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1. eaw pabore

Lene pabotel coctout & HIYHMEHHH pasIMYHEIX METOI0B HIMEPEHHA 3MeKTPHYECKOro
CONPOTHBIEHHA B LIENAX NOCTOAHHOIO TOKa H CIOCOBOB PeANH3AlMH 3THX METOIOR,
BREJIIOYAA. KOCBEHHEIH MeTo, PEATHIYEMBIH C [MOMOIILIO AMIIEPMETPa H BONBTMETPA;
METOM  HENOCPe/ICTBEHHOH  OlleHKH, peamHIyeMBli ¢ OMOLIEKO 3apaHee
IPAllyHPOBAHHOTD OMMETPA; 4 TAKKe MeTo] CPaBHEHHA — MOCTOBOM,

2, Onucanue Aa00paTopHOl YeTanoBKy 1 HIMEPHTENLHBIE CXEMBI

JlabopatopHas ycTaHoBKa coctouT M3 Habopa crammapTHeIx NabopaTopHelx
H3IMEPHTENEHHMX NpHOOPOB H 00BEKTOR HIMEPCHHA — DE3HCTOPOB Pa3HLIX THIOE
MIHPOKHM  IHANA30HOM  HOMHHANBHBIX  3HakeHuit, CocTas H3MEPHTEIBHOIO
oDopy 1oBaHKN;

* WHdpoBOi YHHBEPCANLHEI] BONETMeTp B7-22;

* OMMeTp (TecTep) BK7-15;

® YHUBCpCANBHBI H3MepHTeNAbHEI NpuGop P4833, obseuHAtOmHi B cebe
MOCT MOCTOSHHOTO TOKA M KOMIEHCATOp (moTeHnHOMETP) noCTOsHEOTO
TOKA;

* 00pA3IOBEIE CONPOTHEIEHNE;

® HEM3BECTHRIE CONPOTHBICHHA.

[lpy  BeImonHEeHHK naboparopuoil  paSors HCOOMB3YIOTCH  CHeyIoIHe
HIMEPHTENBHEIE CXEMEL:

CXEMBI 1A KOCBEHHOIO H3MepeHHs COTNPOTHBIEHHH MeTomom AMIIEpMETpa H
BOIMBTMeTpa (puc. 1,an 1,6);

CREMA I3 NPAMOTC HIMEPEeHHS CONPOTHEIEHHH MeTomom HETOCPeICTBEHHOH
OUEHEH ¢ NOMOILI0 OMMETPa (pHc. 2);

CREMA QT4 NPAMOro H3MEDEHHS CONPOTHEISHHA MeTOZOM HEMOCPEICTBEHHO
OUEHKH ¢ TOMOLIBIO LH(POBOTO YHHBEPCATIBHOIO BONbTMETPa (pHe, 3):
CXEMA JUIA IPAMOT0 HIMEPEHHA CONPOTHENEHHI MOCTORLIM METOIOM,

A
‘I'H]'IT = O [] g, PHIIT ™ (Dy Ry

a) o)

Puc. 1. Cxemel m1a KocsenHOIO HIMEPEHHA COMPOTHBICHHH MeTomoM aMIepMeTpa o
BONLTMETPA: a) CXeMa JIA HIMepeHMA HeGonbmni: CONPOTHBICHHI; ©) cxema mim
HIMEpeHHA GoNBIIMY conporHenesui; PHITT - PETYIHpYEMBIH HCTOYHHE TOCTOSHHOMO
ToKa; A - aMnepMerp; V - sonbimerp: Ry — H3MEPAEMOE CONPOTHRIEHHE,



Prc. 2. Cxema mna npamoro H3MEPEHHA CONPOTHEISHHI MeTomoM HEMOCPeICTEeHHOT
ULEHEH C NOMOIEBI) OMMETPA: 8) ¢ NOCHeNOBITeIBHENM BEJIOHEHHEM HIMepaeMoro
COTNPOTHBIEHHA, ©) ¢ NapalenbHEIM BETHOYEHHEM H3IMEPASMOT0 CONPOTHENEHHS, Ry -
HIMepsiemMoe colpoTHRIIeHHe: E - BeTpanBaeMbiii ramspasieckii HCTOYHHK TOKE;

Ry - H3mMepHTensHBIN MexanuaM; Ry - noSapodros CONPOTHRIIEHHE,

B7-22 :

Pue, 3. Cxema ans npamoro HIMEPEHHA CONPOTHBICHHA METOI0M HEMOCPeNCTBEHHOH
CHEHEH © TOMOLIBID THPOBOTD YHHBEPCATEHOMD BoNkTMETpa B7-22,

I

Puc. 4. Cxema - ans npamoro H3MEPEHHA CONMPOTHBIEHHH MOCTOBBIM METOIOM, I, I,
- NOTEHIHATBHEE 3aHMBL, Rep - niedo cpasHenns: Ra ¥ Ry — mieun otromenus: MI1
- HETONHHE NHTaHHA, [ - ranssanomerp ( HYJIE HHIHKATOP).

3. porpamma pators

3.1. Msyunts mMetomml u cpejicrsa H3MEPEHIA JMEKTPHYECKOND CONPOTHENSHHA B
HEINIX NOCTOAHHOTO TOKA (NPAMBIE M3MEPEHHN - METoj HENOCPEACTBEHHOM OLEHKH M
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MOCTOBOH METO[; KOCBeHHBle HAMEPEHHA - METOJ aMIiepMeTpa H BOIBTMETpA, a TAKke

NPHOOPEL, peaiMIviolme 9T METOARI - OMMETPEL, MOCTHl  MOCTORHHOTO TOKA,
MArHHTONICKTPHYECKHE OMMET]BI),

3.2, Cobpate cxemy mm H3IMEPEHUA HeOO/IBUIMX CONPOTHBACHHN MeTonoM
AMOEPMeTPa H BOMBTMeTpa (puc. 1,a). HaMeputs ¢ nomowmsio YKA3aHHOH CXeMEl TpH

HEHIBECTHRIX CONPOTHRIEHHA H TPH 00pasiioBEX ¢ HOMHHATEHEIME 3HAYEHHAMH - 2 O,
20 Om, 100 Om.

