBaH Ha OIPEAETICHUM OTHOIUCHUS IIOJIHOTO 3JIEKTPHYECKOrO COMPOTUBICHUA OyMaru,
TIPOITUTAHHON BJIEKTPOIUTOM, K IIOJTHOMY 3JIEKTPUYECKOMY COIPOTUBICHUIO IEKTPOIUTA (RJIEKTPUIECKOU
TIPOBOAUMOCTH 3JIEKTPOIUTA K 3JIEKTPUIESCKOMN IIPOBOAMMOCTHU MPOIUTAHHON 3JIEKTPOJIMTOM Oymaru).

1. OTBOP ITPOB
Ot60p 1mpo6 — 1m0 'OCT 8047.

2. AIITTAPATYPA, MATEPHAIIbI, PEAKTHBBI

2.1. s mpoBemeHMs UCIILITAHUS IIPUMEHSAETCS CIeQyIomas annapaTypa, Marepraibl, peaKTUBBI:

TEPMOCTAT WUIM CYIIWIBHEIN IKad, obecrieunBaoIMil MomiepxXanue tTeMieparypsl (25,0+5,0) °C;

3JIEKTPONHASA S4YelKa JUIA M3MEPEHUS BJICKTPUYECKOTO COIPOTUBIEHUS (WIM IPOBOIUMOCTH)
3JIEKTPONINTA B BuAe 37meKTpoaoB u3 miaTtuHbl 1o TOCT 13498, xkecTKo yKpeIUIEeHHBIX Ha CTEKJISHHOM WIM
JPYTOM U30JIAIIMOHHOM OCHOBAaHWM, CTOMKOM K MEMCTBUIO SJIEKTPOJINTA;

U3MEPUTENILHOE YCTPOICTBO, 0OeCIIeunBaloliiee U3MEPEHME ITOJIHOTO JIEKTPUYECKOTO COTIPOTUBIIEHUS
ot 0,01 OM mo 10 xOM WK ITONMHOM 3nMeKTprdeckoil poBoaumocty ot 1104 Cum mo 100 Cm ¢ oTHOCHU-
TEJIBHOM IIOTPEIIHOCTEIO He Gonee 5 % npu yacrore 100 k'l M HANpsSKEHUM HA U3MepSIeMOM OOBEKTE He
Gonee 60 MB;

3JIEKTPOIHOE YCTPOMCTBO ¢ pe3oHaHcoM Ha dactore 100 kI (veprt. 1) wid usMepeHUs 3JIeKTpUIeC-
KOTO COIIPOTUBIICHUS (IIPOBOIUMOCTH) IIPOITUTAHHOM IEKTPOIUTOM GyMaru 1 3JeKTpoIuTa B OQMHAKOBBIX
YCIIOBUSAX IIpU Temrepatype (25,0+£5,0) °C.

st 6ymary mupuHoM 6061H 58 MM 1 6oJiee JIEKTPOJHOE YCTPOIICTBO COCTOUT U3 OOILIETO JIEKTPOAA
C INAMETPOM KOHTAKTHOW IMOBEpXHOCTH (59+2) MM UM IIECTH M3MEPUTEJIBHBIX JIEKTPONOB C TUAMETPOM
KOHTaKTHOI IToBepXHOCTH Kaxmoro m3 Hux (11,30+0,05) MM, 3aKIIOYEHHBIX B OOLIMIT M30J9TOp U
00pa3yronmx GJI0K U3MEPUTEIBHBIX JIEKTPOAOB. JIMaMeTp KOHTAKTHOI ITOBEPXHOCTH M30JISITOPA AOJLKEH
OBITh paBEH ANAMETPY KOHTAKTHOII MOBEPXHOCTH OOIIETO SJIEKTPOJA WIK OBITH MEHBILE ero He Oosee yeM
Ha 2 MM. OOUH U3 M3MEPUTENbHBIX SJEKTPOMOB, NMpeAHA3ZHAYEHHBIN A U3MEPEHUS SJIEKTPUUYESCKUX
TIApaMeTPOB 3JIEKTPOJINTA, PACIIOIOXKEH B TEOMETPUIECKOM LIEHTPE KOHTAKTHOM MTOBEPXHOCTH U30JISATODA.
OcTajibHBIe MATH 3JEKTPOIOB, NMpeAHASHAYECHHBIE JUI MU3MEPEHUS JIeKTPUYECKUX IapaMeTpoB Oymaru,
PACITOIOKEHBI pABHOMEPHO OT LIEHTPA IIEHTPAIBHOTO 3JIeKTpoa Ha paccTossHUM (18+2) mm.

