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1. OBJIACTb PACNTPOCTPAHEHHS

Hacrostuiuit cranzapT pacrnpocTpaHsieTess Ha METOAb ONpeleneHus
YACJBHOro 06 BbEMHOT0 H MMOBEPXHOCTHOIrO CONDOTUBJIEHHA H COJAEDXKUT
COOTBETCTBYIOLLHE pacyeThl JJsl OHpejeseHHs] YIOMSHYTHIX OapaMer-
POB TBEPABIX 3JIEKTPOH3OJSIUHOHHBIX MaTepHAJOE.

Ha pesyabTaTel onpejenenus yaeibHOro 06beMHOrO U NOBEPXHOCT-
HOTO CONPOTHUBJIEHHST BJIHAIOT caeyloulne GakTopbl: aMINUTyAd H Bpe-
MA IIPHJAOXKEHHSA HalpAXEHHUA, reoMeTrpust 4 npHpoaa 3JIEKTPOAOB, TEM-
nepatypa M BJIaXHOCTb OKpyXKalollefi atMocdepbr H 06pasioB Ipu
KOHJIHLUHOHHPOBAHHH U H3MEPEHHUSX.

Honoanurenvroie Tpebosanus, orpascaroujue noTpebHOCTU HAPOO-
HO20 x0351icTea, HAOPAHbL KYPCUBOM.

2. ONTPEAEJNEHUSA

21. O6beMHOe CONpPOTHBAEHHE

HacTHoe OT jesieHHs 3HaY€HHS IOCTOSIHHOTO HANPSKEHHS, TPHJIO-
JKEHHOTO MEXIy ABYX 3J€KTPOJOB, PacClOJOXKEHHBIX ¢ HPOTHBOMOJOXK-
HBIX CTOPOH 00paslia, Ha BeJHYHHY YCTAHOBHBLIETOCS TOKA MEXKAY
3THMH 3JI€KTPOAAMH 32 BbIYETOM MOBEPXHOCTHOIrO TOKa H 6e3 yuera sB-
JIEHHSl TIOJIAPH3ALHH Ha 3JEeKTPOojax.

Hspanne odkusascHoe

© HsznarensctBo cranaapros, 1993 .
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[Tpumeuanne Ecin He yxa3aHo HHaue, oGbeMHOe CONPOTHBJEHHE Olpexe-
JISIOT uepes 1 MuH nocJe NojgayYd HanpsKeHHud.

22, YaeabHoe o6beMHOE CONPOTHBJEHHE

Yacrroe oT JA€JIeHUdA 3HAUYCHHS HAaNpAXKEHHOCTH NOCTOAHHOrO 3JI€K-
TPHYECKOT0o HOJA Ha IJIOTHOCTb YCTAHOBHUBUIErOCsA TOKa B 3JICKTPOH30-
JISITHOHHOM MaTepuaJie. Ha MPpAaKTHKE 3a 3Ty BCJHUYUHY MNDPHHUMAETCH
o6beMHOe COMPOTIHBJEHHE, NPHBEJEHHOE K Kybuueckol eanuuue obne-
Ma.

IIpuMevanune PasmepHoCTs YAebHOIO OGBLEMHOTO COMPOTHBJEHHS B CHCTe-
Me CH — Om-M. Ha npaktike Takxe HCIOAb3yIOT equHHLY OM-CM.

23. IloBepxHOCTHOE CONPOTHBJIEHHUE

YacrtHoe oT A€JICHHS 3HAYeHHA NMOCTOAHHOrO HanpsaXeHud, TIpHJjiao-
JKEHHOTO MEXKAY ABYX 3JEKTPOAOB Ha MOBepPXHOCTH obpasla, Ha 3Haye-
HHEe TOKa MEXJ1y 3JIeKTpOAaMH B JaHHOe BpeMsdA MOCJ/ie BKJIIQUEHHS TO-
Ka 6e3 yueTa BO3MOKHOH MOAAPH3AIHH 3JE€KTPO/OB,

IIpumeuanus.

1. Ecau ne YKa3aHo HHaue, NOBEPXHOCTHOE COIPOTHUBJIEHUE ONpelessioT 4epes
1 MHH Tlocge moxauu HanpAKEeHH A,

2. Tok o6b4HO NMPOXCAMT Yepe3 NOBEPXHOCTHBIE cjaoll o6pasua H moébre coenu-
HEHHA BJAXKHOCTH H 3arpsisHeHHS, a KpOMe TOro BK/IKYAaeT COCTABJANINYID TOKA YcC-
pe3 o6bem obpaasua,

24. YpenbHOoe NOBEPXHOCTHOE CONPOTHBJIEHHE

YacTHoe OT AeJieHHsT 3HAYeHHs HAMPSI}KEHHOCTH 3JIEKTPHYECKOTO
NOJI IIOCTOSIHHOTO TOKA Ha 3Ha4YeHHe JHHEHOH HJOTHOCTH TOKa B MO-
BE€DXHOCTHOM CJ10€ H30JSILHOHHOTIO Mmartepuaaa. Ha npaxkTHge 3TO 3Ha-
yeHHe pacCUYUTHIBAIOT KAK IMOBEPXHOCTHOE CONDOTHBJACHHE €AHHHIIBI
nJoutaaH.

ITpumeuanue B cucreme CH  pasMepHOCTbIO  YAEJABHOTO MOBEPXHOCTHOTO
conpoTHBenHs gpasercst Om. Ha npaxkrtuxke nuorpa ynorpeasior «OM Ha CAMHHLY
TVIOLHAARS.

25, DaexkTpoamn

I/IsMepmeanbIe 3JIeKTPOAL! NPEACTaBAAT co60H NPOBOJHHKH OM-
peneneHnoil opmbl, pasMepa H KOHHIypauUH, KOHTaKTpr}omHe c
HCILITYeMbIM 00pa3ioM.

- IIpumeuanue ComporuricHue H30SALUKH SBASETCS YACTHBIM OT JEJeHHs 3Ha-
YenHsa HaNpsiZKeHHs NOCTOSIIHOTO TOKA MeXAY JABYX 3JEKTPOZOB, KOHTAKTHPYIOIIHX C
06pasloM Ha 3HAUCHHE CyMMaploro Toka Mexay 3JektpogaMu. ComporuBiaeHde H30-

JAUME 3aBHCHT OT Y/IeJbHOr0 06beMIOro H NOBepXHOCTHOTO CONMPOTHBJAeHHS 06paslia
(cm. TOCT P 50344).

3. HABHAYEHHE

3.1. B OCHOBHOM 3J€KTPOH30MSLHOHHBIE MaTePHAJbl HCNOJb3YIOTCS
A5 H30/1A1UK YacTell 3/leKTpHYeCcKOl CHCTeMB ApPYr OT JApyra H OT
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3eMJH; TBep/ble H30/SLHOHHBIE MaTepHalbl MOTYT BHIOJHATh TAKKe
(O YHKLHM MeXaHH4YecKof onopsl. Jlast 3Toll Hesu OOBIUHO KejaTenabHO
HMETb KaK MOXHO 6oJbliee CONPOTHBJEHHE H3OJALUHN TNPU HaJIHUHH
COOTBETCTBYIOUIMX MeXaHHUYECKHY, XMMHUYECKHX CBOHCTBAX M HAarpeBo-
cTofikocTd. [ToBepXHOCTHOE CONMPOTHBJEHHE CHJBHO 3aBHCHT OT BJIaX-
HOCTH, a O6'b€MHOE CONPOTHBJEHHE H3MEHsIeTCs MEeJJeHHO, XOTsI OKOH-
yaTesbHast BeJMUHHA H3MEHEHHUS MOXeT GLiTh GoJblle.

3.2. YaenbHoe 06beMHOE CONPOTHBJIEHHE MOXKHO HCHOJbL30BATL KaK
KpHTepHHA 1pH BpiGope H3OJAIHOHHOTO MaTepHaja Aad KOHKPETHOro
npumeneHus. VMiameHnenune yaenbHOro CONPOTUBJAEHHS B 3aBHCHMOCTH
OT TeMIepPaTypbl H BAAXKHOCTH MOMKET OblTh 3HAUUTENbHBIM, IGITOMY
cjelyeT NpHHUMAaThL BO BHHUMaHHe TaKHe H3MeHEHHs] MPH KOHCTPYHPO-
BaHHH A5 AAHHBIX YCJAOBHE aKcnayaTaunt, Miamepedne conmpoTHBJeHHA
4acTO HCMOJB3YIOT JJAS KOHTPOJST OJTHOPOJHOCTH H30J/ISIILHOHHOrO MaTe-
pHaJja IpM NPOH3BOACTBE HJIH /51 OOHAPYXKEHHUS] HPOBOASLINX BKJIO-
UeHHH, BJUSIOUIHX Ha KauecTBO MaTepHaJta, KOTopble TpyAHO oOHapy-
XKHUTb APYTHM cnOco6OM, :

3.3. T1pu npuioKeHHH MOCTOSHHOrO HAaMpPsKEHHST K 3JEKTPOjiaM,
KOHTaKTHPYyIOUUM ¢ 06pa3noM, TOK, MPOXOASIIHI Yepe3 Hero, acHMIm-
TOTHYECKH CHHIKAETCH [0 YCTAHOBUBILIEHCHA BEJHUYHHEL. ¥ MeHbIIEHHE TO-
Ka ¢ TeYeHHeM BpPeMeHH SBJISETCS CJAeACTBHEM JHINEKTPHUECKOH MoJs-
PH3AaLHUH M CMelleHUsI IOABHKHBIX HOHOB K ajexktpoaam. last maTepua-
JOB ¢ yJeJbHBIM 0GBEMHbBIM comnpoTuBieHneM wmeHee 10 Om-Mm
(10'2 OM.cM) ycTaHOBHBILUEECS 3HAUEHHE TOKA JOCTHIaeTcs B TeUeHHE
1 mun. ConporuBseHne onpeaesioT 4yepe3 | MHH IOcJe NMOJA4YH Hanps-
xenus. Ilna MmatepuasoB ¢ §osee BLICOKHM YIeJbHBIM OGBeMHBIM COII-
pPOTHB/JEHHEM yMeHbIIEHHE TOKA MOXKET Ha0/101aThCAd B TEUEHHE Hec-
KOJLKHX MHHYT, 4acoB, AHeH WJH HeAesb. Jlisi TakHX MaTepHasoB
COOTBETCTBEHHO Tpebyercsl Gosbliee BpeMst BbIAEPKKH NOj Hampsxe-
HHEM M NPH BO3MOMXHOCTH TaKHe MaTepHaJ/ibl XapaKTepUayloTcsl 3aBH-
CHMOCTBIO YJe/]bHOrO 06BeMHOr0 COMPOTHBJIEHHUS] OT BDEMEHH.

3.4. IToBepxHOCTHOE COMPOTHBJAEHHE HJM TOBEPXHOCTHYIO MPOBOIH-
MOCTh TPYAHO H3MepHTL TOUHO, T, K. B H3MEPEHHSAX INPHUCYTCTBYET B
TOJ M/ UHOH Mepe oObeMHast MTPOBOAHUMOCTb. Mamepsaemas BesaH4ynHa
B OCHOBHOM XapaKTepuayeT 3arpsi3Hcliie NOBEPXHOCTH obpasua MpH
H3MepeHHH.

