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1. OBJIACTb PACNPOCTPAHEHHA

Hacrossmiuid cranpapT pacnpocTpaHsieTcsl Ha MeTOJAbl ONpeneneHus
yAeJbHOro 00bEeMHOr0 ¥ MOBEPXHOCTHOrO CONPOTUBJIEHHS U COJAEPIKUT
COOTBETCTBYIOLIHE pacueThbl A OIpejeseHHsl YIOMAHYTBIX TapaMer-
POB TBEPALIX JIEKTPOH3ONALUHOHHBIX MAaTepHAJ0E.

Ha pesyabTaTel onpeaesnenus yaenbHOro 06beMHOr0 U IIOBEPXHOCT-
HOTO CONPOTHBJIEHHS BJIHAIOT CAeAyOlLHe GaKTOphl: aMINUTyAa H Bpe-
MS IIPHJAOXKEHHUS HaNPAXEHUS, TeOMeTpHs U IPHPOLa 3JEKTPOJI0B, TEM-
nepaTypa M BJAXKHOCTbL OKpyXKalolwen armocepbl H 00pas3lnoB NP
KOHJAHLHOHHDOBAHUH H H3MEPEHHUAX.

Jlonoanureavrole TpeboB8aAHUA, OTpaxarouwjue NOTPebHOCTU HAPOO-
HO20 X03AUCcT8A, HADPAHbL KYPCUBOM.

2. ONPEAEJIEHHUA

2.1, O6beMHOEe CONPOTHUBJEHHE

YacTHoe OT aesneHHss 3HAUYeHHS OCTOSTHHOTO HANPSMKEHHSA, INPHJO-
JKEHHOI0 MEXIYy ABYX JIEKTPOAOB, PACHONOMKEHHBIX ¢ MPOTHBOIMOJIOXK-
HBIX CTOPOH o0paslia, Ha BeJHUYHHY YCTAHOBHUBILUEroCs TOKa MeXIy

3THMH 5JIEKTPOJaMH 3a BblUETOM NOBEPXHOCTHOI'O TOKa H 6e3 yyera fB-
JEHHS NOJIAPH3aUUK HA 3JEKTPOoaax.

Hspanne ohnunanpHoe

© HspatenbcTBo crangapros, 1993

Hactosiuué craHpapr He MOXeT GhiTh NMOJAHOCTBIO HJH HAaCTHYHO BOCHPOH3BEIEH,
THPaAXHpPOBaH M pacnpocTpaHeH Oe3 paspemteHwa [occranpapra PoccHu
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[Tpumeuanne Ecau He ykazano uHaue, o6beMHOE CONPOTHBJIEHHE Omnpeje-
J0T yeped 1 MHH Iocje nojadH HaOpsKeHHs.

22. YanenbHoe 00beMHOEe CONPOTHBJEHHE
YacTHoe oT fe/ieHUs] 3HAUEHUSI HATIPSXKEHHOCTH NOCTOSHHOTO 3JIeK-
TPUUECKOI'0 HOJs1 Ha MJOTHOCTb YCTAHOBUBLIErOCS TOKA B 3JEKTPOH30-

JALHOHHOM MaTtepuase. Ha npakTuke 3a 3Ty BeJHYUHY MNPHHHUMAETCH

o6 beMHOe CONPOTIBJCHHUE, NMPHBEJCHHOEe K KyOU4YecKOu eanHuue odbe-
Ma.

[Ipumeuanue PasMmepHocib Y/JA€JbHOIO 00OLEMHOIO COMPOTHBJICHHHA B CHCTE-
Me CH — Owm-m Ha npaxinke TakxKe UCnoab3ylT egunuuy OM-cwm.

23. IToBepxHOCTHOE CONPOTHBJEHHUE

HacTHoe oT jaeseHHs 3HAUeHHS] NMOCTOSHHOrO HanpsyKeHHus, IMpHIo-
JKEHHOTO MEKJV JIBYX 3JEeKTPOJAOB Ha noBepxHocTH obpasiia, HA 3Haue-
HHE TOKa MEX/Yy 3JeKTPOJAaMH B JaliHOe BPeMsi MOCJe BKJIIOUEHHS TO-
Ka 0e3 yuyeTa BO3MOXKHOH MOJASIPH3ALHH 3JEKTPOLOB.

[Ipumevanus

I Ecan He ykazano HHaue, NOBEPXHOCTHOE CONPOTHURJIEHHE ONpeiesiflOT uepes
1 MHH mocJge nojgauu HaupAKeHus.

2, Tok oBLI4HO NIPOXCAHT Yepe3 NMOBCPXHOCTHHIN caoil obpa3sia H Jiobble coeai-

HCHHSA BJIa:KHOCTH H 3arpsi3HEHUHA, a KPOMe TOro BKJIQUAET COCTABJAKILYID TOKA ue-
pes obbem obpaasua.

24, YaeJqbHoOe TNOBEPXHOCTHOE COINPOTHBJEHHE

HacTHoe or geseHHsT 3HauYeHHUS HAMPAXKEHHOCTH 3JEKTPHUYECKOIO
[10JI MIOCTOSIHHOIO TOKA Ha 3HAY€HHE JIMHEWHOH MJIOTHOCTH TOKa B MO-
BEPXHOCTHOM cJl0e H30JIILLHOHHOrO Martepuasaa. Ha npakTuke 3To 3Ha-

HEHHE paCCUHTLIBAIOT KAK TIOBEPXHOCTHOE CONPOTHBJCHHE €AHHHILI
IIJIOIEadH,

[ITpumeuvaunune B cucreme CH  pasMepHOCTBIO  YAeJAbHOrO MOBEPXHOCTHOIO
conpoTHRraendsa spasierest OM Ha npaxktuke uunorga ynorpedasitor «OM Ha CIUHHILY
JIOLLAAH >,

25, DNEeKTpPOAH

HM3amepurenbHbie 3JeKTpoALl NPEeACTaBAAIOT COO0OH NPOBOJAHHUKH OIl-

peaeseHHON (GopMbI, padMepa I KOHPUrypauuH, KOHTAKTHPYIOUIHE C
HCIILITYEeMBIM 0OpasioM.

[Ipumeuanuc CONPOTHRJCHHC H3OJSIHKH SIBASETCS YAaCTHHIM OT JeJIeHHsl 3Ha-
YyeHHA Hanpsikendsi NOCTOSHIION0 10ha MEXAY JABYX 3JEKTPOLOB, KOHTAKTHPYIOIUIHX C
o6pasloM Ha 3HaudCHHC CYMMAaploOro Toha MexXJy 3JekTpoaaMHd. ConpoTHBJeHHE H30-

JALHN 33aBHCHT OT YJIeALHOr0 00LeMIIOIO H NOBePXHOCTHOTO CONPOTHBACHUSA 006pasia
(cm. TOCT P 50344).

3. HABHAYEHMUE

3.1. B 0cHOBHOM 3/J€KTPOU30NSALHOHHBIE MAaTEPHAABl HCNOJNb3YIOTCS
AJas U30JALUKH YyacTed 3J€KTPHYECKOH CHCTEMBI Apyr OT Apyra U OT
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3€MJIH; TBepAble H30JISILHOHHBIE MaTe€pHa/Jbl MOTYT BBIIOJIHATH TaKXkKe
(PYHKLHH MeXaHHYeCKOH omnopbl. Jlas 3TOH uHeay OOBIUHO KeJaTeJbHO
HMETh KaK MOXKHO 0oJbliee CONPOTHBJAEHHE H30JAUUH TNPU HAJHUHH
COOTBETCTBYIOUIHX MEXaHUUECKHX, XHMHUECKHX CBOHCTBAx H HArpPeBO-
CTOHKOCTH. [loBepXHOCTHOE CONMPOTHBJEHHE CHJIBLHO 3aBHCHT OT BJIaXK-
HOCTH, a 0O'b€MHO€E CONPOTUBJIEHIHE U3MECHSIETCSl MEaJIeHHO, XOTSI OKOH-
yateabHasi BEJMUYMHA H3MEHEHHUS MOXKeT ObITh 60Jblle.

3.2. ¥YaenbHoe 06b€MHOE CONPOTHBJEHHE MOXKHO HCHOJL30BATh KakK
KPpUTEePHHU NPH BeIOGOpE H3OJAUHMOHHOIO MatepHaga aJas8 KOHKPETHOro
npuMeHeHus. FamMeHeHHe yaenbHOro CONMPOTHUBJAEHHST B 3aBHCHMOCTH
OT TeMHepaTypbl H BJAAXKHOCTH MOXET ObITh 3HAUHTENbHBIM, IO3TOMY
CJIelyeT NPHHUMAaTh BO BHHMAaHHE TaKHEe U3MEHEHHUS IPH KOHCTPYHUPO-
BaHMH VIS JAHHBIX YCJIOBHH 3KcOayaTaliid, Mlamepenne conpoTHBJEHHA
YACTO UCHOJB3YIOT AAS KOHTPOJS OJAHOPOAHOCTH H3OJSIIIHOHHOIO MaTte-
pHaJla npu NPOHU3BOACTBE HJH JJi1s1 ODHADYKEHHS NPOBOASIUIHUX BKJIO-
YEHHH, BJHUAIOLUIUX Ha KaueCcTBO MaTepuaJsa, KoTopble TPYAHO 0OHApPY-
XKHUTh APYIUM CIIOCOOOM.

3.3. Ilpu npunoKeHuu MOCTOSHHOTO HAMPSKEHHA K 3JEKTPOAAM,
KOHTAKTHDPYIOUIUM ¢ 006pas3luoM, TOK, NPOXOAALIHH Yyepe3 HEero, acHMII-
TOTHYECKH CHHXKAETCH A0 YCTAHOBUBIIEHCH BCJIHUHHBLI., ¥ MeHbIIEHHE TO-
Ka C TeUeHHeM BPEMEHHU SABJAETCH CJAEACTBUEM JHIEKTPHUECKOH MOJS-
pPH3aUHH M CMeUleHUs NMOABUKHBIX HOHOB K aJjeKTpoaaM. asg marepua-
JOB ¢ VyJeJbHBIM 0O0beMHbIM colpoTHBieHneM MeHee 10'Y OMm-Mm
(10'2 OM.cM) ycTaHOBHBIUEECS] 3HAUEHHE TOKa JIOCTHraeTcsl B TeueHHe
I MuH. ConpoTuBseHue onpeaeasioT yepe3 | MUH IOcJ€e NOoJaud Hanpsi-
xKeHust. g matepuanon ¢ 6ojee BLICOKUM YAeNbHBIM 0ObeMHBIM COII-
POTHBJIEHHEM YMEHLIIEHHE TOKAa MOXKeT HabJwonal1bCcqd B TCUEHHE Hec-
KOJbKHX MHHYT, YacoB, AHel IJH Heaesb., Jlag Takux MaTepHa 0B
COOTBETCTBEHHO TpelOyercs GoJbliee BpeMs BbIAEPKKH M0, HalpsxKe-
HHEM H NIIpH BO3MOXKHOCTH TakHe MaTepHasbl XapaKTepPHU3YIOTCS 3aBH-
CUMOCTbIO VAEJBHOTO OOBEMHOr0 CONPOTHBACHHUSI OT BPEMEHH.