Jna 6ymaru mMpuHoit 6061H MeHee 58 MM 3JIeKTPOTHOE YCTPOHCTBO COCTOUT U3 OOILETO JIEKTPOAA
MPSIMOYTOJIbHOI (POPMBI ¢ pasMEPOM KOHTAKTHOM IIOBEPXHOCTH (62x24) MM W TpeX HU3MEpPUTEITHHBIX
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CxeMa 3JIEKTPOIHOTO YCTPOHCTBA
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1 — obwwii 35eKTPox; 2 — YCTPOMCTBO LEHTPOBKM OOIIErO 3JIEKTPOAA M 0OeCIIeYeHUs
TpeGyeMoro ypoBHs JIeKTpoimTa; 3 — 00pas3nsl Gymarn; 4 — oTBepcTHE B 0Opasiie;
5 — U30NATOp; 6 — W3MEPHTEIILHBIE IEKTPOABI; 7 — DIEKTPOIHUT; 8§ — pyballika
oborpesa

Yepr. 1

9JIEKTPOAOB € JUAMETPOM KOHTAKTHON MOBEPXHOCTH Kaxmoro w3 Hux (11,30+0,05) MM, 3aKmi0uYeHHBIX B
00mMit U30JISATOP C PA3MEPOM KOHTAKTHOM MoBepxHOCTH (60x22) MM, 00pa3yloluii GJIOK M3MEPHTEIBHBIX
9JIeKTPOAOB. PaccTosiHMe MeX]ly IEHTPAMH H3MEPUTEIHHBIX SJIEKTPOAOB JOKHO OHITh (18+2) MM, Cpex-
HM A3MEPUTEIBHBIN JICKTPOX MPEAHAZHAYCH IS M3MEPEHUSI COMMPOTABICHUS 3JICKTPOJIMTA.

OO0mmiit 1 M3MEPUTEILHBIE NCKTPONBl W3 Hepxaseomeid cramm 12X18H9 wiu 12X18H10T no
T'OCT 5632.

H3zonsitop u3 opranmueckoro crekina nmo 'OCT 10667 wiu TOCT 17622,

KoHTakTHas1 MOBepXHOCTh M3MEPUTEIBHBIX 3JIEKTPOIOB W M30JITOPA JOJDKHA HAXOAMTHCS B ONHOM
WIOCKOCTH. OTKJIOHEHHE OT IUIOCKOCTHOCTH KOHTAKTHEIX IIOBEPXHOCTEH OOIIero sJieKTpoia W OJioka
HM3MEPHUTENBHBIX DJIEKTPONOB He MOJDKHO TpeBbinath 1,0 MKM. KOHCTpYKIIHS 2J1eKTpoIOB HOIXHA obectie-
YHUBaTh PAaBHOMEPHBII IPHKNM KOHTAKTHBIX ITOBEPXHOCTEM M COOCHOCTD C OTKIIOHEHHEM He Goliee 2 MM.
JapieHre SIEKTPOIOB Ha HCIBITYeMBIH oOpasell, obecledMBaeMOe HX MAcCOM, OJDKHO OBITh
(0,10+0,01)-10* TIa. O61IMIt 27IEKTPOJ, JOJDKEH BBITH CHAOGXKEH YCTPOMCTBOM, 06ECIIEYMBAIOIINM TIOTPYXE-
HHe oOpaslia HMCIBITYeMOM OyMard B SJCKTpoJdT. IS IOmIepXaHWs 3aJaHHOM TeMIepaTyphl OOIMWiA
9JIEKTPONl MOXeET OBITh CHaOXeH pyOanikoit oborpesa;

Bechl J1abopaTtopHbie 00mero HasHadeHus mo ['OCT 24104 ¢ HanOGOMBINUM TIPEAEIIOM B3BEIIMBAHUS
200 r u morpenmHocThIO He Oonee 0,01 T;

