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1. ens paGorm

Osnakomienue ¢ METOMMKOH U  crocobamy pacumpenuii [IpeesIon
U3MEPEHU I JICKTPOU3MEPHTENBHBIX pubopos

2, IIpudopwi, HCNoJb3yemMbIe B paGoTe
2. Perymipyemprii HCTOYHMK MOCTOSIHHOTO TOKA.
2.2, Kombunuposannmi ammepsosibT™eTp 114313,
2.3. Kom6unuposanuiii aMIepBonbT™MeTp M-253,
2.4. Marasun COTIPOTUBJIEHUIA,
Coopxka M3MEPUTEJIBHBIX cXeMm, PUBENICHHBIX Ha puc.]-2, [IpousBoauTCS B
COOTBETCTBUM C METOTHYECKIMHK yKaszanusmu (pasm.4)

3. Ilporpamma padoTel

3.1. UBy4uTh ocHOBHKEe TCPMHHBI ¥ mOHSTHY METPOJIOTHH, NpUHIHIIE]
MONACPIKaHUST  enuHCTRa MEp M u3MepHTeNbHBIX IpuOOpPOB ¥  mocTpoewus
[TOBEPOYHBIX CXeM CpesCcTR M3Mepenus, Knaccupukammio IorpemHocTelt u3mepenuii

H U3MEepUTENbHEBIX NPHOOPOB, MeTOMbI MaTematuyeckoit o6paborku psila npsiMeIx
HU3MEpEeHHUiA.

3.2. Wsyuurs NPUHLAIBI - I€HCTBHS, OCHOBHBIE TUINBL  KOHCTPYKIUE ¢
OCHOBHBIE CBOMCTBa SJICKTPOU3MEPHTETBHBIX PHOOPOB HeMmoCpeNCTReH O} OLIeHKH
MAarHUTOICKTPHYECKOH CHCTEME].

3.3. U3yuurs [IPUHITHII pacuIipenus penenos U3MepeHus
IICKTPOU3MEPUTENHBIX pUOOPOB  HemocpencTBeHHO OLICHKH.  BriBectn
BBIPKCHUS 11l paciiupenus NIpENIeNIoB  u3MepeHus aMmmepmerpa B “n” paz u
BOJITMETpa B “m” pa3.

3.4. Cobparp cxemy (pme.l) mns HCCIIeIOBaHUS Croco6oB pacinpenus
TPCICTIOB H3MEPEHHUS BONBLTMETPOB.

PUTTH

S— ’
Puc. 1. Cxema g HCCIIEIOBaHUS CII0COBOB PacllMpenns npenena usmepeHus
BosbT™MeTpa: PUITH — PCTYJUPYEMbIH HCTOYHMK TOCTOSHHOLO Hanpspkenus;; K —

Kimo4d; Vo, Vi o - 00pasLoBEIif AHAJIOTOBBIH U MOBepsieMbIii BOJIBTMETPHI; Ry, —
MarasuH CONpPOTUBJICHHUIA.
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35, OKcHepuMeHTambHo no106pars HEOOXOMUMbIE  BeTHYHHL]
A00aBOYHBIX COILPOTHBIIEHUH (C MOMOIIBIO Marasuya COTIPOTHBJICHUH) Uit ABYX
NMPEICIOB M3MEPEeHHUS TOBepsieMOoro BOJIbTMETPA.

BHumanue! Ilepen BkmOUYeHMEM KJIFo4a yOeauTses, uro CTrapiuve 5 nekajn
Mara3suHa MOJIHOCTBIO BBE[EHbI. Perymiposanne marazuua TIOCJIE€ BKJIFOYEHUS CXEMBbI
HEOOX0IMMO HauyuHaTh co CTapmiel nekanbl. B IIPOTHBHOM CJIy4yae BO3MOXKHA
TI€perpysKa u BbIXO1 U3 CTPOs osepsiemoro npuGopa.

3.6.  Paccuutats Bermummp; 00aBOYHBIX COTPOTHBICHMIT B COOTBETCTBUH C
BBIPKCHUSAMH B IIPOLECCE MOATOTOBKH K nabopatopHoii paGore (n.3.3) u cpaBHUTS
PacCIMTaHHbIC U MOJTyYeHHbIE B X016 SKCITEPUMEHTA PE3yIIbTATEL.