OnHako, aH3J€KTpHUEeCKas NMPOHHIIAEMOCTh 06pAasioB BJHAET Ha
ocaxjieHde mpuMeced, a UX NpPoBoAsiIast CHOCOOHOCTh 3aBHCHT OT Xa-

pakTepHCTHK NOBEPXHOCTH 06}')33118. y}le.}]bHoe MMOBEPXHOCTHOE COIPO- ’

THBJIGHHE He ABJSCTCA CBONCTBOM MaTepHana B 0OLIYHOM CMbIC]E, €ro
MOXKHO paccMaTpHBaTh KaK OTHOCsIIleecs] K CBOCTBAM MaTtepuaJja npu
Ha/mu4uyu 3arpsisenns. Hexkoropble Martepuasibl, Takue Kak CJAOHCTBIE,
MOTYT UMeTb Pa3/HYHOE YyIe/bHOE CONPOTHB/ECHHE B MOBEPXHOCTHOM H

b
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BHYTpeHHEM cJ0sX. B CBsI3N ¢ 3THM HHTepec NpelcTaB/sieT H3MepeHHe
HCTHHHBIX CBOMCTB, NPUHCYLLHX YHCTOH moBepxHOCTH MaTepHasa. Cue-
JYeT TOYHO yKa3aTh METOAUKY OUHCTKH MOBEPXHOCTH AJS MOJY4YEeHUS
pe3y/IbTaToB, YUHTHIBAs BJMSHHE BO3AEHCTBHSA pacTBOpHUTeJeH H ApYy-
rux ¢$akTopoB Npollecca OUHCTKH Ha TMOBEPXHOCTHBIE XapaKTEPHCTHKH.
[ToBepxHOCTHOE conpoTHBJAeHHe, ocobeHHo npH o/bLIHX ero 3Ha-
YeHHSIX, 4aCTO HMEeT HeYCTAHOBHBIIEeCs 3HayeHHe H B oblleM cJydae
CHJABHO 3aBHCHT OT BPeMEHH BO3JeHCTBHS HANpSKEHHs; AJA H3Mepe-
HHII OGBIYHO YKa3BIBAeTCS] BPeMs BBIAEPAKKH IOJA HanpsKeHHeM | MuH.

4. AICTOYHHUK NUTAHHA

Ilnst mpoBeeHust ucObITaHUHA TpeGyeTcs HCTOYHHK XOpoulo crabu-
. JJU3UPOBAHHOTO MOCTOAHHOIO HAanpsiXKeHUs. TakuM HCTOYHHKOM MOTYT
CJAYVKHTH Gatapen uiu crabHan3atop-BunpsaMutens. Crenedb cTabuib-
HOCTH JOJIZKHAa 6BITh TaKoBa, yrobbl H3MEHEHHE TOKa 33 CHET H3MeHe-
HHSI HanpspKepHsl GbLI0 3HAUHTENLHO MeHblle 110 cpaBHeHmo Cc HsMe-
pSIEMBIM TOKOM.

OOBIYHO HCTOJB3YIOT CJAEAYIOLINe 3HAUEHHS HAMPSKEHHUs, NPHKJa-
IbiBaeMoro ko scemy obpasuy: 100, 250, 500, 1000, 2500, 5000, 10000,
15000 B. U3 sToro psina vaime wucnoJbsyior 3Hauedus 100, 500 u
1000 B.

B HeKoTOpbIX Ccayyasx CONpOTHUBJAeHHE 06pa3la 3aBUCHT OT HOJSAP-
HOCTH NIPpHKJaAbIBACMOIro HalpsAXKeHHA.

Ecan conpoTuBsiesye 3aBUCHT OT NOJAPHOCTH TPHKJAABIBAEMOr0
HanpspKeHUsl, CJAeAyeT yKasaTh 3TO B NPOTOKOJE HCNBITaHHA. 3a pe-
3ynbTaT NPHHUMAIOT cPelHee reoMeTpuueckoe (cpeiHee apHpMeTHuec-
KO JIorapHpMHYECKHX IKCIIOHEHT) [BYX 3HAUeHH{ COMNpPOTHUBJEHHS.

[TockonbKy conpoTuB/ieHHe 06pasla MOXKET 3aBHCETb OT HampsiKe-
HHsS, cJelyeT YKa3aTb TaKiKe 3HaUCHHe HalpsKeHHUs,

5. METO1bl U3BMEPEHHA H TOYHOCTD

51, Metoab usmMepeHus

O6biyno ynoTpe6Jsior npsiMble HAH CpaBHHTeJAbHbIE METOABl H3Me-
PEHHsl BLICOKMX 3HAYEHH[ CONPOTHBJIEHHS.

[Tpsimble MeToabt Ga3upylOTCs HA OJHOBPEMEHHOM H3MepeHHH 3Ha-
YeHHs [MOCTOAHHOrO HanpsKeHus, nojasaemMoro Ha ofpasell ¢ HeH3Be-
CTHBIM CONPOTHBJCHHEM U TOKOM, IIPOTEKAIOWIHM 4epe3 Hero (MeTox
BOJIbTMETPA-aMnepMeTpa).

Mertoubl cpaBHenHs yCTaHaBJAHBAIOT COOTHOLIEHHE HEH3BECTHOTO
CONPOTHBJIEHHS] H CONPOTHB/IEHHS] M3BECTHOIO PE3HCTOPa C INOMOILBIO
MOCTOBOW CXeMbl M} CpaBHEHHEM TOKOB 4epe3 CONDPOTHBJCHHA MPH
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(PUKCUPOBAHHOM HANpPAXKEHHH, '

[Tpumephl, HANIOCTPUPYIOLHE 3TH NPUHLHNE PHUBEAEHB B MPHJIO-
JKeHHH A.

Meroa BosbTMETPA-aMnepMeTpa TpeGyeT HaJHUHA AOCTATOYHO TOY-
HOro BOJIbTMETPa, HO YYBCTBHTEJLHOCTb H TOYHOCTb METOJAa 3aBUCAT B
OCHOBHOM OT XapaKTEePHCTHK H3MEPHTEJBHOI0 ~YCTPOHCTBA, KOTOPHIM
MOXET SIBJATbCSA rajbBaHOMETP, NMPHOOP C 3JEKTPOHHBIM YCHJEHHEM
HJH 2JEKTPOMETD.

Mertox mMocTa Tpe6yeT HaJMUHSI YYBCTBHTENLHOIO NETEKTOPA TOKA
B Ka4ecTBe Hy/b — HHIHKATOPa, a TOYHOCTb B OCHOBHOM OMNpejeser-
€51 H3BECTHLIMH PE3HCTOPAMH IlJleya MOCTa, KOTOPYI0 MOYKHO IOJyYHTh
C BBICOKOH CXOAHMOCTBIO H CTalGHABHOCTLIO B LIKPOKOM AHanasoHe com-
potuBaennii. TouHOCTL MeTOJa CPaBHEHHST TOKOB 3aBHCHT OT TOUHOCTH
H3BECTHOTO PE3UCTOPA M OT CTAabH/ILHOCTH H JIHHeAHOCTH mpuGopa us-
MepeHHsl TOKa, BKJIoYast H3MEPHTebHbIE LE3HCTOPBl H T. [., IPH 3TOM
TOUHbIE 3HAYEHHA TOKA HE MMEIOT 3HAUYEHHS TPH HAJHUYHH IIOCTOSIHHOI'O
3HaueHHs Hanpsikenus. dasa conporuBaenuii nopsaka 10" Om MoKHO
HCTIONB30BAThL OMNpejle/ieHHe yAeJbHOr0 0G'bEMHOrO COMPOTHBJEHHS B
coorBercTBHH ¢ 0. 10.1 ¢ Hcnosb3oBaHHeM rajibBaHOMETpa B MeETOAE
BOJbTMeTpa-amnepmerpa. s GoJjiee BHICOKHX 3HAUEHHH CONMpPOTHUBJIE-
HHSI PEKOMEHAYEeTCS HCIOJIb30BATh YCHJHTE/b NOCTOAHHOrO TOKA HJH
3JIEKTPOMETP,

Ilo MeTony MocTa Hesb3si HEMOCPE/ACTBEHHO H3MEPHTh TOK B KOPOT-
KO3aMKHYTOM obpasue (cm. 1. 10.1). MeToa ¢ Hcnosb3oBaHHEM YCTPOI-
CTBa, H3MEPSIOLLEro TOK, IO3BOJISIET aBTOMATHUECKH DPETHCTPHPOBAThH
TOK, 4TO 06Jieryaer KOHTpOJb cTaGMILHOCTH H3MepeHHH (cM. m. 10.1).
HMmMeloTea cneunanbuble cXeMbl H NPUGOPHI AN H3MEPEHHS BBICOKHX
conporuBJ/ienuii. IX MOXHO HCNOJIB30BATh NMPH YCJIOBHH, €CJH OHH JOC-
TATOYHO CTaGHILHBI H TOUHBI INIPH HEOBXOAMMOCTH OBEClNeyHBaIoT
COOTBETCTBYIOLIEE 3aKOpauHBaHie 06paslia H H3MEDEHHe TOKa mepej
BKJ/IIOUYEHHEM HATPSIXKEHUS.

52. TouHocTs

HsmeputenbHoe yeTpoficTBO  A0JIKHO obecneunsaTth onpejesnedye
3HauYeHHs HEH3BECTHOTrO CONMPOTHBJIEHHS C CYMMAapHOH TOUHOCTBIO He
menee +=10% anda conporussieHuii MeHblre 10'© OM u +20% ana Go-
Jiee BBICOKHX 3HaueHHil (cM. mpu/ioxkenue A).

53. 3amura

I/IBOJTHHHH H3MEPHTEJNbHEIX CX€M H3IOTOBJIEHA H3 MaTtepuaJos, B

JAydUIeM Cayvae HMEIOLWHX CBOHCTBA, CPaBHUMEBIE C HCIILITYEMBIMH Ma-
TepHasamH.

Own6ku H3Mepennuii 06pasiia MOryT GbITb CBA3AHHI:
a) ¢ MapasuTHLHIMH TOKaMH OT MapasHTHLIX BHELIHHX HanpsXKeHHH,

3 3ak, 614
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KOTOpbie O6LIYHO UMEIOT HEH3BECTHYIO BEJHUHHY H NPOH3BOJIbHBIA Xa-
pakTep;

6) ¢ HempoM3BOJbLHBIM LIYHTHPOBAHHEM CONPOTHBJEHUS o6pasna,
5TAJOHHOTO pe3HCTOpa HJH YCTPOHCTBA W3MEpeHHs ToKa H30JslHel,
KOTOpasl HMeeT HeH3BeCTHOe COMPOTHBJIEHHE, BO3MOXHO TepeMeHHOe
[0 BeJIHUHHE.

