ITPAKTUYECKOE 3AHSATHE Ne 1

Tema: OLIEHKA MOI'PEIIIHOCTHU NPSIMBIX U KOCBEHHBIX OJJHOKPATHBIX
U3MEPEHUM

IIpenucaoBue

B rexmusx mno aucuuriiHe «MeTposorus, CTaHIapTU3alus H  CepTUPHUKAIMUL
paccMaTpUBAIOTCSl TEOPETHUYECKUE BONPOCHI M JAIOTCS CBEACHUS OMMCATENLHOIO XapakTepa,
3HAYUTENIbHO MEHbIIE BHUMAaHUS YIENAETCS MPUMEHEHUIO0 MOMYyYEHHBIX 3HAHWM Ui pelieHUs
NPAaKTUYECKUX BOIIPOCOB, CBSI3aHHBIX C HCIOJB30BAHUEM METOJOB U CPEACTB HM3MEPEHUH B
00J1acTh TEXHUYECKUX U3MEPEHUH U JIabOpaTOPHOIO MPAKTHUKyMa.

Pemenne 3amad crocoOCTBYET JIydlIeMy YCBOCHHUIO M 3aKPEIUICHHIO TEOPETHUECKOTO
MaTepuaia Mo ONpeJeICHUI0 METPOJIOTHUYECKUX XapaKTEPUCTUK CPEICTB U3MEPEHUS, Pa3BUTHIO
HABBIKOB BBIOOpA METOZIOB 00paOOTKH Pe3yabTaTOB U3MEPEHUH.

Hacrosiee mnpakTudeckoe 3aHATHE IOCBSIEHO PEIICHHUI0 YKa3aHHBIX BOMPOCOB U
IPEIYyCMOTPEHO B COOTBETCTBUU C PAa0OYMMH MPOTpaMMaMH CIICIUATBHOCTEH HM3Yy4arolIix
TUCIUILINHY «MeTponorus, CTaHIapTU3aIHs U CePTUPUKAIIN.

B Hacrosmux y4eOHO-METOAMYECKHX YKa3aHUSX PacCMaTPUBAIOTCS BOIPOCHI OLEHKH
WHCTPYMEHTAJIBHBIX U METOJAMYECKUX MOTPEHIHOCTEH MPU MPSIMBIX U KOCBEHHBIX OJTHOKPATHBIX
U3MEPEHUSIX MapaMeTPOB IEKTPUIECKUX LIENEH.

B Haganme yueOHO-METONMYECKHMX YKa3aHWM B MHUHHUMAaJIbHOM o00beMe JaroTcs
TEOPETUYECKHE CBEACHUS U OCHOBHBIE (POPMYIIBI M ONpEAETICHHS, HEOOXOIUMBIE ISl PELICHUS
3aJa4 1O paccMaTpuBaeMod TeMe. B KOHIlE TMpHBEAECH CHPAaBOYHBIN MaTepuan, KOTOPBIN
UCTIONB3YeTCS MPH PELICHUH 3aj1ad.

Pemenue 3amau pekoMeHayeTcs MPOBOAUTH B MexayHapoaHoi cucreme enunui CH.
Hambonee wacto wucmonb3yemple €IMHUIBI J3TOW CHCTEMBI, MX Pa3MEPHOCTb, Ha3BaHUS W
omnpezenstonue npuseneHsl B [Ipunoxenun 1.

UucnoBble 3HaYCHHUST OKOHUYATENBHBIX PE3YJIbTATOB PACUETOB MOTPEIIHOCTEH CIEIyeT
OKPYTJISATh, UCTIOJIB3YsI CTaHJapTHBIE MIPaBUIa OKPYTJIEHHUs, KOTOPbIe IPUBEICHBI B
[Tpunoxxenuu 2.

Pe3ynbrarel pacyeToB MOTYT OBITH MPECTABIEHBI HE TOJIHKO B LIENBIX €AMHHIIAX, HO H
JOJIBHBIX ¥ KPATHBIX. KOTOPBIE MpuBeeHbI B [Iprmoxkennn 3.

Hean pabdoTsl

OBajieHne MeTOAUKON 00pabOTKH pe3yabTaTOB MPSIMBIX U KOCBEHHBIX OJJHOKPATHBIX
M3MEPEHU.
ITopsinok BHINOJIHEHHS NPAKTHYECKOH PadoThI

1. O3HakoMHUTBCH C TCOPCTUUCCKUM MATCPUATIOM.
2. BrIoaHuTh HHAWBUAYAJIbHBIC 3a1aHUA U O(l)OpMI/ITI) OTYET B COOTBECTCTBUU C CAMHBIMU
TpC6OBaHI/I$IMI/I K O(l)OpMJ'ICHI/IIO TCKCTOBBIX U l“pa(I)I/I‘-ICCKI/IX JAOKYMCHTOB.

Yka3anus K BbINOJTHEHNUI0 MHAUBHIYAJIbHBIX 32IaHUH

B 3agaHmsax Kaxaplii CTYAGHT TMOCIE€ O3HAKOMIICHHS C TEOPETHYECKHUM MaTepHaoM
JIOJDKEH PEIINTh 337]a4i B COOTBETCTBUM C HOMEPOM CBOETO BapuaHTa ( Tabnuma 1).

HOMep BapHaHTa HHIAUBUAYAJIBHOTO 3aJaHHSA COOTBCTCTBYCT IOPAIKOBOMY HOMCPY
CTY/ICHTA B CITUCKE TPYIIIIHI.



OTué€T Mo MPaKTHYECKON paboTe JOJDKEH COJEpXKaTh PEIICHHUs 3a7ad B COOTBETCTBUHU C
HOMepOoM cBoero Bapuanrta. Oodpaserr opopMIIeHUS pellieH s 3a1auu PUBEICH B [IpHIoKeHUH
6). Ortuér odopmistor Ha mucre (opmata A4 (IO BO3MOXKHOCTH C HCIOJIb30BAHHUEM

odpopmienus [I9BM).
Tabmuna 1
3agauyu K MHANBUIYAJIBHBIM 32 IaHUAM
Howmepa 3agau
Bapuanr
3ananue 1 3ananue 2
1 2 3
1 1 31
2 27 2
3 3 48
4 29 4
3) S) 35
6 31 6
7 7 41
8 33 23
9 9 40
10 35 10
11 11 26
12 37 12
13 13 46
14 39 14
15 15 45
16 41 32
17 17 9
18 43 7
19 19 42
20 45 5
21 21 44
22 47 15
23 23 13
24 49 47
25 25 3

|. OHEHKA MOT'PEITHOCTH NMPAMBIX OJJTHOKPATHBIX U3MEPEHUI

I.1. OcHoBHBbIE onpeae/ieHUus1 U (POPMYJibl OLEHKH HHCTPYMEHTAJLHOM COCTABJISIOIIEH
MOIPELIHOCTH

N3mepenuemM Kakou-mnO0 (QHU3MUECKOW BEIWYMHBI HA3bIBA€TCS OIBITOM (orepanuei,
9KCHEPUMEHTOM), B pe3yJbTaTe KOTOPOHl Mbl y3HAaeM, BO CKOJBKO pa3 M3MepsieMas BeJNYMHA
00JIbIIIE UM MEHBIIIE COOTBETCTBYIOIICH BEIMYMHBI, IPUHATON 32 €IUHUILY.

Hanpumep, 3a equHUIly AJIMHBI NPUHAT METP, U B PE3yJbTaTe MU3MEPEHHsS HEKOTOPOU
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nmaabl | MBI y3HAEM, cKOIbKO METpOB COEpKHUTCS HA MPOTSKEHUH 3TOr0 OTpe3ka. B ocHoBe

TaKUX HM3MEPEHUH JIEKUT STAJIOH METpa — PacCTOSHHUE MEXIy LITpUXaMH, HAaHECEHHBIMH Ha
CTEep>KHE M3 0c000— CTOMKOTO CIIIaBa.

[Ipy DOpakTHUECKUX H3MEPEHMSIX HHUKOIA HE IOJIb3YIOTCSI CPABHEHHEM M3MEPSIEMBbIX
BEJIMYMH C OCHOBHBIMHM 3TaJOHAMH, KOTOpBIE XPAHATCS B CHEUUAIbHBIX IOCYAapCTBEHHBIX
METPOJIOTHUECKUX YUPEKICHUAX. BMECTO 3TalOHOB MOJB3YIOTCS U3MEPUTEIBHBIMU TPUOOpaMH,
KOTOPBIE TEM HJIK UHBIM CIIOCOOOM CBEPEHBI C 3TAJIOHAMHU.

Pesynbrat mo0bIX U3MEPEHU HE SBIISETCS a0COTIOTHO TOUYHBIM, a TOJIBKO ONMPEICICHHBIM
00pa3oM npubimxKaercs K 1eHCTBUTEIILHOMY 3HAYCHUIO U3MepsieMol (PM3MUeCKOil BETMYNHBI.

[TokazareneM TOYHOCTM W3MEPEHUH, OTPAXKAIOMIMM CTENeHb OJIM30CTH pe3yabTara
U3MEPEHUN K JEHCTBUTEIBHOMY 3HAUEHHUIO H3MEPSIEMOW BEIMYMHBI, SIBISETCA IOTPEIIHOCTH
u3MepeHus Ax, onpezensemMas CleIyroluM 00pa3oM:

Ax = Xpe3 — XPICT ' (1)

rae Xpes - PE3YIbTaT U3MEPEHHUS;

Xycr - ICTUHHOE 3HAYE€HUE U3MEPSIeMOIl BEJTMUMHBI.
Beipaxxenue (1) siBisieTcsi KpacyrolbHbIM KaMHEM METPOJIOTMM U HOCUT TEOPETUUYECKUN
XapakTep, MOCKOJIbKY HCTUHHOE 3HAYEHUE U3MEPAEMOI BEIMUMHBI X\ c; HEU3BECTHO.
B npakTtuyeckoil MeTpONOrMH, BBOJUTCA IOHATHE O JEHCTBUTEIBHOM 3HAYCHUU
U3MEPAEMOH BENMYIUHBI X jojicr M BRIPOKEHHE (1) 3aMEHAETCS CIENYIOMIMM BBIPAKCHUEM:

Ax = Xpe3 - XaeFICT : (2)

W3mepenus, KOTOpble ObUIM MPOM3BEIEHBI MPU CPABHEHUU HW3MEPHUTENIBHBIX NMPHOOPOB C
ATAJIOHAMH, TAaK)Ke OTATYCHBI OMMUOKOW. M3Mepsisi ¢ MOMOIIBI0 Takoro npudopa HEKOTOPYIO
BEIMYMHY, Mbl, KaK IpaBWIO, HE MOXEM cJelaThb OMIMOKM MEHbIIEe, 4YeM Ta, KOTopas
OTIpeNIeNISIeTCS TOTPEITHOCTRI0 U3MEPUTENLHOTO Tprbopa. Hampumep, ecii MbI u3MepsieM JUTHHY
auHenkol, umeromeit norpemHocts 0,1%, T.e. TOYHOCTBIO IO 1| MM IpU METPOBOM JJIHMHE
JMHENKH, TO UCTIONB3Ys €€ HEeNb3s MBbITaThCS U3MEPUTDH JUTMHY ¢ TOUHOCTHIO 10 0,01%.

B 3apauy usmepeHuii BXOUT HE TOJIBKO HaXOXKAEHHUE caMOl (PM3NYECKOI BEJIMUMHBI, HO U
OIIEHKA JIOMYIIEHHOW IPY U3MEPEHUH MOTPEUTHOCTH.

PaznuuaroT TpM MCTOYHMKA BO3HMKHOBEHUS MOTPEUIHOCTH MpPU U3MEpEeHUH (hU3ndYecKoi
BEJIMYMHBIL:

- cpeOcmeo  usmepeHus, ONPEAETIoIee  HHCTPYMEHTAIbHYI)  COCTaBISIOIIYIO
MOTPEIIHOCTH, 3aBUCSIIYIO OT CBOWCTB M3MEPHUTENBHBIX MPUOOPOB, YCIOBUN MX NMPUMEHEHHS,
UX U3HOCA U T.II. DTa MOrPEIIHOCTh OMPEeIIseT KJIacC TOYHOCTH CPe/ICTBA U3MEPEHHUS;

- Memoo uzmepeHus, 00yCIaBIMBAIOIIMI METOIUYECKYIO COCTaBIISIONIYIO IMOTPEIIHOCTH,
ONpeNieNIeMyI0 METOJIOM M3MEpPEHMs, CXEMOW BKIIOUEHHS HW3MEPUTENIbHBIX MpPHUOOPOB,
OKPYTJICHHEM PEe3yIbTaTOB U3MEPEHHH 1 MCIIOJIb30BaHIEM PACYETHBIX (OPMYIT;

- cybvekm, OOYCIaBIMBAIOIIUK CyOBEKTHBHYIO  COCTaBJISIOIIYIO  IOTPEUIHOCTH,
3aBUCSIIYIO OT (PH3UOTOTHIECKUX M TICUXUUECKIX OCOOCHHOCTEHN YeTOBeKa.