3.3. Cobpare cxemy mna MIMEPEHHA  GONBIIMX  CONpOTHBIeHMH  MeToaoM
aMrepmerpa o BoneT™etpa (puc. 1,6). MaMeputs ¢ momolsio YKa3aHHOH CxeMbl Tpw
HEH3BECTHBIX CONPOTHRITEHNUS H TPH 00PA3LOBbIX ¢ HOMHHABHAIMN FHAMEHMAMH - 2 OM,
20 Ona, 100 Om.

3.4. Tlpoussect TeopeTueckyio OUEHEY METOIHYECKOR H  WHCTPYMEHTATEHOH
MOTpelHOCTel M3MepeHHit ANA Kawaol M3 YKAIAHHEIX cxem ANA JAHHOTO AHAMA30HA
HIMEPHEMOH  BEIMYMHE] (KOHKDETHO AN KORIOTO M3 IIECTH HIMEPEHHBIX IHAMEHMI
CONPOTHRINEHHIT) H CPABHHTE C IKCIEPHMEHTATBHO NOITYHEHHBIME 3SHAYEHHAMH CYMMApPHOI]

HCTIOVIB30BAHHED PHOOPOE),

3.5, Te me conpoTHENeHH: HIMEPHTE C [OMOIIBIC MArHHTOIIEKTPHYECKODD
oMmetpa BKT-15. ConoctasnTs skcnepiMentansio NONy4EHHbIe 3HAYECHHA TIOMPEIHOCTH ¢
FITACCOM TOUHOCTH OMMETPA ClIeNaTh BEBOMEL OnpenenuTs, kakas cxema HCIIONB30BAHA B
AAHHOM OMMETDE: IOCTEN0BATEIEHAN HIH NADATISARHAR,

3.6. Te we conporusneHus HIMEPHTE C NOMOLIE YHHBESPCAILHOTG IHOPOROTD
BONBTMeTpa B7-22,

3.7. Mpopectn Mamepera Tex e PE3HNCTOPOE C NOMOLILI) MOCTA TIOCTOAHHOID TOKa,

BXOMALETO B COCTAB YHHBEPCANBHOTO npubopa P4833 ¢ menonssosammem ABYX3EHHMHON
CXEMBI BETFOYEHHA H3MEPSEMOTO pesHCTOpA.

3.8. CpaBHHTE pacyeTHBle 3HAYEHHS NOFPELIHOCTER C  3KCHEPHMEHTALHEIMH,
Onpenenite Metommueckue MOTPCUIHOCTH HIMEPEHHA COTMPOTHRIEHHI MeHbImx 10 O ¢
NOMOIIBIO DBYX30KHMHOH cXeMel. ClenaTs BRIBOIERL

3.9. Paccunrars ACIHYCTHMBIE 3HAYEHHA [MOTPEIIHOCTEl HIMEPEHHMH 1018 Boex
HEMEPEHHBIX IHAYEHHIT H CPABHHTE C JKCTIEPHMEHTATLHEIMH, CoenaTs BRIBOIEL

3.10. ConoctaButh 3KCHEpHMEHTATEHbIE NOTPEMIHOCTH  M3MepeHuil obpastioBkx

PEIRCTOPOR BCEMH HCTIONBIOBAHHBIMH METOIAMM H CIESTATE BEIBOAEI O LenecoodpasHocT!
NMPHMEHEHHA KKI0T0 M3 HHX,
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3.11. Menonwsys nanmmie H3MEPEHHH H peaylibTaThl Mx oOpaboTkH, ohopMHTE

OTHET 10 Jaboparopuod pafore B COOTBETCTBHHE ¢ TpeboBaHmAMM, NPHBEEHHEIMH B
TTPHIOKEHIH,

4. Metonnueckne yikazanus

4.1 Tlynkr 3.1 nmporpammsr PaGoTsl BLINONHACTCS [PH NoMalUHel] MOOTOTOBKE K
naboparopsolil pafore no PCKOMEHIOBAHHOH nHTepaType u JCKLIHOHHOMY MaTepHamy,
Pexomernyetes cnemyiomas TMOCIEN0BATENBHOCTE H3YYeH s MaTepHana:

* BHIBl H METONE! HiMepeHui (MpaMble M KOCBEHHBIE, HEMOCPEICTBEHHON OLEHKH H
CpPaBHEHHA);

¢ NOTPELIHOCTH NPAMBIX H KOCBEHHEL H3MEPEHHIT;

® MAFHHTONIEKTPHYECKHE OMMETPAI;

¢ NMEKTPHYECKHE MOCTEI NOCTOAHHOTO ToKa:

* JEKTPHYECKHE KOMISHCATOPE! NOCTOAHHOTO TOKS (MOTeHIHOMETPEI);

® METO/IBI H3MEPEHHH MeKTPHYECKOro COTPOTHRIEHHS B LIETAHX TOCTOAHHOTO TOKA,

Pesynkrar nsmepenns umeer nennocrs JHIIE TOMJE, KOFIa MOKHO OLEHHTE €ro
HHTEPBAI HEONPENENEHHOCTH, TO eCTh CTENeHE AocToBepHOCTH, [lostomy cormacho
FOCTEOL1-72  "Mokasarens TOUHOCTH H3MepeHuil M dopMel npeactasienus
PEIYNBTATOB HM3MepeHHil" coofiuenns o moBom PE3YIbTATe H3MepeHHil ofs3aTensHo
AQIDEHO CONPOBOAIATRCA YKAZAHHEM ero MOIPEILTHOCTH.

lorpelunocts  pesvartata TpAMOTG  ONHOKPATHOTO HIMEDSHHA 3ABMCHT oT
MHOTHX (hakTOpOB, B mepsyio OHEpellb ONpeNeNfeTcd NOTPeIHOCTR MCTIO/BIYEMBIX
CPEOCTB HIMEPeHHI.