TMosHOCTBIO H36€XKAaTh 3THX MOTrpellHocTe#i MOXKHO, HCMOAb3ys Hac-
KOJILKO BO3MOXHO BBbICOKHME 3HAUEeHHA CONPOTHBJIEHHS  H30JAUHH Ha
BCEX y4acTKax CXeMbl. DTO MOXeT NMPHBECTH K CO3/aHHIO IPOMO3AKHX
yCTPOHCTB, KOTOPHIE BMECTe C TeM He MOryT OGecneynTh H3MepeHHs
COTNPOTHBJEHHS H3OJSALHMH BHILIE HECKOJbKHX coTen MOM. Bonee ynos-
JIETBOPHTE/IbHBIX PE3yJbTaTOB MOXHO NOOHTHCS, HCNOJb3YS METOAHKY
3alIUTHI.

3awmura obecreurBaeTcs BBeJEeHHEM BO BCEX KPHTHUECKHX H3OJH-
POBAHHBIX yYacTKaX CXeMbl 3aLUTHHIX MPOBOJAHHKOB, KOTOPHIE NPEPHI-
BAKOT BCe NapasuTHbIe TOKH, KOTOpble B IIPOTHBHOM CJyyae MOTYT NpH-
BeCTH K OWHOKaM H3MepeHHsi. 3alllTHbIE NMPOBOAHUKH COEJHHEHBI Me-
®Kay co6o#, o6pasyst 3allHTHYIO cHCTeMY, (HOPMHPYs BMeCTe C H3MEpH-
TeJbHBIMH TEPMHHANAMH TPEXTEPMHHAJIBHYIO CETh.

ITpu cOOTBETCTBYIOLLEM COGJHHEHHH NAapasuTHble TOKH OT MApas3ur-
HBIX BHELIHHMX HATNpSMEHHH WIYHTHPYIOTCS OT H3MEPHTE/bHOH ILeNH
cXeMbl 3aLIHTHON CHCTeMOfi; CONPOTHBJEHHE H3OJSAUHH OT J06Oro Hu3-
MEPHTENbHOFO TEPMHHAJA K 3alIUTHOH cHCTeMe IIYHTHPYeT SJEMEHT
HeMH CXeMbl, KOTOPhI A0JIKeH HMEeTb HAaMHOro MeHblllee CONPOTHBJE-
HHe, H TOTJa CONpPOTHBJAEHHe 06pa3la sBJseTcs eAHHCTBEHHBIM Nps-
MbIM NyTeM MeX/1y H3MepHTeNbHEMH TepMuHanaMu. HMcnons3ys Takyio
METOJHKY, MOXKHO 3HAUHTEAbHO YMEHBIIHTH BEPOATHOCTD MOrPEIIHOCTH.

Ha uept. | npuBejeHa NpHHUHNKAJbHAS CXeMa NOAK/IOYEHHA 3a-
IMHIIEHHBIX 3J1EKTPOJOB A/ H3MepeHHs OG'beMHOro H MOBEPXHOCTHOIO
COTIPOTHBJIEHHH.

Ha uept. 5 u 7 npHBeJeHO COOTBETCTBYIOIee HCNOJIb30BAHKE 3a-
H{MTHOH CHCTeMBbl AJsI METOJA, BKJIOUAIOLIEro H3MepeHHe TOKa, I'ie 3a-
IHTHAS cHCTeMa MPHCOeJHHEeHa K TOUKe COeJHHEeHHs MCTOYHHKA Hail-
PSKEHHS U YCTPOHCTBA /11 H3MEDEeHHsT TOKa.

Ha yept. 6 nmpuBejseHa cxeMa 3allUTHOH CHCTEMBl /I METOAA MOC-
Ta YHTCTOHA, BKJIOUEHHAs B TOYKY COeJHHEHHS ABYX ¢ GoJjiee HH3KHMH
3HAUEHUSIMH COMPOTHBJEHUS MJed MocTa. Bo Beex cayuasx aas sdoex-
THBHOM paGOTH 3alllATHAsI CHCTEMa AOJKHA OBITb MOJHOH H BKJI0YATh
B ce6s1 m060e H3 YCTPOHCTB, ylIpaBJsieMoe ONepaTopoM IpH  NpoBede-
HHH H3MEepPeHHH.

3.4.C. 2NEKTPOJHTHYECKOrO, KOHTAKTHOrO HJIH TePMHUYECKOro Xapak-
Tepa, BO3HHKAIOLUIHe MeXAy 3allHTOH M 3allHLIeHHBIMH TEpMHHAJlaMy,
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anHllHl'lHaJleaﬂ CXeMa COeAMHeHHN 3alIHUIEHHBIX 3JE€KTPOAOB

- O —

T T

1 L

= / 27T ! \2
a) Aasf H3MepeHHs YAenb- G) 419 H3MepeHHS yaenbHO-
HOFOOﬁ%eMHOFOCOHPOTHB‘ TO MNOBEPXHOCTHOTO Conpo-

JICHH A THBJIEHH S

! — 3amMpeHnbl  (u3mepu- - ]_‘— 3auLMUe UL (u3mepurens-
TeAbHbLE) BNEKTPOHd; 2 — 3a- Mbill) 3JEKTPOA; 2 — HesalWHIleH-
IWHTHBIA  (OXPaHHbL) BJEKT- HbIt 3/1€KTpOA (34eKTpod Hanps-
pPOA; 3 '— He3allHULEHHBIA 3J€- HeHus); 3 -~ 3AUMTHBIA (OXpan-
KTpoa (34eKXTPOd Hanpae- HbLT) 3JeKTpoa

HUR)

Uepr. 1

MOXHO KOMIIEHCHDOBATb, €CH OHH HeaHauHTenbHb. Cieayer y6emHTh-
csl, 4TO TaKHe 3.J.C. He BHOCAT OLIYTHMBIX NMOTPELIHOCTeH B H3MEPEHHS.

Own6ku B H3MEPEHHH TOKA MOTYT NMPOHCXOAMTb H3-3a TOrO, UTO
YCTPOHACTBO, H3MepsIOIlee TOK, LIYHTHPYeTCS CONPOTHBJIEHHEM MEXAY
3alHLUIEHHBIM TEPMHHAJIOM H 3aUIHTHOI CHCTEMOJ. JTO CONMPOTHBJAEHHE
HOMXKHO OBITb MO Kpaiinell mepe B 10 pas (a npeanouturesapHee B 100
pas) GoJblle CONPOTHBJCHHSA YCTPOUCTBA, H3MEPAINEro TOK. B Heko-
TOPHIX MOCTOBBIX CXeMaX 3allHTa H H3MEPHTe/bHEI TepMUHAJ TpHBe-
AEHbI MPAKTHYECKH K OJHOMY MOTEHLHAJ]y, HO CTAaHAADPTHBEI PE3HCTOD
MOCTa IWIYHTHPYETCS CONMPOTHBJEHHEM MeX/y He3allHIEHHBIM TepMH-
HaJIOM H CHCTEMOH 3aUIUTH. JTO CONPOTHBJAEHHE NOJKHO GbITh 110 Kpaii-
Heil Mepe B 10 pas (a npeanourutesbHee B 100 pas) GoJblie conpo-
THBJIEHHS] 3TAJIOHHOTO Pe3HCTOpa.

Inst obecneyenns yA0BIETBOPUTENbHON PaboTHl 060PyIOBAHHS H3-
MepeHHst cJelyeT NPOBOAHTL NPH OTKAIOUEHHOM HCTOUHHKE Halpsixke-
HHSt OT o6pasia.

[Ipu Takux ycaoBusX 060OpyAOBAHHE HOJXKHO IOKa3blBaTh G6ecKo-
HEYHOEe CONPOTHBJIEHHE B Npe]esnax ero 4yBCTBHTEJbHOCTH. Ecau uwme-
IOTCSt COOTBETCTBYIOLIHE CTaHAApThl H3BECTHHIX 3HAUYEHHH, HX MOXHO
HCIOJ/1b30BATD JISI HCNIBITAHHA PaboTsl 060PY10BaHuS.

6. HCNBITYEMBIE OBPA3ILbI

6.1. YanenbHoe o6beMHOE CONPOTHBJAECHHE
Has onpenenenus ynensHOro oGbeMHONO CONPOTHBJIEHHS HCMBITYe-
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Mblil o6pasell MOXKeT UMeTb NpaKTHYeCKH Jobyl yaobGHyio dopwmy,
MO3BOJAIOILYIO HCHOJb30BATL TPETHl 3JEKTPOA AJs 3ALUTE OT IMOI-
peLIHOCTEH, CBA3aHHBIX C OBEPXHOCTHBIMYU 3 dexTamu. das obpasuos
¢ npeHeOpeXHMO MaJOH NOBEPXHOCTHOH YTEUKOH IPH  H3MepeHHH
00beMHOr0 CONPOTHBJEHHSA 3alUTYy MOXKHO He HCIOb30BaTh IPH yC-
JIOBHH, YTO OTCYTCTBHE 3alllUThI He OKa3bIBaeT NPAKTHYECKOrO BJIHSHHS
Ha pe3yJsbTaThbl H3MEpPEHHIl.

3a30p Ha NMOBEPXHOCTH 06pa3ua MeKay 3allHUIEHHBIMH H 3allHT-
HBIMH 3J€KTPOAAMH J0JIKEH ObiTh PABHOMEPHOIl IWHPHHBL H KAK MOXKHO
6oJiee y3KHM, MPH YCJIOBHH, MTO IIOBEPXHOCTHASl yTeUKA HE BHI3BIBAET
NOTPEUIHOCTH H3Mepenuil. -‘HauMenbln 3a30p, HCMOJMbB3YIOMKiCS Ha
NpakTuKe, cocTaBageT [ MM.

ITpumep pacnonoxeHus aAeKTPOAOB Ha
TpyGuyaTom obpasue

S g )
S e
VA5 3\ | mny g | S Sy
N ™
Qﬂ__. —_—
N ' \
Tipumep pacnonoXeHHs: HJEKTPOIOB HA N\ N
naockom oGpasiie 4 : N
- H
~ ~ o
\ REE
¥, - N Q
L dz | / Q N\
N > N
: - dz 2| Vi ﬁw____‘L___‘L
) /. N
- 4 N —— e
N\ N
j h/‘fﬁ\‘mu
Vel
<
2y
Y
1
1 - SAIMILEHHHIX 3JIeKTpOj; 2 — 3allHT-
Hbljt ang‘ﬂgim' 3 — Hesa?ummeﬂmm 3.nem‘-. I — 3awumieHHBI} 3JMEKTPOA; 2 — 3allHT-
D?)A‘ 4 — ob6pasen, I HBIft 3JeKTPOA; 3 — He3aUIHIEHHBIR 3JIeKT-
’ E pon; 4 — obpasen

Yepr, 2 Yepr, 3
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Ha uepr. 2 1 3 npuBeeHbl IpUMEpHl Pa3MeUleHHsT Tpex 3JeKTpo-
108, Ilpn usMepeHnn o6bEMHOI0 CONPOTHBJAGHHS 31€KTPoL [ sBAsieTCs
3allHIEHHBIM, 2 — 3allHTHBIM 1 § — HesautuuleHHniM. uamerp d,
(depr. 2) wam anuHa I (yepT. 3) aallHIIEHHOTO 3JEKTpPORa JIOJIKHA
BbITh 1e MeHee yeMm B 10 pas Goabile TosuHb o6pasia A, pjisi npax-
THYECKUX HYXKJ 06HUHO He Menee 25 mM. duamerp dy (unu gauua ly)
He3aIUHILEHHOTO 3JIEKTPOAA U BHEUHHUH jgHaMeTp ds 3allUTHOTO  3JieK-
Tpoaa (HaM AJHHA [3 MeXKy BHEUIHHMH KpasMH 3allHTHBIX 3JEKTpPO-
JI0B) NOJIKHBI 6bITh DABHE BHYTpPEHHEMYy JHameTpy dp 3aLIHTHOTO
eKTpona (M aJiuHe [; MeXQy BHYTPEHHHMH KpasiMH 3alHTHBIX
3/JEKTPOAOB) IJIIOC 3HAYEHHE, paBHOE YABOEHHOH Tosmuue obpasua.