3.7. 3amenwurs TIOBEPSIEMBIH  BOJILTMETp MHUILTAaMIEPMETPOM  (Tipu

ICPEKIIIOYEHNSI) M JKCIepPUMEHTAIbHO MONOOPATh  BEIMYMHY  [00ABOYHOrO
COTIPOTUBIICHHSI, HEOOXOIUMOrO s UCHOMBb30BaHUs JTAHHOTO MUJITHAMIepMeTpa B

KadecTBe BOJ'IBTMeTpa. HpPI 3TOM COGHIOL[EITB Te XKe MEPhbI HpeI[OCTO}'JO}KHOCTH, HTO U
B npe,ubmymeM clIy4ae.

3.8. Co6parp cxemy (puc. 2) a1 mccnenoBanus CrocoboB paciiupenys
[IPE/ICTIOB U3MEPEHHUS aMIIepMeTposB.

PUITH | /

Ru

Puc. 2. Cxema mus wccmenoBanus CMOCO0OB pacikpenus mpegena U3MEpPEHUSs
amnepmetpa: PHUIIH — peryaupyemsiit netounmx IIOCTOAHHOTO HanpspkeHus; K —
KIIFOY; mAp, mA — 00pasIloBbIil 1 TOBEPsIEeMBIi MHJUTHaMIIepMeTpsl; Ry, — Marasun
CONPOTUBJICHHI; MA o, mA | — 00pasIoBbIii U TIOBEPSCMBIN aMIIePMETPHI.

3.9. DkcnepumenTansHo nofo0paThk 3HAYCHHS COIIDOTUBJICHHS LIYHTA,
HEOOXOUMBIe IS PACIIMPEHHUs NIPENEIOB H3MepeHus MUJITHAMIIEPMETPaA Ha JIBYX
npeesiax u3MepeHusl.

Buuwmanne! IMepen Brmouennem KIlo4a yOeIuThCs, Y4TO BCe AeKambl Marasnua
BBIBC/ICHEl  Ha Hymb. Perymuposamme marasmma mocie BKJTFOYEHHUST CXEMBI
HEOOXOMMMO HAYMHATL ¢ MIajileii Aekanbl. B mpotuBHOM cityuae Bo3MoskHa
TICPETPY3Ka ¥ BBIXOJ U3 CTPOSL IOBEPSIEMOro npudopa.
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3.10. Paccuurars BCJIINYMHBI MYHTOB B COOTBETCTBHH C BBIPAXKCHHUSIMH

B IIpOLIecCe MOATOTOBKU K naboparopHoii paGore (1.3.3) U cpaBHUTH paccumTanmbe
1 TIOJIyYCHHBIE B XOJI€ SKCIIEpUMEHTa pPe3yNbTaThI.

AJIs1 UCTIONTB30BaAHU S AaHHOI'0 MI/IJ'LHI/IBOJ'ILTMGTpa B KayecCcTBe Mnﬂﬂﬂamnepmerpa. HpH
3TOM CO6J’[IO,I[&T]:> T€ JKe MepbI Hpeﬂ;OCTOpO}KHOCTI/I, YTO U B HpeaeIayuem CiIy4ae.

3.12. Tlo naHHBIM H3MepeHud m.a1. 3.5 - 3.11 BeryHCIHTE BHYTpEHHee
CONPOTHUBJICHHE TOBEPSEMOro NPUGOPa HA KaKIOM H3 UCCIIeTyeMBIX IIpEeesioB
u3Mepenus. Crenarb BbIBOIBI 0 BHYTPEHHEH U3MEpPHUTENBHON cXeMme UCCIIeIyeMOro
MHOI'OIIPEEILHOTO (komMOuHHpOBaHHOrO) npubopa.

3.13. HUcnons3ys nanusie M3MEPEHUH U Pe3yNbTaThl UX 06paboTKHy, opopMuUTH

OTHET 110 J]AbOPaTOPHO# paboTe B COOTBETCTRUM ¢ TpeOOBaHUSMH, IPUBEICHHBIMHU B
IIPUJIOKEHUH ].

4. Meroanueckne ykazanus

4.1. Bompocsr, IIepevuciieHHble B 1m.m. 3.1 — 3.3 IporpaMmsl  padoThl,
JOJUKHBI OBITH H3y4YeHB! TP MOMAIIHEH IOArOTOBKE K J1abopaTopHOi paboTe 1o
PCKOMEH/I0BaHHOU UTEpaType K JEKIMOHHOMY MaTepuaiy.