B cea3u ¢ Tem, uro morpemnocty CPEACTE H3IMEPEHHA HIMEHSIOTCA B AHANA30HE,
T0 BEIMHCIATBCA [NOMAHA, Kak abcomoTHas, Tak u OTHOCHTENLHAA NOTPEIHOCTH, TAK
KaK TiepBas M3 HHX HYWHA [ OKpYIIeHus PEIYARTATA M ero NpaBMneHol 3anmewm, a
BTOpas 118 0HOZHAYHOH CpaBHHTEBHO XAPAKTePHCTHEH €10 TOYHOCTH,

Ans pasHelx XapaxTepucTHk HOPMHPOBAHHA MOTPEINHOCTH CPeicTR H3MepeHHs
JTH BLIMHC/ICHHH NPOM3BOIATCA [0-PazHOMY, MO3TOMY PACCMOTPHM TPH XapakTepHsix
CTyHas,

L. Knace tounoctd npubopa YKA3AH B BHAS OUHOTO 4HCA, 3AKMIOYEHHOrO R
KPYIKOK (&), TOrIa OTHOCHTeTbHAS NOTPEMHOCTE pesyNnbTaTa (B IpollesTax):

d=a (1)
afCOMOTHAT TOrPEIHOCTE:
ax
A= 100 (2)

2. Knace townoctn npudopa ykazaH oIHHM uucoom b (Bez wpymka). Torma
abcoMoTHAY DorpeIHoCTE PE3YIETATA HIMEPEHHA:

by
A=—2X 3
= (3)
FAe Xy - MPeen HIMepeHHi, Ha KoTopoM oHo NMPOH3BOIHIIOCE.
OTHOCHTRNBERAY NOrPeInHOCTS HIMEPEHHH (B NPOLEHTAX) HAXOIHTCA Mo (popMyIe:



5= 1005 = pXx
X A
(4)

B atom cnywae npu msmeperun, KPOME OTCHEeTAa H3MepaeMoil BelHuHHR X
00A3ATENBHO  NOMKEH OBITE 3a(MKCHPOBAH W mpefen WIMeHeHHi Xy, HHage
BIOCTCACTEHH HeNb3s OYACT BEIMHCITHTE NOTPElTHOCT pe3ynbTaTa,

H3 Bripasenns (4) CICOYET, YTO OTHOCHTENEHAA MOIPelIHOCTD BCcerga Oonbie
MPHBCACHHON NOTPEITHOCTH W YBENHYHBACTCA ¢ YMeHhLICHHEM NoKasaHHi nprdopa.
[lostomy npu nposenerun HIMEPEHHI peKoMeHILyeTcs BEIGHpaTE npenen HIMEpPeHHs
npubopa TakuM, YTOBH NoKasanus HAXOOHIIHCE B NOCTeHeH TPeTH ero IKaiLL,

3. Knace Tounoetn npubopa YRA3AH ABYMA HHCAAMH B BHZE c/d, B 3ToM ciyuae
OTHOCHTEIIBHAS TIOrPELIHOCTE Pe3yNIETATA ONPeIelseTcH o dopmyne:

X,
S=etd| =L -1 5
cvd 521) 5)
a aDCOMTHAR NOTPelIHOCTL Onpeaenserca Kak:
A
A=F— 6
™ (6)

[Ipi menonssosanun 3rax (hopmyn, nomesHo nomuHTE, uTO B hopMyasl g
onpefeneHHs & 3HavdeHun a, b, ¢, d noacraemsmorcs g [IPOLEHTAX, NOITOMY §
OTHOCHTS/IbHAA MOMPEUTHOCTE PEe3YIILTATA H3IMEpEeHHS MOMYY4eTCH TAloKe B NPOLEHTAX,
OfHako 11a BEMMCIEHNS aBComoTHOI HOTPEIHOCTH A B efMHuuax X 3Hauenne § (B
NpPOUSHTAX) HATD He 3a0kITE PAsIenHTs Ha 100,

4.2, Tlpu WIMepeHHH conpoTHBICHMI © MOMOILBI0 aMIepMeTpa M BONBTMETpa
(rm.3.2-3.4), kpome HHCTPYMEHTATBHBIX MOTPELIHOCTEH, OnpeIenseMbly KIaccoM TOMHOCTH
HCMOABIYEMEIX. NIPHGOPOB, HMEIOT MECTO METOIHUSCKHE MOTPEIIHOCTH, BO3HHKAIOIIHE 33
CHET ROHETHOH BENHYHHEL BHY TPEHHHY COTPOTHRIEHHE 1T B,

B camom nene, mna exemml (pue. 1. a) yacTe ToKa, HIMEPACMOTD aMIIEPMETPOM,

TPOXOLHT HE 110 H3IMEPAEMOMY CONPOTHENEHHIO Ry, a HEpes BHYTPEHHEE CONPOTHRISHHE
BOARTMETPA Ry. (TCiofa OTHOCHTEIEHAR MeToMYeCKkas MOTPSITHOCTE (Y 1eT onpenensThcs

5= "85 1005 = Rh 100 (7
R R,

X ¥

rme Ry - "H3MepenHoe” 3Hauenue COTIPOTHRIICHHA, ONpPefe/AeMOe N0 [OKAZAHHAM
npubopos: R'x = U/ I, rae Uy - nokazanns BONETMETPd, 1, - nokasaume amnepmerppa:
Ry~ HCTHHHO® 3HaYeHEe CONPOTHRIIEHHA, PaBHOE:

U, U,

Rk:f _I_ — Ll,.r (EJ'

i

R,

Hs peipasens (7) CICIYET, 9TO MNOIPeIHOCTE OY1eT YMeHBIIATLCS TIPH YBEIHYSHUH
OTHOWEHHS Ry/Ry nostomy nammas cxema HCHNONB3YETCA NMPH HIMEPEHHH HeboIBLIHY
COTPOTHBIIEHHE, KOT /1A 3TO OTHOIIEHHE BETHKO (Bonee 100),

Jna cxemsr (puc.1,6) pemmumma store OTHOLICHHA YAKEe HE HMEeT 3Ha4eHHH, T.K.
HIMEPAEMBIH aMIEPMETPOM TOK yike He paseeTEmAeTCA. Ho B pesynstare Toro, wro
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COTpoTHRIeHHe aMnepmetpa R, He papuo HYO Ha HeM OyleT nagaTe wacTs
HANPILKEHHA HIMEPAEMOTr0 BoNETMeTpoM. B wrore "HaMepeHHoe" 3HAYeHNe COTPOTHRITEHHA
Oyzer onpenensTrcs BRIPEEHHEM:

R =E€'=MML}=H*+RL. {(9)
! {4

B urtore otHocurentmas merommveckas NOTPEUIHOCT MOMET DBITE BEIYHCICHA

no QopMymne:
=X Ry o0ur o Ba ioome (10)
'E.l.' R.J.'