3.4. IloBepxHOCTHOE COMPOTHBJEHHE HJH MOBEPXHOCTHYIO NMPOBOIH-
MOCTb TPYAHO H3MEPHUTL TOUYHO, T. K. B H3MEPEHUsIX I[PHUCYTCTBYET B
TOH HJIH UHOH Mepe oObeMHast MPoBOAUMOCTh. M3amepsaemas BeJHYHHA
B OCHOBHOM XapaKTepH3YyeT 3arpsizHclNEe NMOBEpPXHOCTH o0pasua IpH
H3MEPEHHUH.

OaHako, AH3IEeKTpHYeCKast IPOHHIAEMOCTh 06pAa3ioB BJHsIeT Ha
OCaxJICHHE MPUMECEeH, a UX NPOoBoAAUIAs CIOCOOHOCTH 3aBHCHUT OT Xa-
PAaKTEPHCTHK MMOBEPXHOCTH o6pasia. Yae/bHOEe MOBEPXHOCTHOE COMPO-
THBJICHHE HE ABJSICTCH CBOHCTBOM MaTepHasa B OObBIYHOM CMbICTE, €ro
MOXKHO paccMaTpHBaTh KakK OTHOcSIIleecs K CBOUCTBAM MaTepuaJsa Ipu
HaJUUHH 3zarpsisHenusi. Hekotopreie MarepHaJbl, TaAKHEe KaK CJAOHCTHIE,
MOTYT UMETb Pas/IH4HOE YyI€JIbHOE CONPOTHBJIEHHE B NOBEPXHOCTHOM H
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BHYTpEHHEM CJ04X. B CBSI3N ¢ 3THM HHTepec NpeacTaB/seT H3IMepeHHe
UCTUHHbIX CBOMCTB, NPUCYLIHX YHCTOH NMOBEPXHOCTH MmatepHaJsa. C(ae-
AYVEeT TOYHO yKa3aTb METOAHUKY OUMCTKH MOBEPXHOCTH AJS MOJYYEHHSA
pe3yJbTaToOB, YUUTHIBAS BJHSHHE BO3J€HCTBHA PACTBOPUTEJIEH H APY-
rix QakTopoOB MpolLecca OUUCTKH Ha NMOBEPXHOCTHbIE XapaKTEPHCTHKH.

[IoBepXxHOCTHOE CONpOTHBJEHHE, 0OCOO€HHO IpH 0O0JBUIHX €ro 3Ha-
YCHHAX, YACTO HMEeT HeYCTAHOBHBILIeeCs 3HauyeHHe U B o0UieM cJyyae
CHJbLHO 3aBHCHT OT BPEMEHH BO3eHCTBHS HANPSI2KEHUA; IJs H3Mepe-
HHH OOBIYHO YKa3biBaeTcsl BpeMsl BBHAEPXKKH NOA HanpsaKeHHeM 1 MHuH.

4. ACTOYHHUK NTUTAHUA

Ins npoBeleHHUsl UCNBITAHHH TpebyeTcss HCTOUHHK XOopolio cralbu-
JU3UPOBAHHOTO MOCTOAHHOIO HanpsMKeHUsl. TakKHM HCTOYHHKOM MOTYT
CJAYKUTb 6aTapen Ui cTabHaAH3aTOP-BhiIpsiMUTENb. CTeneHb CTa0H/b-
HOCTH JAOJIKHaA ObITb TakoBa, YTOObl H3MEHEHHE TOKa 3a CYET H3MeHe-
HUsi Hanps»KeHus ObLJIO 3HAYHTEJbLHO MeHblle 10 CPAaBHEHHIO ¢ H3Me-
pSI€MbIM TOKOM.

OOBIYHO HCNOJAB3YIOT CAEAYIOLHE 3HAYEHHA HaNPAKEHHS, NPUKIa-
nbiBaeMoro Ko Bcemy obpazuy: 100, 250, 500, 1000, 2500, 5000, 10000,
10000 B. M3 st1oro psima wame wucnogn3zyior 3zadenus 100, 500 w
1000 B.

B HekoTopbiXx cayyasix conpoTuBJeHHe o6pasla 3aBUCHT OT MOJAP-
HOCTH TPHKJAAbIBAEMOTO HamnpsKeHHS.

Ecan conporuBienne 3aBHCHT OT MNOJSAPHOCTH INIPHKJIAALIBAEMOro
HanpsiXKeHusl, CJACeAYeT yKaszaTbh 3TO B NPOTOKOJe UCNBITaHusA. 3a pe-
3yJabTaT NPUHHUMAIOT cpejHee reoMeTpuuyeckoe (cpenHee apudmeTuyec-
KOe JIoOrapU(PMHUUYECKUX IKCIOHEHT) JABYX 3HAUYEHHH CONPOTHBJIEHUS.

[lockonbky conmpoTuBieHdHe ob6pasna MoOXKeT 3aBHCETb OT HaIpfXKe-
HHUSI, cJEeAYeT YKa3aTh TaKKe 3HaUCHHe HalpsXKeHus,

5. METOAbl UBMEPEHHUA U TOYHOCTD

5.1. MeToabn HU3IMepeHUSH

O6bluHO ynoTpe6asiloT NpsiMble HAH CPpaBHHUTEJbHBIE METOAB H3Me-
PEHHUSl BLICOKHX 3HAYEHHUH CONMPOTHUBJIEHHS.

[IpsiMble MeToab Ga3upylOTC HAa OAHOBPEMEHHOM H3MepeHHH 3Ha-
4EHHS MOCTOSSHHOrO HamnpsikKeHusi, nogaBaeMoro Ha ofpasell ¢ HeH3Be-

CTHBIM CONPOTHBJAEHHEM H TOKOM, NIPOTEKalOUHM Yepes Hero (MeTon
BOJbTMETPA-aMAEPMETPA).

MeToabl cpaBHeHHs yCTaHaBJHBAIOT COOTHOUWEHHE HEH3BECTHOrO
CONMPOTHBJICHUSI ¥ CONPOTHB/EHHS] H3BECTHOrO pPe3HCTOpa ¢ IOMOIIBIO
MOCTOBOH CX€Mbl HJIH ¢pPaBHEHHEM TOKOB uepe3 COIPOTHBJICHHA [pH
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GHKCHPOBAHHOM HaMpPAKEHHH

[TpuMephbl, HJAAIOCTPUPYIOLLHE 3TH NPHHLUHNBLI NPHBEAEHBI B IIPHJIO-
KeHHH A

MeTtox BoJIbTMETpPA amnepMeTrpa TpebyeT HAJNUUYHA AOCTATOYHO TOY-
HOIO BOJIbTMETPa, HO UYBCTBHTEABLHOCTbL W TOYHOCTb METOJa 3aBHCST B
OCHOBHOM OT XapaKTEPHUCTHK HU3MEPHTEJBHOTO YCTPOHCTBA, KOTOPLIM
MOXKeT fIBJSITbCS rajibBaHOMETD, NPHOOP ¢ 3JEKTPOHHBIM YCHJEHHEM
AW JIEKTPOMETD

Metojx MocTa TpebyeT HaJUUUs YYBCTBUTENLHOIO RETEKTOpa TOKa
B KauyeCcTBe HyJb — HHAHKATOpa, a TOUHOCTh B OCHOBHOM ONpeje/sieT-
Csl H3BECTHBLIMH PE3UCTOPaMH IJjieya MOCTAa, KOTOPYIO MOXKHO MOJIYUHTH
C BBICOKOH CXOAHMOCTBIO H cTAO0UJBHOCTBHIO B LIHPOKOM J1Hana3oHe coH-
poTuBjgeHHii TouHocTh MeToAa CpaBHEHHS TOKOB 3aBHCHT OT TOUHOCTH
113BECTHOTO Pe3HCTOpa H OT CTaOHJbHOCTH U JIMHeHHocTH nmpubopa us-
MepeHHsI TOKa, BKJoUass U3MEPUTeNbHble LE3UCTOPH H T A, NPHU 3TOM
TOUHbLIE 3HAUYEHHS TOKA He UMEKOT 3HAUEHHHA NPU HAJHUYHUH ITOCTOAHHOTO
3HaueHust HanpsxkeHus [as conpoTtuBaenuin mopsaka 10'' OM MOXKHO
HCIIONb30BaTh ONpeaeseHne yAeJbHOr0 00’b€MHOTO CONPOTHBJIEHHS B
cootBeTcTBHM ¢ 1 10 1 ¢ ucrosnbsoBaHHeM rajbBaHOMeETpa B METOJe
BOJibTMeTpa-amnepmerpa [as 6ojsiee BHICOKHX 3HAUEHHH CONPOTHBJE
HHS DEKOMEHYEeTCS HCIO0JIb30BaTh YCHJUTENb NOCTOAHHOIO TOKa HJIH
JIEKTPOMET)D

[lo MeToay MocTa Hesb3s HENOCPEJACTBEHHO HU3MEPUTh TOK B KOPOT-
Ko3aMkHyTOM o6pasue (cm 11 101) Meroa ¢ Henoab3oBaHueM yCTPOU-
CTBa, U3MepPAIIero TOK, MO3BOJsIET aBTOMATHUYECKH PErucTpUpOBaTH
TOK, YTO o0JieryaeT KOHTpOJb CTabHJIbHOCTH u3dMmeperuin (cm nm 10 1)
MMeroTcsa cneuranbHble CXxeMbl H NPUOOPHI A  H3MEPEHHUST BBICOKHX
conpoTHBJieHHH KX MOXHO HCNONB30BATH NMPH YCJAOBHU, €CJAH OHU JOC-
TATOYHO CTAOHJABLHBI H TOUHBI NPH HEOOXOAHUMOCTH o00ecleyHuBaloT

COOTBETCTBYIOLIEE 3aKOpauuBaHue obpasiia 4 H3MepeHUe TOoKa Iepej
BKJIOUEHHEM HAMNpPSIXKEHUS

52 TouHOCTBH

MamepurenabHoe yCcTPOHCTBO AOJMXKHO o0ecneunBaTh oOnpejaesesye
3HAYEHHST HEII3BECTHOrO COMPOTIBJEHHS ¢ CYMMapHOH TOYHOCTBIO He
MeHee *=10Y% ang conporusaeHuil MeHpure 109 Om u +°09% nasg 6o-
Jiee BBICOKHX 3HAUeHHH (cM TMpHJioXKeHHe A)

53 3auluTa

M3onsauns u3MepuUTeNbHLIX CXE€M H3TOTOBJEHA M3 MaTepHaJoB, B

JYULIEM CJayuae HMEeOHWIHX CBOMCTBA, CPABHUMBIE C UCIBLITYEMBLIMH Ma-
TepuaJaMu

Own6Kky n3Mepenuit o6pasiia MOryT GbITh CBSI3AHLI"
a) ¢ NapasuTHLIMH TOKAaMH OT NMapa3HTHHIX BHELIHHUX HANPSKEHHH,

3 3ak 614
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KOTOpble OOBbIYHO HMEKT HEH3BECTHYIO BEJHUYHHY H NPOH3BOJILHBIA Xa-
paKTep;

0) ¢ HenpoH3BOJbLHBIM WIYHTHPOBAHHEM CONPOTHUBJIEHUA obOpasiia,
3TAJOHHOrQ0 pe3uCcTOpa HJH YCTPOHUCTBA H3MepeHHA TOKa H30JALHEH,
KOTOpass HMeeT HeH3BeCTHOe COMPOTHBAEHHE, BO3MOXKHO MepeMEeHHOe
[0 BeJIMYUHE.