4.2. Tlpum wuccnemoBanum crnocoGos pacUIMpeHus] TPeNesioB H3MepeHus
BOJIBTMETPOB (M.I. 3.4 — 3.7) Heo6X0mUMO O6S3aTENLHO cobmonaTe  Mepsl
MPEAOCTOPOKHOCTH, YKA3aHHbIE B COOTBETCTBYIOIIMX noapasziesiaX MNporpaMMel
paboTel. O6pasLoBkIii BOJIETMETp CIEyeT yCTAaHOBUTH Ha Mpeesn usMmepenus 3 B, a
NOBEPsIEMBI — Ha OJIMH U3 GoJiee 1YBCTBHTENbHBIX TIpeiesioB (B 3-10 pa3s MeHsblue,
4eM Ha 00pasuosbiii npuGope). Ilepen 3amblkanmeM Kiroua [ATh CTApIIUX JeKaj
MarasuHa CONPOTHBJICHUH MOJKHbBI ObITh OJHOCTHIO BBEJICHbI. 3aMKHYB Kiiou K,
perynuposkoit  PUITH Heo6XxoammMo no6UTBCS MOMHOrO OTKJIOHEHHS CTpesKU
o0pasuosoro npubopa. Ilpu >ToM mOKa3aHms MIOBEPSEMOro MNpudopa JOJIKHbI
COOTBETCTBOBATH HAYalbHOMY y4acTKy WIKambl (eciu noBepsieMblil  1pubop
3allIKANBACT, TO KIIOY HAaZ0 HEMEIJIEHHO PA30MKHYTbH U IIPOBEPUTH, BBEJIEHBI 11U
cTapiiie  pexaipl Marasuha. CregyeT HOMHHTB, YTO MarHMuTO3JIEKTPUYECKUE
MPUOOPBI He BBIHOCAT JUIMTENIbHBIX meperpysok. Jlaxe nBYKpaTHYO Meperpysky o
MOZKET BBIIEPKHUBATh He Gonee 3-5 cexyH).

Hanee  HeoOXomumo, Haumuas co CTapuied  JeKaabl, YMEHBUIWTH
COIIPOTUBJIEHUE MarasuHa, CJels 3a MOKa3aHUSIMU OOOUX BOJIBTMETPOB. [Tokazanus
[TOBEPSIEMOTO  IpHOOpA  JIOJDKHBI  BO3PACTATh, a oOpasuoBoro mpubopa GO
OCTaBaThbCsl HEM3MEHHBIMU, THO0 MEIICHHO YMEHBIIATLCS B MPOLIECCE YMEHBIIICHUS
COMPOTUBIICHHUST HATPY3KH. ITO OOBACHAETCS OrPAHUYEHHON MOIIHOCTHIO PUITH,
BCJICACTBAE HET0 €ro BhIXOAHOE HAMPSKEHHE MOKET YMEHBIIAThCS TIPH BO3pacTaHUuU
Toka Harpysku. Ilostomy peryauposkoit PUITH ClIeAyeT KOMIIEHCUPOBAThL 3TO
YMEHBIICHUE, TNONNEPKUBAS HEU3MEHHBIMU TOKA3AHUS 00pas1oBoro npubopa.
OKCIIEpUMEHT 3aBepIuaeTcs: Toraa, Korna o6a Ipudopa TOYHO MOKA3BIBAIOT IOJHOE
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OTKIIOHEHHE (CTpeNKH mpubopa TOYHO COOTBETCTBYIOT NOCIeTHUM
OLM(DPOBAHHBIM  JeJIeHHsIM WKanel). CuUuTHIBAS — 3HAYEHHe COTIPOTHUBJIEHUS,
BBC/ICHHOC B MarasuHe, Mbl TONYY4a€M HCKOMOE 3Ha4YeHHE J100aBOYHOTO
COLpOTUBIeHUS. ONBIT HEOGXOAMMO mMponenaTh s ABYX IPENENIOB U3MEpeHHs
1TOBEpAeMOro nmpubopa u Tpetuit paz — mus Clydas, KOrja BMECTO HOBEPSIEMOTo
npubopa moaKIIOYeH MUTIIAMIIEPMETP (MM TOT Xe NPUOOP YCTAHOBICH B pexUM
MUJITTHAMIIEpMETpa).

PesynbTatsr usmepenus HE0OX0MMO 3aUKCHPOBATL B OTYETe N paccuuTarh
JUTS KQXKJIOTO OMBITA BHYTPEHHEE CONMPOTUBIICHHE oBepsieMoro mpudopa.