Kpome mepeunciieHHbIX MCTOYHHUKOB BO3HUKHOBEHHS MOTPEIIHOCTH M3MEPEHUs, MOTYT
BO3HHUKATh JIOTIOJIHUTENbHBIE TOTPEIIHOCTH, 3aBUCSIIME OT BHEIIHUX YCIOBHMH SKCIUTyaTalluu
WU3MEPUTEIBHBIX PHOOPOB, OTIMYHBIX OT YCIOBHIA MTPH UX TPAYHPOBKE.

Ha3BanHble MCTOUYHMKH BBI3BIBAIOT JIBa BUAA OCHOBHBIX COCTABJISIOIIMX IMOIPEIIHOCTH
CHUCTEMATUYECKYIO0 AX yer U CHyHaliHYIO AX,

Ax =AxCl/ICT +AxC.ﬂ 1 (3)

KOTOPBIC B PE3YyJIbTATC I/I3MepeHHI>'I MPUCYTCTBYIOT OJHOBPCMCHHO U HAXOAATCS B Pa3JIMYHBIX
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COOTHOUIICHUSIX.

CucremaTuueckasi U ciydaiiHasi COCTABIISIOIIME MMOTPEHIHOCTH Pa3INyaloTCs MPUUYMHAMU
BO3HUKHOBEHHUSI U XapaKTEPOM IPOSIBICHUSI.

CucremaTuueckas MOTPEIIHOCTb, ATO COCTaBJAIOUIasl IOTPEIIHOCTH  H3MEpeHus,
OCTArOIasiCsl MOCTOSTHHOW MJIM 3aKOHOMEPHO MEHSIOIIAsICSl MIPU MOBTOPHBIX U3MEPEHUSIX OJHOU
1 TOM k€ (PU3NUYECKON BETUIMHBI.

B HEKOTOPBIX CiIydasx CHUCTEMATHYECKHE TIOTPEUTHOCTH MOTYT OBITh ONPEICICHBI U

MCKJTIOUeHB! BBesieHHeM momnpaBku C, T.e. 4ToObI MONYYMTh HCHPABICHHBIH pe3ynbTaT Xycpp

u3MepsaeMoil (pu3nuecKord BENMUYMHBI, HEOOXOJMMO YYecTh ATy INONpaBKy, NpUOAaBUB K
HOJTYYECHHOMY Pe3yiIbTaTy (WM BBIYTS U3 HETO):

Xyenp = Xpes £ C .(4)

Ecin storo He nenarb, TO pe3yiabTaT HM3MEpEHUs] OyleT OTIMYeH CHCTEMaTUYeCKOU
OLIMOKOH.

CrnyyaiiHasi OTrPEUIHOCTh, 3TO COCTABJISAONIAsl MOTPEIIHOCTH U3MEPEHUS, N3MEHSIOIAsCS
cilydaiiHbIM 00pa3oM, Kak 10 3HaKy TakK U 10 BEJIMUYUHE, B CEpUU IIOBTOPHBIX U3MEPEHUIA OJTHOTO
U TOTO XK€ pa3Mmepa (pU3MYeCKOl BETWYMHBI, NPOBEIECHHBIX C OAMHAKOBOM TILATEIBbHOCTHIO, B
OIHMX M Tex ke ycioBusax. CiydaliHple TMOTPEIIHOCTH BO3HUKAKOT Kak CIIEACTBUE
OJTHOBPEMEHHOTO JICHCTBHS MHOTHX B3aMMHO HE CBSI3aHHBIX (DAKTOPOB U MPOSIBIISIOTCS B TOM,
YTO IPU MHOTOKPATHOM ITOBTOPHOM H3MEPEHUHM OJHOM W TOW k€ HEU3MEHHOH (u3nyeckoi
BEJIMYMHBI TOJY4YalOT HECKOJIbKO OTJIMYAIOUIMecs ApYyr oT Jpyra pes3yibTarsl. CiydaiiHas
HOrPEIIHOCTh HE MOXKET OBITh HCKIIOYEHAa M3 pe3yibTaTa H3MEpPEeHHH, HO MOXKET ObITh
YMEHBIICHA CTATUCTHYECKON 00pabOTKOI COBOKYITHOCTH HAOIIOACHUH.

KpoMe yka3zaHHBIX COCTaBIISIONIUX MOTPEIIHOCTH MOTYT HOSBIATHCS OYEHb OOJNbIINE WIIH
Manble TpyOble morpeurHocty (mpomaxu). I'pyOble MOTrpemHOCTH BO3HHKAIOT B OCHOBHOM IIO
CcyObeKTUBHBIM IpruuHaM. Hanpumep, HenpaBUIbHBIN OTCUET MOKa3aHUN MpUOOpPa, OMKCKa MpH
3amMcy pe3yibTaTa U3MEPEHMs], HENpPaBUIbHO COOpaHHAs CXeMa M3MEPHUTEIbHOM yCTaHOBKH,
HEHCIIPaBHOCTh MpuOopa M T.1. Tak Kak MHOTAAa BechbMa TPYAHO OMNpPENETUTh NPHCYTCTBUE
IIPOMaxoB B PsIly Pe3yJIbTaTOB U3MEPEHNUS, TO BBEJCHBI HECKOJIBKO KPUTEPUEB, TO3BOJIAIOIINX C
JIOCTAaTOYHOM BEPOSITHOCTBIO OTAETUTh NPOMaxH OT OONbIIMX JHMOO MaibIX CIy4aiHbBIX
norpemHocTel. I'pyOpie morpemHocT npu 00paboTKe pe3yIbTaTOB HE YUUTHIBAIOTCS.

Ecin usmepeHns NpoOBOIATCS NPU HOPMAIBHBIX YCIOBUSAX, cooTBeTcTByromux ['OCT
8.497-83, To BO3HUKAIOMIAsK TOTPEITHOCTD SBISIETCS OCHOBHOM.

OcHOBHasi NpuUBEJECHHAs IOIPEIIHOCTh ) BBIpAXAeTCd B IPOLEHTAX OT KOHEYHOIO
(HOMHHAIBHOTO) 3HAUEHHs paboYell YacTH MIKaJIbl H3MEPUTEIHLHOTO prbopa X,

Ax

V=iX—H

100, % (5)

OcHOBHas MOTPENTHOCTh TPHUOOPOB HA BCEX OTMETKAaX pabodveil 4acTH MIKAJIbI HE JTOJDKHA

IPEBbINIATh 3HAUCHHE KIIacca TOYHOCTH npubopa Ki > .
TOYHOCTh 3JCKTPOM3MEPHUTEIBHBIX MPHOOPOB ompenensercs: kiaccom tounoctu. [OCT
8.401-80 I'CH ycranaBnuBaeT BoceMb kiaccos: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0.
ITo kmaccy TOYHOCTH, a TaKXe MO MOKa3aHWSIM NpUOOpa, MCIONIB3Ys 3aBUCHUMOCTD (5)
OTIPENIETISIOT MPEJIENBI JOIMYCKAaeMOUW a0COFOTHOM

XH
Ax=1% ¥ Too

, (6)

¥ OTHOCHUTEIbHOU (hOPM MOTPEIIHOCTH



X

5=+ y=2100,% (7)

Xpe3

[Ipenensl nonyckaeMoi MOTPEUIHOCTH MOTYT OBITh BBIpaKE€HbI B (hOpME OTHOCUTEIHHOM
MOTPEITHOCTH BUAA:

X

6=i[c+d< +1)],%(8)

Xpes.
rae C u d — mocTosiHHbIe TPUOOPHI, %o.
1.2. OcHoBHBbI€ onpenejieHusi U (POPMYJIbI IPU OLIEHKE MeTOAHYeCKOH MOrPemHOoCTH
1.2.1. Ouenka MeToANYECKOH MOTPENIHOCTH NMPHU U3MEPEHUH HANPSIKEeHUS

N3 Bcex mnpuumH, OOYCIAaBIMBAIOIIMX IMOSIBIEHUE METOAMYECKON COCTaBISIOIIEH
HOTPEIIHOCTH, HauOOoIbllIee 3HAYEHUE UMEET METO U3MEPEHUS.

IIpp wu3MepeHMM HanpsDKEHMS Ha y4YacTKE JJIEKTPUYECKOM Lenu BO3HUKHOBEHHE
METOAMYECKON COCTABJISIOIIEH MOTrPEUIHOCTH O0YCIIaBIMBAECTCS BHYTPEHHUM COIPOTHBIIEHUEM

BonbT™MeTpa R, . BHyTpeHHEe CONPOTHBIEHHE BOILTMETPA ONPENEISIETCS YEPE3 TOK TOJIHOTO

OTKJIOHEHHUS CTPENKH IIpu6opa I, ,,, COOTBETCTBYIONINIT KOHEYHOMY 3HaueHHI0 Hanpskenus U,
Uy

Y (9)

Inow
WJIM aKTHBHYIO MOIIHOCTh P, u3MepurenbHoii enu npubopa

Ryvy =

P, U2
Ry = 2Hv 60 Ryy,, = - (10)
' Ifow ) Pyy
Ecinu ke 3Haduenue R,,, HEM3BECTHO, TO €0 MOKHO ONPEAEIUTH C MOMOLIBIO PE3UCTOPA

Ry = Ryy, TyTEM IPOBENEHHUS IBYX M3MEPEHUN HampshkeHus. Toraa

Uy

RBx.v = RN TZUUZ’ Om (11)

rae Uy, — pe3ynbTaT u3MepeHus HalnpsKeHUsl HETOCpeICTBEHHO, B
Uy, — pe3ylibTaT U3MEpPEHUs TOTO e HAIPSLKEHUS NP MOAKIIOUEHHOM TO0CIEeI0BaTENIbHO K
BOJIBTMETPY pe3ucropa Ry, B.

W3mepeHne najeHUsl HaNpsOKEHUS Ha YdacTKe LENUd MOXKET IPOBOJIUTHCS Pa3HBIMU
mMetoaaMu. HanOomnbIIylo MOrpenHocTh AaeT METOA OJHOTO BOJIBTMETpPA, OCOOEHHO, €CIIU €ro
BHYTPEHHEE CONPOTHUBIIEHHE R,y ,, CON3MEPUMO ¢ COMPOTHUBIEHNUEM YYACTKA LIETIH.

[Ipy wu3MepeHUH HanpsHKEHUS HA YYacTKE DSJIEKTPUYECKOW LENu BO3HUKHOBEHUE
METOJMYECKOW COCTABJISIIOIIEH TOTIPEHIHOCTH OO0YyCIaBIMBAETCS IIYHTHUPYIOIIMM JIeHCTBUEM
R, Ha m3MepgeMyro nens (puc.1).

ITpu 5TOM CONpOTHBIIEHHE y4yacTKa LIENIM YMEHBIIAETCS, YTO NPUBOJUT K YMEHBIIECHUIO
NaJeHNs HalpsHKEeHUs Ha 3ToM ydacTke. [loaToMy mokasaHusi M3MEpUTENbHOTO Mprudopa Beeraa
MEHbIIIE, YeM (aKTHUECKOe MaJeHNe HANpPSHKEHUs Ha pacCCMaTPUBAEMOM Y4acTKe, Korja mpuoop
He MOoJKI0YeH. Bo3HUKaromas npu 3ToM OTHOCUTENIbHASI TOIPEIIHOCTh pPaBHA!



iE t E ‘ o i T
i ® M wllod ) oo
iRBH_D i i i Ryx.,

Puc. 1. Cxema 3KcriepuMEHTaIbHOTO OINPEAETICHUS HANIPSKEHUS BOJIbTMETPOM

5, (U)= AU—(") 100 =

RHal". (RBH. + RI/I) 100 0/ (12)
= — B 0
RBX.U [RHal". + (RBH. + RI/I)] + RHaF. (RBH. + RI/I)

anpu Ry =0
ou(U)=

= R 100,% (13)
RBX.U + RHaI‘. '

MeromMuecKyro MOrpelHOCTh MOYKHO ONPENESIMTh  SKCIEPUMEHTAIBHBIM IIyTEM, €CIIM TPH
MIOBTOPHOM M3MEPEHHH HAMPSDKEHHUS MTAPAILIEITHHO MEPBOMY BOILTMETPY V (pHC. 2) MOAKITFOUUTS BTOPOI
BOJIETMETP V> C BBICOKMM KJIACCOM TOYHOCTH M M3BECTHBIM BHYTPEHHUM CONPOTHBIICHHEM Ryy o, .