[TonHOCTBIO H30€XaTh 3THX NMOTrPEeUIHOCTeH MOXKHO, HCIOJb3yS Hac-
KOJIbKO BO3MOXHO BbICOKHE€ 3HAYEHUS COMPOTHUBJIEHHSA  H30JALUHMH Ha
BCE€X y4YaCTKaX CXEMBI. DTO MOXeT NPUBECTH K CO3JaHHI0 TPOMO3JKHUX
YCTPOHUCTB, KOTOPKIE BMECTe ¢ TeM He MOrytr ol0ecneunTh H3MepeHHA
COIIPOTHUBJIEHHST H3OJSIIIMH BHILE HeCcKOoJbKHX coTeH MOM. bosnee yaos-
JIETBOPDHTEJABbHBIX PE3YJbTATOB MOXHO AOOHTBHCS, HCNOJB3YS METOAMKY
3ALIUTHI.

Jauura obecrneudBaeTcss BBe€HHEM BO BCeX KDHTHUECKUX H30JIH-
POBAHHBIX y4aCTKaxX CXeMbl 3alIUTHBIX MPOBOJAHHKOB, KOTOpble IPEpPhI-
BalT BCE Mapas3uTHble TOKH, KOTOpble B IIPOTHBHOM CJayyae MOTYT NIpH-
BeCTH K omiHbOKaM uamepeHus. 3alllHTHble NPOBOAHHKH COE€JHHEHBI Me-
KAy cobo#t, o0pasys 3alIHTHYIO cUCTeMY, POPMHpPYH BMecTe C H3MepH-
T€JbLHBIMH TEPMHHAJAMH TPEXTEPMHHAJbLHYIO CETh.

[Ipu cooTBeTCcTBYWOIIEM COeAUHEHHHU Mapa3UTHbBIE TOKH OT Mapas3ur-
HbIX BHELIHUX HAIPSAXKEHUY LIYHTHPYIOTCA OT H3MEPUTEJbHOHU IeNH
CX€MBl 3aUIHTHOH CHCTEMOM; CONPOTHUBJEHHE H30JALHH OT JIOOOro H3-
MEPHUTEJIbHOIO TePpMHHAJA K 3alUTHOH CUCTEeMe IUYHTUPYEeT 3JIeMeHT
Henu CXeMbl, KOTOPbI AOJI)KE€H HMEThb HAaMHOrO MeHbllee COIIPOTHB/JIE-
HHE, H TOrja CONPOTHBJeHHe o0pas3la ABJAseTCd eNUHCTBEHHBIM HpPd-
MBIM NyTEeM MEXXJAY H3MepHTEJbHBIMU TepMHUHANMaMH. Mcnonn3ysa Takyio
METOAHKY, MOXKHO 3HAUYHTE/bHO YMEHbUIHTb BEPOATHOCTb NOr'PELIHOCTH.

Ha uept. 1 npuBeseHa npUHUMNHAABHASA CX€Ma MNOAKJAIOUYEHHA 3a-

IIHUIeHHBIX 3JIEKTPOJLOB AJ8 H3MepeHHss 0O0beMHOro ¥ mOBEPXHOCTHOIO
CONPOTUBJIEHHH.

Ha yepr. b u 7 npuBeaeHO COOTBETCTBYIOLIee HCIIOJIb30BaHHEe 3a-
H{UTHOU CHUCTEMbl IJIsI METOA4, BKJIOUAIOLIero u3MepeHue ToKa, rjie 3a-
IIIHTHASA cuCcTeMa MPUCOEAHHEeHAa K TOUKe COeNUWHeHHUS HMCTOUHHKA Hall-
pPSXKEHHSA U YCTPOUCTBA AJd H3MepeHHd TOKa.

Ha yepr. 6 npuBeseHa cxeMa 3alllUTHOH CHCTEMBbI JJIsT METOJLA MOC-
Ta YUTCTOHA, BKJIOUEHHAsA B TOUKY COeJHHeHHS ABYX ¢ 60Jiee HH3KHUMH
3HAYEeHUAMH CONPOTHBJAEHHUS nJyey MocTa. Bo Bcex cayuasax Anasa 3P dex-
TUBHON paboThl 3alllUTHAS cCUCTeMa A0J/KHa ObIThb MOJHOH H BKJIOYATD

B ce6sa awboe u3 yCTPONUCTB, yiIpaBp/sieMoe onepaTopoMm NpH IpoBeje-
HHH H3MEPEHHH.

D.JA.C. 3NEKTPOJHTHYECKOr0, KOHTAKTHOI0 WJIH TepMHYECKOro Xapak-
Teépa, BO3HUKAWLIHEe MEXKAY 34alUTOH H 3allHIeHHBIMH TEpMHHAJNaMH,
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MpuHnunyaabHag cXemMa COeAMHEHHS 3alIHUIEHHBIX 3JEKTPOAOB

=
CAI NS POIEIYMN | 1oL Loboddind Ll b L
" g S W G S - B N S WS [ CY
/] \2
a) AJA HU3MepeHHus yJenb- 6) Aas H3MEpPEHHS V/eJNbHO-
HOro 060'beMHOro CONPOTHB- I'0 MOBEPXHOCTHOTO CONpPO-
JICHH A THBJICHU A
] — 34dluHnennuil  (u3mepu- ] — 3auginuiedHntt (uameptirte ne-
TeAbMbLIL) B3AeKTpOdA, 2 — 3a Mbitl} 3JeKIPOA, 2 — HeszalHILeH
ILHTHbIL  (OXpaHHBIU) 3BJEKT Hblil 3J€KTpoa (34enrpod Hanps-
POA, 3 — He3allHUCHHBIA 3¢ HeHitd), 3 - 3aUIUTHBIR (0ipaH
KTPOJ, (34eKTpO0 Hanpiaice- Hblll) 3JeKTpon
HUR)
Uept 1

MOX>KHO KOMIIEHCUPOBATb, €CJH OHH He3HauyuTeJbHbl. Cienyer y6eaHTh-
¢, YTO TaKHe 3.1.C. He BHOCAT OLIYTHMBIX NOrpELIHOCTeH# B H3MepeHHH .

OwH6KH B H3MEPEHHH TOKA MOTYT IPOHCXOJAMTb H3-3d4 TOr0O, YTO
YCTPOHCTBO, H3Mepslolllee TOK, LUIYHTHPYETCS CONPOTHBJIEHHEM MeXAY
3allHLIEeHHBIM TEDMHHAJOM H 3aUIHTHOH CUCTEMOH. DTO CONPOTHBJEHHE
JA0JIXKHO ObiTh MO KpaiHed Mmepe B 10 pa3 (a npeanoururenptiee B 100
pa3) OoJblle CONPOTHBJEHHS YCTPOUCTBA, U3MepsAUero ToK. B Heko-
TOPBIX MOCTOBBIX CXeMaxX 3aliuTa H H3MEPHUTEJIbHBIH TepMHUHAJ IIpUBE-
J€Hbl MPAKTHYECKH K OJAHOMY MOTEHUHAJY, HO CTAHAAPTHBIH PE3HCTOP
MOCTa WIYHTHPYETCSA CONPOTHBJEHHEM MeX/]y He3alUlHLIeHHBIM TepMH-
HaJIOM H CUCTEMON 3aUIUThl. TO CONPOTHBJIEHHE AOJXKHO OBITh 1O Kpaii-
Heil Mepe B 10 pa3 (a npeanouruteibHee B 100 pa3) GoJabluie CONPO-
THBJIEHHS] 3TAJOHHOTO Pe3HCTOpa.

Has o6ecneyeHus ya0BJETBOPUTENbHONH paboThl 060pyIOBAHHS H3-
MEepeHHs cJelyeT MPOBOAHTL NPH OTKJAKUEHHOM HCTOUHHKE HalpsxKe-
HUSl oT oOpasila.

[Ipu takux ycaosusix 060pyaOBaHHE JOJXKHO IIOKa3biBaTh OecKo-
HEYHOe CONPOTHBJIEHHE B Npeaejax ero YyBCTBHUTEJbHOCTH. Ecan nme-
IOTCS COOTBETCTBYIOUIHE CTAHAADPTbhl M3BECTHBHIX 3HAUEHHH, HX MOXKHO
HCIIOJIb30BAaTh AJS UCNBITaHUSA paboTel 060pynOBaHHUS.

6. HCIIBITYEMbBIE OBPA3ILbI

6.1. YanenbHoe 06beMHOE CONPOTHBJEHHE
s onpejenenns yaeabHOro 06beMHOrO CONPOTHBJIEHHS HCIBITYe-
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Mblii 06pasell MOXKeT UMeTb MPaKTHYCKH Ji06yl0 yiao6HYyI0 dopMmy,
MO3BOJISIIOUIYIO HCIIOJL30OBATh TPETHH 3JCKTPO JJS 3aULHTEl OT [OT-
PELIHOCTeH, CBA3AHHbBIX C IOBEPXHOCTHBIMU d(dekTamu. [Las o6pasios
C peHeOpeXXHMO MaJiol NOBEPXHOCTHOH YTEUKOfi INPH M3MEpPeHHIl
OOBEMHOI0 CONPOTHUBJIEHHS 3aUIUTY MOXHO HE HCIOJb30BATh IIPH VC-
JIOBHH, YTO OTCYTCTBHE 3alllHTbl HE OKa3bIBAeT NPAKTHUECKOIO BJIUSHUS
Ha pe3yJbTaThl H3MEPEHHUI.

3a30p Ha MOBEPXHOCTH 06pa3ua MeKAY 3allHUIEHHBIMH H  3allHT-
HBIMH 3JIEKTPOAAMH [A0JI2KE€H ObITh PABHOMEPHOIT LIHPHHBI H KAK MOMHO
6oJiee Y3KHM, NIPH YCJOBHH, UTO MOBEPXHOCTHAA YTEUKA HE BhI3BIBAET
MOrpeUIHOCTH H3MepeHuit. -‘HauMenbwnii 3a30p, HCMOAB3VIOWHECH Ha

NpaxKTHKe, cocraBageT | MM,

[lpumep pacnonoxkeHna 3jneKTPONOB Ha
TPyOuarom obpase

L

3K %
N \
7 :ti N |
N NEER
/ N §
[lpumep pacnonoXeHHs SJEKTPOIOE Ha N\ N\
NAOCKOM ofpasiie 4 & s {
s § N N
N N |
ds / § = |
4z N} N
£ N N
g dz /_ \ g
‘ Yy IEI N
- - T - 7 ra \ \
RIIAI ISP IO IIE 3 N N
iy dy L .
£ - H bit 3JIeKTPOf; 2 — 34AM(HT-
HuIj} :J?éi'rgffuffﬁj ——Hlfeffaef}mumemlmﬁ 3J1eKT- I — §3UJ.HUJ.EHHMI"£ SJEKTPoA; 2 — 3alLur-
poji; 4 — obpasen HBbIH 3JIeKIpOJ, 3 — He3aUlHWEeHHBLIA 3JeKT-

pon, 4 — obpasen
Uepr, 2 Hepr, 3
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Ha gepr 2 u 3 mpuBeseHbl mpUMephl pa3MeUIeHHST TpeX 3JeKTpO-
10B. Ilpu 1iaMepeHuu o6 beMHOTO CONPOTHUBJEHIIST 31eKTpod [ ABIAAETCS
3alHINEeHHBIM, ¢ — 3allHTHBIM 1 J — HesallHuuleHHbIM. Jlnamerp d,
(uepT. 2) uau pouHa [y (uepT. 3) 3allHUIEHHOTO 3JeKTpoda Jd0JXKHA
ObiThL He MeHee ueM B 10 pas Oouabliie TosuHbl o6pasia A, aast npax-
THYCCKHX HYXKJ 00bluHO He MeHee 25 MM. duamerp dy (unu puau”a [ly)
He3alUHILEeHHOTro 3JEKTPO/Aa U BHEUIHUH nuaMeTp di 3allUTHOTO 3JeK-
Tpoaa (UaH AJHHa [3 MeXXAy BHEWHHMH KpassMH 3allUTHBIX 3JIEKTPO-
J10B) MOJIKHBI ObITh PaBHB BHYTpPEHHEMY jaHamerpy ds 3allHTHOTO
WICKTPoAa (HAH AJHHE [o MeXXNY BHYTPEHHHUMH KpPasiMH 3alUHTHBIX
3JEKTPOJIOB) TJIIOC 3HAYEHHE, paBHOE YABOEHHOH Toauinhe obpasiia.