Kak BHIuM, 3necs MOrpeliHOCTE NANAeT ¢ YMeHbLIEHHEM OTHOWeHHA, [losromy
AQHHYIO CXeMy Uellecoofpa3Ho WCnoNb3oBaTh 1 HIMEPEHHH DONBUIHX CONPOTHBISHMIL,
Takim obpazom, s TEOPETHYECKOH OLEHKH MeToqHYeckoii NOFPELIHOCTH B MepBomM
CIyuae (15 CXeMBI pHC, la) HeoGxommmo 3uaTe BHYTPEHHES CONPOTHRIEHHE BONBTMETpa
Ry, a Bo BropoM CITyHae (118 cxeMel pHe. | [0} - amnepmerpa R,

Conpotuenenne B, u R, MOTYT OBITE ONPeEIeHs! Kak OTHOIIEHHE HOMMHANEHEIX
SHAYCHHH NANCHHA HANPAKeHHs Ha npubope U ToKa 9epes n pHOOp, TO ecTs:!

¥
Ry = 5-._'“ (11)
H
rie Uy Iy - HoMuHasHEE sHAYeHS Tokg & HanpsweHHs npubopa, paeHoe ero [peneny
H3IMEPEHHHA HA HCTTONMBE3YeMOl mkane,

HoMuHamEHEE 3HAYeHNS HANPAMEHHH 119 aMIIepMeTpa H Toka s BOJIBTMETPA
YKasaHe! B TalUIHIAX, MPHBESHHBIX HA [IKaTe npHbopos.

Teoperaeckyio OUEHEY HHCTDYMEHTATBHON NOTPeliHOCTH  MOSKHD MOMYYHTE,
SOCTIOME30BABIIHCE BRIPAKEHHEM JUIS TOTPEIIHOCTH KOCBeHIEIX HIMEPEHHH 118 cyuag,
KOT/IA HEMOCPENCTREHHO M3MepseMble BETHYHHEI BXOIAT B dyHKLHOHAIBHOE BEIPA#EHHE, 110
KOTOPOMY ONPENL/ASTCA HCKOMAN BeHYHHA B BHIE COMHOMHTENEH HIH OTHOIe I,

Jina cpenuerBanpaTHYeckiny: sHaTSH NOTPELHOCTH;

&, = Z":u':mn (12)
=l
Ins npenentHeIx 3HAYeHMI MOTPeLHOCTH;
O = iﬁm, (13y
T Cyocsy Oypes - COOTBETCTBEHHO CPCAHEKBAIDATHYECKOE M TPefeNbHOe SHAYeHHS

AOrPEUIHOCTEH KOCBEHHEIX MIMepeHHii: s Oiry AHATOMHYHBIE IHAYEHAS NOTPeLHOCTE
UPAMBIX H3MEPEHHH BETHYHH, BXOIANMX B (DYHKUHOHATBHYIO 3aBHCHMOCTS, o KOTOpPOi
HAXOIMTCA HCKOMAA (Wi3HdecKas BeNHYHHEA (B KauecTse 8; HCTIONIB3YROTCA OTHOCHTEIbHEe
SHAREHHA NMPENe/ibHEIX NorpenHocTedi), B nannom CIyHae NpH OIHOKPATHBIX H3MepeHHsX
Ml JIOIDKHBL HCNOMB30BATE NpeleNbHble NOTPeHoCTH, KOTOPEIE JIETKO ONpPEIeTHTs Mo
KllacCaM TOYHOCTH HCMONb30BAHHBIX NpHOOPOE.

Henonesys eeipasmenne (7) u (10) cnemyer onpenemits TEOPETHYECKHE 3HAYCHHA
METOIHYECHHY OTHOCHTENBHLIY NOTPelIHOCTeN, a mo BEIDAHEHHIO (13) - Teopernueckne
SHAYEHHA TIPENENBHBIX OTHOCHTEIBHbIX HHCTPYMEHTANEHEIX NOrpemiHocTel n1a poex
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NPHBCICHHBIX H3MeperHil. CyMMHPOBaHNEe 3THX COCTARMAIONIHX MO3BONHT ONpeNeHTE
HOTHEE TIPENENLHO JOMYCTHMEe NOTPELTHOCTH H3MEpEHEHH,
Pesyasrats Beex H3MEPEHHH 34MHCATE B BHe:
=R =R R, =R+ AR (14)

rjle o H d - oboanavenne HCTIOML3YEMOH CXeMBI, | - HOMep HaMepseMoro CONPOTHRITEHHS.