Toraa METOANYECKYIO MOTPEIIHOCTh MOYKHO BBIYUCIIUTH MO (OpMyIIe:

R U, — U
6M(U) — BX.V2 . Xv Xv 100,% (14)

RBX.U U;('U
T T Ry I
S I — T
' | | |
' |
E(H) | LR, |Rexy,
I | | | '
At SINEORONEY
| |
' | | |
|
:RBH.|::| i i i
' | | |
: : ® ® : 4_:_.7
L __ 1 e

Puc. 2. Cxema 3KkCnepuMEHTaIBHOTO ONPEACIICHUS] METOIUYECKOM MOTrPEeIIHOCTH
6



Ecmu noryctuTh, 9TO MOAKIIFOYEHHE BOJBTMETPA MPAKTHUYECKH HE W3MEHSIET TOK B IICMH, TO
BJIMSHUC R@x.v MOYKHO HCKJIIOYHUTH CIIOCOOOM HU3MCPCHUA MAACHHWA HAIIPSXKCHUA «IBYX OTCUYCTOBY,
NpH KOTOPOM M3MEHEHHE TIAJICHUS HANPSDKESHUSI TIPOBOIAT JBAXKIIBI IBYMsI PAa3HBIMU BOJIETMETPAMU, a
UCTHHHOE 3HauCHUE HAIPSDKEHHS PACCUMTBIBAIOT 110 (hopMyIie

2

RBX. _RBX.
Uy = Uy, ———7.B(19)

BX.p2 RBXv Uy

rne Uy Uy, — pe3yrbTarsl n3mMepeHust HarpsbkeHus BoiibT™erpamu V u Vo, B;
R ,R

BX.V

— BHYTPEHHHUE COMPOTUBIIEHHS BOILTMETPOB V 1 Vs, OM.

BX. V2
HpI/I HCIIOJIL30BAHMK MHOTOIIPEACIIbBHOIO BOJIBTMETPA U BBINIOJIHCHHUHN YCJIOBHS, YTO HOMMHAITLHBIN
TOK [ Hy Ha BCCX €ro Auaria3oHax OJWH U TOT K€, BBIPAKCHUEC AJIA U3MCPACMOI'0 HAIIPSZKCHUA U x AMCCT

BUI.
U,= Uvz Uvz’ B (16)
Uy
— Un2 _ RVZ o
e m— - R_ —KOS(b(bI/II.[I/IeHT HU3MCHCHY Iraria3oHa U3MCPEHNH, OT.C/1.;
H1 V1

Uyt , Uy, —HOMUHAIIBHBIE HAPSDKEHUSI MHOTOMPEIEBHOTO BOJITMETpA Ha IBYX IUANa3oHax, B;
R,,, Ry, - BHYTPEHHHE CONPOTUBIIEHNS] MHOTOIPE/IENBHOTO BOIILTMETPA Ha JIBYX JHanasoHax. Om.
AHanornuHble pe3yNbTarbl MOXKHO TMOMYYUTh OJHUM BOJBTMETPOM, €CIH TPU TOBTOPHOM
W3MEPEHUH  HAMpPSHKEHWST TMApaUiesIbHO  BOJBTMETPY — MOAKITIOYMTH  PE3UCTOP C  M3BECTHBIM

COTpOTUBIIEHNEM Ry = Rva.- Torna usmepsiemoe HamnpspkeHUe OyaeT paBHO

RBX
U,=U,, T v ,B(17)
U_V(RBXV-I_ RN)-Rp

AOCOIMOTHOE 3HAYCHHUE METOINIECKOMN TIOrpCIHOCTU U3MCPCHUSA MOKET OBITh BBIYHCIICHO IIO

hopmyure:
§u(U)
1+ 6 ,(U) XV°

A, ()= — B (18)

P C3yJIbTaT U3MCPCHUS HAIIPSPKCHUS MOKET 6LITL NPEACTABJICH YPABHCHUEM
Ux= Ugy + A(U)+ Ay(U), B (19)

rae Uy, - pe3ysbTar u3MepeHus (oka3aHus BOJIbTMETpa), B;

6 (U)
M=00

S(U)=+ yU—“ - OTHOCHTEJIPHOE 3HaYCHNE MHCTPYMEHTAIBHOM MOTPEITHOCTH, %0;
Xv

U,, - abcomoTHOe 3HaUeHNE HHCTPYMEHTAIBHOM MOTPENIHOCTH, B;

Y- KJIacc TOYHOCTH BOJIBTMETpa, %.
1.2.2. Onenka MeToANYeCKO MOrPenIHOCTH MPU U3MEPEHUHN TOKA
Tok B e MOXKHO U3MEPHUTHh IPUOOpaMU HEMOCPEACTBEHHOTO OTCYETa — aMIIEPMETPaAMHU.

B LEIIb U3MEPACMOI0 TOKA IMMOCIICAOBATCIbHO BKIIIOYACTCA aMIICPMETP.
HpI/I U3MCPCHUU TOKa BO3HUKHOBCHHUC METOJMYSCKOM COCTaBJISIONIAs MOrpCIIHOCTHU



pesynbTara u3MepeHus 00yCIIOBIIEHHAs! BHYTPEHHUM COMPOTHBIICHHEM amriepMeTpa R.

BHyTpeHHE conpoTuBiieHre amnepMerpa R4 MOXKeT GbITh ONpeeNieHo yepes3
HOMMHAJILHBINA TOK amrepMeTpa [, MpoTeKaloHii yepe3 U3MEepUTEIbHYIO el aMIIepMeTpa
Y MOIITHOCTb U3MEPUTEINILHOM 1IeNH aMIiepMeTpa

[Tpu BKIIFOYEHUH aMIIepMETpa B AMEKTPHUUECKYIO IIeTb (pHC. 3), COCTOSILYIO U3 UCTOYHUKA
DJIC u Harpy3KH, BCICICTBUE OTIUYHSI OT HYJIS CONPOTUBIIEHUS amiiepmeTpa Ry

cC
et b
jast
5
]
L

Puc. 3. 9HeKTpI/I‘leCKa${ LCTIb IIPU HEITOCPEACTBCHHOM U3MCPCHUHN TOKA

BO3HHUKACT MCTOANYICCKAA ITOTPCIIHOCTD, a0COJIFOTHOE 3HAUCHUE KOTOpOﬁ paBHO

] _|=__Ra
AD=1y— 1= T a A 20)

H

rne I, — mokazaHHs H3MEpUTENbHOro mnpubopa (TOK B LEMHM) IOCHE BKIOYEHHS B Heé
amIiepmeTpa, A;

| — ToK B 11enM 10 BKJIIOUEHUS prodopa, A;

R, — BHyTpeHHEe CONpOTHUBIIEHUE amIiepmeTpa, Om;

R, — compoTuBJEHME LIENH 10 BKIOYEHHs U3MepUTenbHOro npudopa, Om,
a OTHOCHUTEIIBHOE

— _A&Mggg=_ _Ra_
o, () = I 100 = R, 100, % (21)

MCTO,Z[I/I‘-ICCKEUI COCTaBJIAOIIAA MOTPCIIHOCTH BCCTa OTPULATCIIbHA, TAK KaK TOK B LCIIU
BCJICACTBHUEC BKIIIOUYCHUSA aMIICPMETPa YMCHBIIACTCH. Ota MOrp€IIHOCTb MOXKET OBITH UCKIIIOYEHA
BBCACHHUCM COOTBCTCTBYIOH_[Cﬁ TIIOIIpaBKU

Ay (D)
1+ Ay (D)
IIpn M3BECTHBIX CONPOTUBICHUSAX HArPy3KH RH u ammepmerpa R A TOK B IIenM 10

A (D= — Iy, A (22)

BKJIFOUCHUS aMIICPpMETpPa I BBIYUCIIACTCS 110 (I)OpMy.He

Ry +Rp

=1, ==, A (23)

rae [y — TOK B 1ienu 1moclie BKIKOYEHUS aMIIEpMETpa. A.
IlockonbKy B pealbHBIX YCIOBHUSX COIPOTHBJICHUE LENHM R, 4Yalie BCEr0 HEU3BECTHO,
pPacyYeTHBIM IIyTEM OTHOCHUTEIBHYI0 METOJMUYECKYIO MOTIPELIHOCTh ONPENEIUTh He yaaercs. Ee
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MO>XHO ONPENETUTh ONBITHBIM myTeM. JIJisi 3TOro mnocienoBaTeabHO C aMIepMeTpoM Aj
BKJIIOYAIOT aMIepMeTp Ap ¢ COnpoTuBieHueM Ry, (puc. 4).
OTtHocUTEeNbHOE 3HAYEHHE METOIMYECKON MOTPEIIHOCTH BBIYHUCISETCS 0 (hopMyIie:

8y (1) = Hiraz—ln R—Azloo, % (24)

Ipn1+A2 Rp

rae [,4 — nokaszanus amnepmerpa Aj 0 MOAKIIIOUEHUS B LIENb aMriepmeTpa Az A;
Ip1442 — TIOKa3aHUS amrepMeTpa A 1ocje BKIOYEHUS B LENb amnepMeTpa Ay A;
Rp1 4 Ry, — BHYTpEHHEE CONPOTUBIICHUE amIiepMeTpa A1 U Az COOTBETCTBEHHO, OM.
JlaHHYIO0 TOrPEUIHOCTh U3MEPEHUS TOKA MOKHO HCKIIIOYUTh METOJIOM <(IBYX OTCYETOBY.
Jis  Meroga  «IByX OTCUETOB» TOK U3MEpsAeTcsl JBYMs pa3HbIMU aMIepMETpaMH,
COIPOTUBIICHUS, KOTOPBIX U3BECTHBI. TOr/1a TOK B LIETIN ONPEAEIAETCS BBIPAXKEHUEM

Ra1— Ry
1= IAZ 1., ,A(25)
Ra1—Rap 22
Ia1
rae Iy, , I4— TOKa3aHUA aMIIEPMETPOB, A;
Rjq ¥ Ry, — BHYTPEHHHUE CONPOTUBIICHUSI COOTBETCTBYIOIINX aMIiepMeTpoB Aj 1 Az, OM.

Al A2

Puc. 4. DnexTpuueckas 1enb ¢ IByMs aMIIepMeTpaMu
B caydae oTcyTcTBHMsS BYX pa3HBIX amIepMETPOB MOXKHO BOCIIOJIB30BAaThCS OJHUM
aMIIEPMETPOM U 00pa3LOBBIM PE3UCTOPOM C CONPOTHUBIEHUEM Ry = R,, KOTOPBIH IpU BTOPOM
U3MEPEHUH TOKa BKIJIIOYACTCS IMOCIENOBATEIbHO C aMIepMeTpoM. Torja TOK B MU
OTIpeNIeNIIeTCs BBIPAXKECHUEM

Ry
I=1y5 7
“AZ(R, + Ry)—Ry
Iaq

A (26)

rae I41 — TOK, u3MepseMbIii aMIIEPMETPOM 0 TOIKIIIOUEHUS T00aBOYHOTO pe3nucTopa Ry , A;
Iy, — TOK, U3MEPSEMBIN aMIIEPMETPOM TOCIIE TOIKIIOUEHUS T00aBOYHOTO PE3UCTOpa
Ry, A.

MeTo «IByX OTCUETOB» JaeT BO3MOKHOCTh OINPEAETUTh TaKKE HEM3BECTHOE BHYTPEHHEE
COTIPOTHBIICHHUE aMIIEpPMETpPa, €CIIM BTOPOE U3MEPEHHE TOKa I4, MPOU3BOJIUTCS aMIIEPMETPOM,
KOTOPBI ITYHTUPOBAH 00Pa3I[OBBIM PE3UCTOPOM C COMTPOTUBICHUEM
Ry = R4. Jlomyckas, 4To IIYHTUPOBAHUE aMIIEpPMETPA HE BHI3BIBAET U3MEHEHUE TOKA B LIEMH,
MOYKHO HaWTH BhIpOKEHUE IS Ry:



I44—-1
Ry = Ry % Om (27)

Pe3y.]'II>TI/Ipy10HIaH IOrp€IIHOCTL HM3MCPCHHUA TOKa B LCIHU  ABJIICTCA CYMMOﬁ

HHCprMeHTaHBHOﬁ u MGTO[[H‘-IGCKOﬁ COCTaBJIAIOIINX U MOXKCET OBITH BEIYHCIIEHA!