TEPMOMETP PTYTHHIN CTeKISTHHBIN 1aGoparopHsril mo TOCT 28498 ¢ xmanazonoM uamepenust ot 0 no
100 °C u nenoii aeneuns 0,5 °C;

cTakaHbl crekstHEbe o TOCT 25336, BMectumoctsio 0,1 u 1,0 am3;

gamku YBH (ITerpu) no TOCT 25336 auamerpom 100 u 150 mm;

snekrporrmrka mo I'OCT 14919;

CEKYHIIOMED;

stuneHrmmkoinb mo TOCT 10164, u.n.a.;

Kamuii xmopucTeiii mo I'OCT 4234, x.4.;

Boma muctuwumpoearnHas mo T'OCT 6709;

nenradopar aMmMoHus 1o TY 6—09—01—397;

CIIMPT STWIOBBIH PeKTHGMKOBAHHBINA ¢ MaccoBoii KoHieHTpamuen 0,96 r/cm® mo TOCT 5962* wim
CIIMPT STHWIOBEIA peKTH(PHUKOBAHHBINM TeXHWMYecKui Boiciiei ounctku 1o TOCT 18300.

3. IIOATOTOBKA K UCITBITAHHAIO

3.1. Y3 oroOpanHbix mpo6 GyMard IpH IIOMOIIM CICIHAJIBHBIX HOXEH (KOJNBIEBHIX IIPOCEYeK,
BXOIAINUX B KOMIUIEKT 3JIEKTPOJIOB) WM IPYTHM CIIOCOOOM BBIpe3aloT oOpasibl il OyMard IMApUHON

* Ha teppuropum Poccmiickoit @enepammu meiicteyer TOCT P 51652—2000.
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58 MM u Gosiee AuamMeTpoM Ha 1—2 MM MEHBIIE JUaMeTPa KOHTAKTHOM IIOBEPXHOCTH OOIIIETO 3JIEKTPOIa
C OTBEPCTHEM B lLieHTpe obOpasua auamerpoM (16—18) mm. JIna Gymaru mmpuHoil GOOMHBI MeHee 58 MM
BHIpE3al0T 06pa3Lbl pasMepoM (60x22) MM ¢ otBepcTieM (16—18) MM B reOMETPHUYECKOM IIEHTPE 0GpasLa.
CocTaBigioT MaTh 006pasLioB, COCTOSIUMX M3 OTHOrO, OBYX, TpeX, YETBIpEX M IIATH CJIOeB Gymaru.
HonyckaeTcs i GyMaru IIMPUHO MeHee 58 MM HCIIOIb30BaTh 3JIEKTPOIHOE YCTPOMCTBO, IIPeIHASHAYE H-
Hoe W1 GyMaru IIMPUHOM 58 MM M Gosiee, IpM YCIIOBMU, YTO KOJIBIEBBIE OOpa3lbl BEIPE3AOT U3 ABYX
ITOJIOCOK, CJIOKEHHBIX BCTHIK.

3.2. DJeKTPOIUT TOTOBAT CIIEAYIOIMM 0bpa3oM:

B CTaKaHe BMeCTUMOCTHIO 1 M3 mipu Temiepatype 60—70 °C pactsopsior (100,0+0,05) T neHrabopaTa
aMMOHMA B (675+5) M3 sTiwieHmHKona n (30+5) cM? AMCTILIMPOBAHHOM BOBL.

3.3. YienbHoe 37IeKTpHIECKOe COTIPOTUBRIEHUE IEKTPOJIUTA ITpU Temieparype (25,0+1,0) °C momkHO
661TE 0T 700 mO 800 OM-cM.