Hockoneky  cpemn HSMCDAEMBIX — Pe3MCTODOE  HMeerca  Tp o0pasLoBkIx
COTIPOTHRIICHHA C TOYHO M3BECTHEIMH 3HAYSHHAMM, TO MMEeTCS BOSMOMHOCTE [UIH JIAHHELX
CIYHaeR NOTYUHTE KCIEPHMEHTANBHBIC 3HAYSHHS TIOTHOI NOTPEIIHOCTH:

[

B =L Re 10004 (15)
Ry

rae Ry, u Ry coorsercreenno HIMEPEHHOE W HCTHHHOS 3HA4YEeHHs obpasuosoro
pesncTopa. ConocTaBnas 3TH  SHaueHHs ¢ OPEASIBHO  MOIYCTHMBIMH - pacyeTHBIM
SHATCHHAMI MOMKHO CACATE BRIBOJ O NPABHITBHOCTH MOMYHEHHBIX TEOPETHYECKHM ITyTem
FHAUSHHE MorpenHocTeii,

Peromenmyenmenii nuanason HIMEPEHHH 1719 NPHMEHEHHA DepRoi (puc. 1,8) 1 Bropoii
(prc. 1,6) WIMepHTENBEHEIX cxem CISIYET ONPENENATE HCXOOA W3 TOro, Yrobal

METOIHHECKAA NOTPEITHOCTE He MpeREIIATA NPeIENbHO DONYCTHMOR HHCTDYMeHTANb O]
TIOTPELIHOCTH,

HCNONE30EAHHOH B OMMETDE) H JTHIIL Torms MPOEOIHTE HIMEPEHHA,

Kopperima npu PA3OMEHYTEIN BHEUTHHMY 3aRCEHMax BepXHEH npasol pyuxoii alw
YCTAHOBHTE CTPENKY NpHOOpa B NONOMEHHe «ooh Ha mKae HIMEPEHHA CONPOTHR/IEHHS,

Koppekims npu samxayThx BHemmmn HOKHMAX, 3aMKHYTE Mexy coboil BHemm e
JKHMMBE! | BepxHell cpeanedi pyuxoll wl- Oy YCTAHOBHTE CTPENIKY B Nonowenne «0 » Ha
[IKANE H3IMEPEHHA CONPOTHBITEHHMIL,

[pu nepexmouennn muanazona HIMEPEHHA KOPPEKLIHIO HeOOXOMHMO NIOBTOPHTE,

Horpeumocts wamepers CONPOTHRIIEHIA OMMETPOM ONPEIENAETCs Yepes ero kiace
TOHHOCTH. ¥'CMoBHOS o003HAYEHHE KNacca TOUHOCTH OMMETpa 2.5, 03Hayaer, 4To Kiace
TOYHOCTH NPHCBOEH 10 NpHBENeHHOL AOTPEIIHOCTH Y PABHOMH OTHOLIEHHIO MaKCHMATBHO
abcomoTHOI norpeiHocTy H3MepeHus Al. BRIpaKeHHOI B eIHHMIAX LTHHE] (Hanpumep, B
MIULTHMETPAX) K JHHe paGoueil wacTH mkans OMMETPA |, BEIP&MEHHOH B Tex e
CAHHHIAX

o # 100% (16)
H3 ypasrenns MoweT Ghrrs QNPEALICHE MAKCHMATEHAR NOMPElIHOCTE HIMEPEHH:;
i
Ayt 17
T (17)

Jins Toro, yTobs NpPEACTABHTE PE3YIBTAT HIMEpEHHA COTIPOTHB/IEHHS B BHIe
Ri = R’ + AR neofxomamo p6misu NOKA3AHHE OMMETPA ONpeeHT BETHIHHY AR B Omax,
KOTOpOi COOTBETCTBYET BeluduHa Al B MHATHMETpax. [lomuuTe, 9To, Tak wkax LIKana
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HepaBHOMepHa, Al CHIEHO 3aBHMCHT OT sSHAYeHus H3MEPSEMOTO  COTPOTHRMIEHHA.

Dnmqﬁmwﬂmmmmmmmmmw.

44. Jlns HaMepeHua ConpoTHRIEHHA C NOMOLIEIY  YHHBEPCAILHOTO  LH(BPOBOTro
BonbTMeTpa PB7-32 neobxomio:

- NEPEKMIONATEND Pojd padoT YCTAHOBHTS B NONO#EHHE R;

- MOAKTHOYHTE H3MEPAEMOS CONPOTHENSHHE K rHesaM * - obLmii 1 R;

- BRJIOYHTE BHAKY LUHYPA NUTAHHSA B COTERYIO PO3ETKY;

- NPOBECTH CHMTEIBAHHE PEIYIBTATA HIMEPEHHA M0 HHAHKATOPHOMY Tadmo.

Paccumrare afcomorHite 1 otHoCHTe b HER MOTPELLHOCTH BCEX HAMEPEHMI,
MakcHMasHan abcomoThas NOTPELIHOCTE HIMEPEHHA CONPOTHRIIEHHSA BOIBTMeTpoM PB7-
32 onpene/taeTca U3 BRIp@KEHI:

AR = (0,2 +ﬂ,]5§—”j (18)

X
Ana npenena usmepennii 0,2 kOm:
rae AR- abcomoTHas NorperHoCTs HaMepers COMPOTHBACHHA, KOM;
Ry - nokasanne soasmerpa, kOwm;
Ry - 3HaMenne npenena H3MepeHHit, KOM.

4.3, [na mmepennii ¢ nomomsie mocTa NOCTOAHHOTO TOKA MO ABYX3HMHON
CXEMC, BXOMALIEID B COCTaB YHHBEPCANBHOIO npubopa P4833, meofxomimMo Hawats
knonky "MO-2" u KOppeKTOpOM BBICTABHTE MeXaHMHECKHI Hy/Ib ranseaHometpa. [lpu
HCTONESOBAHHH BCTPOSHHEIN TANBBAHOMETPE W Datapefi NMTAHMS MOMKHBI OBITE HAMKATH]
kHOMKH "I™ 1 "H2", INpu venonssosanmy mutay HA MOCTA OT BBUTPAMMTENA, [THTAIOIErOCS
OT CeTH, HEOOX0IHUMO NOIKTHYHTE K CETH COTERai LIHYP H HAXaTh KHOMKY "CeTs".

Hamepaemoe conpomuenenme nojcoenunserca K saxuMas "TT1" 1 "T12", nocae wero
HEHHMAETCA KHONKa ", moaxmovaromas FAMBBAHOMETD K H3IMEPHTeIBHON cxeme.
Hafee B COOTEETCTEBMM ¢  OMHIZEMEIM SHAMCHHEM  H3MEPSEMOTo  CONpPOTHBICHHA
BRIDHpaeTCs MPEesl M3MEpeHnHs MOCTa ¢ NOMOTIEIO MEPERTFMATENS OTHOLWEHNA ey R,
Rg, "xN".