Ss(I) = = 8(I) + 5.(1). (28)

B 3aximouenne Heo0X0AMMO OTMETUTH cienyromee. Eciu ammepmerp BKIIOYEH B IENb
IIOCTOSIHHO U KOHTPOJIMPYET €€ pabouyuil pexuM, TO METOAMYECKas MOrPEIHOCTh paBHa HYJIIO,
100 IOJHOE CONPOTHUBIIEHUE LIENIU HE U3MEHSETCS, a TOK B HAarpy3ke B TOYHOCTH PABEH TOKY,
IIOKa3bIBAEMOMY aMIIEPMETPOM.

1.3. 3agauu Mo oeHKe MOTPENIHOCTH NMPSIMBIX OTHOKPATHBIX H3MepeHu il

3ananue 1. [IpuBenure pemeHue 3a1a4 011 c80e20 8apuanmad.

1.

10.

11.

Haiity abGcotoTHYIO U OTHOCHUTEINIBHYIO ITOTPELIHOCTH BOJIBTMETPA, €CIH MPH U3MEPEHUN
HaAIpsDKEHUsT Ha pe3ucTope cornportuBieHueM 7 Om BonbTMeTp nokaszan 13,5 B. DJIC
MCTOYHMKA uTaHus paBHa 14,5 B, a ero BHyTpenHee conporusierue 0,2 Om.
Onpenenutb  OTHOCHUTENbHYIO  IOTPEIIHOCTh  U3MepeHus  HanpsokeHuss 100 B
BOJIETMETPOM KJjlacca TOUHOCTHU 2,5 Ha HOMHHAJIbHOE HampspkeHue 250 B.

Nmerorcs Tpu BoapTMeTpa: Kiacca 1,0 ¢ HomuHanbHbIM HanpsbkeHuem 300 B, kiacca
1,5 ¢ HomuHanbHBIM HanpsbkeHueM 250 B u kiacca 2,5 ¢ HOMHHAJIbHBIM HaPsyKCHUEM
150 B. OmpenenuTh Kakoil U3 BOJIBTMETPOB OOECIICYUT OOJBIIYI0O TOYHOCTH U3MEPEHUS
HanpspkeHus 130 B.

Hnst m3amepenus HanpspbkeHus 9,5 B ucnonb3yroTcst Ba BOJIBTMETpA: Kilacca TOYHOCTHU
1,0 ¢ HoMuHanbHBIM HampspkeHueM 50 B u kmacca TouHoctd 1,5 ¢ HOMMHANIBHBIM
HanpspkeHueM 10 B. Onpenenuts, npu M3MEpEeHUN HANPSDKEHUST KAKUM BOJBTMETPOM
HauOOJIbIIIasi OTHOCUTEINIbHAS ITOTPEIIHOCTh MEHBIIIE U BO CKOJIBKO pas3.

BoneT™MeTrpom ¢ BepxHMM mnpenenoM usMmepeHus 1,5 B usMepsiercs HampspkeHUE Ha
3aKMMax Leny. TOK MOJHOro OTKJIOHEHUS CTpeiku BoabpTMeTpa 1,5 MA. 3/1C nctounuka
0,8 B, ero Buyrpennee comporusienne 60 Om. Comportusnenue Harpy3kud 500 Ow.
Onpenenurs TOMYCKaeMOE 3HAYEHHE OTHOCUTENIBHOM IOTPEIIHOCTH BOJIBTMETPA, €CIH
KJIaCcC TOYHOCTH BOJIbTMETpa paseH 1,0.

Yepes pesuctop conporuBieHueM 10 Om npotekaer Tok 2,5 A. ITpu uamMepenun najaeHus
HaIpsDKEHUsT BOJBTMETp mokaszan 24,6 B. Onpenenuts aOCONMIOTHYIO U OTHOCHUTEIBHYIO
MNOTPEIIHOCTH U3MEPEHUS HANIPSKEHUS.

Bomer™merp kimacca 0,5 co mkamoit 0-100 B m3mepsier HampspkeHHE Ha y9acTKe IS
75 B. Ormpenenuts aOCOMIOTHYIO M OTHOCUTENIBHYIO TIOTPEIIHOCTH  H3MEPEHUs
HaIpPSDKEHUS.

Otcuer mo mkane nmpubopa c npexaenom uszMepenus 100 B pasen 55 B. Onpenenutsb
npeaesbl abCOoMITHOM MOTrpenrHoCTH JyTst mpubopa kiacca 0,02/0,01.

Onpenenutb OTHOCHUTENBHYIO MOTPEIIHOCTh U3MEPEHUs HAIPSDKEHUS, €CIM MOKa3aHWUs
BOJIbTMETpA Kiacca TouyHocTH 1,0 ¢ mpenenom n3mepenus 300 B cocraBunm 75 B.
Onpenenuts noka3zaHus JIByX BOJBTMETPOB C Ipeaenamu nsmepenus 150 B, ecnu kiacc
TOYHOCTH oxaHoro 1,5, a Broporo 2,5. [IelCTBUTENBHOE 3HAYEHUE H3MEPSIEMOIO
Hanpsbxenus 100 B.

Jna n3mepenus OJ1C B 1ienu UCnosib30BaH BOJbTMETP Kiacca 0,2 ¢ BEpPXHUM MPEAEIIOM
u3mepenus 3 B u BHyrpenHum comporuBieHunem R, = 1000 Om. Onpenenuts npenen
JIOITyCKaeMOM OTHOCHUTENBHOM morpenrHocTy npudopa, ecnu E=1,5 Bu R, = 100 Om.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Onpenenutb aOCOJTIOTHYIO U OTHOCHUTEIIBHYIO MOTPEIIHOCTH MU3MEPEHUsS] HAIpPSIKEHUS,
eciu BOJbTMETD ¢ npenesioM usmepenus 300 B knacca 2,5 nokassiBaer 100 B.

Jlns u3MepeHuss HanpsDKEHUS MCHOJb3YHOTCS /1Ba BoJbTMeTpa. llepBblii — ¢ mpenenom
m3mepenust 30 B kmacca 2,5 BTopoii — c mpeaenom usMepenus 150 B kmacca 1,0.
Onpenenutb, Kakol BOJIBTMETP M3MEPSET HANPSHKEHHE TOYHEE, €CIM IEpBBIA MOKa3as
29,5 B, a Bropoii 30 B.

Boastmerp Ha 100 B co mkanoit Ha 500 nenenuii nojacoenuHeH Kk cetd. OnpenenuTb
HanpspDKEHUE CETH, €CJIM  BOJBTMETp mokasbiBaeT 350 paenenuid. Onpenenuthb
HauOOJBIIYI0 OTHOCHUTEIBHYIO IOIPEHIHOCTh IPU H3MEPEHUM IpUOOpPOM  Kjacca
TounoctH 0,5.

[TaneHnne HampspDKEHHs Ha y4YacTKE LENU H3MEPSIOCh JBaXAbl JABYMS pa3HBIMHU
BoJbTMETpamMu. BoiabT™merp Ha 250 B ¥ TOKOM TNOJHOTO OTKJIOHEHHUs cTpeiku S0 MA
nokazan 120 B, a BoapT™erp Ha 300 B u TokoMm mosiHOTO OTKIIOHEHUs cTpenku 30 MA
nokasan 130 B. Onpenenuts 3Ha4yeHUE U3MEPSEMOIO HANIPSKEHUS.

W3mepenus majaeHus HanpspKeHUsl Janu cienyroomue pesynbrarel: 100 B Ha npenene
m3mepenust 250 B u 120 B na npenene usmepenus 500 B. Onpenenuts uzmepsiemoe
HaIpsDKEHUE, €CIIM TOK MOJIHOTO OTKJIOHEHHS CTPEJKH MpruOopa Ha BCeX Mpeaenax OIuH
U TOT XKe.

Jis u3MepeHus HanpspKeHUsl ObUT B3AT BOJIBTMETp co mkanoil Ha 100 B, ¢ BHyTpeHHHM
conpotusienueM 30 kOM, kmacca TtouyHoctu 0,5. Omnpenenuts aOCOTIOTHYIO
HOTPEIIHOCTh U3MEPEHUS HAIIPSKEHUS.

Onpenenuth Kiacc TOYHOCTU MpHOOpa, €ciau HaumOosbluas aOCONMIOTHAs MOTPEIIHOCTh
OpU U3MEPEHUU HAIPSDKEHUS MWUIMBOJIBTMETPOM C BEPXHHUM MPEAEIIOM H3MEPEHUS
100 mB npu m3mepenunun Hanpsoxenus 20 MB cocrasiser 1,2 MB.

B Hanuuuu uMmeroTcs 4eTbipe BOJILTMETpPA: MEPBbI BOJIBTMETP Kiiacca TouHocTH 0,5 ¢
npenenoM uzMepenus 250 B; Bropoit — kitacca Tounocty 1,0 ¢ mpenenoM nu3MepeHust
1000 B; tperuii — knacca TouHoctu 4,0 ¢ npenenom uzmepenus 300 B; uerBepThIil —
knacca tounoctd 0,8/0,6 ¢ mogauamnazonamu uzmepenus 50, 500, 1000 B. OnpenenuTs,
KaKHe U3 BOJBTMETPOB NOJOUIYT /Ui u3MepeHus HanpskeHus 200 B ¢ morpemHocTbio
He Oonee 2%.

AmMriepMeTrp ¢ BepxXHUM npezaenom usMmepenus 10 A, mokasan Tok 5,3 A mpu ero
necTBuTenbHOM 3HadeHHu 5,2 A. OnpeaenuTs aOCONIOTHYIO, OTHOCHTENbHYIO U
MPUBEIECHHYIO MOIPEUTHOCTH aMIIEpPMETPa, a TAKKE a0COTIOTHYIO MOIPABKY.

Onpenenuts KJ1acC TOYHOCTH MIJIJIMAMIIEPMETPA ¢ KOHEYHBIM 3HaueHHueM mkansl 0,5 MA
st u3mepenus toka (0,1-0,5) MA, 9TOOBI OTHOCUTENIbHAS TTOIPEITHOCTh U3MEPEHUS HE
npesbimana 1%.

UYro nokaxyr aBa MuwIIMaMiepmerpa ¢ npeaenamu uzmepenus 100 A m mkanoin Ha 100
nenennii knacca 1,0 m 0,5 mpu n3MepeHuM TOKa, NEHCTBUTEIBHOE 3HAUEHUE KOTOPOTO
paBHO 50.

Jlnis m3MepeHHs TOKa WCIOJB3YIOTCS JIBa aMIepMerpa: Kiacca 2,5 ¢ Tpenesiom
m3mepennss 5 A u kmacca 1,0 ¢ mpenenom wm3mepenus 10 A. OnpenenuTe Kakou
aMIEpMETp U3MEPSIET TOK TOUHEE, M Ha CKOJIBKO TOUHEE, €CIIM MEPBbIN nokaszan 2,95 A, a
BTOpOH 3 A.

Jlng m3MepeHus TOKa B LeNU C UCTOYHMKOM HampspkeHust 20 B m pesucropom ¢
conpotuBiieHrneM 20 OM wucnons3yrTcsa Tpu ammepmerpa: kiacca 0,2 ¢ mpenenom
u3Mmepenuss 1 A u BHyTpeHHMM comnportusieHuem 1 OM; kimacca 0,5 ¢ mpenenom
n3mepenus 2,5 A u BHyTpeHHMM conpotuBienueM 0,6 Om; kmacca 1,0 ¢ npenenom
u3MepeHus 5 A u BHyTpeHHuUM corpotusienuem 0,16 Om. Boibepure Takoil ammnepmerp,
KOTOPBII MO3BOJISIET U3MEPUTH TOK 0€3 ydeTa MeTOANYECKON MOTPEeHIHOCTH, T.e. Oy (1) <
0,26(D).

Onpenenutb OTHOCUTEIBHYIO NMOrpemHOCTh u3Mepenust J/IC renepaTopa BOJIBTMETPOM
C BHYTpeHHUM conpoTusieHueM | kOm. BuyTpennee conpotusiieHue reaeparopa 2 Om.
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26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

BoasTmerpom, wumeronm  BepxHMM mpenen usmepeHus 150 B m Tok mosHOro
OTKJIOHEHUSI 3 MA, u3MepseTcs MaJeHUe HalpsyKeHUs Ha pesuctopax R; =5 kOMm u

R, = 10 kOM, MOJKIIFOUEHHBIX IMOCJIEA0BATEIbHO K UCTOYHUKY ¢ Hampspkenuem 120 B.
Onpenenuth MOKa3aHUs MPUOOpPa W OTHOCUTEIBHYIO METOJUYECKYIO IOIPEHIHOCTh
U3MEPEHUS HANIPSKEHMUSL.