02. YieabHOe MNOBEepPXHOCTHOE CONPOTHBJAEHIE

J1ns1 onpeaesieHHst yaeJhHOrO MOBEPXHOCTHOIO COMPOTHBJEHHST HC-
MblryeMblii obpasell MOXKeT HMEeTh NPaKTHUYECKH J106yio YA0OHYIO dop-
MY, TIO3BOJISIIOULYIO HCHOJAL30BATH TPETHH WIEKTPOA AJiss 3allWThl OT
MOTPEWHOCTH, CBA3aHHON ¢ 06 beMHBIMH sdderkTamMu. PekoMmeuayercs
TpH BapuaHTa cOOPKH 3JIeKTPOJOB, Noka3zaHHble Ha uepT. 2 H 3. Coll-
POTHBJIEHHE 3430pa HA MOBEPXHOCTH MEX/Y 37AeKTpoaaMu [ u 2 naMme-
psieTCs HENOCPEACTBEHHO 3JeKTpoaoM [/ B KauecTBe 3allHUIUIEHHOrO
JMEKTPOra, NeKTPOAOM 3 KaK 3alLUTHLIM H JEKTPOAOM 2 B KauecTBe
HE3alHIIEeHHOTO.

HM3mepenHoe Takum 06paszoM CONMpOTHBJIEHHE BKJIOUAET HNOBEPXHO-
CTHOE CONMPOTIBJEHHE MEXKAY 3nexkTpoaaMu I n 2 u oObeMHOE CONPO-
THBJIEHHE MEXJAV 3TUMHU ABYMSA 3jekTpoaamu. [IpH ycjaoBHH NpUILaHUSA
3JIEKTPO/JaM COOTBETCTBYIOILHX PAa3MepoB, MOXKHO NOCTHYL IpeHebpe-
XKUMO MAaJoONH BeNHUUNDBI BAHAHHST 0OBEMHOTO COINPOTHBJEN!HA B IIHPO-
KOM auanasolie OKpy»Kamlllix YCJ0OBHH M CBOHCTB MaTtepHata ITO yC
JJOBHE MOXKeT ObiThb JOCTHIHYTO JJ5 pa3MelleHHUss 3JeKTPOJA0OB HNoKa-
3aifHbIX Ha 4epT. 2 u 3. [loBepxHocTHLI 3a30p g JA0AKeH ObTh M0
KpauHell Mepe B nBa pa3a GoJbllle TOJWHHBI o6pas3ua; Ha TMNpaKkTHKe
bepercss MHHUMaJsbHoe 3Hauenle | MM, JJuamerp d, (uau pauua l,) 3a-
HIHIIEHHOro 3JeKTpoaa A0JXKeH OhTh He MeHee yeM B 10 pa3 OoJblie
TommuHbl o6pasna i. Ha npaktuke cObluHO 6epercs 3HaueHHe He Me-
Hee 25 MM.

B kauecTBe anbTepHATHBHOrO BapHaHTA MOXKHO HCNOJb30BaTh NMps-

MbIC 271€KTPOAB HJIH Apyriie BapHaHThl ¢ COOTBETCTBYIOMIUMH pa3Mepa-
MH.

Mpuvevanne H3-3a Bausuus toxka uepea obbeM ofpa3la pacyeTHoe 3HA-
HEHHE YICABHOrQ IMOBEPXHOCTHOIO CONPOTHBJACHHS MOXeT CHJALHO 3aBHCETh OT pasMe-
pos obpaslia H anewntponon JIas CPpaBHITCALIOrO onpelacnelust peKoOMeHayerca He-
MOJb30BaTh Obpasubl HAen1HYNol GOPMLI ¢ PacnoJOKCHHCM JEKTPOJOB B  COOTBET-
CTBHH C uepT. 2, uMeciomue pasmephi: d,=50 MM, dp=60 MM, d;=80 MM.
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7. MATEPHAJT 3JEKTPOOOB

7.1, Oburag vacrThb
DJEKTPOAbl AJS 3JeKTPOH30NANHOHHLIX MaTepHaJsoB JOJXKHE ObiTh

H3rOTOBJEHbl M3 MaTepHaaa, Mo3BOJIOUIero Jerko HX HCNoJb30BaTh,
ofecreuyyBaplIero Xopolnid KOHTAKT C MNOBEPXHOCThLIO o6pa3ua U He
BHOCSILLEr0 MOrPEuIHOCTL 3a CUEeT CONPOTHUBJICHUA 3JE€KTPOJAd HJIH 3ar-
psi3HeHust o6pasiia. MaTepuan anekrTpoaa JoqkeH ObIThb CTOEK K  KOp-
pPO3HH B yCJAOBHAX HcnbiTaHust. Hixke npuseaeHb! THIHYHbIE MaTepHa-
Jbl 3JICKTPOAOB. DJIeKTPOAbl HCNOJMb3YIOTCH C COOTBETCTBYIOWHMH MO~
JIOKKaMH J1aHHOH (bOpMbI H Pa3MepoB.

MoxeTt ObITh nenecoobpas3HbM ynoTpebJseHHe IBYX pa3/HYHbIX Ma-
TEPHAJIOB 3JeKTPOJOB HJIH JABYX METOJAOB NPHUMEHEHUS /151 BHISICHEHUS
3HaYeHHsA BHOCUMOM NMOrpelrHoCcTH.

7.2, IlpoBopgsnias cepebpgaHass KpacKa

[IpyMeHSIOT HEKOTOPKLIE THIIBI HMEIOUIUXCS B Npoaaxe cepebpsaHbIX
KpacoK C BLICOKOH NMPOBOAUMOCTBHIO, OTBEPXKAAEMbIX BO3AYUIHONW CVYIII-
KOH HJH MPH HU3IKOTEMIEPATYPHOM OTXKHUTe, [AOCTATOYHO TMOPHUCTHIX
AJ8 AUPPY3UM BJaATH Yyepe3 HHX, YTO TMO3BOJIAET KOHIHUHOHHPOBATH
o0pasubl MoCjae HaHeCeHHS JIeKTPOJI0B.

DT0 0coOeHHO noJe3Hoe CBOHCTBO NPH HCCJAEJ0BAHHH B3aHMOCBSA3H
BJNAXKHOCTH U CONPOTHBJAEGHHS H TeMmnepaTypHbix H3MeHeHHH. (OaHako
nepej HaHeceHHEM NPOBOAAILEH KpacKH B KauecTBe MaTepHana 3JeKT-
poOJOB cJjeayeT yOeaAuThCsl, YTO paCTBOPHUTENb KPACKH HE BJUSAET HA
JH3JEKTpHUYecKne cBoiicTBa obpasia.

OTHOCHTEBbHO POBHLIE Kpasi 3aUMTHLIX 3JEKTPOAOB MOXKHO NOJY-
YHTh 34 CYET HCIOJb30BaHUs TOHKON KHCTH. OAHAKO, AJA KOJbIEBBIX
JNEKTPoI0oB GoJiee YeTKO BhipadmeHHble KPass MOXHO HOJAYYHTE OyTeM
HCMOJIb30BAHHA LIHPKYJISA, OYePTHB BHellIHHE Kpasd KoJiblla H 3aN0JHUB
TPOMENKYTOK KPacKoil ¢ MOMOUWbIO KHCTH. Ecaun  2/71eKTpoA HaHOCHTCH
pacnbl1€HUEM, MOXKHO HCIIOJIL30BATh NMPHKHIMHBIE MAacCcKH.

73. MeTtTannuzauusg HanblJeHHUEM

Hanniienne meransa MOXKHO HCIOJb30BATH NPH YCJAOBUH YAOBJET-
BOPMTEJbHONH aAre3un K noBepxHocTH ob6pasiia. ToHKHe HanblIeHHBIE
JEKTPOAL MMEIOT TO NPEUMYWECTBO, UYTO UX MOXXHO HCIONbL30BaTh
cpasy mnocse HaHeceHUss. OBH MOryT 6BTb AOCTATOUHO MOPHCTHIMH IJHA
KOHAHUHOHHPOBaHUSI 06pPa3loB, HO 2TO cJjeAyeT NOATBEPAHTb. J[ag
CO3JaHHA MPOMEXYTKa MeXAY 3allUTHLIM U 3aU{HILEeHHLIM 3JEKTPOAOM
MOXKHO HCHOJIb30BaTb MPUMUMHBIE MACKH.

/4. TepmMoBakyymHas MeTaJdau3aunuag HJIH Me-

TANJTH3AUNS HamblJeHHUEM
Takofl B HaneceHHS 2JeKTPOLOB MOXKeT GBITh HCHO/Ib30BAH B TeX

XK€ YCIOBHAX KaK yKa3aHo B I, 7.3, ecay AOKa3aHo, YTO Ha MaTepHan
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He OKa3biBaeT BJAHSHNE HOHHAs OoMOapAHpOBKa HJAM BaKyyMHasi o6pa-

b60TKa.

70. )KHAKHe 3JTEKTPOAH

MOXHO HCNONB30BATb TaKXKe H XHIAKHE 3JeKTPOJbl, MO3BOJSIOUIHE
NOJNy4YHTb yAOBJIETBOPHTEJLHBIE pe3yabTaThl. )KuakocTb, ob6pasyoulas
BEPXHHH 3JI€KTPOA, A0JKHA ObITh OrpaHHYeHa, HAaNPHMEDP, KOJbLaMH
H3 Hep2KaBeIOIeH CTaJ/H, KaX/A0€ H3 KOTOPBIX [OJIKHO HMETb OCTPVIO
KPOMKY 3a c4eT (packH, CHSTOH Ha BHeUIHEH OT XKHAKOCTH CTOPOHE.

PacnonoXeHue XHUAKKX 3A€KTPOLOB

Gl

B

“

! = snexrpon I, 2 — s3xexrponm 2, 3 — 3xextpon 3I:
4 — oOpasel

Yepr. 4

Ha yept. 4 H36paxeHO pacnosoXeHHe 3JeKTPOoAOB. PTyTh He peko-
MEHIAYETCS HCIMOJIb30BaTh NPOJOMKHTENbHOE BPEMSI UK NPH HOBBIILEH-
HbIX TEMIIepAaTypax M3-3a €e TOKCHYHOCTH.