6.2. YiesbHoe NOBEepPXHOCTHOE CONPOTHBJAEHHE

Jast onpenesientst y1eabHOr0 MOBEPXHOCTHOIO CONPOTHBJIEHHS] HC-
npiTyeMblil o6paseln MOXeT HMeTh NPaKTHUeCKH Jo0yio yrobHyo dop-
My, TIO3BOJISIIOILYI0 HCNOJNb30BATh TPETHH JIEKTPOJ AJS 3allUTH  OT
MIOTPEIIHOCTH, cBA3aHHOW ¢ oObeMHbEMH sdhderTamMu. PekoMmenayercs
TpH BapHaHTa c6OPKH 3JEKTPOAOB, ToKazaHHule Ha uepT. 2 n 3. Con-
POTHBJIEHHE 3a30pa Ha NMOBEPXHOCTH MEXAy 3JeKTponamu /I u 2 nsMme-
pAETCS HeNoCpPeJCTBEHHO 3JeKTPoAOoM / B KadyecTBe 3allHIIEHHOTO
3JIEKTPONa, 3JeKTPOAOM 3 KaK 3allHTHBIM H 3JEeKTpoJLoM 2 B KauyecTse
HEe3allHILleHHOTO.

HsmepenHoe takum o6pazoM CONMPOTHBJEHUE BKJIOYAET MOBEPXHO-
CTHOE CONPOTHBJIEHHE MEXAY vJeKkTpoaaMu [ 1 2 u o6beMHOE CONPO-
THBJIEHHE MEXY 3TUMH ABYMA 3nekTponamu. [IpH ycJoBHH NPULAHHA
3J1EKTPOAAaM COOTBETCTBYIOIIHX pPa3MepoB, MOJXKHO JOCTHYb IpeHebpe-
KHMO MaJoli BeJHUHIBl BAHAHUST 06BEMHOTO CONPOTHBAEH!IS B IIHPO-
KOM JHanma3oHe OKPYXAIollHX YCJAOBHH H cBOfICTB MartepHa/ia. JTO yC-
JIOBHE MOKeT OBITh JOCTHIHYTO s pasMellieHuss 3JeKTPOLOB NOKa-
3annbix Ha 4epT. 2 u 3. [ToBepxHoCTHLI 3230p g AOMKeH ObiTb MO
Kpafinefi Mmepe B 1Ba pasa 0oJblile TOJMUHLE o6pa3ua; Ha TMpaKTHKe
fepercst MuHUMaJbHoe 3Havenne | My, Tuamerp d; (wnu aauna l,) 3sa-
IHIIEHHOrO 3J1IeKTPOAa NOJKeH GhThH He MeHee yeM B 10 pa3 GoJbure
TonmuHbl 06pasna . Ha npakTike c6buHO GepeTcs 3HayeHHe He Me-
Hee 25 MM,

B KavyeCTBe aJbTEPHATHBHOIO BapHaHTa MOXKHO HCIOJAbL30BaTbh NPs-

MBIC 3€KTPOAB HJH APYTHe BAPHAHTH ¢ COOTBETCTBYIOMIMMH pasMepa-
MH.

IipumMevanue Ha-3a Bamsuns Toka depes obbeM o6paslia pacuerHoe 3Ha-
UeHHEe YIeaLHOTO MOBEPXHOCTHOIO CONPOTHBJACHHS MOXET CHABHO 3aBHCeTh OT pasMe-
poB o6pasua u saeKTPoRoB. Jlast cpaBHUTENBHOrO OMpeJCJelHs PEKOMeHLYyeTcs He-
nosb3oBath 06pasul iaenTHYHON (BOPMLI ¢ PacnosoxKCHHCM JEKTPOAOB B COOTBET-
CTBHH C 4epT. 2, uMciolue pasmepni: d,=50 MM, dp=60 MM, dz==80 MM.
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7. MATEPHAJI 3JIEKTPOIOB

7.1, Obumasgs vacrth
DAeKTPOABl A 3JMeKTPOH30JIANHOHHBIX MaTePHANOB JOJKHE ObiTh

H3rOTOBJEHE M3 MaTepHaaa, NMO3BOJAIOLIEro JErkKo X HCMO0Jb30BaTh,
o6ecrieduBaOLIero XOPOIIHi KOHTAaKT € NOBEePXHOCTbIO o0pasua u He
BHOCSILEro MOrPEUIHOCTb 3a CUeT CONPOTHBJCHHA 3JEKTPOAd UJH 3ar-
psi3HeHust o6pasua. MaTtepuas 37JeKTPoAa JoJikeH ObiTh CTOGK K KOp-
po3uu B ycaoBusix denbiTaHust. Hioke npHBeneHb THIHYHbBIE MaTepHa-
JIbl 3JI€KTPOAOB. DJEKTPOAbl HCHOJMB3YIOTCH C COOTBETCTBYIOMIHMH MO~
JIOKKaMHU paHHOl QOpPMBI H Pa3MepoB.

Moxert 6biTh LenecoobpasHbiM ynoTpebJieHne JBYX Pa3JHYHLIX Ma-
TEPHAJNOB 3JEKTPOJOB HJH JIBYX METOAOB NPHMEHEHHS IS BHISICHEHHS
3HAYEHUsi BHOCHMOIT TTOrPelIHOCTH.

72, Illposoassmas cepebpssHas Kpacka

[TpuMeRsIOT HEKOTOpHIE THIB HMEIOUNXCA B NMpofaxe cepebpsannx
KPacoK C BLICOKOH NMPOBOAHMOCTBIO, OTBEPXAa€MbIX BO3AYLUIHON Cyd-
KOH HJH NpH HU3KOTEMOEDATYPHOM OTXKHIe, JOCTATOYHO TOPHCTHX
aas Auddysud BJIATH yepe3 HHX, YTO TMO3BOJAET KOHAMUHOHHPOBATH
o6pasubl 10c/e HaHeCeHHs 3JeKTPOIOR.

310 ocobeHHO moJae3Hoe CBOHCTBO NPU HCCAE/I0BAHHH B3aHMOCBA3H
BJIaXKHOCTH H CONPOTHBJEHHS H TeMneparTypHbix naMeHeHuii. OpnHako
nepej HaHECEHHEM NMPOBOJALLEH KpacKH B KauecTBe MaTepHasia 3JeKT-
poaoB caeayer yOeAuTbCs;, YTO paCTBOPHTENb KPACKH He BJUAEeT Ha
JH3JEeKTpHyYeckre cBoficTBa obpasua.

OTHOCHTENLHO POBHEIE Kpasi 3aIUMTHBEIX 3JE€KTPOLOB MOXKHO NOJY-
UHTb 33 CYET HCMOJb30BaHMs TOHKOIN KucTH. OAHAKO, AJNA KOJIbIEBHIX
3JIEKTPO0B 6oJ/ee YeTKO BhIpAXKeHHble Kpass MOXKHO HOJYYHTh MyTeM
HCNIO/Ib30BaHHS LHPKYJ/fA, OYEPTHB BHEIUHHe Kpasd KOJAblla H 3aIO0JHHB
IPOMENKYTOK KpacKoil ¢ nmoMolliblo Kuctu. Ecinn  21€KTpoA HaHOCHTCHA
pacnblieHHeM, MOXKHO HCHOJIB30BaTh NPHKHMHBIE MacKH.

73. Mertaanuzanuusgs HanolJeHHEM

Hanninenne Merania MOXHO HCIOJAb30BaTh NMPH YCJOBHH YAOBJET-
BODHTENBHOH aAreaun X nosepxHocTd o6pasuna. ToHKHE HaNblleHHHE
JEKTPOJB MMEIOT TO NPEeUMYWECTBO, YTO HX MOXKHO HCNOJbL30BATH
Cpasy nocsae HaHeceHHs. OHU MOryT OBITb AOCTATOUHO NOPHUCTHIMU IS
KOHIMUHOHHPOBaHUsi 06Pa3lOB, HO 3TO cJeAyeT TNOATBepAuTb. Jlast
CO3ZAHHS MPOMEXKYTKA MEXKAY 3alIUTHLIM U 3alllHIIEHHBIM JIEKTPOIOM
MOXKHO HCHOJ/Ib30BATh NPHUKHUMHBIE MACKH.

74, TepmoBaxkyyMuass MeTaJAH3alusg HJIH Me-
TAJAJHU3AUUSA HaNbLJEHUEM

Takofl BuJ HaHeceHUS 3JMEKTPOLOB MOXKeT GbiTh HCIO/Ib30OBAH B TeX
e yC/IOBHAX KaK YKa3aHo B O. 7.3, €cay A0KasaHo, UTO Ha MaTepHan
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He OKa3biBaeT BJHsSHHE HOHHas GoMbapiHpOBKa MM BakyyMHas obpa-
6oT1Ka.

75. Kunpxkue 3J€KTpPOAH

MoxHO HCIOMIb30BaTh TaKxkKe H XHIAKHE 3JeKTPOAbl, M03BOJSIOUIHE
NOJNYYHTh yAOBJETBOPHTe/bHEE pe3yabTathl. XuakocTs, ofpasymoulas
BEpXHHH 2JIeKTPOA, A0JXHA ObITh OrpaHHYeHa, HalpDHMEp, KOJbLaMH
H3 Hep:xaBelollell cTaJs i, KaXKA0e H3 KOTOPBIX JOJKHO HMeThb OCTPYIO
KPOMKY 3a cueT (packH, CHITOH Ha BHeLIHeH OT XHAKOCTH CTOPOHE.

Pacnogoxenne XKuIKuX NEKTPOROB

77 ;/' 7

1 - 3nekTpon [; 2 — 3nexrpon 2; 3 — 3aekTpom I;
4 — o6paser

Yepr. 4

Ha uepT. 4 u3bpamkeHo pacnooxKeHHe 31eKTPOJOB. PTyTh He peko-
MEHAyeTCsl HCII0JIb30BaTh NMPOAO/IKHTENbHOE BPEMS HJH NPH MOBHILIEH-
HBIX TEMIepaTypax u3-3a ee TOKCHYHOCTH.