Hanee npoussonuTes peryIHpoBka neKan ruieua CPABHEHHA, © NOMOIIBI) KOTOPOTD
TMPOH3BOMMTCA YPABHOBEITHBAHKE MOCTA. Haumhats ypasHoBelmMBanue HeoDXOIHMO co
Crapunix jexan. [To Mepe ypaBHOBEUMBAHIA HeoGXOMHMO YBCIMYHBATE YYBCTEHTENLHOCTS
TAIBBAHOMETPA BHAYAME ITyTeM HAKATHA KHOMKH "¥", a 3areM Kbomkm "vo ", Moct
CHHTACTCA ¥ PABHOBEILEHHBIM, €CITH NTPH MaKCHMAITLHOI HYBCTBHTCNBHOCTH ralkBaHOMETpa
©T0 CIPEIKa HAXOMHTCA TOYMHO HA HYNeBOH oT™MeTke. B 3ToT MoMenT ¢ nepermoYaTeneH
nexkan Rep cuuThiBaeTcH 3Hauenue H3MEPASMOIO  CONPOTHBIIEHHS H YMHOWKASTCH Ha
MHOKHTENE N (B COOTBETCTBHM ¢ NONOKEHHEM COOTBETCTBYIOLIETD MepermoyaTens),

llpenemeHoe  sHavemne ocHoBHOH NorpemmHocTH  MocTa (HHCTpYMeHTABHAs
NOTPELIHOCTE) ONPeNeNIeTes BEpakeHHeM:
A=%107CR,, (19)

rie C - Knace TOMHOCTH MOCTA AN4 DAHHOMD npenena; Ry - orcuetHoe 3uavenue
[IE4a CPABHEHIHS MOCTA.
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3Hadenus Knacca TouHoetm C s PASTHYHBIN CTY4aes (Opeden H3MepeHus,
HCTOMHHK THTAHHA, MANLBAHOMET]) Npe/icTaRTeHs B Tab, 1.

[lpenen ' Monokerns | Enace Toqnoca, C, % Heobxoanmeae
HIMEPEHHA | Mepermota- BryTpennuii ranseasomerp Brenrmmi MApAMETPRI
O Tens TRIBLBAHO- HAPYHRHEIX:
TaN" METD
Cere | Buyrpennan | Hapywuas | Iiranme Batapen | Twiesanomerpa
| : GaTapen Batapes mofioe
M 10 43,0 + 0.5 15B,3A | C <I10° Afnen
R, =20 Om
| 10°-10° 10° 2,0 £ 1.0 £0,5 | 1,58, 3A -1 |
10°- 10/ Lo *0,5 + 0,5 £ 0,5 +0,] 1,58 <]«
10'-5.0 10" =02 +0,2 + 0,2 % 0,1 1,5B -l
50-100 | 1 (), ] + 0,1 + (), ] + 0,1 1.5B ;=510
10 107 10 £ 0,] 0,1 £0,1 & 0,1 B - i}
10° - 10° 10 + 0,1 1,1 )] + 0, 7B S
10° - 10° 107 40,5 + 1.0 + 0,5 < 0,1 488 Ci 210"
107 = 10° | 10" +5.0 +2.) +10,1 438 2k

PacuetHrle  3navenns HHCTPYMEHTATBHEIX  H  METOJMHECKMX  NorpeluHocTel
CPAaBHHBAIOTCA C 3KCTIEPHMEH TATEHBIMH CYMMAPHBIMH OIPEITHOCTAMY, OIIpEIeTAeMEmMH
PR H3MEPEHHH ODPA3LOBEIX PEINCTOPOB, HA OCHOBAHHH Wero JENATCA BBIBOAEL O

4.6. ITocKOIIBKY BCeMH HeC/le/oBaHHBIME METONAMH H NpHOOpaMH HIMEPAIHCE
QIHH H Te #e PeIHCTOREL, HeoOXOOHMO CONOCTARMTE Bes NOAYYEHHBIE Pe3yIbTATEL W
BRIABHTE NpeHMY LIECTBeHHBIE OQIacTH [NPHMEHCHHA Kaxaoro M3 ITHX METOOOE H

NpHOOPOE.
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5. KouTpoasusie Bonpock

5.1. Kakue wmetomsl Moryr OBITE MCIONBIOBAHEL AN H3IMepeHHH
CONPOTHRIEHHH B [ENAX NOCTOAHHOTO ToKa?

3.2. loyeMy HCNOBIYIOTCA OBE PasHOBHAHOCTH HIMEPHTENLHEIX CXEM MpH
HCTIONBEI0BAHHH METO1a AMIOePMETPa-BONETMETpAT

53, HM3-33 4ero BOIHMKAIOT  MeTONHYECKHE MOTPEIIHOCTH  TIPH
HCMOME30BAHHH METONA AMIIEPMETPA-BONETMETDA H KAKMM obpazoM HX MOMHO
MHHHMHIHPOBATE

5.4. Kakum obpazom ua Baze MAarHHTOIEKTPHYCCKHX NPHOOPOB CTPOSTCH
OMMETPEL, KAKHE HCTIONBIVIOTCH HIMEPHTENBHEIE CXeMbI?

3.5. Kak no BHZy wKamsl MoxHO ONpPedeNHTh, KaKas pasHOBMIHOCTE
HIMEPHTEIBHOH CXEMEI MCIIONB3YETCH B MArHHTOXIEKTPHYECKOM OMMeTpe?

5.6. Kakum obpasoM MOWHO HIMeHSTE Npemensl HIMepeHHi B
MariHHTOICKTPHYECKOM OMMETPE H [ITIS HEero 3T0 HY#HO, ecIH Ha JroGoM npejene
LLKana HMeeT KpaHHHMH IHAMEHHAMH HYJIb H GecKoNeuHOCTR?