7.6. Konaouagubeit rpadbur

MOXHO TakXe HCHoJb30BaTh KOJJONJAHBIT rpauT, JICHEpPrHpo-
BAHHBIH B BOJAE WM APYrO# MOAXOASLLIEH Cpele B COOTBETCIBHH C YCJ0-

BHSIMH, YKa3aHHbIMH B 11, 7.2,

77. IlpoBopasimlass pe3HHa
B kayecTtBe MartepHasa 37e€KTPOJOB MOXKHO HCIOJb30BAaTh MPOBO-

asyto pesuHy. OHa uMeer te nmpeuMylllecTBa, UTO €€ Jerko H ObICTPO
HakKJaabiBaTbh H yYaaJuasaTh ¢ obpasua. [TocKOAbKY 3J€KTPOAbl HaKJalbl-
BAalOT TOJBbKO NPH H3MEPEHHH, OHH He MellaloT KOHIWUIIHOHHPOBAHHUIO
obpasua. [Iposoasduias pesnna go/>kHa ObITh JOCTATOYHO MATKOH 1A
obecrieyeHH st XOpoulero KOHTakTa ¢ 06pa3loM NPH  COOTBETCTBYIOLIEM
IaBnieHuH, Hanpumep, 2 klla (0,2 H/cm?).

7.8, Metamaunueckxasas ¢doabra

Merannndeckast Gpoabra MoxeT GLITh MPHAOKEHd K MOBEPXHOCTH
NpoOHOro 06pasla KaK 3J€KTPOA AN H3IMEPEeHHs: O6BEeMHOr0 CONpo-
THBJICHHS, HO 3TOT METO/J He MOAXOAMT AJs H3MEDPCHHS IOBEPXHOCTHO-
IO CONpPOTHBJIEHUST MaTepHasuos ¢ o, >]0'7 Om.
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OObIUHO HCNONBL3YIOT CBHHIIOBY1O, CYPMSHO-CBHHUOBYIO, aJIlOMHHHC-
BYIO H OJOBSIHHY10 (hosibry. Poabra hukcupyercs Ha obpasue HebOJIL-
M KOJHYECTBOM BasesiHa, KpeMHUII opraHHyecKoli ¢MaskH{, Macja
HJIH APYMMM HOAXOASIIIUM NPOAYKTOM, HCHOJAb3YEMHIM B KauecTBe af-
resiHa. MOXHO MCMO0Jib30BaTh (PapMauUeBTHYECKYIO Mashb CJAeAYIOULEro

COCTdBAd.

MOJIUATHJIEHTJIHKOJDb C
MoJeKyasipHoil Maccon 600 800 yacTeli no Macce

BOJA 200 yacTed mo Macce
MATKOE MbIJO (PapMaleBTHUECKOTO
KauyeCcTBa)

XJOPHI KaJusl

JJEKTPO/bl cjeayeT HaKaaabiBaTb, pasrJdaxHuBas ¢ JAaBJEHHEM,
JIOCTATOUHLIM [1J151 YJaJIeHHs] BCeX CKJAAJ0K ¥ OTXKHMA H3JIHHIKOB CMa3-
Kii K Kpato oabri, rje ee MOXKHO cTepeTh KycOUKaMHu TKaHd. MOXKHO
Pasrja)KuBaTh MaJjblleM HJAH MSATKHM MaTepHadoM. OTa METOILHKA 3(-
GexTHBHA AJ51 00pa3noB ¢ POBHOII NMOBePXHOCTbIO. Ilpm akkypaTHOM
HAJIOXKEHHUH TOJILIIHA aATe3HBHOIO C¢/I0si MOXKET ObiTh yMeHbIIeHa [0

0,0025 MM 1 MeHblIe.

] yacth 1o Macce
10 yacTell no Macce

8. MAHUTIYJISILUU C OBPA3HOM U ETO KPEIIJIEHHE

Baxno, 4toObl napasiuTHbLIE TOKH MEXAY NEKTPOAAMH HJIl H3ME-
PHUTEJbHbBIMH 3JeKTPOAaMH H 3eMJied He OKa3biBaJjJH 3aMETHOIO BJIHS-
HUsI Ha pe3yJbTaThl uaMepenuin. HeoOxonHMO aKKypaTHO HaKJAaALBATh
3JIEKTPOADBI, NPOH3BOAHTL MAHUNYAALKY ¢ 06pa3uoOM H KpenuTb o0pas-
bl AJs1 H3MepeHHil, uToOb H30€KaTb BO3MOMXKHOro 0O6GPA30BAHHA NPO-

BOAALIUX JOPOKEK, KOTOPble MOIYT OTPHIATEJNbHO NOBJHATL Ha pe-

3yJIbTaThl U3MEpPEeHHSs,
Korna nsmepsieTcsi moBepxHOCTHOE CONPOTHBJEHHE, TOBEPXHOCTh HE

JA0JIZKHa OYHILATbCS, €CJH 3TO ClleuHaN bHO HE OrOBOPEHO.
HacTtd 1MoBepxHOCTH, Ha KOTOPOIi NMPOBOAAT HU3MEpEHHs, HeNb3s HHU-
YEeM KacaTbCsl, KpOMe HeTPOHYTOIl MOBEePXHOCTH APyroro obpasua M3

TOrO e mMarepHadJa.

9. KOHOUUHUOHHUPOBAHHE

KouaunuonupoBanie o6pasia onpeaeasiercss Mateprasnom obpasua
4 0/12KHO ObITh yKa3aHo B cneuudukauuu mMarepra/na. PexoMeHaye-
Mbl€ yCJIOBUST yKa3aHw B Talu, 1 u 2.
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Taoanuna 1

CranpaprtHblie atMOc(epHbIe YCJAOBHSA HCNbITAHHSA H KOHIMUHOHHPOBAHHSA

OO603HAUCHHC VCJOBHH {(CcM
npHMedaHue 1)

Femnepartypa °C

{¢(M npHMeud

OQlHoHTeALHAN
BAJAXKHOLTL, % (cM

R
(Bpemsz) 4/15—35 °C/
4575 Y

(Bpemsa) «/20 °C/65 Y
(Bpems) «/23 °C/50 'Y

(Bpema) #/27 °C/65 %

(Bpems) «/23 °C/93 'Y
(Bpems) #/40 °C/93 9,
(Bpems) #/55 °C/93 ',

(Bpemst) /1535 °C/

<15 %

(Bpemst) 4#/55 °C/ <20 %,
(Bpems) «/70 °C/ <20 9%
(Bpems) #/90 °C/

<20 9

(Bpemsi) «/105 °C/
<20 Y%

(Bpemsa) «/120 °C/
<20 %

(Bpemsi) 4/130 °C/
<20 9

(Bpems) 4/155 °C/
<20 9%
(Bpemsa) «#/180 °C/
<20 9%
(Bpemsi) «/200 °C/
<20 %
(Bpems) #/220 °C/
<20 %
(Bpems) /250 °C/
<20 %
(Bpemst) /275 °C/

<20 9

- Hue 2) NpHMcHaHusi 2 M 3)
YcaoBHE |
}II;?S:EHH EII;CJ’F HoMHHANBbH asi EFIEIE
B cocrognun L
NOCTABKH = — —
Crapdaprnas
OKpyaiulas 1 !
(peJia
(npuMeyanue 5) | 15—35} — 45—75 —
CTaHgapTHas l .
cpena A 20 | 65
CTaHaapTHas
cpeaa B +5
(IpuMeuyaHHe 4) 23 50
(CTangapTHaf -+ 2
(pesta C 27 6o
Bnaxunas 23
BusaxKHoe 1enao | 40 g3 12
To xke 20 _ —_
Cyxas |
(npuMeuaHHe 5) 156—35{ — | Mence 1,5 —
55
170 ,
| 90
| 105 + 2 l
120
Cyxoe TenJao | Manas
130 (MeHee |
20) -
155
| 180
|
| 200 | |
| 3
220 T
250
275 —+5
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ITpodosxcenue raba. 1

T(emnepawpa, “C OTHocuTenh;}ran(
CM npHMeua- BAaXHOCTb, o (CM
O6o3mauenie YCAOBHA (cM Hue 2) npuMedanusg 2 H 3)
npHMedaHHe |[) Ycnopue -
,Ef;ﬁaﬂ 2&? HoMrHanbHAR OTI:;,I(_‘
(Bpemsa) «/320 °C/ I
<20 % 320 =0
(Bpems) /400 °C/
<20 9% 400
(Bpems) 4/500 °C/ Cyxoe Tenno — |
<20 % 500 410
(Bpem) 4/630 °C/
<20 % 630
(Bpems) «/800 °C/ |7/l Manas
<20 Y% 8030 (MeHee
20) e
(Bpems) /1000 °C/ £20
eMA} « °
<.‘I2)0 % 1000
(Bpemsi) «/—10 °C/ —10
(Bpemsa) u/—25 °C/ —25
(Bpems) #/—40 °C/ XoJox —40
(Bpems) «/—55 °C/ —B5b | «+3
(Bpems) #/—65 °C/ —65

[IpuMeyaHUH.

1. BpeMs npeapapHTebHOTO KOHAHILHOHHPOBAaHKA H KOHAHUHOHHpoBaHHS («Bpe-
Msi» B rpade 1) Xo/sKHO HOPMHPOBATBCS B TeXHHYECKMX TpeOOBaHHAX HA MaTepHaJt

H BHIOHpaThca H3 Tabua. 3.

2. B cneuwanapHbIX cayuasiX MOTYT HCIIONb30BaThcH Bonee XKecTKUe AONYCKH, Ta-
Kie Kak =1 °C ¥4 +2 Y% oTHOCHTeNbHON BJIaXXHOCTH.

3. Ecan TexHHueckHe TpeboOBaHHS Ha HCNBITaHHs TpebyiloT NpoBeACHUST MPCABAPH-
TeJIbHOIO KOHAMUHOHHPOBAHHS MJHM KOHAHWLHOHHUPOBAHUS, BAXKHO 1e]aTh pPas3aHuHe
Mex1y OOIHMH AHana3zoHaMHM TeMnepaTyp, B IlipelesaX KOTOPHIX OHO MOXKeT IIPOBO-
AUTBCH, H AHANA30HaMH, B NpeAenax KOTOPbIX AoJiKHA TOAAEPXKHBATHLCHA TEMIEpPaTy-
pa, HanpuMep, JONYCKH Ha TeMnepaTypy B rpade 4 camu no cebe He obecneuar
XKeCTKOe KOHTPOJAUPOBaHHE OTHOCHTeJbHOH BAaXXHOCTH, TpebyeMoe rpadon d.