76. KonaouagHs it rpadbur

MoOXHO TakKe HCINONb30BATh KOJJOUJAHBIA Tpa(HT, JHCOEPrHpO-
BaHHBIH B BOJE WM APYroOil MOAXOAsUleH cpeae B COOTBETCIBHH C YCJIO-
BHSIMH, YKa3aHHBIMH B 01, 7.2,

77. MlpoBonsiwas pesHHa

B kauectBe MaTepHasa 3J€KTPOAOB MOXKHO HCIOJb30BaTh NPOBO-
asuyio pesuHy. OHa UMeer Te MpeHMylUecTBa, UTO €e JErko U GHCTpo
Hak/JaAbBaTh H yAaJiaTh ¢ o6pasua. [TocKoNbKY 3J€KTPOABl HaKJIalbl-
BalOT TOJNbKO NPH H3MEPeHHH, OHH He MeIaloT KOHIHIIHOHUPOBAHHIO
o6pasua. [1poBoasimias pesuna moJkHa GbTh JOCTATOYHO MATKOH IJIS
obecneyeHHsT XOpoUIero KOHTakTa ¢ 06pas3uoM IIPH  COOTBETCTBYIOIIEM
naBneHuu, HanpuMep, 2 klla (0,2 H/cm?).

78 Metanaunuecxass dpoabra e—

Merannuyeckas ponbra MOXeT GbITh NpHJIOXeHa K TMOBEPXHOCTH
npo6HOro o6pasua Kak 34€KTPOa AJs H3MepeHUus O06BEMHOro COmpo-
THBJIEHHS, HO 3TOT MeTOJ He MNOAXOAHT AJs H3MeDeHHS NOBEPXHOCTHO-
ro conpoTHBJEHHsAs MaTepHa/os ¢ py>10'7 Om.
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OO6bIuHO HCNIOJIB3YIOT CBHHIIOBYIO, CYPMSIHO-CBHHUOBYIO, aJlOMHHHEC-
BY10 H 0J10BHHYIO (hoabry. Posabra ¢puxkcupyercs Ha obpasue HebOJIL-
UMM KOJMHUYECTBOM BasesHHa, KpeMHHIT OpraHHYecKoll cMas3KH, Mac/a
MW APYTUM AOJAXOASIIMM HPOLYKTOM, HCHOb3YEMHIM B KayecTBe af-
resiHa. MoxHO HCNO0/1b30BaTh QapMaueBTHYECKYI0 Masb CJAeAyIOIero
cocTaBa:

NOJHUITHJICEHTIVIHKOJDL C

MoJsiekysspHoli Maccolt 600 800 vacreil o macce
200 yacTeli mo Macce

BOJIA
MATKOE MBIJIO (papManeBTHUECKOTO

KauecTna) 1 yacTh Ho Macce
XJOPHA Kanus 10 yacrefi no macce

JNeKTPOJBl cleayeT HaKJaabiBaTh, pasfylaxKuBasg C JaBJCHUEM,
JIOCTATOUHLIM 1151 VAAJEHHsI BCEX CKJIAA0K H OTXKHMA U3JIHIIKOB CMa3-
KH K Kpaio {)osibri, rjie ee MOMHO CTEPeTh KyCOUKaMu TKakd. MoxHo
pasria)KuBaTh NajbleM HAH MACKHM MaTepuanoM. Jta MeToNHKa 3¢-
thexTHBHA 115 06pa3nos ¢ POBHO{ noBepxHOCTbIO. [IpH aKKypaTHOM
HAJIOXKEHHH TOJIMHA aAre3HBHOrO ¢iosg MoXKeT ObITh yMeHbUIEHA J0
0,0025 MM u MeHblIe,

8. MAHUAYJISILUU C OBPASUOM U ETO KPEIJIEHUE

Basno, 4To6bl Mapa3nTHLIE TOKH MEXAY 3JMEKTPOAAMH HJAH H3MEé-
PHTE/IbHBLIMH 3JeKTPOAAMH U 3eMJell He OKasblBaju 3aMETHOI'O BJHA-
HHSI Ha pe3yJbTaTbt naMepenuil. Heo6xonuMo akKypaTHO HaKJAaALIBATb
3/1€KTPOAB!, TPOH3BOAHTL MAaHHAYJAAUHH ¢ 06pa3lUOM H KPenuTh o6pas-
UBl 1J15 H3MepeHHit, uToObl H36€KaTh BO3MOKHOrO 06pa3oBaHHA NPO-
BOAALLHX JOPOXKEK, KOTOPble MOTYT OTPHUATENbHO NOBJAHSATH Ha pe-
3yJIbTATHl H3MEPEHHS.

Korna nsmepsiercsi NOBEpXHOCTHOE COMPOTHBJIEHHE, TOBEPXHOCTh HE
JOJIKHA OYHLLATLCS, €CJAH 3TO CleLHa bHO HE OrOBOPEHO.

HacTi noBepxXHOCTH, Ha KOTOPOH NPOBOIST H3MEPEHHs], HesMb3s HH-
YeM KacaTbCst, KpOMe HeTPOHYTOIl MOBEPXHOCTH Apyroro ofpasua us
TOrO e MartepHaJa,

9. KOHANLHOHUPOBAHUE

Konaunnonuposanue o6pasua onpeaessieTcss Matepuasnom obpasua
H J0J/2KHO GBITb yKaszaHno B cneundlkaiuy Mateprajia. PexoMeHaye-
Mble yc/ioBHsT yKasaHbl B Tala, 1 u 2.
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Ta6anuga 1
CranpapTHble aTMOCepHble YCJAOBHA HCNLITAHHS M KOHIHUHOHHPOBAHUS
Temnepartypa, °C OTHOCHTeNbHas
(cM. mpHMeya- BAQXKHOCTB, % (CM.
O6oanauciue yeaoBnit (cM. Hiue 2) npuMcdaHusi 2 1 3)
npuMedaHue 1) Ycaosue
Homu- Ipen. Mpen.
nadbHas | orig, | HoMunambuas | oo
R B cocrosnun
NOCTaBKH — _— j— R

(Bpems) «/15—35 °C/| Cranaapruasi

45—75 % OKpyKaloulas
cpesa
(npuMeyauue 5) 15—35} -— 45—75 —
(Bpems) «/20 °C/65 % CransaprHas
cpena A 20 65
(Bpems) «/23 °C/50 % CrauaapThas
cpena B *5
(npuMeuanue 4) 23 50
(Bpemsn) /27 °C/65 'Y CraunapTaas +2
cpesna C 27 65
(Bpemsi) «/23 °C/93 "% Baaxuasg 23
(Bpems) 4/40 °C/93 Y, BuaxHoe Temno 40 93 +2
(Bpems) /55 °C/93 'Y, To xke 55 _
(BpeMa) %/15-—-35 °C/ Cyxas
<1,5'% (npumeuanne 5) 15—35{ — | Mence 1,5 —
(Bpemst) /55 °C/ <20 % 55
(Bpemst) /70 °C/<20 T, 70
(Bpems) #/90 °C/ :
<20 '% 90
Bpems) «/105 °C
¢ 220 ')% ! 105 +2
(Bpems) «/120 °C/
<20 Y% 120
(Bpewmsi) 4/130 °C/ Cyxoe tenno Mauasn
<20 '% 130 (Menee
(Bpemsa) /155 °C/ ) 20) -
<20 % : 155
(Bpems) 4/180 °C/
<20 %, 180
(Bpemst) «/200 °C/
<20 Y, 200
(Bpems). 4/220 °C/ +3
<20 % 220
(Bpems) 4/250 °C/
<20 % 250

Bpem 4/275 °C
(<2po '02) o / 275 | =5
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ITpodorxcenue raﬂ. !

Temnepatypa, °C OTHOCHTEJNbHARA
(cM. npumeya- Baaxuoctb, % (CM.
O6o3nauenye YCAOBHA (cM. HHe 2) npuMedanus 2 ¥ 3)
npeMeuarue 1) Ycnosue .
l-g?l::aﬂ cl;lr‘x)(e.'fl HomunanpHast orr;&enﬂ.
(Bpems) /320 °C/
<20 % 320 +5
(Bpems) #/400 °C/
<20 % 400
(Bpems) «/500 °C/ Cyxoe Tenio
<20 "% v 500 +10
(Bpemst) 4/630 °C/
<20 % 630
(Bpems) «/800 °C/ || Manasn
<20 % 800 (Meﬂee
20) —
+20
(Bpems) #/1000 °C/
<20 '% 1000
(Bpems) 4/—10 °C/ —10
(Bpemst) 4/—25 °C/ —25
(Bpems) 4/—40 °C/ Xoson —40
(Bpemst) «/—55 °C/ —55 | +3
(Bpems) #/—65 °C/ —65

[IpumevaHus.

1. BpeMs npeaBapHTeNbHOTO KOHAHIHOHHPOBAHHS H KOHAHUHOHHDPOBaRHS («Bpe-
Msi» B rpade 1) A0JKHO HODMHPOBATHLCS B TEXHHYECKHX TpeGOBaHHAX Ha MaTepHal
H BHBHpaTbcs H3 Taba. 3

2. B cneumaibHpIX CAYYasX MOTYT HCIOJb3oBaThesl Gojiee JKeCTKHe RONYCKH, Ta-
ke Kak =1 °C 1 +=2 'Y OTHOCHTeJbHOM BJIaXKHOCTH,

3. Ecan texuuueckde TpeGOBaHHS HAa HCNBITaHHs Tpe6yloT NpOoBEACHHS MpepBapH-
TENBHOr0 KOHAMUHOHHPOBAHHS HJH KOHAHLUHOHHPOBAHHA, BaXKHO JeNaTh pasJHuHe
MeXAy OOIUHMH JHaNa3oHaMy TeMNepaTyp, B Npelenax KOTOPHIX OHO MOXET NpOBO-
KHTbCH, H AMaNa3oHaMH, B lipefesax KOTOPbIX MOJKHA NOAAEPIKHBATHCA TeMIepary-
pa, HanpuMep, NONYCKH Ha TeMuepaTypy B rpade 4 camu mno cebe He obecneuar
KeCTKoe KOHTPOAMPOBAHHE OTHOCHTEJBHOH BAaXKHOCTH, TpeGyemoe rpadoit 5.

4. llpeanouTuTenbHHIMH SIBJSIOTCS  HOPMaJjbHbHe  KIMMaTHYeCKHe  YCJAOBHA
B (23°C/50 %) u 310 sBJAsieTCq MPeANOYTHTE/IbHBIM.

5. Koraa auanason ot 15 °C no 35 °C sBasercss CJAMIIKOM GOJbLINM, €ro  ¢QK-
pamaior no (18—28) °C.
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Ta6bauma 2
CraHpapTHEle YCAOBHA RAS MCNBITAHAS KOHLHUMOHHDOBAHHA NPH NOrpyXeHHH

B XHAKOCTH
Temneparypa, °C (cM.
OGosnaueHne ycioBu#t (cM. npHMevanue 2)
npuMedyanue 1) YcnosHe JKugxrocrn
Mpexn
HoMuHanbHa" OTKJ.
(Bpems) %/23+0,5 °C/| CranaaprHoe Hucrua-
BoAa norpy:KeHHe B JHPOBARHAS
BOAY BOLA WJH BO-
J1a 3KBHBA-
JIEHTHOH uHC-
TOTBHl (HOHH-
3UPOBAHHASA
BOJA) 23 *+0,5
(Bpems) /20 °C/xua-
KOCTh 20
(Bpemsa) /23 °C/xun-
KOCTh 23
(Bpemsi) 4/27 °C/xun-
KOCTh [TorpyxeHHe B Kak yka- 27
(Bpemsn) #/50 °C/xup- | KUAKOCTD 3aHO +2
KOCTb 50
(Bpems) 4/70 °C/xun-
KOCTh : 70
(Bpemsi) %/90 °C/xun-
KOCTh 90
(Bpems) /105 °C/xun-
KOCTb 105
(Bpemsa) «/120 °C/xun-
KOCTh 120
(Bpems) /130 °C/xnn-
~ KOCTh 130

[lpuMeyaHus:

1. TIpoxonxuTeabHOCTb MOTpYy:xKeHHs (oBosHaue

nuoe Kak «Bpems» B rpade 1)

noaXHa ObITh HOpPMHPOBaHZ B TE€XHHYECKHX Tpe6OBaHHﬂX Ha MaTepuan H BLI6HpaTb‘

cs u3 Tabna. 3. _
2. Jlnst clelHalbHbIX MCTILITaHHA MOFYT HOTpe6oBaThes Gosiee MKECTKHe JONMYCKH,

kak nanpumep +0,5 °C Bmecto =2 °C.