W3mepenns najeHus HANpPsHKEHWsT MHOTONPEIEIbHBIM BOJIBTMETPOM Al CIEAYIOLIUE
pesynbTathl: 100 B Ha npenene uzmepenus 250 B u 120 B na npenene uzmepenus 500 B.
Onpenenutb U3MepsIEMOE HAINPSIKEHUE, €CIU TOK MOJHOTO OTKJIOHEHHS BOJIbTMETpA Ha
BCEX IpejiesiaX U3MEPEHUs OJIUH U TOT XKe€.

Onpenenutb, KaKUMHU JOJDKHBI OBITh OTHOLICHHS BHYTPEHHErO CONPOTUBIICHUS
BOJIFTMETPA, MOJKIIOYEHHOTO0 K IIeNH, K €€ BHYTPEHHEMY CONPOTUBIICHHUIO, YTOOBI
OTHOCHUTEJIbHBIE METOINYECKHE ITOIPEIIHOCTH U3MEPEHUS HANIPSKEHUS HE MTPEBBIIIAIN
-0,1; -1 u-10%.

Jna m3mepenus OJIC reneparopa HMCHOIb30BaH BOJbTMETp Kiacca 0,2 ¢ BepxXHUM
npeaenom usMmepenus 3 B u BHyrpeHHuMm comportusiennem 1000 Om. Onpenenutsb
OTHOCHUTEJIbHYI0 METOAMYECKYIH0 morpemHoctb uzMepenus JJ(C, eciu BHyTpeHHee
COINpOTHUBIIEHUE UCTOYHHKA paBHO 100 Om.

Ornpenenutb NOKa3aHUs BOJIbTMETPA NPH U3MEPEHUM HANPSHKEHHS HA CONPOTUBIICHUSIX
2xOM u 1 xkOwm, ecnu BHYTpeHHEE CONMPOTUBICHHE BosbTMeTpa 2 KOMm. Hampspkenue
cetu 120 B.

Onpenenutb OTHOCUTENIBHYI0 METOAMYECKYIO IOTPEIIHOCTh W3MEPEHUS HaIpPSHKEHUS
BoibTMETpOM Ha Harpy3ke 2000 Om B unenu ¢ ucrounukom OIJIC, BHYTpEHHUM
COIIPOTHBIIEHUEM KOTOPOTO MOXXHO MpeHeOpeub, eCIM MOIIHOCTh, pacceMBaeMas Ha
BoJIbTMETpE, paBHa 10 BT, a Ha Harpy3ke 100 Br.

Onpenenutb OTHOCUTEIBHYIO MOrpemHocTs u3Mepenust JJIC renepaTopa BOJIBTMETPOM
C BHYTpeHHUM conpoTtuicHueM 10 kOM. BHyTpeHHee CONpPOTUBIEHHE TI€HEpaTropa
0,2 Om.

[Tanenne HampspKeHMsT Ha Y4YacTKE LENU U3MEpSEeTCs JBAXKIAbl JBYyMS pPa3HBIMH
BosibT™MeTpamMu. BoabTmerp Ha 250 B u Toxom monHOoro otkioHeHus 50 MA moxazan
120 B, a BonmbT™eTp Ha 300 B u TokoM momHoro otkinonenus 30 MA moxazan 130 B.
Onpenenuts 3HaUEHUE U3MEPSIEMOT0 HANPSKEHUSI.

BoneTMerpoM C BepXHMM mpenenom wusMmepeHus 1,5 B m3mepsiercs HampspkeHHE Ha
3akuMax 1enu comnporuBieHrneM 500 OM. Tok NOJHOTO OTKIOHEHHS BOJBTMETpA
1,5 MA. DJIC reneparopa pasHa 0,8 B, BHyTpeHHee comnpoTuBieHue reaeparopa 6 Ow,
conpotupiienne Harpysku 50 Om. Omnpenenutb OTHOCHUTEIBHYIO METOJIUYECKYIO
MOTPEIIHOCTD U3MEPEHUS HANIPSKEHUS.

[Ba BonpTMETpa ¢ npenenamu usmepenuit 150 B u conporusnennsamu 2 kOm u 3 kOm
COEMHEHBl TIOCIENOBAaTENbHO M MOAKIIOYEHBl K HWCTOYHUKY HampsbkeHus 220 B.
OnpenenuTtsb MOKa3aHUs KaKI0ro BOJIbTMETpA.

Onpenenutb OTHOCUTENIBHYI0 METOAMYECKYIO IOTPEIIHOCTh W3MEPEHHS HAIPSHKCHUS
BOJIBTMETPOM C BHYTpeHHUM cornpoTtusieHueM 40 kOm Ha Harpy3ke 100 Om B nenu c
ucrtouHnrkoM 3Hepruu, IJ1C koroporo 10 B u BHyTpennee conpotusienue 1,0 Om.
Ornpenenuts OTHOCUTENBHYIO NOTpemIHOCTh u3Mepenus JJIC reneparopa BOJIBTMETPOM
C BHYTpeHHUM conpoTtusieHueM 10 kOM. BHyTpeHHee CONpOTHUBIEHHE TI€HepaTropa
0,2 Om.

Jna onpenenenns OJIC reHepatopa K €ro 3aXxumaM IOACOEAUHEH BOJIBTMETP C
BHYTpeHHUM conpoTtusieHueM 1200 Om. BHyTpeHHEe CONpOTHBIEHHE TIe€HepaTopa
0,6 OM. Kakyro MeTonndeckyto OmMOKY Mbl JIOITYCKaeM, CUMTasi OKa3aHUe BOJIbTMETpPa
paBHbIM D/[C renepartopa?

Jns u3mMepeHus MOCTOSTHHOTO TOKa MOCHeNoBaTeNbHO ¢ pe3uctopoM 10 OM BKIIIOYEH
amriepMeTp ¢ BHyTpeHHUM compoTuBieHueM 0,2 OMm. OmnpenenuTh aOCOTIOTHYIO U
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40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

OTHOCHUTEJIBHYIO MOTPEIIHOCTH U3MEPEHMSI TOKA IPHU YCIOBHUM, YTO HANPSKEHUE PaBHO
5B.
Hns  um3MmepeHust Toka mochefoBaTesibHO ¢ pesuctopoM 10 kOM  BKIIIOYEH
MHKpoamIiepMeTp kiacca 1,5, umeromui mnpenen usmepeHuss 1| MKA U BHYTpEHHeEe
conpotusiieHue 0,3 Om. OmnpenenuTs OTHOCUTEIBHYIO METOAMYECKYIO IOTPEIIHOCTh
WU3MEPEHMs TOKa, €CIIM LEMb MUTAaeTCs HanpsbkeHneM 15 mB.
st u3MepeHust Toka B IIENH, COCTOsIIeH U3 ncrounuka nuranus, IJC koroporo paBHa
6 B u BHyrpeHHee comporuBieHre 2,5 OM W compoTuBieHUs Harpy3ku 297,5 Owm,
BKJIIOUEH MMJUIMaMIIEpMETp Kiacca 1,5 ¢ Tpems npenenaMmyu n3MepeHus:

I; =25 MA ¢ BHyTpeHHUM conpoTusieHreM 100 Owm;

I; = 50 MA ¢ BHyTpeHHUM conpoTuBieHreM 50 Om;

I, = 100 MA ¢ BHYTpEHHHMM CONPOTUBIECHUEM 25 OM.
Onpenenuth MOKa3aHUsS MPUOOPA, CHUCTEMATHUECKYH MOTPEIIHOCTh M IOTPEHIHOCTh
M3MEpEeHUl Ha BceX Tpex Ipeneax u3MepeHus npuoopa.
Jns UCKIIOUEHHs METOAUYECKON NOTPEelIHOCTH TOK B LENH HM3MEpSeTcs JBYyMs
aMIepMeTpamMH, MUMEIOIIMMHU MOJIHBIM TOK OTKIOHeHus 5 A u 7,5 A U BHYTpEHHUE
conpotusiienus 0,2 0M u 0,1 OMm. Omnpenenutrb U3MEpsIEMOE 3HAYEHUE TOKA, €CIIH
[IOKAa3aHusl IEPBOIO U BTOPOro aMIiepMeTpoB paBHbl 4 A u 4,5 A COOTBETCTBEHHO.
[Tpu u3MepeHHH TOKa aMIEPMETPOM, MMEIOIUM BHyTpeHHee comportuBieHue 0,5 Owm,
NOJYy4YeHO 3HadeHue 3,5 A, a mocie BKIIOYEHHUS B IEMb J00aBOYHOTO PE3UCTOpPA
conpotusiienreM 1 OM Tok ymensimics A0 3 A. OnpenenuTs 3Ha4eHHe TOKa B LIENH 10
BKJIIOUEHUS aMIIEpMETPA.
B uens 11 u3MepeHHs TOKa BKIIOYEH MHUKpOaMIIEpMETp Kjacca TOYHOCTH 1,5,
UMEIOUINI BepXHUM mpenes u3Mepenust | MkA u BHyTpeHHee conpotusieHue 0,3 Owm.
Onpenenutb  OTHOCUTEIBHYKD  METOAMYECKYIO  IOIPEIIHOCTh  H3MEPEHHS  TOKa
MUKpPOAMIIEPMETPOM NpHU HanpsbkeHuu 15 MB u conpotuienun Harpysku 10 kOm.
[TocnenoBarenbHo ¢ pe3uctopoMm conportusieHneM 50 OM  BKIIIOUEH aMIIEPMETP,
KOTOphI Moka3biBaeT TOK 0,6 A. TlapamnenbHO pe3uCTOpy MOAKIIOYEH BOJBTMETP,
nokasaHusi Kotoporo 25,2 B. OnpenenuTs BHyTpEHHEE CONPOTUBIIEHUE BOJIBTMETPA.
[Ipy noaxiarOYeHMHM K 3aXUMaM MCTOYHMKA JHEPIMM aMIlepMeTpa C BHYTPEHHUM
conpotusiieHueM | OM, nmocieaHuil nmokasai Tok 4 A, a IpU MOJKIIOYEHUH K TOMY K€
MCTOYHUKY BOJBTMETpPA C BHYTpeHHUM compoTuBieHueM 10 kOMm mocnenHui moxasai
7,5 B. OmpenenuTh HamnpsokeHWE Ha BBIXOJE WCTOYHMKA SHEPTUU U TOK KOPOTKOTO
3aMbIKaHUS MTOCIIEAHETO.
Onpenenutb  OTHOCHUTENBHYIO  METOIMYECKYIO TOIPEHIHOCTh  W3MEPEHMS  TOKa
amMIiepMeTpoM ¢ BHYTpeHHUM comnpoTtusienuem 0,2 OM, BKIIFOYEHHBIM TOCIIEI0BATENEHO
B 11enb ¢ ucrouHukoM D/IC BHyTpeHHuM conporusiaeHrueM 100 Om.
B umemp 1y u3MepeHHs TOKa BKIIOYEH MHUKpPOAMIIEpPMETp Kiacca To4yHocTu 1,5,
UMEIOUINI BepXHUN npenen n3mepeHuss 1 MKA u BHyTpeHHee conpotusieHue 0,3 Owm.
Onpenenutb  OTHOCHUTENBHYIO METOJIMYECKYIO TOrPEUIHOCTh  U3MEPEHHs  TOoKa
MUKpPOAMIIEPMETPOM NpHU HanpsbkeHuu 15 MB u conpotusnennn Harpysku 10 kOm.
[Ba BonpTMETpa ¢ npenenamu usmepenuit 150 B u conporusnennsamu 2 kOm u 3 kOm
COEIMHEHBl IIOCIENOBAaTENbHO M MOAKIIOUEHBl K HWCTOYHUKY HampsbkeHus 220 B.
OnpenenuTtsb MoKa3aHus KaKI0ro BOJIbTMETpA.
[Tpu n3MepeHnn HampsKEHUs: Ha Harpy3ke ¢ conpotuBieHneM 7 OM BOJIBTMETp MOKa3al
13,5 B. OJIC ucrounuka 14,2 B, a ero BHyTpenHee conportusieHue 0,1 Om. Onpenenuts
a0COJIIOTHYIO M OTHOCUTENBHYIO METOAMUYECKUE MOTPEITHOCTH U3MEPEHUS HANPSHKEHUSI.
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I1. OLIEHKA IMOT'PEIIHOCTHU KOCBEHHBIX OJJHOKPATHBIX
U3MEPEHUM

11.1. OcHoBHBIE onpeesieHusi U GopMYJIbI IPH OLlEeHKE HHCTPYMEHTAJIbHOM
COCTABJIAIOLIEH NMOIPEeLIHOCTH

B GonbIMHCTBE cIy4aeB U3MeEpsIeTCsl HE HEMTOCPEICTBEHHO MHTEPECYIONIasi HaC BEIMYUHA,
a Jpyras, Oompeleisomnias UCKOMYI0 TeM HJIM UHbIM oOpa3zom. Hampumep, s ompezneneHus
CONPOTHBIICHHS IIENU Mbl U3MepseM Hanpsbkenue Ha ydactke nenu U, um Tok B Hell Iy, a
CONPOTHUBIIEHUE BBIYUCIISIEM, UCIIOJIb3Ysl COOTHOLLEHHUE:

R==%. (29)
Ia

[Tpy Takux M3MEPEHHAX, KOTOPbIE HA3bIBAIOTCS KOCBEHHBIMH, HEOOXOAMMO TAK)KE YMETh
BBIYUCIIATH IIOTPELIHOCTE pe3yibTara.