5.7. BelBecT ycnoBMe paBHOBECHS MOCTA MOCTOSHHOMO TOKA H VKazaTh,
KakHM 0Dpazom obecneunBaeTea WHPOKKIT AHaNasoH H3IMEPeHHH conpoTHRIeHHI.

3.8. O1 4ero 3aBHCHT BEJAHHMHA HHCTPYMEHTATBHBIX norpeHocTel npu
HCTONMB30BAHHHE MOCTOB MOCTOSHHOIO TOKaT

2.9. Hem onpemensiercs HeoOXoIHMOe YHCIO JEeKan OTCYETHOI) Mara3HHa
MOCTA MOCTOAHHOMD Toka?

310, Kak MomHO 9KCMepHMEeHTATBHO ONpEeleinTh, OOCTATOYHA JIH
HYBCTBHTENBHOCTD FANBLBAHOMETPA /1A JaHHOTO MocTa”
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3. Ilpubop ysuBepcanbHbiii mivepuTensHeii P4833, Texanueckoe OTTHCAHHE,
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[MPHITOMEHHE |

COAEFKAHWE OTYETA H TPEBOBAHHS K EI'O O®OPMIIEHHIO

1. Odopmnenne otuera

Otier mo naBopatopaoi paboTe ABASETCS OJMHM M3 BHIOB TeXHHYecKOH
AOKYMEHTAUHH H JOMKeH YIOBIETEOPATH TpeGoBaHuAM crangapros, Obume
TpedoBaHuA M mpasuna oQOPMIEHHS OTYera yetaHagmuBaer ['OCT 7.32-81
"OTier 0 HayuHO-HCCTeNOBaTENBCKOI pabote”, OTueT BunMonHAeTCH Ha Gesoii
Oymare diopmara A4,

flomyckaeTcs  BRINOMHATL  OTYET HA  OOKIMHEIX OBOHHEIX  nHCTAx
YUEHHYIECKOH TeTpamny.

2. YEa3anud K oTaeTy

Oruet no naboparopHoii paboTe HomKeH BRIIOYATE:

- THTY/ILHEIH THCT;

- eIk paboTEL;

- OITHCAHHE HIMEPHTENBHOH YCTAHOBRHY;

- Nporpammy nabopartoproi paSorsr:
- OCHOBHBIE pacHeTHBIE (OPMYIIEL;

- PESYIBTATEl SKCOCPHMEHTANBHEIX HCCJIENOBAHMIL, NpeacTARICHHEIE B
HAKOHUECHHOM BuJe (Tabauikl, rpaduky, pacyeTs, OCLHILIOrPAMMEI H T.)1.);

- BHAITH3 PE3yNBTATOB SKCMEPHMEHTA N0 KAXKAOMY MYHKTY NporpaMMsl HIH
Fpynne nNYHKTOB, o0begHHeHHBIX obmel HCCIE0BATeNBCKOH  3agavell W
CPaBHEHHE MX C Pe3Y/IbTATAMH TEOPHH;

- BRIBOJIBL 110 HTOTAM Opojienattoil paGoTsl.

3. DopMBI KOHTPONS OTYETHOCTH

3.1. Togrorornennocts crynenta k Aaboparoprolt pabote KoHTpOIHpYeTCA
HHIHBHIYAIBHO YTEM Kpatkoro onpoca. [lo pezymeraram OIpOCa  OCYILECTRIASTCH
donyck K pabote. HenoAroTomneHuble crymeHTH K naboparopHoii paote He
TONYCKAKTCH,

3.2, Jlaboparopras pafota cumTaercs BBIMOMHEHHOH T0CNe 341UMTE OTYeTa.
Order odopmmsercs xamanm CTYASHTOM M NpencTARIASTCA K 3A0HTE He NosmHee
cieiylomere  samdmid.  Tlpomyerusume Ges  veawmensmoi OPHYHHEL WM  He
MPCACTABHBIIHE OTHET B CPOK, IOMYCKAIOTCA K CEIYFOLAM JaHATHAM TOIBKO [oCse
HHCEMEHHOTO Pa3pelieHHA TeKaHa HITH ero 3aMecTHTENs,

3.3. Mrorosoii dopmoii otyetHoctn 1o NADOPETOPHOMY TPAKTHEYMY SRISETCH

AOHYCK 10 Kypcy B denoM. onyck ocyimectsisierca ABTOMATHYECKH, eCIIH CTYIEHT
BLITOMTHH H 3ALUMTHI Bee paboTsl,



[MPHIICHKEHHE 2

OCHOBHBIE TEXHHYECKHE XAPAKT EPHCTHKH LIHDPOBOI'O
BOJIBTMETPA B7-22

. BomerMerp ofecneymusaer HIMEPEHHE MOCTOAHHOID —HANpAKeHHS
MONCIKHTENEHOH H OTPHUATENBHON TONAPHOCTH B NHANA30HE OT 10mKB g0 10008
C Npenenamu mamepennii 0,15 1; 10; 100: 1000B.

2. Bonbt™merp ofecneunsaer MIMEPEHHE  CONPOTHBICHHA TMOCTOAHHOMY
ToKy B auanasoxe ot 0,01 Om — 10 MOwM ¢ pellenaMu uimepenwii (,1; 1; 10; 100;
10000 KO,

3. Tpenen monyctumoil ocHOBHORM NOTPELTHOCTH HIMEPeHHS MOCTOAHHOID
HANPAKCHHA HEe MPEBRILIAST

AU S£(2-107'U, +2.10°1 )

rig All- 0CHOBHAR DOTpenHoCTS HIMEPEHIA [IOCTOAHHOTO Hanpskennsa, B;
Uy, - noxazamms BONILTMETpa, B;
Uy - 3HaueHme npefiena wiMeperns, B.
4. Tpenen monycriMoli ocHoBHOM MOrPEIIHOCTH  H3MEPEHHA  CONPOTHRIEHHS
[OCTORHHOMY TOKY HE TIpeBbIIaeT:
AR <+(3-107'R, +3-10%R,)

Ha npenenax wamepernd 0,1: 1; 10; 100; 1000 xOm;
AR S #(107'R, +5-107R,)

Ha Npenene uiMepenus 10000 kOwm, rae AR - ocHOBHas MOTPEeLIHOCTE H3MEPEeH KA
ConpotuBaeHud, KOM; Ry - nokasamns BOneTMETpa, KOM; Ry - 3Hayenne npenena
HIMEPeHHA, KOM.