4. TlpeanoyTuteabHBIMH SIBASIIOTCA  HOPMaJbHble  KJIUMAaTHYeCKHe  YCAOBHA
B (23°C/50 %) u 3TO sIBAsIeTCA APEANOYTHTENbHBIM,

5. Koraa auanaszon ot 15 °C po 35 °C aBaserca CAHIIKOM GOJbUINM, €ro  COK-
pamaiot no (18—28) °C.
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Tabanuua 2
CraHaapTHbie yCNOBHS ANS HCNBITAHUA KOHAULMOHHPOBAHHA NPH NOrpyKeHHH

B XHAKOCTH
Temneparypa, °C {(cM.
QO6o3HaueHHe YycaoBud (cM. npHMeganue 2)
rnpUMeyaHHe 1) Ycnosue Kuanxocrs
[Mpen
HoMNiHalbHana OTKJ
(Bpemsa) #/23+0,5 °C/|1 Cranaaprtuoe Anctua-
BOJ A TorpysKetie B JIMPOBAHHAS
BOAY BOJLAa UJH BO-
1a 3KBHBa-
JEHTHOH YHC-
TOTHl {HOHHU-
3MpOBaHHas
BOJA) 23 *+0,5
(Bpems) 4/20 °C/xun-
KOCTh 20
(Bpemsa) /23 °C/xun-
KOCTh 23
(Bpems} /27 °C/xun-
KOCTh [Torpy:xenue B Kak yka- 27
(Bpemsa) #/b0 °C/xupg- [ KHIAKOCTH 3aHO + 2
KOCTbH 50
(Bpemsa) #/70 °C/xun-
KOCTb 70
{Bpemsi) #/90 °C/xkun-
KOCTb 90
(Bpems) u«/105 °C/xun-
KOCTb 105
(Bpems) «/120 °C/xup-
KOCTh ! 120
(Bpemsa) #/130 °C/xun- ]
KOCTh 130

[IpuMeuanus:
1. IMpoxoaxkuTenbHocTh NOrpyKeHHs (o6osHaueHHOe Kak «BpeMsa» B rpade 1)
A0JXKHA OLITh HOPDMHPOBaHa B TeXHHUecKHX TpeGOBaHHAX HA MaTepHan H BHIOMpATH-

csa u3 taba. 3.
2 Jlas crmelHaJbHbIX HCMBITAHHH MOTYT HOTpeboBaThcs HoJiee KECTKHE NOMYCKH,

Kak Hanpumep =0,5 °C smecto =2 °C.

Tabnuua 3

IMepeyeHs npeANOUYTHTENbHBIX REPHOAOB AN NPpelBAPUTEIABHOIO
KOHAKUMOHHPOBAHHA H KOHRHUHOHHPDOBAHHA

1344 2688'4368 8730

—_— I

Yachr 1) 2] 4| 8116 | 24|48 | 96 | 168} 336f 672

e S [F——E— R R B

Heﬂ.enﬂ-—--—————-—-—-—l—-'1|2 4 8116 | 26 1] 52
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SHaueHHust OTHOCHTEJLHOII BJAXKHOCTH, CBSI3aHHble € Pa3JHUYHBIMH

conAHbIMH pacTBopaMu, npuseaennt B [OCT 28237
MOXKHO HCIOJIb30BATh MEXaHHYECKHE CHCTEMbl HCIIAPEHHUA.
YieinbHoe o6beMHOE U NMOBEPXHOCTHOE CONPOTHBJEHHE OCOOEHHO

4yBCTBHTEALHBI K I3MEHCHISM 1eMuepatypul. HMameneHue sBJAsSETCS
yhenoHenunaabibiM, [loaToMy cuejlyer npoBoAuTL H3MEpeHHs 00beM-
HOTO 1 MOBEPXHOCTHOTO COMPOTHBJEHUS obOpasua npH 3aLaHHBIX YCJO-
sunx. Has onpenenennst sprekra BO3ACHCTBUA BJAAKHOCTH Ha YIeJb-
Hoe o06beMHoOe conpoTuBieHue Tpedbyercsi AJKTE/AbHOE KOHIHIHOHHUPO-
BaHHue, T. K. NNOrJoulesne BoJabl 00bEMOM AHIJAEKTPUKA SIBJSIETCH OTHO-

CHTEJILHO MEAJIEHHBIM NPOLLECCOM.
Ilornomenne Boan oOLIUHO yMenbluaeT 00bLEMHOE CONPOTHBIEHHE.

s HekoTopblx 00pa3uoB paBHOBECHOE COCTOSIHHE AOCTHTEETCHA B Te-
qyeHHe HeCKOJbKHX MECAUEB,

10. METOAUKA UCHBITAHUSA

B coorBercTBi ¢ nit. 6, 7, 8 1 9 roToBAT HEeobXoAHMOE UYHCAO 00-
pasuoB.

Pasmepbl 06pa3uos, 3JeKTPOJOB W IIHPHHA TTOBEPXHOCTHOrO 3430pa
naMmepsiiorest ¢ ToyHocthio =1 %. OnHaxko aast Toskux o60pasioB B
COOTBETCTBYIOUIUX CHEUHMHKAUHAX MOTYT ObLITh YCTAHOBJEHBI JApPYyrue
3HAUCHHUA TOUNOCTH, KOTAa 3TO uenecoobpasHo.

IMTIpumeuanue, [Lag Toukux ob6pasnoB caeayer H3MepATh TOMUHHY RO HAJMAO-
KCHIIA 2/CKTDOJO0R,

st onpenesienuss yaeapHoro o0beMHOIO CONPOTHBJAGHUS CJiedyer
ONPEeReJITL CPEAHIO TOJUMHY Kax»Kaoro obpasia B COOTBETCTBHH  C
TexHHUYecKUMH TpeboBanuaMu. TOUKI H3MepeHHs1 paBHOMEPHO pacnpe-
JeJRIOT 10 nJouand, 3akphiBaeMON  3allHIIEeHHBIM HU3MEPUTEAbHBIM
INEKTPOLOM.

B ob6ulem cayuae #Heo6X0ANMO H3MepsITh CONMPOTHBJEHHE NMPH  TEM-
Iepartype H BJaXXHOCTH, COOTBETCTBYIOUIHX YCJOBUSIM KOHIAUIIHOHHUDO-
BaHlist (KpOMe KOH/JAHUHOHMPOBAHHSA TOTPYXKEHHEM B XKHUAKOCTL)., B
HEKOTOPBIX CAYHaAsiX O/iHaKO AOCTaTOYHO NMPOBECTH H3IMEPEHUA Hepes

YKa3aHHOE BpeMs 1oche KOHIHUIHOHUPOBAHHUA.
10,1, O6bemMHOe CONPOTUBJIEHHUE

Ilepcn BuinosinenueM uaMepenusi o6pasel A01KeH ObITb NpUBEeH
B JLIINEKTPHUECKI YCTOHULBOEC cOCTOfiRKe, [N MoNyueHHss 3Toro coc-
TOAHHS HEOOX0AUMO 3akOPOTHTb M3MEpHUTe/bHbIe 3JeKTPoARl [ u 3 0b-
pasila (uept. la) yepe3 uaMepHTeJNLHBIH NPUGOP ¥ HAOGAWOAATL 32 U3-
MEHEHHEM TOKAa MpY KOPOTKOM 3aMblKaHUH, YBENHUYKUBAS NPH 3TOM UYB-
CIBUTEJILHOCTL H3MepliTesbHOro npubopa. Ira npoueaypa AOJdKHA




FOCT P 50499—93 C 17

IPOJO/KATLCS A0 TeX MOp, NOKAa TOK KOPOTKOI'O 3aMblKaHHA He cTalHu
JIU3UPYETCH Ha YPOBHE, KOTOPLIH UMEeT MaJjioe 3HaueHHe MO CPaBHEHHIO
C OXKHJaeMbiM 3HaueHUMEeM TOKA NPU MOJaue Ha 3JeKTpoJAbl Hampsike-
HUST mocJae cTabuH3alHy 3TOr0 TOKAa, WJH 3HAYEHHS 3TOro TOKa IMOoCJe
BhilepKKH B Teuenune 100 MUH moa HanpsxKeHneM Tak Kak umeercs
BEPOSTHOCTb H3MEHEHHS HAMPABJEHHA TOKa KOPOTKOro 3aMblKaHMHs,
BbIJlep2KKa MPH KOPOTKOM 3aMBIKAHHH JIEKTPOAOB [OJXKHA TMPOJOJI-
KaTbCsl JlaXKe B TOM cJyuae, €CJH TOK IepeceKkaeT HyJeBoe 3HaueHHe
CaeayeT 3anucaTh 3HaUeHHE H HalpaBJeHHE TOKa KOPOTKOro 3aMbIKa-
HUSA Jo nocse ero crabuanuszauuun Bpems, Heodbxopumoe 1 cTabHIu-
3a1[HH 3TOr0 TOha, MOXKET 3aHATh HECKOJLKO YaCoB

Jlanee nogaercd yKasaHHOE 3HaYeHHe NOCTOAHHOrO HanpAXKeHHda H
O/JHOBPEMEHHO 3amyckaeTcsi 4acoBoil MexaHusM Ecusi HeT ocoObIX yKa-
3aHU#, BHIMOJIHATL H3MEpeHUsa uepel cieayloulue HHTepBaJibl BpeMeHH
1, 2, 5, 10, 50 100 mun Ecau aBa nocjaeayroiiux H3MepeHHs QAT O4U-
HaKOBbI€ Pe3yJbTaThl, HCILITAHHE MOXHO TIPEKPATHTD, H ONpeeseHHOoe
TakuM 00pa3oM 3Hau€HHE HCIOJb30BaTh B pacyeTax 00beMHOTC CONMpPO-
THBJEeHHS 3aTEeM 3aNHCHIBACTCHA BPeMS BBLAEPIKKH MOJ HaNpPAKEHHEM
J0 noJsiyueHHst nepporo ¢crabuibHoro 3HayeHus Ecuau crabuJ/aH3aLHH HE
NPOHCXOAHUT B TeyeHue 100 MuUH, 0O0béMHOC CONPOTHBJICHHE JaeTCsd B
BiAe (DYHKIIMH BPeMEHH BbIAEPKKH NOJA HallpsAKeHHeM

J1J1 IpHEeMOUHBIX MCMIBLITAHLH HCIOJAb3YVETCH 3HaueHHe, NMOJyUYeHHOoe
[I0CJie BBIAEPKKH B Olpe/eseHHoe BpeMs, HalpUMep, IOCJie€ BblAePKKH
B TeyeHHe |1 MHH

102 IloBepXxXHOCTHOE CONPOTHUBJEHHE

[lonaetcst ycraHoBNE€HHOE TNMOCTOSHHOE HamnpsiXKeHHe W ollpejeJisie-
Cs COMPOTHBJEHHEe MEX]AY H3MEPHTEJNLHLBIMH 3JEeKTPOAaMH Ha IMOBEpX-
Hoctu obpasna (snextpoabl I u 2, uept 16) ConpoTHBjeHHe ONMpeje-
JSA10T yepes | MUH [OcJe BKJIOUEHHST HANPSAKEHUs Aa¥Ke B TOM cJayyae,
€CJIH TOK He JAOCTHraeT YCTOMUHBOrO 3HAYEHUSI 32 YKAa3aHHBIH HHTED
BaJ BpPEMeHH