4.3. Tlpum wuccnenoBanuu croocoGos PaCIlUpEeHHs Ipe/IeioB H3MepeHHs
amnepmeTpos (m.i. 3.8 — 3.11) Takke HeoBXOIHMO CTPOrO COOMIONATH YKa3aHHbIE B
[IporpamMme paboTel MepsI IIPEAOCTOPOXKHOCTH, YOETUTHCSI, YTO BCE eKaabl MAara3iHa
CONPOTUBICHUH BBIBENGHB HA Hynb, a PUIIH YCTaHOBJIEH HA MUHHMAaJILHOE
HalpsDKCHHE M JIMIIb  [IOCJ€  3TOTO  3aMBIKATE kmou K. O6pasuossrii
MHJTMAMIIEPMETp CNIeflyeT YCTaHOBUTh Ha Ipesielt U3MepeHust He cBblire 60 MA, a
oBepsieMblit — B 3-10 pa3 Menbine. Onpr CJICLYeT IPOBOAUTD ISt IBYX IPEEeNIOoB
U3MEPCHUS  mOBepsieMoro mpubopa, a 3arem lIpd  3aMeHe MOBEPSIEMOro
MHUJLTHAMIIEpPMETpa MUIUTHBOJIBTMETPOM. OmbIT TIPOBOIUTCS B CIEJYIOIIEM TOPSIIKE.
3amkHyB kmou K i nmasro YBEIMYNBAs BbIXOJHOE Hanpspkenue PUTTH, no6usaemces
[TOJIHOTO OTKIIOHEHHsI CTPEIKH 06pa3noBOro npubdopa. Ilpu sToM H3-3a HeHyeBOrO
COIPOTHBJICHUS COCIAMHHUTENILHBIX TPOBOJOB M KOHTAKTOR IIYHTHPYIOUIEH Ienu
CTpEJIKa MOBEPAEMOro MpUOOpPa MOKET OTKIOHSTHCS OT HYJICBOTO IMOJIOKEHHUS axe
ipy  HYJIEBOM CONPOTHBIECHHH MarasuHa. YToGn YYECTh O5TO Ha4yalbHOE
CONPOTHBIICHUE, HEOOXOAMMO 3ahUKCHPOBATH TOKABAHMSL noBepsieMoro npubopa npu
HYJICBOM conpoTuBieHus marasuna (I wim Uo B 3aBHCUMOCTH OT TOI'0, BKJIIOYEH
1 B Ka4€CTBE TOBEPAEMOro mpudopa MHJITHAMIEPMETP HIIH MUILTHBOJIBTMETP).

3aTem, BBOIS (HauMHasg ¢ Muammed JCKa/IbI) CONPOTUBIICHHE MarasuHa,
AOOHMBaEMCS  MOJHOTO  OTKJIOHEHHUS lloBepsieMoro  npubopa  (mopuep:xkuBas
HEN3MEHHBIMU [10Ka3aHHs 00pa3oBOTo npﬁ6opa myTem perynuposku PUITH).

CUuThIBasi CONPOTHBRIEHNE Mara3HHa Ry, momy4aem 3uadenue conporusienus
IIyHTAa:

Ry= Ry Ro. (1)
IIpn sToM HawansHoe comportusmenue IIYHTUPYIOIIEH LENUu pacCYUTHIBAETCS [10
[TOKa3aHUsIM MoBepsieMoro npudopa, a 10 U Hocjie BROIA CONPOTHUBIIEHUS MarasuHa,
HUCXOAsl U3 COOTHOIIEHUN:

0 . 70
IpRy =1yR,, (2
0 0 . v N
rae [,, =1—1, - Toxk yepe3 Marasuu conpotuBieHuit mpu Ry=0;
I - mokazanusi 06pa3oBoro npudopa, paBHbIE MpeIesly ero H3MepeHHuil;
I} - moxasanus nosepsemoro npudopa npu Ry,=0;

I,R, =1, (R() +R,), 3)
rae I,, =1 -1, - Tok Yepes Marasun COIPOTUBIIEHHMIT PH BBOJE Ry

]

I, - nokazanus moBepseMOro npubopa, paBHbIE Mpejeny ero U3MEepeHul (mpu
BBOZIE Ry).
B3sB oTHOLIEHNE BBIpaXKEHHE (2) k BeIpakeHuIO (3) MoTyyaem:



ﬁ;_ = _Ii ] .___RU__ (4)
1, 1, R, + R,

Pa3peras ero monnocTsio OTHOCHTEJIbHO R, noJIyqyaeMm:

0 7'
R =- ]H[.-HR.-U 5)
T (
M I+ M
Pacyer crnenyer Bectu o nauubIM Kaxoro OIIbITa, IOCKOJIBKY BO BCEX TPEX OIMBITAX
CONPOTUBJEHHE R) MOXKET HEMHOTO W3MEHSTHCS H3-34 BapUalli¥ KOHTAKTHBIX
CONPOTUBNEHUH. JINsl OmbITa ¢ WCHONB30OBAHMEM MHUJUIABOJIBTMETPA BMECTO
. 0 ' : '
MOKasaHui Toka ([, m I,) Hcmons3yroTes mokasaHus Hanpsokenus (U, u U)).