[Tpy KOCBEHHBIX M3MEPEHUSX MOTYT OBITH JIBa OCHOBHBIX CJy4as, KOTJa MHTEpeCyroIas
Hac (hru3nyecKasi BeJIMYMHA 3aBUCUT OT OJJHOM, TM0O OT HECKOJIbKUX U3MEPSIEMbIX BEJIUYUH.

KocBeHHbIE N3MEPEHMS BKIIIOYAOT JIBA 3TaIla:

- HEMOCPEJCTBEHHOE U3MEPEHUE OHOM UM 6oJjiee BEeIUYHH;

-BBIYMCIICHUE TI0 W3BECTHOH (YHKIMOHAJIHHOM 3aBUCUMOCTH HMHTEPECYIOIIeH Hac
(bu3u4ecKoil BETUUUHBI.

OneHka NorpeiHoCTH pe3ysibTaTa BHIYMCIEHUHN TaKKe BKIIOYAET JBa dTara:

- OLEHKa HOrPEeHIHOCTH, OOYCIOBJIEHHOH METpPOJOTHYECKUMHU XapaKTepUCTHUKAMHU
CpelcTBa U3MEPEHHU, UCIIOJIBL3YEMOI0 IS HEIIOCPEACTBEHHOTO MIPSIMOT'0 U3MEPEHNUS;

- OIpElENIeHHE, KaK 3TH IOTPELIHOCTH «PACIPOCTPAHAIOTCS» B pacyeTax U IPUBOIAT K
IOTPELIHOCTH B KOHEYHOM PE3YJIbTaTE.

[Tycts 3aBUCHUMOCTH (PU3MYECKONM BEIMYUHBI Z OT BeIMYUH X U Y, H3MEpEeHHBIX
HETIOCPEICTBEHHO TPAMBIMU H3MepeHusmHu, ¢ norpemnoctsamu AX u Ay, wumeer HanGonee
IIPOCTOM BUJ

Z = X+Y, (30)

Eciu usMepsieMble BeqMuMHbl X U Y yBenuuuth Ha BenmuuHy AX u Ay, To Benmuunna Z

COOTBETCTBEHHO M3MEHHUTCS Ha BEIMUMHY AZ, TOTJ1a UMEEM

Z+Az=(x+Ax)+ (y + Ay) = (x+y) + (Ax + Ay), (31)
Eciu AX u Ay — ommOku usmepenus BenwuuH X u Y, To coorBercTBenHo AZ Gymer

OLIMOKOM pe3ynbTara.
TakuM 00pa3oM, MOTPENIHOCTh KaK CYMMBI, TaK M Pa3HOCTH MPEICTABISIET COO0W CyMMy

IOrPENIHOCTEN NpAMBIX u3Mepenunii AX u Ay.

Eciu BenuuuHbl X M Y HE3aBUCHMBI M U3MEHSIOTCS CIydallHBIM 00pasom, 10 B 50%
ClydaeB TEPEOIEHKH X OyayT CONPOBOXKAAThCS HemooneHkaMu Y u  HaoGopor. Torma
BEPOATHOCTH NepeolieHku X 1 Y Ha nonusle Benmnunnsl AX u Ay mana.

CnenoBarensHo, HemocpeacTBeHHoe cnokenne AX + Ay mepeounenuBaer Hamry
BO3MOXHYIO omnOky AZ.

Eciu X v Y HE3aBUCHMBI U M3MEHSIOTCS CIIyY4aliHbIM 00pa3oM, TO MOTPEIIHOCTh CYMMBI

x+y 0o pasHOCTH X—) ONPEACHICTCA HE HENMOCPEACTBEHHBIM CIIOKCHUEM HOFpCI.HHOCTCfI ,a
KBaApaTUYHBIM CYMMHPOBAHUCM

Az = /A2 x + A% y. (32)

Ecnu Benuaunst X,Y, ..., U,W usmepensl ¢ manbimu norpemnoctsvu Ax, Ay, ..., AU, AW u
MCIIOJB3YIOTCS ISl pacdeTa MOrPEIHOCTH MPOU3BEIEH S MO0 YaCTHOTO
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xy
Z=—(33)
uw
TO OTHOCHTEIIbHASI TTOTPEITHOCTh PACCUNTHIBAEMON BEIMYMHBI Z paBHA CyMME OTHOCHUTEIbHBIX
norpewmHocreu X,Y, ..., U,W

2 \/—+—+—+— (34)

Ecnu 3aBucuMocTh I/IHTepeCYIOH_IGI/I HAC BEIIMYUHBI Z OT HSMCpHCMOﬁ HEIIOCPCACTBCHHO
IMPAMBIMHA U3MEPCHUAMHU BCIIMYUHBI X UMeeT CTeIICHHOM XapakTep

—_ n
Z=x ", (35)
Ax Az
U B€JIIMYMHA X I/ISMepﬂeTCH C HOFpeIHHOCTLIO — , TO OTHOCUTCJIbHAaA HOFpGIHHOCTI) — BN pa3
X z

0OJIbILE OTHOCUTENBHOM IorpemHocT AX

Az Ax

~=n=.(36)

z X

Ecnu nckomoe 3HaueHHe (HU3WYECKON BEIMYMHBI HAXOIAT HA OCHOBAHHH pe3ynbTaToB

OpAMBIX M3MEPEHUH HECKOJIBKHMX BEIHMYMH, X1, Xz, CBA3AHHBIX C HCKOMOM H3BECTHOU
dyHkuMoHanbHON 3aBucuMocThio Z=f(X, X, ), uHCTpyMeHTanbHble Torpemnoctn AXq, AX,
KOTOPBIX €CTh HWCTOYHMK WMHCTPyMEHTaNbHOM norpemnoctd AZ, 3HaueHume QyHKUUH
z = (x4, x,) moxer 6bITH IpesicTaBiIcHO Psiiom Teitnopa

2Az=H(xy 5 ) % (= Ax1+ xX,) + —[afAZ 2a a Ax; A +2 fA ]i....(37)

OTtOpachiBast WiI€HbI, COAepKallnue A? X; 1 Oosiee BBICOKUE CTEIICHHM, OLIEHKA Pe3yJbTaTa
KOCBCHHOI'O UBMEPCHUA MOKET OLIThH 3allicaHa B BUC

2+ Az=f(xy,%,) + ("’—fo1 + a—foz), (38)

of

rie ( Axqy + ox

AXZ) — aOcomoTHas MOrpeIIHOCTb KOCBECHHOI'O U3MCHCHMU.

PacnpocTpaHss noiy4eHHOE BBIpaXKEHUE Ha JTF000€ YHCII0 apryMEHTOB, A0COIIOTHYIO
MOTPEIIHOCTh KOCBEHHOTO U3MEPEHUS MOKHO 3aIIMCaTh B CIEAYIOLIEM BHUJIE:

n
A Z | Ax,, (39)
z= —| Ax;,
L ox;]
af i=1
T/l == — YaCTHas POM3BOJIHAL OT (GyHKIUM Z 10 i-My apryMeHTy X;, BBIYMCIICHHAS IPH
i

IMOACTAHOBKE B HEC OLICHOK apryMCHTOB, Ha3bIiBacMas (i)YHKHHefI BJIMAHHUA IMOTPEIIHOCTH
COOTBCTCTBYIOLICTO apryMEHTA Ha MMOTPCHIHOCTD PE3YyJIbTaTa KOCBCHHOT'O U3MCPCHUS

Ax; - gactHas aGCOMIOTHAS OTPEIIHOCTD PE3YIILTATA KOCBEHHOTO M3MEPEHHS OT BIMAHHS
HOTPEITHOCTH I-TO apryMEHTa.

Jlns onenku nmorpemHocT AZ pe3ynbTaTa KOCBEHHOTO U3MEPEHUS HEOOXOIUMO UMETh Ty

WK HHYI0 nHdOopManuio o norpemnocTsax AXy, AX,, ... AXj pe3ynbTaToB IPAMBIX H3MEPEHUIA.
[Tostarast 3T MOrPEITHOCTH HE3aBUCUMBIMH, [0 IPUHATOMY B MaTEMaTHYECKOM
CTATHUCTHKE 3aKOHY CIIOXKEHHS OTPENIHOCTEH, MOTydnuM 00LLyI0 HOPMYITy JUIS BHIYUCIIEHHS

a6CcoMOTHOM TorpemnocTy AZ Ipu KOCBEHHBIX H3MEPEHHUSIX:
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Az = (a—f)z A%x; + (:—f)z A%x, + -+ (:—f)z A?x; , (40)

6x1 X2

4

a AJIs1 BBIYMCIICHUA OTHOCHUTEIIbHOU IOrpC€IIHOCTH

AZ_Z _ (E)lnf)2 A2x, + (alnf)z AZx, + - + (alnf)2 A?x;. (41)

0x4 0x, 0x;

@DopMyJbl Uil BBIYUCIIEHUS a0COTIOTHBIX U OTHOCUTEIBHBIX MOTPEIIHOCTENH M3MEpPEHUS
HEKOTOPBIX HambOOoJIee 4acTO BCTPEUAIONIUXCS (PYHKIIMOHATBHBIX 3aBUCHMOCTEH MPHUBEACHBI B
[Tpunoxenun 1.

B peanbHBIX M3MEPEHUSX TOIPEIIHOCTH HM3MepsAeMbIx BennunH AX U AX,,  Moryr
CWJIBHO OTJIMYAThCs APYr OT Apyra. Eciu nias omHOro w3 aprymMeHTOB, HapUMeEp, apryMeHTa

Xl’ BBIITOJIHACTCS HepaBeHCTBO
of of
— Ax,>3 — AX,, (42
9x4 1 ax, 2)( )
TO MOXHO CUHUTATb, YTO IIOI'PCIIHOCTH KOCBCHHO OHpeHeHeHHOﬁ BCJIINYHUHBI AZ OIpCaCIIACTCA

norpermHocteio AXq, T.€.
—19f
Az = | Fr | Ax;. (43)

[Ipy BBIYKCIICHHH IOTPEIIHOCTH KOCBEHHO OMNpee/iieMOl (HM3HUECKON BEIMYMHBI Z
HA/O0, TPEXKJE BCEro, BBIIBUTH HAMMEHEE TOYHO OIPEICIICHHYI0 HHCTPYMECHTAIBHYIO
MOTPEITHOCTh U3MEPUTEIBHOTO MPHOOPa, U3 UCIOIB30BAHHBIX B MPSIMBIX U3MEPECHHSX, U, €CIIU
BBITOJIHAETCS HEPaBEHCTBO (42) onpenenuts AZ mo Gpopmyie (43), mpeHeOperas MOrpemHoCTbIO

OT aprymMeHTa Xs.
11.2. OcHoBHbIe onpenesienuss U GopMyJibl MPH OlleHKE METOAMYECKOI COCTABJISIIONIEH
NMOrPeIHOCTH
11.2.1. Onenka MeTOAMYECKOI COCTABJISIIOLIEH MOTPEIIHOCTH NPH
W3MEpPEeHNH CONPOTHBJICHHS B LENsIX MOCTOSTHHOI0 TOKA

[Ipu n3MepeHnn COnpoTUBIEHUS PE3UCTOPA KOCBEHHBIM METOJIOM IpEeayCMaTpUBaeTCs
IpUMEHEHHE MpHOOPOB, NMPEJHA3HAYEHHBIX JUISI U3MEPEHMs] TOKAa U HaNpsDKEHUs. 3HaueHue
CONPOTHUBIICHUS TMOJYYalOT PACYETHBIM IIyTEM IO pe3yibTaTaM HM3MEPEHUNH M H3BECTHBIM
rapaMeTpam U3MEPUTEITBLHON LIETIH.

MeTton ammnepMeTpa Mo3BOJSIET U3MEPUTH COMTPOTUBIICHHUE, €CITH UMEETCs, 00pa3OBBI
pesuctop Ry = R,.. Bo3aMoxHBI Ba BapuaHTa U3MEPUTEIHHOMN 1IEMHU, KOTOPbIe N300paKeHBI Ha
puc. 5.