11. PACYHETDI

111 YaenvHoe o6bemHoe conportuBsaenne o OMm-m (Om.cMm) pac-
CUUTHLIBAIOT N[O (popmyJe

P_Rx /i Ty

rie R, — o0beMHoe conpoTHBaeHHe B cooTBeTcTBHM ¢ 1 10 1, Om,
A — s(ppexTuBHAaA MJOLIAAb 3aALHILEHHOrO 3J€KTpoja, M2 (cM?);
h — cpeaHas ToJllHHa oOpasua, M (cM)
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GopMmyabl aaa pacueta 3PHEeKTUBHON MaoMWLaid A HEKOTOPLIX OT-
NeNbHblX BADHAHTOB DPacClOJOXEHHsT 3JeKTPOAOB NPHBEAEHB B TPHUJIO-
JKeHHH b.

g HeKOTOpbIX MaTepuassoB ¢ BBHICOKUM YAE€JbHBIM COMPOTHBIIE-
HHEM TOK KOPOTKOro 3aMbiKavus J, 10 T1ojJa4yd HanpsixkeHus (cMm.
m. 10.1) MoXeT UMEThL 3HaYeHHH, CPAaBHHMBIE CO 3HAYEHHEM YCTAHOBHB-
ierocst Toka J, noa HanpsixkedeM B takux cayyasix o6beMHoe COnpo-
THBJeHne Ky, OM BLIUKHCASIIOT O PopMmy.ae

U
Re= "7 s
A i
rae Uy — npuxkiajabiBaeMoe Halpsikenue, B;
J, — YCTAHOBHBLIHICA TOK NOA HANPAKEHHEM HJIH 3HAUEHHHA TOKA

nocae 1, 10 u 100 MmuH, ecain TOK noj HanpsiyKeHHeM MeHsAeTcs, A;
Jo ~— TOK KODOTKOro 3aMbiKaHus J0 MOAAUYU HanpsiKeHld, A.
3HAK MHHYC HCHOMNb3VIOT, ec/d Jo HMeeT TO Ke HanpasJeHle,
41O J,, B IPOTHBHOM CJy4ae UCMOJb3YIOT 3HAK TJIIOC,
112 YaeanbHoe NOBepXHOCTHOE CONPOTHBJEHHE
YaeibHOe NOBEPXHOCTHOE conpoTHBJeHHe o, OM, pacCuHTHIBAIOT
no gopmy.Je

rae Ry — NOBEPXHOCTHOE COMPOTHBJAEHHE, H3IMEPEHHOE B COOTBETCTBHR
cn. 102, Owm:

P — 30(PeKTHBHLIN NePHMETP 3aULHUIEHHOrO 3JEeKTpoAa AN KOH-
KPeTHO HCNOJAb3YEMOr0o pPasMelleHls 31eKTPOLOB, M (CM);
g — UWIHPHHA 3a30pa MEXAY 3JeKTPOAAMHU, M (CM).

11.3. BocnpoH3BOAHUMOCTSB

F3-3a naMeHeHUs] CONMPTHBJIEHHST AaHHOro o06pasna B 3aBHCHMOCTH
OT YCJIOBUI HCNBLITAHHH U HEOJHOPOJHOCTH MartepuaJia B pPa3Hbix o00-
pasuHax pes3yJbTaThl olpejgeneHus OObIYHO HMEIOT BOCIPOH3BOAHMOCTD
He Boiiie =10 % u yvacto uMewT 0oJee BLICOKOE OTKJOHEHHEe (MpH
OJUMHAKOBBLIX YCJOBHSIX MOXHO NOJYYHTb OTKJIOHeHHe 3HaueHuit or 10
10 1).

g monyuesHs CpaBHHMBIX Pe3ysibTaTOB HA OAHHAKOBLIX 06pasuax
cJieAyeT NPOBOAUTL MCNLITAHHME MNPH NPHMEPHO PAaBHHIX TIpajHeHTaXx
HanpsiKeHHus.

12, TPOTOKOJM HCIIBITAHHA

IIpoToxoa nenblTaHHH A0JKEH BKJIKOUATH:
a) onvcaHue H HAeHTH(OHUKAUUIO MaTepHasa (HaHMEHOBaHHe, KJac-
CH(HKALUs, BET, H3TOTOBHTENL B T, 1 );
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0) dopMy n pazMepb oOpa3uos,

B) THII, MaTepuaJ 4 pasMepbl 3J€KTPOAOB H 3alHThI,

r) KOHAULHOHHPOBaHHe 006pa3LoB (OYHCTKA, MpeaBapHTE bHAA
CYLIKa, BpeMs KOHAMIHMOHHDOBAHHS, BJA>XHOCTb H  TeMmIeparypa H

T &),

J) YCJAOBHA HUCIbITAHUS (TeMmnepatypa o0pasua, OTHOCHTEJbHaf
BJ1aXXHOCTh),

€) MEeTOo[ U3MepeHus,

K) NpHKJaAbiBaeMoe HanpsKeHue,

3) yaesabHOoe o0beMHOe cOnpoTHBACHHE (ec/y HeoOX0AUMO),

H) yaesbHOE NMOBEPXHOCTHOE CONPOTHBJIEHHEe (ecau HeoOX0ANMO)
MPHBOAATCA OTAEJibHbIe 3HAUEHHS TOCJ/€ | MHH BBLAEPXKKH IOJ Hanps-
’KeHHeM, a LUEeHTpaJbHOe uAU CpeOHee 3HAYeHHEe B hd4eCTBE YAeAbHOIo
IOBEPXHOCTHOIO CONPOTHBJIEHHS

[TpumMeuanut

I Ecau tpebyercs KOHKpeTHOe BpeM$ 1MOJ HanpsKeHHeM, ero cjeayer yKa3arTh,
NMPHBECTH OTAEJNbLHLIC PE3yJabTaThl H OTMETHTh IIEHTPAJBHOE HJH CpejHee 3HayeHHe
KaK yaenabloe 0O6LeMHOe CONpOTHBJIEHHE

2 Ecau u3MepeHus npoBOAHJAHCH NPH pa3JHYHBIX 3HAUEHHSX BpPeMeHH NOA HaN
pAXEHHEM B OoTyeTe HeoDXOAMMO yha3aTk B TeX CAYYdAAX eCcJaH obpasibl JOCTHTalT
YCTOHYHBBIX 3HayeHHIl 34 OAWHAKOBOE BpEMJ, HYMKHO IPHBECTH OTAE&/JbHBIE pe3ylb
TATHl H OTMETHThL LUCHTPANbHOE 3HauyeHHe KakK yAeanHoe oOneMHoe conpotuBienue B
HPOTUBOUOAQKHOM chydde CJejyerT YKazaTh KoJAHYeCTBO 06pa3uoB H TPHBECTH HX
pe3yabTaThl pasgeabHo Ecau pesyabTaThl 3aBHCAT OT BPeMeHH NOA HahpsaKeHHeM,
HeOOXOZHMO NMPHBECTH 3Ty 3aBHCHMOCTH HanpHMep, B BHAe rpaHka HJIH HeHTpaJb
HOro 3HaMeHHA yaenbHOro oOheMHOro conporHBiaeHdd dvepes 1, 10 u 100 MHH

ITPHIIO)KEHHE A
Pexomendyemoe

NPUMEPLI OLEHKH METOAOB U HX TOYHOCTH

Al MetTox BoOXbTMETpaaMIuepMerTpa

Hauuuit npsamel Metoa 6asupyeTcs Ha cxeMme TIpuBelenHoi Ha uvepT 5 [lIpHk-
JaipiBaeMoe K 0o0pasuy HanpsiKeHHe H3MepsieTcss BOJbTMETPOM ITOCTOSTHHOIO TOKa
Toxk usMepsercss yCTPOHCTBOM [/ M3MeDeHHUsT TOKa HalpuMmep rajbBaHOMeTpoM (B
HacTosluee BpeMs HCMOMb3yeTCst peAKo), NPHOOPOM C 3JIEKTPOHHBIM YCHJHTEJNEM HNH
3JEKTPOMETPOM

B ofuiem cayvyae npu 34panke oOpasua cjeayer 3aKOpOTHTh H3MEpPHTEAbHO
YCTPOHCTBO BQ U3fekdHUe ero rnoBpekIeHHS B 39TO BPEMHA

[anbBaHOMETD HONXKEH HMETh BLICOKYIO UYBCTBHUTENbHOCTH K TOKY H OHTH CcHab-
AeH YHHBepCaJbHHM LIVHTOM (M3BeCTHHIM Kak LIYHT AlpToHa) HeunssectHoe coupo-
THBJeHHe obpa3sua Rz, OM, paccuHTHIBAIOT 1o GopMyJe
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; U
x = ko,
rac U — npukaagbisacMoe HanpsiKende, B;
k£ — YyBCIBHTEJbHOCTH 3alIYHTHPOBAHHOrO TaJbBaHOMETpa Ha JAeJieHile LIKa-
aol, A
®  — OTKJAOHEHHC B ACJCHHUAX LIKAJbI.

Cxema Metoja BOAbTMeTpa-aMnepmerpa
AN HU3MEPEHHA YAEJbHOrO 00bheMHOro
CONPOTHBJCHUS

epT. 5

Conporusjenie go 10 — 101! Om moxker ObITh H3MEPEHO MPH  HATIPAKEHHH
100 B ¢ TpeOyemMoil TOYHOCTBLIO TIPH NOMOLLH raJibBAHOMCTPA.

B xayecTBC YCTPOMCTBA H3IMCPCHHS TOKa MO/AeT ObITh HCIOJIb30OBan npHbop ¢
9. TCRTPOHIBIM YCHJACIIHCM HJH 3JACKIPOMETP ¢ BBICORMM BXOIHLIM CONPOTHBJACHHEM R, .

Tox usvepsiercss npH naaeHnn naupsiacHis Ug yepes conpotusaenne R, . Hens-
BECTHOC COMPOTHBJACHHC R, OM, paccuuTuiBaioT no dopuyae

R
R,’L:U U': ,

rre U — npurIagpiBacvoe nanpsaxemie (npu ycropHu R <R, ), B.

B koMmnaekT npufopa MOTYT BXOAHTH pasanuubie pezdctopnl R .. Cav  npubdop
YaCTO TRAAYHPYeTCst B AMICPAX ILTH €ro JOJX.

B naudHoM cayuae MAakCHMAaJbIOC COHOPOTIBJCHHE, KOTOPOC MOMXKeT OLITh H3Mepe-
HO ¢ TPeOYCMO#l TOUHOC!IBIO, 3aBHCHT OT CBOMCIB YCTpoucTBa u3Mepeunss toka [lor-

PCUIHOCTh B H3MepeHnH U, ONPeLeIsierest NOTPeIHOCTLIO HHAHKATOPA, CMCILCHHCM
HyAs yCHITEIS H CTABHALHOCTHIO KosdpenTa ycunels,

B npaBuabHO CROHCTPYHPOBAHHLIX YCHAWTICISIX H 3JCKTPOMETpax HecTaGHIABHOCTD
KO3GOULIIEHTA YCHJeHHs MPeHeOPERIMO Ma.ld, a CMCUICHHC HYJSt MOMKET  YJICPIKH-
BATHCS Na YPOBHE, TO3BOJSIONICM NPCHedPeUb MM 11O ¢DaBHEHHIO ¢ BpeMeneM HiMe-
peHHA, TUROBasg NOTPCIHHOCTH HHIHKATOPA 118 JICKTPOHHLIX BOJLTMCTPOB € BLICO-
KAM KO3GMQHIUICHTOM YCHICHHST ffaxoiicss B npejiesax ot =2 9% 40 5 9% oTKJIOHC-
Ui Ha MOJHYIO WIKady, H PE3HCTOPBI ¢ conpoTHBAeHHeM a0 102 OM  Moryt HMeTh
Ty e CTeneHb TOYHOCTH, Leai yCTpoOHCTBO H3IMEPCHHS HAUPSIKCUIA HMEeeT BXOAHOC
conpotB.Iende Ooace 10 Om 11 ofkIJoHeHlle Ha NOJMNYIO IKAAY OPH BXO/UINV  Hal-
paxennu 10 MB, 1o ToK 10-'* A MomeT OBITh U3MepeH ¢ TouHocThlo =109, Takum
00pasoM MOMKHO H3MepHTh conpoTusiaeHde 10 OM npn nanpsokenun 100 B ¢ 1pe-



roct P 50499—93 C. 21

OyeMOil TOYHOCTBLIO C [IOMOUIbIO NPEUH3NOHHOIO PE3HUCTOPAa C OUYCHb BLICOKHM COIPO-
THBJEHHEM H BOJbTMCTpPA € 3JeKTPOHHBIM YCHJAEGHHEM HJH 3JEKTPOMeTpa.