Ta6auna 3

Hepel{eub npeAnoOUYTHTENbHbIX AEPHOAOB ANHA npeaBapHTEJIbHOIO

KOHAHLUHOHHPOBAHHA U KOHIHUUOHHPOBAHHA

Yacu

Henenn

1 21 4

8116 | 24 |48

96

168} 336 672{1344

2688

16

4368|8736

26 | 52



"C. 16 FOCT P 50499—93

3HaueHHUsi OTHOCHTENLHOI BJAXKHOCTH, CBA3AHHBIE C PasaHYHBIMA
conAHbIMH pacTBopaMH, npusenenst B8 TOCT 28237. _

MoXHO HCNOJ/IB30BATH MEXAHUYECKHE CHCTEMbl HCIapeHus.

ViennHoe o6beMHOE o NIOBEPXHOCTHOE CONPOTHBJEHHE 0COGEHHO
YYBCTBHTEJLHBI K H3MEHeHUsIM Temnepatypel. HMamenenne saBasgercs
akcnoHenuuaabHbeiM,. [loaToMy caejpyer npoBojiuTh H3MepeHHs 00beM-
HOTO N NMOBEPXHOCTHOTO CONPOTHBJEHHS o6pasua NpH 3aJaHHBIX yCNO-
Bunx. Has onpeaenenns sgdexta BO3ACHCTBUA BAAKHOCTH HAE YAEJb-
Hoe o6bemMHOe COMpoTHBJeHue TpebyeTcst AJHTENbHOE KOHAMUHOHUPO-
BaHye, T. K. MOrJIOUIeHHEe BOAHR 00BEMOM AHIJIEKTPHUKA SIBJSETCH OTHO-
CUTEJNBHO MEAJEHHBIM IPOLECCOM,

TTornomenne BoAb OOLIYHO yMeHbLIAeT 0OLEMHOE CONPOTHBJIEHHE.
s HekoTopslx 06pasuoB PaBHOBECHOE COCTOAHUE AOCTHIAeTCR B Te-
yeHHe HEeCKOJbKHX MecAles,

10, METOOUKA UCHLITAHHSA

B coorserctsuu ¢ nu. 6, 7, 8 1 9 roToBAT HEOGXOAHMOE YHCAC 06-
pasuos.

Pasmepul 06pa3uos, 3J1eKTPOI0B K WIHPHHA NOBEPXHOCTHOTO 3a30pa
usmepsiorcsl ¢ Tousocthio =1 % . OgHaxo ans Toskux o6pasios B
COOTBETCTBYIOUIHX CHEUHDHKAUHAX MOTYT ObIThH YCTAHOBJEHb JApYrue
3HAUCHUA TOUHOCTH, KOTJAa 9TO llenecoobpasHo.

Mpumeuanune Has Toukux o6pasuoB cjaeayer U3MEpATb TOMUUHY A0 HaIO-
JKCHSIST 3NCKTPOA0B.

Iast ompeaesieHus yae/pbHOro 06BEMHOIO CONPOTHBJAEGHUS CJEAyeT
ONPEAENHTL CPEAHION TOJIIIHHY KaxKaoro o6pasila B COOTBETCTBHU  C
TeXHUUeCKUMH TpeboBanuaMu. TOukn H3MepeHHS PaBHOMEPHO pacmpe-
eS0T 110 NJ0ULa/H, 3aKPLIBAEMONl 3aUIHLEHHBIM HU3MEPUTEAbHBIM
IAEKTPOAOM. :

B o6uiem cayyae #eoGXoANMO H3MEPSITH CONMPOTHBJEHHE NIPH  TEM-
epaType H BJaXKHOCTH, COOTBETCTBYIOUINX YCJOBHSM KOHIMIHOHUPO-
BaHust (KpoMe KOHAHUMOHHPOBAHHSA NOTPYXKEHHEM B XKHAKOCTH). B
HEKOTOPBIX CAYHasnX OJHaKO A0CTATOUHO NPOBECTH H3MEPEHHS uepes
YKa3aHHOe BPeMs N0Cae KOHAHULHOHUPOBAHKA.

10,1, O6bemMHOEe CONMPOTHBJAECHHUE

ITepen suinosnenyveM uaMmepenus o6pasel AOJXKeH GblTb NpUBEIEH
B JIHJIEKTPHUECKI yCTORUKMBOE cocTosiRue, s NMONyueHHst 3Toro coc-
TOSIHHS HeOGX0AHMO 3aKOPOTHTh H3MepHTe/bHbe 3JeKTpoas [ 1 3 0b-
pasua (uept. la) uyepes naMepHTeNLHBIH NPHOODP K HABJIOAATL 32 MH3-
MeHEHHEM TOKa NPH KOPOTKOM 3aMblKaHHH, YBEJHUHBAsK NP STOM YyB-
CTBHTCJALHOCTL H3MepHTeabHOro npubopa. ITa npoueaypa ROMKHA
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NPOJOMKATLCS A0 TEX MOP, TOKA TOK KOPOTKOrO 3aMblKaHHS He cTabu-
JH3HpyeTCs Ha YPOBHe, KOTOPBIA HMEeT MaJjloe 3HaueHHe 10 CPAaBHEHHIO
C 0XKHJaeMbIM 3HaueHHeM TOKa IIPH MoJaue Ha 3JeKTPOoJbl Hampsixe-
HHS Hocje crabuau3allid 3TOr0 TOKa, HJH 3HA4YeHHs ITOro TOKa mocJe
BoIAepKKH B TeueHue 100 MuH mox HanpsikenHeM. Tak Kak HMeeTcs
BEPOATHOCTh H3MEHEHHs1 HAanpaBJeHHd TOKa KOPOTKOro 3aMbIKaHHs,
BbIIEDIKKA NIPH KOPOTKOM 3aMBIKAHHH JIEKTPOJOB JOJIXKHA TPOAOJI-
JKAThCA JlaXxke B TOM cJyd4ae, ecJH TOK IlepPeceKaeT HyJieBOoe 3HaYeHHe.
Caeayer sanucaTb 3HAUeHHe M HalpaBJeHHe TOKa KOPOTKOro 3aMLIKa-
uusa J, nocae ero craGuauzalud. Bpems, Heo6xoauMoe Ans cTaGHIH-
3alHH 3TOr0 TOKA, MOXKeT 3aHSITh HECKOJbKO YaCOB.

HaJnee nopaercs ykasaHHoe 3HayeHHe NOCTOSHHOIO HampiKeHHsT H
O/JHOBPEMEHHO 3amycKaeTcst uacoBoil MexanuaM. Ecan net ocobeix yxa-
3aHU{, BHINONHSATL H3MEpPeHHUs uepe3 c/elyiollne HHTepBaJibl BpeMeHH:
1, 2, 5, 10, 50 100 mun. Ecsau aBa nocjelymolnx H3MepeHHs JaloT O1H-
HAKOBBIE PE3yJbTAaTHl, HCILITAHHE MOXKHO IIPEKPATHTh, H ONpefeseHHo.
TakiM 06pa3oM 3HaueHHe HCMOJb30BaTh B pacyeTaX 00beMHOrO CONMpo-
THUBJIeHHS. 3aTeM 3aMHCLIBATCS BpeMs BHIAEDIKKH MNOJX HaUpsiKeHneM
10 NOJIyueHHst NepBOro craGH/bHOroO 3HayeHusd. Eciu crabunnsaniu He
NPOHCXOAHT B Teuenue 100 MuH, 0O6BEMHOE CONPOTHBJICHHE JaeTcsl B
BHJAe (PYHKIHH BPeMEHH BBIAEDPKKH M0J HallpsirKeHHEM.

J1s npHeMOYHBIX HCHLITAHEHA HCIIOJb3yeTCcsa 3HaueHHe, HoJNyuyeHHOoe
TIOCJ/ie BBIIEPIKKH B ONpEAeNeHHOe BpeMs, HalpHMep, NocJje BbhIAePKKH
B TeueHHe | MuH.

10.2. TToBepXHOCTHOE CONPOTHBJEHHE

[Tonaetcst yeraHOBJAEHHOE MOCTOSIHHOE HampsixKeHHe H ompenenser-
C CONPOTHBJEHHE MeX/Jly U3MEePHTEeJbHBIMH 3JEKTPOAAMH Ha MOBEpX-
noctu obpasua (saextpoabl [ u 2, uept. 16). ConpoTHBJeHHe onpeje-
JSI0T yepe3 | MHH IOCJe BKJIIOUEHHs] HaTPSXKEHUS fa¥ke B TOM ciydae,
€CJIH TOK He JOCTHUraeT YCTOHYHMBOTO 3HAUYEHHS 34 YKa3aHHBI HHTEp-
BaJ BpEeMeHH.

11. PACYETHI

11.1. Yaenpuoe o6bvemHoe conportuBienne o Om-Mm (Om-cM) pac-
CUHTBIBAIOT MO (hopMyse

A
P:_'Rx T i

rie R, — o6wemMHoe conportuBseHue B cootBercTBuu ¢ m. 10.1, Owm;
A — sbpdexTHBHAS MJONIAaAb 3aUIHIIEHHOTO 3/1eKTpona, M? (cMm?);
h — cpexpHsas ToawKHa o6pasua, M (cM).
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QPopmyanl aaa pacyera addekTHBHOR MiOMaAH A HEKOTOPHIX OT-
JeAbHBIX BAPHAHTOB PAacloJOXKEHHsT 3JeKTPOAOB NPHBEJEHH B NPUJIO-
JKeHnn b.

Jas HeKOTOpbIX MaTepHasoB ¢ BbICOKHM yieJbHBIM CONPOTHBJE-
HHEM TOK KOPOTKOrO 3aMbiKaHusi Jo 10 TNOAayH HanpskeHus (cm.
1. 10.1) moxeT uMeTh 3Ha4eHHA, CPABHHMBbIE CO 3HAYEHHEM YCTAHOBHUB-
werocst Toka Js nox HanpsixenueM. B takux cayyaax ofbeMHoe conpo-
THBJeHUe Ry, OM Boiuncas10T N0 opMyane

Ue

1414 ?
rae U, — npuxkniaasiBaemMoe HaapsKenue, B;

Js — ycTaHOBHBIIHIICA TOK NO/J HANpHIKEHHEM WM 3HaUeHHA TOKa
nocte 1, 10 u 100 MuH, ecAu TOK NOA HanpskeHHeM MeHseTcs, A;

Jo ~ TOK KOPOTKOIO 3aMbIKaHHs 10 NOAAYH HanpsxeHHd, A.