3.4. HUsMepeHne yoeIbHOTO 3IEKTPUIECKOIO COIPOTUBJIEHUS (IIPOBOTUMOCTH) SJIEKTPOIMTA IIPOBO-
AT TIOCITIE OTIpeae/IeHUSI KOHCTAHTHI MU3MEPUTENHHBIX 3JEKTPOROB. ISl 3TOro Mx IIpOMBIBAIOT JUCTILIN-
POBaHHOI1 BOAOI U IBa-TPH pa3a PaCTBOPOM XJIOPHCTOTO KAJIUA ¢ MOJIIPHOI KOHIIEHTPALIMEH SKBUBAJICHTA
(0,0100+0,0002) monb/mM3. 3aTeM B CTAKAH HAIMBAIOT TAKOE KOJIMYECTBO PACTBOPA XJIOPUCTOTO KA,
YTOGBI YPOBEHD KUAKOCTH IPEBBIIIAT BEPXHUI KPail 3JIEKTPOIOB, IIOMELIAIOT B TEPMOCTAT M BBIICPXUBAIOT
TpU YKa3aHHOI Temrieparype B TedeHue 10—15 muH.

DnekTpudeckoe colpoTupieHue (R) Wim 37eKTpUIECKYIO0 TTPOBOAUMOCTD ( () pacTBopa XJIOPUCTOTO
KaInA U3MepAloT npu Temreparype (25,0+1,0) °C. KoHCTaHTY M3MEpPHUTENBHBIX 31eKTponoB (K) cM—1,
BBIYUCIIAIOT IT0 hopMmyrte

k-R (1)
p

rme R — 3JIeKTPUYECKOe COIIPOTUBIIEHNE PACTBOpA XJIOPUCTOrO Kamus, OM;
p — YHEIBHOE 3JIEKTPUIECKOE COIPOTHBIEHUE XIOPMCTOIO KajiMa C MOJIAPHON KOHIIEHTpauuei
skBuBasedTa 0,01 Moms/mm3 1ipu Temieparype 25 °C, paBHoe 708,2 OM-cM,
WA 110 dopmye

)

rme G — 3JIeKTpudecKas IIPOBOIUMOCTD XJIOPUCTOTO Kamus, CM.
3a pe3y/IbTaT UCIIBITAaHUS ITPUHUMAIOT cpeliHee apiudMeTUIeCKoe ABYX MapaJUIe]IbHBIX OTIPEHEICHMIA.
Pesynsrar okpyrstor go 0,001.
3.5. Jliig onpeneieHUs YOETLHOTO 3JIEKTPUIECKOrO CONPOTUBICHUS (IIPOBOIMMOCTH) JIEKTPOINTA
(p,) U3MEPUTETIBHBIE BJIEKTPONBI SYEMKM IIPOMBIBAIOT JUCTWUIMPOBAHHON BOMOM, 3aTEM 3JIEKTPOJIMTOM,
TIOCJIE Yero OITyCKAlOT B CTakKaH C SJIEKTPOJIMTOM M BBIAEPXKMBAIOT B TEPMOCTATE IIPH TeMIEpaType
(25,0+1,0) °C B teuenue (10+1) MuH. 3aTeM IIPOBOIAT U3MEPEHUA.
VaenbHOE SJIEKTPUYECKOE COIPOTUBICHUE (IIPOBOAMMOCTD) 3JEKTPOIMTA (p,) B OM-CAHTUMETPAX

BBEIYUCIIAIOT TI0 (hopmyte

1 _& A3)
K

e G, — sJeKTpuyecKas IIPOBOIUMMOCTE yIeKTpoinTa, CM;
R, — snexTpudeckoe COIPOTUBIEHUE 3JIeKTpouTa, OM;
K — KOHCTaHTa M3MEPUTENBHEIX 3IeKTPOIOB, CM ™!,
3a pe3ynsTaT IPUHUMAIOT CpeHee apuPMeTHIecKoe TpeX MapajUle/IbHBIX OIIPEAETIEHUI, OKPYTIIEHHOE
JTO 1IEJIOTO YUCTA.