A2, MeToaAb CpaBHeHHUH

A2.1. Merod mocra Yurcroua

UcnbiTyeMblit o6pascl BKJAOUAIOT B OJHO Tedo Mocta Yurcrona (uept. 6). Tpu
OCTAJbHBEIX TJIeda Mocta JA0JKHB HMeThb BO3MOXKHO 00Jiee BHICOKOe CONPOTHBJEHHE,
OrpaHiyYcHHOE NOrpeliHOCThIO, CBOIICTBEHHOH TakHM pe3nciopaM. OO6bYHO CONPOTHB-
JeHHe Rz H3MeHseTCsl AeCSITHYHBIMH CTYNCHSIMH, 4 CONPOTHBJICHHE R 4 HCHOMb-

3YIOT 1J8 peryaupoBKH Oananca. ConpoTusJaeHie Ry 0CTaeTcss HEM3MEHHBIM B Xole

H3MEepeHHUH,
JleTekTopoM ABJSEICH YCHJANTEAb NOCTOAHHOIO TOKA ¢ BHICOKHM IO CPAaBHCHHIO

C APYrHMH IJIeYaMH MOCTa BXOJHBIM CONpOTHBJeHHCM. HeH3BecTHO2 CONpPOTHBJCHUE
PACCYHTRIBAIOT O dopMyJe

RyRp

X ’
R 4
rae R 4, Rg ¥ R, — CONPOTHBJCHHS, NOKA3AHHbBIC HA YepT. 6.

Cxema MeTOZa YHTCTOHA AJSA
M3MepeHHda yiaenbHoro ob6bemHOro
CONPOTHBJEHHRA

A
r!rl'liillll:ﬂ

Uept. 6

Ecnn Hyab -— HHAUKATOP HMCET COOTBETCTBYIOULYIO UYYBCTBHTEJABHOCTb, MAakKCH-
MaJbiasi TPOLEHTHAs MOrPeIlHOCTb PACCUHTAHHOIO COMNPOTHBJACIHHSA SABJAAECTCS CyMMON
HPOUCHTHBIX norpetwHocteldl B R 4, R g u Ky Ecott R4 u Rg  npeacrasisioT coboll

NPOBOJAOUHbIE HAMOTAHHBIC PE3HCTOPBI C COMpoTHBJeHHeM Menee 1 MOwM, To ux mnor-
PEIIHOCThIO MOKHO INpeHcOpeub, a AJ51 H3MEPEHHS OYCHb BBICOKHX 3HAUEHHUH CONpoO-
THBJCHHH 3HaueHue Ry MoxkeT cocTaBasth, Hanpumep 10° OM H HMeTb TOUHOCTL
Ry .
+2 %. TodyHoctTh onpencyieHHs COOTHOLUCHHHA 3aBHCHT B OOJIBUICH CTCMEHH OT
A
4yBCTBHTGJAbHOCTH JACTeKTOopa HyJs. Lcad Aas HCH3BECTHOTO CONPOTHBJIEHHST BBITOJI-
HseTcs cooTHowcHHe Ry Ry HeonpedcseHHocTb Ar NpH  ONPEACJCHHI  COOTHO-

HHICHHA = — BbiDd/KdCTCH B BHIAC — , IAe I s — MHHHMAJbHO DErucT-
R 4 r U 8
DHPYeMBIil HYJb — HHAHKATOPOM ToK, a U — HampsizKeHHe NPHKJaJibiBaeMoe K MOCTY.

LcJiH, HanipuMep, UCHOJL3OBATL NPHOOD ¢  3JEKTPOHHBLIM  YCHJAHTEIEM ¢ HCXOJHBIM
conporuBaedHdeM 1 MOM H OTK/JIOHEHHEGM Ha IIOJIHYIO IUKaJdy NpH BXOAHOM Hanpsxe-
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uun 10-% B, 1o HaWMcHblIce PerHCTPHPYEMOe 3HayeHHe ToKa COCTaBHT QKO0
2-10—13 A, uto cooTBeTCcTBYET 2 9% OTKJAOHEHHS Ha NOJHYIO HIKAay

Jdas  takoro a3uaucuua [g uMecem  3Hauewus U=100 B; R, =10 Owm;
Ar

——=0,02 uan 2 e

TakuMm obpasoM npu panpsxenun 100 B no Meroay Mocta YyurcTtoHa ¢ Tpebye-
MOIl TOYHOCTBIO MO/KHO H3MepHTb coiiporusaenus po 101 — 101 Om.

A2 2 Merod amnepmerpa

CxemMa metToaa amnepmerpa IJs
HaIMepeHHs YAeJbLHOro 006BeMHOro
CONPOTUBJEHHA

Yepr, 7

Meroa ocHoBaH Ha cxcMe, NPHBEUACHHOW Ha uvepT 7, 3JeMeHTH KOTOPOH Te XKe,
uTo ¥ B 1 Al ¢ no6Gasjennem pesucropa R p HM3BECTHOH BEJAHUHHH W 3aMbIKawollero

HAKOPOTKO [ICPEKAIOUA e HCH3BCCTHOIO CONpPOTHBJACHUSA. BecbMa BaXKHO, UTO COII-
POTHBJICHHE 3TOIO [EPCKAIYATCAN B PASOMKHYTOM MOJOMXKEHHH ROJNMKHO ObiTh HAMHOTQ
BHIIC, YCM HCHIBCCTHOE COMPOTUBACHHE Ry, AJIS TOro Y1o0bl YCTPAHHTH BJAHAHHEC HA
usMepesne Ry Hanbojee HpocTo 3TO AOCTHraeTcst KOPOTKHM 3aMbpikaHHeM R ¢ MeZR«
HOH [POBOJIOKOH, KOTOpyo caeayer ybpats npu uaMepeHdd Ry, B  obiueM cayuae
MPEeAMOYTHTENLHO OCTABJATh K y B LENHM BCe BpeMs AJA OrpaHUdYeHHd TOKa B CJaydae
po6os ofpa3ia, YTo MpeAOXpaHseT YCTPOUCTBO H3MepcHHUS ToOKa [IpH pa3oMKHYTOM
[epek/ouaTese TOK, NPOXOAAUIMA uepe3 Ry M Ky ONpeResitoT B COOTBETCTBHU

¢ 1. 10, oTMeuas OTKJIOHCHHE IO LiKaJjde mnpudopa Oy ¥ KoapdPuuHeHTa UWYHTHPOBA-
iU F y, TIPH 9TOM WIYHT AZOJKEH ObITh OTPeryJupoBaH NI NOJYUYEHHS MaKCHMAaJkh-
HOrO OTKJIOHEHHS Ha MOJHyi0 wkKaay 3arteM Ry 3aKopaudHBaloT H TOK uepe3 R, ofl-

PERESAIOT 34 CUET OTKJAGHEHHS Oy, TO WKajde npubopa H Ko3pduuMeHTa MIYHTHPO-
BaHHsl [ , IPH 3TOM IUYHT TakKiKe OTPEryJHPOBAH AJSl IOJNYYEHHS MAaKCHMaJbHOTO

OTKJOHEHUS! Ha TOJHYIO IIKaJy HAuHHas OT HaHWMcHbllleff d4yBcTBHTEAbHOCTH.  [lpu
yC.I0BHH, UTO UPHKIaAbiBaCMOC Hanpsa.xcHHe U He H3McHsleTcss BO BpeMsi H3MePeHHS,
R, MOXHO paccuuThiBaTbh 110 QopMyJe

=

o F
ReRy | S|
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oty
€CIH ¢ > 100, To MOXKII0 HCIOJbL30BATh YNPOULEHHYIO (DOpMYyJTy
X

< x
" ay, F
R,y=R, [_CIN N >

axe

DTOT METOJA MO3BOJSCT ONpeaesauTh K, € TOH e TOYHOCTHIO, YTO H NPSIMOH METOA
B 1. Al, Ho uMCeT HnpeHMyliecTBa, T. K. TO3BOJSCT KOHTPOJHPOBAThH YCTPOHCTBO
H3MEpEeHHs] TOKd HeloCPeACTBeHHO H3MepeHHEM K, NMOrpelHocTh OT KOTOPOro  Mo-

KeT OblTb NpeHeOpeXXUMOH IIpH HCNOJb3OBAHUH NPOBOJOUHOIO HAaMOTAHHOI'O PE3HCTO-
pa, uMmewoutero ToudHocth 0,1 % wuau Boele. ChaefoBaTeNbBHO H3MEPEHHe TOKa depes
R, moxer OubITh 6oJice Ha eKHLIM.

ITPHJTO)XEHHE B
Pexomendyemoe

®OPMYJILI AN PACYETA A u p

ILnst GoNBIUHHCTBA cay4yaeB pacuera addexrtusHodl maowann A u sddexkTHBHOrO
NnepHMeTpa p 3aUIHIIEHHOro 3JeKTPoJa AOCTATOUYHO TOYHBIMH SBJAIOTCA HHUIKe INpPHBE-
AeHHble NpulaMKeHHbie GOPMYJIHL.

bl. 9¢dekrupuas naomagnr A

a) Kojibuesbie 3seTpoant (yept 2)

A4 — n(dy+g)- |

1
6) TlpsMoyrogblibie 3JeKTPOAH A=(a+g) (b+g)
B) KBaapaTHble 3J€KTPO/LBI A= (a+g)?
ry TpyGuaTbie 3JeKTpoAbl (uepT. 3) A= n(dy—h) (L +g) ,
rae do, dy, g, i v [y — paszMmepn!, yKa3aiHble Ha uepT, 2 # 3;

@ b -— NJIMHA W WHPHHA COOTBETCTBEHHO 3aLMUIEHHOTO MPAMOYTOJBHOTO HJH
KBaJAPaTHOro 3JeKTpoaa, M (cM).
b2, Db bekKTUBHBA NmepHMETp P

a) Kosabuesoie JeKTPOAL (4epT. 2) p= 7 (d,+g)
0) ITlpsimoyrogaeHble 3J€KTPOALI p=2 (a+b+2g)
r) TpyOGuatbic 3JeKTPOLL p=2 ndj

O6o3naueHus coorBeTcTBYIOT I DI,
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