Ra Ra R

R
LA

R, RN

a) 0)
Puc. 5. Cxembl u3MepeHys CONPOTUBIICHUS aMIIEPMETPOM
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B cxeme puc. 5a nmpu 3aMbIKaHUM TIEpEKIIIoUaTelis S Ha 00pa3oBbIi pe3ucTop Ry TOK B
LIENH PaBEeH

I,= v (44)

RN +Ra
a IIpY 3aMbIKaHUH HA U3MEPSIEMBIN pe3ucTop Ry

U
RaA +Ry

I= . (45)

N3 06oux BeIpaKCHUH CIIETyeT:

R,=(Ry + RA)% — Ry, OM (46)

rae Ry — conporuBienue ammnepmerpa, Om.
B cxeme puc. 50 u3sMepeHus] TakKe MPOU3BOAAT MPU 3aMKHYTOM U Pa30MKHYTOM
nepexirouarene S. BenwmunHy R, pacCUUTHIBAIOT MO (hopMyIie

R,=(Ry + Ry (j—z — 1), Om(47)

MeTtoaom BOJIBTMECTpPA MOKHO HU3MCPATL COIPOTUBJICHHA, IO 3HAYCHHIO OIu3KHeE K

CONPOTHBJIEHHIO BOJbTMETpA R, (pHic. 6a) WM CONPOTHBICHUIO OOPA3IOBOro pe3ucropa Ry
(puc. 60).

S S11

N 3]

I . I

U R Unur \H

X L

Ry _
S12

a) 0)

Puc. 6. Cxema u3MepeHust CONPOTUBIIEHUS BOJIbTMETPOM

B cxeme, nokazaHHoil Ha puc. 6a, BOIbTMETPOM U3MepstoT HanpsbkeHus U= Uy, 1 Us:

U, = I,R, = R, B (48)
X

R, + R
rac 117 — TOK, HpOTCKaIOH_II/Iﬁ B KaTylIKe BOJIbTMETpaA, A.
M3 mokazanuit BOJIbTMETPA BBIMUCIIAKOT 3HAYCHUEC U3MEPACMOTI0O COIIPOTUBJICHUA

U
R, =R, (—1 — 1), Om (49)
Uz
€CJIM U3BECTHO BHYTPCHHEE COMPOTHRIICHUE BOJIbTMETPA R,

Korna BHyTpeHHee CONPOTHUBICHHE BOJBTMETPAa HEU3BECTHO, MHCIIONB3YIOT CXEMY,
NPUBEJICHHYIO Ha pUC. 60, ¢ 00pa3IOBBIM PE3UCTOPOM Ry, CONIPOTHBIIEHHE KOTOPOTO BHIOUPAIOT
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Omm3kuM K comportuBiieHnio R,. [lo pe3ymbraram wm3MepeHus mnajaeHui HampspkeHus U; Ha
pesucrope Ry u U, Ha pe3ucTope R, BBIYUCIAIOT 3HaYCHUE R, !

R, = RNZ—j . OM (50)

Pesynbprar ompeneneHuss R, HE 3aBHCUT OT BHYTPEHHETO COMPOTHUBIICHHUS BOJLTMETPA.
[Ipenen u3mepenuit BOJIbTMETpa HEOOXOAUMO BhIOMpATh U3 yeaouss U, = Uy n U, = U, .

Jlns peanuzanuu METO0B OJHOTO Ipubopa TpeOyeTcs UCTOUHUK MUTAHUS CO CTAOMIIbHBIM
HANPSDKEHUEM M MaJIbIM BHYTPEHHUM CONIPOTHUBIICHUEM (aKKyMYIISITOpHAs OaTapest).

H3mepeHne COMPOTHUBICHUS METOAOM JBYX MPHUOOPOB «BOJBTMETpA-aMIIEpPMETPar
MPOBOAMTCS IO IBYM CXEMaM COSIUHEHMSI 3TUX MPUOopoB (puc. 7).

W3 noka3zanuii npubGOpPOB Ha OCHOBaHMM 3aKOHa OMa MOXHO BBIYMCIUTH MPUOIMKEHHOE
3HavyeHue R win R, U3MEpPEeHHOr0 CONMPOTUBIICHUS:

R, = R;'=§’—:,0M(51)

rae U, - noka3zanue BoJbTMETpa, B;

I, — mokazanue amnepmerpa, A,
KOTOPO€ OTINYACTCS OT ACUCTBUTENBHOTO R,. Bo3HMKaromas Meroaudeckas MOTPEIIHOCTh
A, (R), oOycnoBieHa BIHMSHUEM CONPOTHBIEHUN H3MEPUTENBHBIX HPUOOPOB U 3aBUCHT OT
CXEMBI UX BKJIFOYECHMUS.

Umn V Rx Unn'r RX

a) 0)

Puc. 7. Cxembl BKJIIOUEHUSI U3MEPHUTENBHBIX TPUOOPOB NP ONPEEIIEHUU CONTPOTUBICHUS
KOCBEHHBIM METOJIOM:
a) MpY U3MEPEHUN CPETHUX U OONBIINX CONPOTUBIEHUH (10 108 Om) c
MHUKPOAMIIEPMETPOM,;
0) mpu U3MEPEHUHU MaJIbIX COMPOTUBIIEHUH (110 107 OM) ¢ MUJIITUBOJIBTMETPOM.
B cxeme, nmokazaHHON Ha puc. 7a, BOJIBTMETPOM M3MEPSETCI CyMMa HaIpsDKEHUHM Ha
pesucrope R, u amnepmerpe

U‘U = URX+ UA = IARX+ UA’ B (52)

VYuureiBas najgeHue HanpsokeHus Ha amriepmerpe Uy = [4 Ry, monydaem:

_ Ux+Ugyg

R, = R, + Ry, OM( 53)

I

OTKyJla CKOPPEKTUPOBAHHBIN PE3yIbTAT ONpPEEIICHHUS CONMPOTUBICHUS PE3UCTOpa R, MO CXeMe
(puc. 7a) Oyner paBeH

R, = R, — R,, Om. (54)
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M3meHeHne cxeMbl BKIIIOYEHHS TPUOOPOB (IIepeHOC amIriepMeTpa OJImke K HICTOYHUKY —
(puc.70) He UCKIIIOYAET METOIUYECKYIO MOTPEIIHOCTh, a MPOCTO MEHSET €€ MPHPOoay. B aTOM
cllydae MPUYUHON MOTPEIIHOCTH OyJeT BHYTPEHHEE COIpOTHBICHUE BoiabTMeTpa (Ry # ) m,
KakK CJI€ACTBUC, TeKyL[II/If/’I 4Cpe3 HCro TOK IV H, IO3TOMY, HECKOJILKO 3aBBINICHHBIC ITOKA3aHUA

U
amriepmerpa: Iy = Ip + I,,. Yuursisas ok [, = R—”, MOYKHO IIOJIyYHUTh:
v

Uy Ry

. +1, 1. Re
R,

R! = ,0M (55)

1+

OTKYyJa
R
Ry

R,

R, = .0M (56)

AGcomtoTHas METOMYECcKast IOIPEIIHOCTD JIsl CXEMBI Ha pUC. 7a paBHA
r __ ! —
Ay= R, — R, = R4, OMm (57)
a OTHOCUTEJbHAS MOTPEUTHOCTh JIJIsi CXEMbI Ha PHUC. 7a

R
5‘! A
M R

x

100, % (58)

) OIIPEACIICHUA OTHOCUTEIBHON METOANYECKOM MOrpeIIHOCTU CIICAYCT, YTO 4YEM

R
MCHBIIIC COOTHOIICHUEC R_A’ TEM MCHBIIC MCTOANYCCKAA NOTPCHIHOCTD. HOSTOMy HU3MEPCHHUE T10
X

cxeMe Ha puc. 7a o0ecreuuBaeT MEHbBIIYIO MOTPEUIHOCTh IMPH HU3MEPEHUH OOJIBLIMX
COIIPOTHUBJICHHUIA.

PesynpTar  ompeneneHuss CONPOTUBIICHUS pPE3UCTOpAa  NPU H3MEPEHUU TOKOB U
HaNpsDKeHUH 1Mo cxeme (puc.7a), MaéT 3aBBINICHHYIO BEJIMYWHY M3MEPSEMOTO CONPOTHUBICHUS
pesucropa Ry MO CpaBHEHHIO C €ro JeWCTBUTENbHBIM 3HadeHueM. [Ipu 3ToM OTHOCHTENbHas
MeTOoANYECKast MOTPEeIHOCTh OyIeT TeM MEHbIIIE, YeM MEHbIIE CONPOTHUBIIEHHE ammepmeTpa Ry.
[ToaTOMy TO/IB30BaTBCS CXEMOM Ha puc. 7a ciemyeT B Tex ciydasx, korma Ry « Ry, uto
MO3BOJISIET IPeHeOpeyUb CONPOTHBIIEHHEM amriepmerpa Ry, T.e. cuutats oy = 0.

Tak Hampumep, eciM TPH HM3MEPEHUH METOIOM «BOJBTMETpA — aMIEpPMETpa»
COIIPOTHUBIIEHUS PE3UCTOPA UCHOIB30BAH aMIEPMETP C BHYTPEHHHM comnpoTuBieHneM Ra = 10
OM ¥ 1o moKa3aHHUsIM BOJIBTMETpa M ammepMmeTpa, cooTBeTctBeHHo, Uy = 200 B, I = 2 A,
BBIYUCIIEHHOE conpoTHuBieHne paBHO Ry,= 100 OM, TO abcomoTHast MeTOIUYecKasi HOrPEeIIHOCTh
oTpeJIeSICHUs] CONPOTUBIIEHHS pe3rcTopa Oyaer paBHa A, = Ra= 10 Om, uto coctasisier - 10%
OT pe3yJibTaTa U3MEpEeHus: (OTHOCUTEIbHAs METOANYECKas MOTPEUIHOCTh). TakuM 00pazom, 3Ty
COCTABJISIONIYI0 MOYKHO TIOJTHOCTBIO CKOMITEHCHPOBATh MPOCTHIM YMEHBIIIEHUEM BBIYUCICHHOTO
3HadeHust Ha 3HadeHue A, = Ry = 10 Om. Ecu ipu Ry, = 10 R, BBIUmMCIeHuE 110 hopmyie
(58) maér momomuuTenbHy0 ommoOky 10%, To mpu Ry, = 100 R, sTa ommbka He Oyner
npesbimath 1%.

AOGcomoTHas MeToAnYecKast MOrPeIHOCTb [T CXeMbl Ha pUCYHKe 30 paBHa

2

! n Rx
AM= Rx _Rx = —m ,OM (59)
x v

a OTHOCUTCIIbHAs NOTPCHIHOCTD AJIA CXCMbI PUC. 70
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Ry Ry

Ry +R, R,
W3 onpenenenyss OTHOCUTENBHBIX METOAMYECKUX ITOIPEIIHOCTEN CIIEYET, YTO YEM

Sl = 100, % (60)

R;
MCHBIIC COOTHOIICHUEC R—X , TEM MCHBIIC METOANYCCKAA IMOTIPCIIHOCTD. I/I3MepeHI/IC 10 CXEMC Ha
v

pucyHke 30 oOecreYrBaeT MEHBIIYIO MOTPEITHOCTD MTPU U3MEPEHUH MaJIbIX COMPOTUBIICHUI.

N3 dhopmyier (59) cnemyer, 9To pe3ynbTaT BHIYUCICHUN CONMPOTUBIICHHS PE3UCTOPA, TIPH
U3MEPEHUU TOKOB W HANpPsDKEHUH IO cxemMe Ha puc. 70 1aér 3aHWKCHHYIO BEIHYUHY
WU3MEPSIEMOTO COMPOTHBIICHUS TI0O CpPaBHEHHUIO C €ro HWCTUHHBIM 3HadueHHeM. llosTomy
MOJIb30BaThCA CXEMOM Ha puc. 70 cieayer B Tex chydasx, korma Ry > Ry D1y cxemy
NPUMEHSIOT JJII HM3MEPEHUW CONPOTUBJICHHA PE3UCTOPOB, MEHBIINX [0 CPaBHEHHUIO C
COIIPOTHBIICHUEM BOJIBTMETpA. B 3TOM cilydae TOKOM B BOJIBTMETPE MOXKHO IpeHeOpeUb, TO €CTh
cunrtarth 0, = 0.