3HAK MHHYC HCIObL3YIOT, eca Jo HMeeT TO e HanpasJeHue,
41O J5, B MIPOTHBHOM CJIy4ae HCMOMb3YIOT 3HAK TJIIOC,

112 ¥VneabHoe NOBEPXHOCTHOE CONPOTHBJIEHHE

YaenbHOe MOBEPXHOCTHOE CONpOTHBIEHHE ¢, OM, pacCUHTHIBAIOT
no gopmyae

R,\{:

U:RxT,

rie R, — MOBEPXHOCTHOE COMPOTUBAEHHE, H3MEPEHHOE B COOTBETCTBUH
cn. 10.2, Om;

P — 30hPeKTHBHbI NepuMeTpP 3aUHUIEHHOr0 3JeKTPpoAa ANA KOH-
KPeTHO HCNOJMb3yeMOro pasMelle s JeKTpoLoB, M (cM);
g — IWHPHHA 3330Pa MEXAY IJEKTPoAaMu, M (CM).

11.3. BocnpoH3BOAHMOCTS

V3-3a H3MeHeHUs CONPTHBJEHHS AaHHOTO 06pa3ila B 33BHCHMOCTH
OT YCJIOBHI HCOBITAHHH H HEOJHOPOJHOCTH MarepHaja B pasHbix 06-
pasuax pesyJbTaThl olpejfeneHHs OOLIYHO HMET BOCNPOH3BOAHMOCTD
He Bolie =10 % u yacto umewT Gojlee BLICOKOE OTKJOHeHHe (IpH
OJIMHAKOBBIX YCJOBHSAX MOXHO IIOJYUYHTbh OTKJOHeHHe 3HaueHuit ot 10
ao 1).

[Ona nonyuyenHs cpaBHHMBIX Pe3yJibTaTOB HA OAMHAKOBBIX 06pa3uax
cjeayer NPOBOAHMTL MCNLITAHHE NPH APHMEPHO PpAaBHBIX TIpajHeHTax
HanpsiKeHHus.

12, MPOTOKOJ HCIIbITAHHA

ITpoToKON HeNBITAHHA AONMKEH BKJKOUYATH!
a) omucanue U HAEHTHOHUKAUWIO MaTepuasa (HaWMEHOBaHHe, KJac-
cu(HKalus, UBET, H3rOTOBHTEAL B T, A.);
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6) dopmy u pasmepbl 06pa3uos;

B) THII, MATEpPHaJ H pa3Mepbl 371eKTPOAOB H 3alUHThI;

r) KOHAHUMOHHPOBaHHe 0fpa3uoB (OYHCTKa, I[peABapHTe/bHAdA
CylLiKa, BpeMs KOHAHIIMOHHDOBAHHS, BJaXKHOCTb H  TeMIeparypa H
T. I.); '

J1) YCJOBHA HCNBITAHHA (TemmepatTypa o06pasla, OTHOCHTe/IbHAA
BJIaXKHOCTb) ;

e) MeToja u3MepeHus;

) TpPHKJIAAbIBAEMOe HanpsKeHue;

3) yaenbHoe o6beMHOE COMPOTHBIeHHE (ecau Heo6X04HMO);

M) yAenbHOe NOBEPXHOCTHOE COMPOTHBIEHHE (eciu HeoBXOANMO):
MPHUBOAATCS OTHesbHbie 3HaYeHHs nocje 1 MHH BbAEPKKH 110J Hanps-
JKEHHEM, a LEHTpaJbHOe uiu cpedHee 3HaYeHHe B KauyecTBe yleabHOro
[OBEPXHOCTHOrO COMPOTHBJIEHHS.

Mpumeuanus.

1. Ecau tpebyercsi KOHKpeTHO® BpeMst NOA HampsiKeHHeM, ero CJEAYeT YKa3aTs,
NPHBECTH OTAE/IbHbIE Pe3yabTaTel H OTMETHTb IIEHTPAJBHOE HJAH CpPeJHee 3HAUYEHHE,
KaK ylenbroe o6beMHOe CONPOTHBJEHHE.

2. Ecau nsmepenyss NpoBOAWMHCH NMpPH DAa3jqHYHBIX 3HAUEHUSX BPeMeHH INOA Ham-
pfXeHleM B OTueTe HeoDXOZWMO yKa3aTh: B TeX CAyyasnX, ecaH obpasubl JOCTHUTAIOT
ycToHuHBBIX 3HaveHu{t 3a OZMHAKOBOE BpEMH, HYJKHO INPHBECTH OTAebHBIE De3dylb-
TAaTH ¥ OTMETHTh LEHTPANbHOE 3HAYEHHE KaK yAeabHoe o6neMHoe conpoTusienue. B
HPOTHBOMOJNOXKHOM Cllyuae CJAEAYET YKAa3aTh KOJMUECTBO O0PasuOB H TMPHBECTH HX
pe3yabTaThl pasgenbHO. Ecau pesyabTaThl 3aBHCAT OT BpPeMeHH NOJA HanpsaxeHHeM,
Heo6X0gHMO TPHBECTH 3Ty 3aBHCHMOCTb, HampHMep, B BHAe IpadHKa HJIH HeHTPAJb-
HOro 3Ha4eHHA yAeJbHOro OGheMHOro conpoTuBiaedus vepe3 1, 10 u 100 MHH.

ITPHJIO)KEHHE A
Pexomendyemoe

NPHMEPHI OLEHKH METONOB H HX TOYHOCTH

Al. MeToa BOABTMETpa-aMnepMeTpa

Haunpii npaMeii Metol Ga3upyeTcsi Ha cxeMme, NpHBeleHHOW Ha yept. 5. Ilpnk-
JaapiBaeMoe K o0pasuy Hanpsi:xeHHe H3MepsieTCst BOJBTMETPOM TOCTOSSHHOTO ToKa.
ToK usMepsiercst yCTPOHCTBOM MHJii H3MeDeHHs TOKa, HanpHMep, rajbnBaHoMeTpoM (B
HacTosillee BpeMs HCIMOJb3YeTCs peako), NPHOOPOM C 3MEKTPOHHBIM YCHJIHTEIEM HAH
3/1€KTPOMETPOM.

B ofuiem cayyae, npu 3apsake ofpasua cjiedayeT B3aKOpPOTHTh H3MepHTeNbHOE
YCTPOHCTBO BQ M3le:KkaHHe ero NOBPEXAEHHS B 3TO BpPeMf.

TanbBaHOMeTP AO/XKEeH HMeTh BHICOKYIO UYBCTBHTE/IBHOCTb K TOKY H GHITbH cHab-
AeH YHHBepCaJbHHM LIVHTOM (M3BecTHHIM KaK WIyHT AfipTona). HeussectHoe conpo-
THBJeHHe ofpasua R x, OM, paccunTHBaIOT Ho GopMmye
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‘sz ko, ?
rac U — npukaagbiBacMoe HanpsiKenue, B;

£ — UYBCTBHTEJLHOCTh 3aUIYHTHPOBAHHOrO rajJbBaHOMeTpa Ha JefieHie [IKa-
aul, A;

@ — OTKJOHEHHE B ACJCHUSIX IIKAJbl.

Cxema MerojJa BOJbTMeETpa-aMIepMeTpa
AR M3MepeHHs YielbHOro o006bheMHOro
CONpOTHBJIEHHS

Yept. 5

Conporusaesne go 10" — 10! Om moxKeT GuTh H3MEPEHO MPH  HATIPSKEHHH
100 B ¢ TpeGyeMoii TOYHOCTBIO TPH IIOMOILH TaJbBaloOMCTpa,

B kauecTBe YCTpo#icTBa H3MCPCHHSI TOKa MoxeT OblTh HCNOJAb3OBal nmpubop ¢
SACKTPOHHBLIM YCHACIHEM HJH 3JICKTPOMETD ¢ BHICOKHM BXOAHBIM CONPOTHBJICHHEM Ry,

Tok uaMepsietcst npi majgennn naupsiwenis Ug uepes conpotisaenue Ry . Heus-
BECTHOC COMPOTHBACHHE Ry, OM, pacculThiBaIOT 10 (opMyace

R
Rx:-U—'U)S_V

rae U — npukaagbisacMoc nanpsxienne (npu yeaosun R <Ry ), B.

B koMmmnsexT npu6opa MOTYT BXOAHTH paszauuibie pesnctopni R . Cam  npnGop
4acTO TRAAYHpYETCH B AMICPaX 1UIH €ro JoJsiX.

B nausoM cayuae MakCHMAaJbHOC CONPOTHRJCHHE, KOTOPOC MOXKeT OHIThL H3Mepe-
HO ¢ TpeGyeMoil TOYHOCTHIO, 3ABHCHT OT CBONCTB yCTpoiictBa naMepenus Toka. [Tor-
peliHocTs B HaMepenun Uy onpeiessierest MOTPEINHOCTLIO HHANKATOPA, CMCILCHHCM
Hyas yCHARTeas H CTabHALROCTHIO KosQduuenTa yeuaeu. 4

B npasribHo CKOHCTPYHPOBAHHBIX YCHAHTCASIX U JICKTPOMETPAX HeCTaGHIBHOCTh
KO3 (UILHEHTa yeuaenns NPpeHeGperkMo Majla, a CMelleHHe HyJs MOMKET  yACPIKH-
BATbCs Ha yPpoBHe, IIO3BOJAIOUIEM I]p(‘HCﬁp(“lb HM 11O CPaBHCHHIO C BpCMCUC‘M H3MC-
pennst, TunoBasi ROTPCIIHOCTH HHHKATOPA 448 3JCKTPOHHLIX BOJBTMETPOB ¢ BHICO-
KAM KO3(QQHIIHCHTOM YCHAEHHs! HAXOMHTCS B npeienax ot =2 % o 5 9% oTkJaowe-
IUsl Ha MOJHIYIO UIKaJXy, H DE3HCTOPH ¢ compoTHBJAeHHeM jgo 102 OM  Moryt umeTh
Ty Ke CTeneHb TO4YHOCTH, Lcau ycTpoHCTBO MaMEpeHHH HAUPSIKCHHS HMECT BXOLHOC
conpoTnBiente Goace 10 Om 11 oTKAoHeNHe Ha NOJHYIO HIKAJAy npH BXOAHOM Hafl-
psxennun 10 MB, 1o Tok 10-'% A Moxer GHTh u3MepeH ¢ TouHocTblo *109%. Taxkum
06pasoM MOXKHO H3MepHTL conpoTHsaexne 10'° OM npn nanpsokennn 100 B ¢ tpe-
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6yEMOﬁ TOYHOCTBHIO C [OMOMLLBIO NPEUH3HOHHOTO pEe3HCTOPa C OYCHb BLICOKHM CONPO-
THBJICHHEM H BOJbTMETpa C 3JECKTPOHHBIM YCHJEHHEM HJH 3JCKTpOMETpa.