4. IPOBEJEHUE UCTIBITAHUI

4.1. Tlepen npoBeleHUEM UCIIBITAHUN KOHTAKTHYIO ITOBEPXHOCTD 3JIEKTPOIOB IIPOTUPAIOT CIIMPTOM.

4.2. WcrupiTaHus IIPOBOAAT IIpK TeMmieparype (25,0+5,0) °C. [ng noaaepxaHus 3aaHHON TeMIiepa-
TYpPBL MOXET TPUMEHAThCSI TepMOCTATUPOBAHUE 3JIEKTPOTHOTO YCTPOICTBA B CYIIWIBHOM IUKady wim
000rpeB BO3AYXOM IIyTEM LUMPKYJIALMU €T0 Yepe3 pydamky TeIUIOHOCUTENS U3 TePMOCTaTa.
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4.3. UcnsityeMbie 06pasiibl MOCIEHOBATEILHO ITIOMENIA0T B yamky Turna YBH ¢ anexkrpormmroM u
BBIIepKuBaioT B TeyeHue (60,0+1,0) MmuH mpu temueparype (25,0+5,0) °C.

4.4. TIpormraHHBII 06pa3ell IIOMEIAIOT Ha OOIIUI SJIEKTPOI TaK, YTOOBI MEXIY CJIOSIMU OyMaru He
OBUIO IIY3LIPHKOB BO3Iyxa. B oTBepcTHe B LIeHTpe 00pasiia BHOCAT IIPU IIOMOILHY CTEKITHHOM NAJIOYKH WA
TIUTIETKY HECKOJIBKO Kallelbh 3JIEKTPOJINTA, YTOOH M36eXaTh 06pa30BaHMUA ITy3bIPhKOB BO3AyXa MEXIY
OOIIMM 3JIEKTPOIOM U M3MEPUTETHFHBIMUI 3JIeKTpogamMu. [1ocie 3TOro CTaBIT U3MEPUTENIbHBIE JIEKTPOIBI
KOHTaKTHOM ITOBEPXHOCTBIO HAa 00pa3ell Tak, YTOObl NCKIIOYUTh 0Opa30BaHUE ITY3bIPDHKOB BO3/yXa U 4epe3
(15,0+10,0) MUH IIPOBOAST U3MEPEHUE BJIEKTPUUECKOTO COIMPOTUBIIEHUS (IIPOBOAMMOCTH) IIPOITUTAHHOTO
00pa3ia MexIry O0IIUM IEKTPOAOM M KaXKIBIM U3 IIATH U3MEPUTETILHBIX 3JIEKTPOAOB M SJIEKTPOJIMTA MEXIY
OBIIIMM 3JIEKTPOIOM U IIEHTPAJILHBIM U3MEPUTENIBHBIM 3jeKTpogoM Iipu dactote 100 xI'u. M3mepeHus
TIPOBOIAT JIJIT OMHOTO-, IBYX-, TPEX-, YETHIPEX- U IATHCIOMHBIX 00pa3LioB Oymaru.

4.5. JlomyckaeTcs IPOITUTKY 06pa3lioB IIPOBOAUTE Ha o6IeM anekTpone. Ilpu mpormurke o6pasnos,
COCTOSIINX U3 IBYX ITOJIOBUHOK, MX ITOMEIIAIOT HA SJIEKTPOJ TaK, YTOOBI ITOJIOBUHKY PaCIIO/Iarajlich BCTHIK,
¢ 3a30poM He 6oiree 1 MM. M3MepUTETLHBIE SJIEKTPOIBI HE TOJIKHBI IT0ITaJaTh Ha CTHIK ITOJIOBUHOK 00pasiua.
Mexny ciosiMu 00pa3lioB U KOHTAKTHON ITOBEPXHOCTBIO 3JIEKTPOIOB M B 3JIEKTPOJIUTE IO U3MEPUTEIIb-
HBIMU 3JIEKTPOTAMU He TOJDKHO OBITH Iy3BIPHKOB BO3IyXa.

5. OBPABOTKA PE3VIJIbTATOB

5.1. KoabhuuueHT 27eKTPUIecKOro COIPOTUBIEHUS GyMaru (@) omnpenensior mo dbopmyine

_&s @
(p Ra b
e Rg 1 R, — conpoTuBiIeHNe OyMaru M IPOIUTHIBAIOIIETO €€ 3nekTponmTa, OM:
Rs = Rss — Roo; )
R, = R;s— Ry, ©)