5. Bonet™erp umeer CACOYIOIHE pesHMBel paboTel - pyuwoii BLIGOp
NPEAeTOE HIMEPEHHH, ABTOMATHYECKHI BEIDOD Mpenenos HIMEPEHHH; pazoBkiii
SAMYCK, NePHOIHYECKHH DEKHM paboThl.

6. IlpuauMn jefictens UH(POBOTO  BONBTMETPA OCHOBAH Ha METO e
ABOHHOTO HHTETPHPOBAHMA, CYIIHOCTE KOTOPOrO  COCTOHT B  CHeIVIOIIeM,
Wsmepsemoe Hanpamenne Uy nomaercs na BXOJl HHTerpaTopa, Haxoddllerocad B
HCXOIHOM (HYJIEBOM) COCTORHHM H HHTETPHPYETCH B TeyeHHe uKcHpoBanHoro
HpOMEkyTka Bpemenn Ty. Beixonroe nanpswenme HHTEIpaTopa no OKOHYAHHH
BpeMeHH T nponopuxonaisHo HsMepaemomy Hanpskenuio Uy, Huterpuposanue
HIMEpReMOTe HanpskeHHS Uy B Teveune BpeMend Ty HaselBaeTcd npaMpm
HHTETPHPOBAHHUEM.,

Hocne okowqanus npamoro HHTETPHPOBAHMA H3MepAeMoe Hanpaenne Uy
C BXOJa HHTETPATOPA OTKMHYAETCH H MONKTIHOYAETCS ONOpHOe HanpsweHHe Uy,
[IOJIAPHOCTE  KOTOPOIO  JOMKHA  ORITEH OIPOTHBOTIONOMHON  NoagpHOCTH
HsMepsemoro Hanpaxenns Uy, Onopaoe nanpstxene HHTErPHPYETCA 10 TEX Mop, Noka
HHTETPATOp HE BOIBPATHTCH B HCXOOHOE (HyTlieBoe) cocToaHue, Hurerpuposanue



16

OMOPHOMD  HAMPAMEHHA  HA3BIBASTCA  OGpATHEIM HHTerpHpoBarkeM.  OOparHoe
HHTETPHPOBAHHE IPOHCXOINT B TEYeHHe Epemern Ty,
Meton ueerpuposars omcsEaeTes BBIDAAHEHHEM:
:
T'.' =T, %}i
0
rie Ty - BpeMa obpartroro HHTErPHPORAHKA; T - Bpema npamMoro HHTErPHPOBAHHA;
Ux - 3Hauenne onopuoro HANpAKEHNA.

Tax kak Tg u Uy Benuuuns nocrosube, Bpema Ty - nponopusonansso Uy,
Taknm ofipazom, MeTon neotinoro HHTErpHPOBAHHA N0 CBOSH CYIMHOCTH SAIAeTes
METOMOM NPeodpPasOBaHHA H3MEPSIEMOro HANPAWEHHA BO BPEMEHHON HHTepBa.,

7. IlogroToeka k nposeaeH o H3MepeHHii,

7.1. TlporpefiTe nepes nsmepenuem BOJIETMET] B Teuenne 30 mus,

1.2, Ilposepere paborocnocobuocTs BONBTMETPA, [N HYero cOegHHHTE
Me# Ty coDOH KOHLEL, HIVIIHE K HCTOUHUKY H3MepaeMoro Hanpskenua. [Tpu sTom
Ha Tabllo D0JGKHEL WHIHIHpOBATHCH HYIM, 3HaK + Ham - , cumeon V. Ilpu
OTCYTCTBMH HYnA Ha Tablo ycraHoBHTe NoTeHUHOMeTpoM >0< mHymesoe
MONOKEHHE BOTETMETpA.

7.3. JIna nposenenns H3MePEHHH HANPAMKEHHS MOICOENHHHTE K BXOIY
BONBTMETPA 0DBEKT H HAKMHTE KHOMKY BLIDPAHHOIO Npefena uIMepeHus win
"Ap1.". IlpH pasoBoM 3amycke HaKMHTE KHOMKY BKMIOYEHHA DEHHMA pasoBoro
JAMyYCka, a 3aTeM HamMHTe sHonky "Pasoseri” W  cocumrajite Pe3yARTAT
HIMEPEHHH 110  HHAMEATOPHOMY  Tafmo. Mpu  nepuogmveckom  samycke
AMHTEABHOCTE LHKTA HIMEPEHHI MOMXET MIaBHo PEryNIHpOBATECA B Mpefienax or
200me mo le pyuroii "Tepron”.

7.4. [ins npopenenus usMepemnii COMPOTHBICHHA NOCTORHHOMY TOKY!

- HAKMHTE KHONKY "ABT." nipu pabore B PeRHME aBTOMATHYECKOTO BRGOpa
MPEAEIa H3MepeHHH MnM KHoIky seifpaHHOro npegena HEMEpeHHH B pemume
PYYHOIO BRIDOpA;

- HAWMHTE kHonKY "Bnok™:

- MOCOCIHHHTE, K 3amuMaM 3, +, -, 3 mMepHTensHenl kabens COrMTacHo
UBETOBOH H DYKBEHHOH MAPKHPOBKE BXOIHEIX KITEMM;

- MpOBepETE padoToCnocoBHOCTE BOJIBTMETPA, 1715 YEro COSTHHHTE Mexmy
coboll koHUR kaBens, Movime HIMEpAeMOMY conpoTusnennio. [Ipu sToM uHa
TabA0 JOIUKHEl MHIHIMPOBATLCA HYAM H CHMBOL. Ilpu pasMelkanul KoHLOB Ha
Tabno IoMKHO HHAMOHpoEaTeCH = 1 2000,