A2, MeToab cpaBHeHHUS

A2.1. Merod mocta Yurcrona

UenwityeMbifi 06pasell BKAOYAIOT B O4HO IMedo Mocta Yurcroita (uept. 6). Tpu
OCTaJbHBIX TJIeda MOCTa AOJIKHB HMETh BO3MOXKHO Gosiee BHICOKOe CONpPOTHBJIGHHE,
OrpaHHucHHOE NMOrPeIiHOCTBIO, CBOCTBEHHON TakiuM pe3nctopaM. OObIYHO  CONPOTHB-
JeHHC R p HM3MeHseTCsl AeCATHUHBIMH CTYNCHSMH, a4 CONPOTHBJCHHE R 4 wucnoab-

3YI0T AJs peryanpoBKH Gananca. ConpoTHBJAeHHE Ry 0OCTaeTcs HEM3MEHHHLIM B Xoie
H3MepeHHH.

JleTekTopoM SBJAAETCH YCHJHTENb MOCTOAHHOTO TOKA C BBICOKHM 110 CPABHCHHIO
¢ APYrHMH IJiedaMH MoCTa BXOLHBIM CONPOTHBJeHHeM. HensBecTHos conpoTHBICHHE
paccuHTHBaIOT 1O HopMyne

. ByRp
Rx — R ’
A
rae R 4, Rg # R, — CONpOTHB/CHHA, NOKa3allHLIC HA UepT. 6.

CxemMa Meroga YHTCTOHa AJs
H3MepeHHs yieibHOro o6beMHOro

CONPOTHBJCHUS

Ecnn Hyab — HHAKKATOP HMCET COOTBETCTBYIOUIYIO UYBCTBHTEJLHOCTb, MaKCH-
MaJbHasi POLEHTHAs MOrPEIHOCTb PACCUHTAHHOIO CONPOTHBJICHHS ABJIACTCS CYMMOifl
NPOUEHTHBIX NorpeluHoctell B R 4, R g u Ry Ecnt R4 u Ry npeacrasisior coGoft
NpPOBOOYHBIE HAMOTAHHBIC PE3HCTOPBl C CONMPOTHBJCHHeM Menee 1 MOM, To HX mor-
PEILHOCTBIO MOZHO NpeHeGpeub, a A5 H3MCPERHS OYCHb BBICOKHX 3lauenuil compo-
THBJEHHIT 3Hauenue Ry MoxeT cocraBastbh, Hanphmep 10° OM M HMeTL TOUHOCTS

Ry

A

quCTBHTCJIbHOCTH ﬂ.CTeKTOpa HYyJIs. EC./'“’[ JJ151 HEH3BECTHOrO C()HPOTHBJICHHSI BBINOJ -

HAECTCA COOTHOIUCHHE RX\/RN HeOﬂpCﬂCJIQHHOCTb Af npu Onpeﬂ.OJlClmll COOTHO-
Rp Ar IRy

HICHHUS r= RA Bblpa}KaCTCﬂ B BHIC T_Z_U—, rie .,g —— MHHHUMAJbHO peFHCT-

—|I-4

Uepr, 6

3aBHCHT B GoJblueill CTCTEHH OT

+2 %, TouyHOCTb ONpexCTIeHHs! COOTHOLIEHHS

pprQMbIFI HyJIb—HHﬂHKaTOp()M TOK, a U — HaH]’)H)KeHHC ﬂpHKJIa,‘lbIBZ]CM()e K MOCTY.
ECJIH, HaanMep, HCNIOJIL30BATh l'IpHéO[) ¢ 3JJIEKTPOHHLIM YCHAUTEICM ¢  HCXOAHBIM
conpotupaenner | MOM H OTK/IOHEHHEM HA [OJIHYIO LWIKajy NpH BXOAHOM Hanpsixe-
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uun 10-5 B, To HaMMeHblice DErHCTPHPYeMoe 3HayeHHe TOoKa COCTaBHT OKOJO
2-10—1 A, uro cooTBeTcTBYeT 2 % OTKMOHEHHS HA MOJHYIO IIKAaJy.

Jas  takoro 3Haucuua [g umeem  aHauenus U=100 B; R, =10"¥ Om;
Ar
7 =002 uan 2 %.

Taknm o6pasom npn ganpsxenun 100 B no meroay Mocta Yurcrona ¢ rpebye-
MOH TOYHOCTBIO MOZKHO H3MepUTh CONpoTHBAeHHA Ao 1013 — 101 Om.

A2.2. Merod amnepmerpa B
Cxema MeToaa amnepMerpa aas
H3MEPEHHsI YAEJbHOTO O0GBEMHOro
CONPOTHBJEHHS
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Meroa oclloBaH Ha cXeMe, TPHBENCHHOH Ha uepT. 7, 3JCMeHTH KOTOpOH Te e,
uTo ¥ B 1. Al ¢ no6aBJjcHneM pe3nHcTOpa R, M3BECTHOH BENHYHHB U 3aMBIKAMOLLEro
HaKOPOTKO [ICPEKAIOUATC/si HCH3BCCTHOTO CONPOTHBJeHYS., BecbMa BaXXHO, 4TO CON-
POTHBJICHHE 3TOrO NEPCKIIYATCAR B PASOMKHYTOM NOJOMKEHHH ROJKRO GbITh HAMHOTO
BBIILE, YCM HCH3BECTHOE CONPOTUBJCHHEe Ry, Aas1 TOro 4TOOB YCTPAHHTh BJAHAHUE Ha
uameperne Ry . HauGosee npocto 370 nocTHraercst KOPOTKHM 3aMplkKaHHeM R ¢ MeR«
HOH POBOJAOKOH, KOTOPYIO cleiyer y6pats npH naMepenun Ry. B ofmem cayuae
NPeANOYTHTENLHO OCTABIATE R B UMM Bce BPeMs AJIA OrpaHUUeHHs Toka B caydae
npoGoa o6pasua, 4To MpelOXpaHseT yCTPOHCTBO H3MepcHHst ToKa. [IpH pa3oMKHYTOM
nepek/ouaTese TOK, NPOXOASUME uepe3 Ry n Ry ONpelesioT B COOTBETCTBHY
¢ n. 10, oTMeuas OTKJOHCHHe MO WiKaJjge npubopa oy ¥ KoahduuueHra UWYHTHPOBA-
HHst Fy, TipH 3TOM WYHT AOJKCH ObITh OTPery/HPOBAH JJIS NOJYUYEHHS MaKCHMalb-
HOTO OTKJOHCHHS Ha MOJHYI0 lmKaty. 3aTeM Ry 3aKopauMBaloT M TOK ucpes Ry om-
PeAessioT 3a CueT OTKJOHEHMS Oy TNO wKaje npubopa n Ko3pduuueatra WYyHTHPO-
BaHHA Fy , NPH 3TOM [IYHT TakiKe OTPEryJHPOBaH AN INOJAYYEHHS MaKCHMAJBHOIO

OTKJIOHEHHS Ha TOJHYI0 IIKasy HauWHasi OT HAaHMeHbIUeH 4YyBCTBHTEJNbHOCTH. [lpu
YCJOBHH, YTO IPHKJIAABBACMOC HanpsxenHe U He H3McHAETCS Bo BPeMsl HaMePeHHs,
R, MOXHO paccuuThiBaTh IO QopMyle

ayF
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ec g >100, To MOXKHO HCIONB30BaThb YIPOWLEHHYIO (opmyay
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3TOT MeToA MO3BOJAACT ONpelesHTh R, € Tofl e TOYHOCTBIO, YTO H NPSIMOA METOA
B . Al, HO uMeer HpeHMyLleCTBa, T. K. I03BOJSET KOHTPOAMPOBATH YCTPOHCTBO
M3MepeHHs TOKA HelOCPEeACTBEHHO H3MepeHHeM Ry, NOrpellHoCTh OT KOTOPOro Mo-

XKeT ObITb NpeHeOPeKUMOH 1IPK UCNIOIbIOBAHHH. IIPOBOJIGUHOrO HAMOTAHHOTO PE3HCTO-
pa, umeowero Toudocte 0,1 Y% uau soiwe. ClegoBaTesbHO H3MEPEHHE TOKa depes
R, wmoxer GuiTh GoJlee HANEKHBIM,

ITPHJIO)KEHHE B
Pexomendyemoe

®OPMVYIIBLI AN PACYHETA A u p

Hna GonbwmucTBA cayuaeB pacuera sddextHBHoidl nnowann A u sddexTuBHOTO
NepHMETPa p 3alUHLIEHHOTO 3JeKTPoAa AOCTATOYHO TOUHBIMH SIBJASIOTCS HHIKE NpDHBe-
AeHHble NpUOAHKeHHble GOPMYaLL,

Bl. 2¢dperruBHas nmaomags A

a) Konbuesbie 3jgeKTpofst (yept. 2)

» n(d;+g)?
A== —
6) TlpamMoyroJbHble 3JeKTPOLH A=(a+g) (b+g)
B) KBajgpatHble 2/7€KTPOABL A= (a+g)?
r) TpyGuaTbie amekTpoasl (uepT. 3) A= a(de—h) (L+g) ,
rae do, di, g, v [} — pasMepsl, yKazaHHble Ha uepT, 2 u 3;

@ B b — nnMHa M WHDPHHA COOTBETCTBEHHO 3ALIMUIEHHOTO MPSAMOYTOJBHOIO HJH
KBaAPATHOrO 3/EKTpona, M (cM).
B2, 9¢pexTHBHBE TmepuMeTp p

a) Kosabuesoie ajekTpoist (uept. 2) p= 7 (d,+g)
6) IlpsimoyrosibHbIe 3J€KTPOL p=2 (a+b+2g)
r) TpyGuathie 3/eKTpOALL p=2 nd,

O6o3HauesHs COOTBEeTCTBYIOT 1, BI,
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HHOPOPMALHOHHDLIE JAHHDBIE

1. N1OATOTOBJEH U BHECEH TK 38 «3aeKTpou30/s11HOHHbIE Ma-
TepPHAJbI» :

2, YTBEP)KIAEH U BBEAEH B AEUCTBHE MNocranosaenuem loc-
- crangapta Poccnu ot 16.02.93 Ne 45
Hacrosmuii crangapt noirorosjied MeTojoM NPsSMoOro nNpuMeHeHHs
MexayHapoaHoro crasgapra M3K 93—80 «Metonbt onpeneneHus
yAeJbHOro 06beMHOrO H NOBEPXHOCTHOrO COMPOTHBJIEHHS TBEPABIX
3JEKTPOUIONAUUOHHBIX MaTepuaaoB» ¢ AONOJHATENbHBIMH TpeGoBa-
HYSIMH, OTPAXKaIOUUMH NOTPeGHOCTH HaAPOLHOr0 X039HCTBA

3. Cpox nepBoit npoepku — 1997 r., NePpHOAMYHOCTL NPOBEPKH — 5 JeT
4. BBEJIEH BNEPBbIE

5. CCbINIOYHBIE HOPMATHUBHO-TEXHHYECKHE HOKYMEH-
Tbl

O6Gosnauenue HTHO, Ha O6o3HaueHHe  COOTBETCTBYIO-

KOTODPBIfl AaHa CChIIKa uero craigapra M3K Homep paspena, nyHkra
I'OCT 2823789 M3K 260—68 9

rOCT P 5034492 . M3K 167—64 2.5
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