rme Rgs 1 R s — Haubollee BEPOSATHOE 3HAYEHME COIPOTUBJIEHMA IATUCIOIHOrO obpasua Oymarum u
COOTBETCTBYIOIIETO CJIOS IIPOIUTHIBAIOLIETO €€ 3IeKTponnTa, OMm;
Ry 1 R,y — TIOTPEIIHOCTh ONpeNeNIeHNsI COIPOTUBIIEHUA GyMaru M 3JIEKTPOJINTA, BHOCUMAA DIIEKT-
POIHBEIM YCTPOMCTBOM.
5.2. 3HaueHus Ry, Ry, R,y M R,; ONIpemeNsdoTcd IO pe3ylbTaTaM IIPOBENEHHBIX W3MEPEHWHA
rpadU9eCKUM WM PACUYETHBIM IIYTEM.
5.2.1. Ipaghuueckoe onpedenenue
5.2.1.1. Tlo cpemauM apuMeTIIECKUM 3HAYSHUAM SIEKTPUYECKOTO CONIPOTUBIIEHUA OymMaru, usme-
DPSAEMBIM Ha IIATU U3MEPUTETHHBIX 3JIEKTPOAAX, CTPOST 3aBUCUMOCTh COIIPOTUBIEHU GyMaru oT 4ucia ee
CIIOEB B U3MepAeMOM obpasle /= Rg(n) — 4eprt. 2.
5.2.1.2. Tlo pesyinbraTaM U3MepeHUS COIPOTUBIIEHUS CIIOS 3JIEKTPOIUTA, COOTBETCTBYIOILETO YHCIY
¢l10eB GyMmar, CTpoST 3aBUCUMOCTD f= R (n).
5.2.1.3. TIpssMble IIPOBOAAT IO IIEPECEUSHUS C OChK OpAMHAT. 10 TOYKAM IIEpEeCedeHUs] C OCBIO
onpenensiioT Ry, u Ry.
5.2.1.4. U3 rpaduxa ompenensaioT Rgs U R,5, COOTBETCTBYIOLIME Hanboee BEPOSTHOMY 3HAYECHMIO
COTIPOTUBIIEHUS IIATHCIONHOTO 00pasiia 6yMaru ¥ COOTBETCTBYIOLLETO CI0S 3JIEKTPOIUTA.
5.2.2. Pacuemmnoe onpedenenue
3aBucuMocTh Ry 1 R, oT 4nciia ciroeB 6ymaru B 00pasliax OIIMCBIBAETCS YPaBHEHHUEM

y=a+ bx, 7)

rae y — cpemHee apudmeTuueckoe 3HaAUYEHUE SJIEKTPUIECKOTO COIPOTUBIEHUS A-CIIOEB Oymaru, ompe-
JenseMoe Ha IIATH 3JIeKTPOaX M COOTBETCTBYIOIIETO CIIOA 3JIeKTposuTa, Re, i R, ;
a — y4acToK, OTCEKAEMBIil IIPAMOil Ha ocH opIuHaT Ry, win R, (IIOIPEIIHOCTb, BHOCKMAsI 3JIEKTPO-
JTHBIM YCTPOMCTBOM);
X — YUCIIO CiIoeB Gymaru B o6pasuax (n);
b — TaHTeHC yIVIa HaKJIOHA IIPAMOM K ocH abcuuce.
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ITpu yncie u3MepsieMBIX 06pa3LoB (i=5), cocTosimx U3 n-ciaoep 6yMaru (1, 2, ... , 5) a ¥ b BHIUMCIIOT
st OyMard 4 3JIEKTPOJIUTA MO (popMyIaMm:
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b= 50

TMoxacraBus monyyeHHBIE 3Ha4YeHUS a U b 111 6yMaru u anekrponuta B (7), onpenenstior Rgs, Rgy, Rys
U

5.3. 3a pe3ynbTaT HCIBITAHUS IPUHUMAIOT 3HaYeHHEe Ko3(ddHIlueHTa 3IeKTPAIECKOrO COMPOTHBIE-
HuA, onpenenseMoe 1o (4), okpyrierHoe 1o 0,1.

OTHOCHUTENBHAS TIOIPEIHOCTE ONpeneicHns KoaGddHIMeHTa 3/IeKTpHYeCKOr0 COMPOTHRICHUST He
npepbONaeT 6 % mpu JOBepUTENbHOM BeposiTHocTd P = 0,95.
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