Belpaxenns s pacuera Ry U8 maHHOrO ciywas Heo6XOmHMO BBIBECTH
CaMOCTOSITEJIBHO.

Conporusienne nosepsiemoro pUOOpa JIerko ONpeeTuTh U3 BeIpaKkeHust (3):

£ =i
R, :T}L(Ro +R.u)=_T_n_'Rm' (6)

1 i
ITpu ucnonb3oBanuu MUJITABOJILTMETPA BBIPAKEHUE 11l pacyeTa HeoOXO0 MO
TIOJIYYUTE CAMOCTOSITENILHO.

4.4. Tlpu  pacumpenun [IpeNeIOB  M3MEPEHHs  BOJLTMETPOB |
MUJITHAMIIEPMETPOB, MCIIOJIb30BAHUU MHUILTHAMIIEpPMETpa B KA4eCTBE BOJIBTMETPA M
BOJIbTMETpA B KaYeCTBE aMIepMeTpa HEOOXOIUMO 110 SKCIEPUMEHTAIBHBIM JaHHBIM
KaKIBIH pa3 ONpeNeNsiTh BHyTPeHHee COIIPOTUBJICHUE [TOBEPSEMOro Npubopa u, eciu
B KaYeCTBE TaKOro mpubopa HCHONL3YETCS OAMH W TOT IKe MHOTIOIIpeeTbHBIN
KOMOMHHUpPOBaHHBI NpuGop B Pa3HbIX pEXHMax, TO MO IOJYYEHHBIM JaHHBLIM
HEOOXOIUMO  BOCCTAaHOBHUTH  €ro BHYTPEHHIOIO U3MEPUTENBHYIO CXEMY Ha
HCIIONE3yeMBIX B IaHHOH paboTe mpezesnax usmepenus. Jlis 3Toro CJIEJlyeT NIOMHHTD,
4TO  KOMOMHMPOBAHHEI  MHOTOIPEAEIBHbIIL NpHOOp  TMpencTaBiseT  Ccoboii
BPICOKOYYBCTBUTE/IBHYIO TOJIOBKY (MWJUIMAaMIIEPMETP) M CHCTEMY BHYTPEHHUX
IIYHTOB M J00aBOYHBIX CONMPOTUBICHHH, | CHAOKEHHEIX NEPEKIIoYaTeNIIMA, YTO U
IO3BOJIACT  yCTAHABIMBATH pAasHble MpedeNibl HM3MEpeHHs U pasHble PEKUMEI
(BosmbT™eTpa u ammnepmerpa). Mmenno sta BHYTPEHHsIsI cxema Ipubopa M moJpKHA
OBITh BOCCTaHOBJIEHA.

5. KourpoiisHbie Bonpochl

5.1.  Kaxwue Buapl norpemuocreii Bel 3naeTe?

5.2. Kakue CymiecTByIlOT THIBI KOHCTPYKIHH H3MEPHUTENIbHBIX MEXaHU3MOB
MarHUTOJIEKTPUYECKON CHCTEMBI?

5.3.  KaxoBbl OCHOBHbIE JOCTOWHCTBA H HEIOCTATKH 3JIEKTPOU3MEPUTETBLHBIX
IPHOOPOB MarHUTOSJIEKTPUUECKON CUCTEMBI?

5.4. Kakum o06pasomM MOxHO PacUIMpUTE TIpeJeNibl U3MEPEHUs NpUubopos
MarHMTO3JIEKTPUYECKOM CHCTEMBI?

5.5. Kakum 0bpazom KOHCTPYUPYIOTCS MHOTrOnpeaebHbIe u
KOMOWHHPOBaHHBIE nabopaTopHbIe SJIEKTPOU3ZMEPUTETLHBIE IpHOOPEI
MarHUTOBJIEKTPUYECKOH CHCTEMBI?
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