Takum 00pa3oM, BBIOOP CXEMbI BKIIFOUCHHS H3MEPUTEIIbHBIX IPHOOPOB MPH
OTIpE/ICIICHUU COITPOTUBIICHHS PE3UCTOPA 3aBHCUT OT COOTHOIIICHUH U3MEPSIEMOTO
COIIPOTHUBIICHUS PE3UCTOPA, M BHYTPEHHHUX CONPOTUBICHUN U3MEPUTEILHBIX PHOOPOB.

Ry Ry
Ecin = > = TO MPU UCTOIB30BAaHUH CXEMBI (pHC. 7a) pe3ynbTaT u3Mepenus Ry Oyner
A X

UMETh MEHBINYI0 OTHOCHTEIbHYIO METOAMYECKYIO MOTPEIIHOCTh Oy [0 CPABHEHHIO CO CXEMO
(puc. 7 30).

R

R

R
Ecmmn R—X < =£ | TO IpHU UCTIONB30BAHUM CXeMBI (pHC. 70) pe3yabTaT u3Mepenus R, 6yaer
A X

UMETh MEHBIIYIO OTHOCHTEIHHYIO METOJINYCCKYIO TIOTPEITHOCTh Oy IO CPABHEHHUIO CO CXEMOU
(puc. 7a).
11.2.2. OneHka MeTOAUYECKOI COCTABJISIIONIEH MOTPENTHOCTH MPH
W3MepeHHH CONMPOTHBJIEHHS B LEMNsIX MepeMeHHOr0 TOKA

KocBeHHble MeTOABI H3MEPEHHs CONPOTHUBICHHMS OJHHUM WM JBYMs HpUOOpaMu.
OnucanHble B NpeaplaylieM maparpade, MOryT HaWTH TNPUMEHEHHE NpU HM3MEPEHHUAX Ha
nepeMeHHOM Toke. OHAKO B ATHX CIy4asX BO3MOXXHO TOJBKO M3MEPSTH TOJBKO MOIYJb Z,
IIOJIHOTO conpoTuBieHus. st onpeneneHusi akTUBHOW R, M pEakTUBHOM X, COCTaBIISIFOIIMX
MOJIHOTO COINPOTUBJIEHUSI Z, HEOOXOIUMO MPUMEHSATH METOJ TpeX MNpUOOpOB: amIepMmeTpa-
BOJIbTMETpa — BaTTMETPA, KOTOPHIE BKIKOYAIOTCS B LIE€Tb 110 OJHOW U3 JBYX CXEM, IOKa3aHHBIX
Ha puc. 8.

[To moka3aHusIM M3MEPUTENBHBIX MPUOOPOB HAXOAAT TOJNBKO MPUOIMKEHHBbIE 3HAUYEHUS
MOJyJii TIOJIHOTO COMNPOTHUBIEHUS Z, W €ro COCTaBISIOIIUX, IPUYEM METOAUYECKas
HOTPEIIHOCTh ONpeNeNsieTcsl TeMHU ke (aKTopamMH, 4TO U B CIIydyae MU3MEPEHHH Ha MOCTOSTHHOM
TOKE, T.€. BHyTPEHHUMH MOJHBIMU CONPOTHUBICHUSIMHU MPUOOPOB.

* *
*
N 0 *
—T—\ W A
VAN NN,
Zy Zx
V V
Upr Unur
a) 0)

Puc. 8. Cxembl u3BMepEeHUs1 COMMPOTUBIICHUS HA TIEPEMEHHOM TOKE
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JInst cxeMbl Ha pHc. 8a MPUOIMKEHHbBIE 3HAYEHUS Z, MOIYJIS [TOJHOTO COMPOTHUBIICHHS H
€ro aKTHBHOM R; M PEaKTHBHOM X, COCTABISIOIINX BBIYMCIISIOT M3 OTHOLICHUS:

U,
Z.=-2,0m(61)
Iy

’ PW
R; =73 ,0m (62)
A

un:  (B,\°
X, = (1—”) -(=5) Jom©3)
A A

rae Iy, U,,B, — noka3anus npubOpoB aMIiepMeTpa, BOJIbTMETPA U BATTMETPA COOTBETCTBEHHO,
a elicTBUTENbHBIC 3HaUeHUs Z, , R, 1 X, HaXoasT corjaacHo ¢popMynam:

R, =R, — R4 —R,,;,0M (64)
Xy = Xy — Xy — X1, OM (65)
Z, =+ RZ+ XZ,0m(66)

rae Ry,X, —akTUBHAs M peaKTUBHAs COCTABJISIONIME MTOJHOTO COMPOTUBIICHHS amriepmeTpa, Om;
R,,, Xy; —aKTHBHas M pEAaKTHBHAs COCTABJISIIOUIME TOJHOTO  COMPOTUBIIEHUS
MOCJIEI0OBATEIbHOM 11enH BaTTMETpa, OM.
Metoanueckue norpemHocty onpeneneHus R, X, u Z, paBHbL:

R, +R
5.,(R) = % 100, % (67)

X

X, +X
5,(X) = % 100, % (68)

X

!

Z
5,(Z) = % 100. % (69)

X

U3 mocneaHux BhIpaXXEHHUH CIEAyeT, YTO CXeMY Ha pUCYHKe 4a 11e51ec000pa3HO MPUMEHSTh
JUIL WU3MEpEHUs CONPOTUBIICHHM, y KOTOPBIX aKTUBHAs M PEaKTHBHAs COCTABJIAIOLINE
3HAYUTENbHO OOJIbIIIE CYMMBl AaKTHUBHBIX U PEAKTUBHBIX COCTABJIAIOMIMX BHYTPEHHUX
COIPOTHUBIICHUN aMIIepMETpa U MOCIEA0BATEILHON LIENN BATTMETPA.

[Tpu m3MepeHuu mo cxeme Ha puc. 80 AEHCTBUTEIbHBIC 3HAUEHUS BEMUYUH R, Xy U Z,
HalTU 3HAYUTEIBHO TPyAHEE, T.K. B JAHHOM Cllydae CYMMHUPYIOTCS aKTHUBHBIE U PEAKTHUBHBIE
MIPOBOAMMOCTH HAarpy3kH U M3MEPHUTEIbHBIX NMPUOOPOB, KOTOpbIE HE SBISAIOTCS BEIMYMHAMU
00paTHBIMU COOTBETCTBYIOIUM CONPOTHUBICHUAM. 13 moka3aHui M3MEpUTENbHBIX MPUOOPOB B
ITOM cliydae yIoOHee HaXOIUTh MPHOIIKCHHBIC 3HAUCHUST MOIYJISl TIOJIHOM MPOBOAUMOCTH Yy U
€ro aKTHUBHOM Gy W pEaKTUBHOMN By COCTaBIIAIONIAX MOJHOM MTPOBOIMMOCTH:

=l
x_ZQIC_UU’ M( )
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G, =2 cm(71)

UZ'

2
I\’ [Py
B, = |[-=) - (= 72
* (U,,) (Ug) M (72)

rae Gy = Gy + G, + G,y —CyMMapHasi akTHBHAasI IPOBOIUMOCTb HATPY3KH U
M3MEPUTENBHBIX TpuOopoB, CMm;

B, = B, + B, + B,y - CcyMMapHasi peakTHBHas! IPOBOIUMOCTb HarPy3KH 1
U3MEPUTENbHBIX TPUOOPOB.

Ecau u3BecTHHI BHYTPCHHUC COIPOTHUBIICHUS HpI/I60p0B. Mo>KHO HaWTH ﬂeﬁCTBHTCHBHBIe
3Ha4YCHUA Gx u Bx COCTAaBIISIONIMX TTOJIHOM IMPOBOAUMOCTH U3MEPACMOI'0 pE3UCTOpPA:

R
G, =Gl — L " cm(73)
RZ2 + X2 RZ,+ X2,

XWU

RZ +X2 R2,+X2,

CmM (74)

rae R,, X, - akTUBHAs ¥ pPeaKTUBHAS COCTABJISIOIINE IIOJIHOTO COMPOTUBIICHHUS BOJBTMETPA,
Owm;

Ry, X\yy — aKTUBHAs U pEaKTUBHAS COCTABIIAIOLINE MOJHOTO CONPOTUBIICHHUS
BarT™MeTpa, Om.

OKOHYATEILHO AKTHUBHAA, pCaKTUBHAA COCTABJIAOIINEC PE3NCTOPA PABHBI:

Rx GZ—+B2 ) OmMm ( 75)
X =5 +B% , OM (76)
1
Z, =——.0Mm(77)

/G,% +B2

11.2.3. Ouenka MeToAM4eCKOM cOCTAB/ISAIONIEH MOTPEeIIHOCTH PH
U3MEPEHUUN HH}]yKTHBHOCTeﬁ

NHAyKTUBHOCTh HM3MEPSAETCS METOJOM BOJBTMETPA-aMIIEPMETPA, COTJIACHO KOTOPOMY
CONIPOTUBIICHUE KATYIIKHM MW3MEPACTCS JABAXIbl: IPU [HUTAHUU CXEMbl TOCTOSIHHBIM U

IIEPEMEHHBIM TOKOM. B mepBoM ciyuyae HaxoAsT aKTMBHOE CONPOTHUBIIEHHE Ry, BO BTOpOM —
MOJ1yJIb TTOJIHOTO CONTPOTUBJICHHUS Z




I[aﬂee 110 U3BECTHOM 3aBUCHUMOCTH BBIYHCIISIOT:

X, = /ZZ — RZ, Om (80)

, OM (50)
XL
Ly =—.Tu (81)

11.2.4. Onenka MeTOAMYECKOI COCTABJISIIOLIECH MOTPEIIHOCTH NIPH
U3MEepeHNH eMKOCTel

H3mepenue OONBIIMX EMKOCTEH BBIMOJIHACTCS METOJOM BOJBTMETpa-aMIepMETpa 0
cxeme, MoKa3aHHOM Ha puc. 9.

L
— Y\

e
T

Ul'[l/lT _ CX

Puc. 9. Cxema HU3MCPCHUS EMKOCTHU KOHACHCATOPA BOJIbTMETPOM-aMIICPMETPOM

Ecnu He YUYUTBIBATb NOTCPU SHEPTHUU B KOHACHCATOPEC CMKOCTb MOKET OBITh BEIYUCJICHA:

I, === U,wC,,A (82)
XC
OTKYyJa
.= (83
x = a)Uv . ( )

Tak kak pe3ynbTaT U3MEpPEHHH 3aBUCHUT OT (HOPMBI KPUBOW MEPEMEHHOIO HamNpsKEHUs,
mocJieIoBaTelbHO ¢ C, BKIIFOYAETCS PE30HAHCHBINM KOHTYp LC  Is BBIICIICEHUS OCHOBHOM
TapMOHHKH TOKa.

11.2.5. Onenka MeToAMYECKOI COCTABJISIIOLIEH MOTPELIHOCTH NPH
HU3MepeHHH MOUIHOCTH

MomHOCT B LENAX IMOCTOSHHOIO TOKAa MOKHO OINPEAEINTh KOCBEHHBIM IIyTEM I10
pe3yiapTaTaM M3MEPEHHUs TOKa Harpy3ku [; W maaeHus HampspkeHus U, Ha CONPOTUBICHHUH
notpedurens - B, = I, U,,. I3meputensHbie TPUOOPHI, aMIEPMETP U BOJIBTMETP, BKIFOYAOTCS
IIPY TOM I10 OJHOM U3 JIBYX CXeM, N300paskeHHbIX Ha puc. 10.
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a) 0)

Puc. 10. Cxembl U3MepeHUs MOIIHOCTH Ha IOCTOSIHHOM TOKE aMIIEPMETPOM U BOJIBTMETPOM

[Tonarast, 4TO BKIIOYEHHE B LIEIb U3MEPUTENIbHBIX IPUOOPOB HE YMEHBIIIAET TOK HArPY3KU
I, n nagenue HanpskeHust U, Ha CONPOTUBICHUM MOTPEOUTENS], T.€. HE U3MEHSIET MOLIHOCTb,

HOTpG6J’IHCMy10 Hany3KOI>'I, U, YUUTBIBas paclpeacICHUEC TOKOB U HaprI)KCHI/Iﬁ B IIPUBCACHHBIX
CXEMax, MOXXHO IMOJTY4YUTh:

- 114 cxembl Ha puc. 10a
I, =1,A,(84)
U, =U,+ UyB(85)

P' = LU, = I,U, + 1,U, = P, + P,; BT (86)

- s cxeMmbl Ha puc. 106
I, =1,+ I, A(87)
U, = Uy, B (88)
P" =1LU, = 1,U, + I,U, = B, + B,, (89)

rae Iy, Uy, I, \U, —m0Ka3aHus aMIepMeTpa U BOJIbTMETPA COOTBETCTBEHHO;
P,,P, - MOIIIHOCTb U3MEPUTEIBHBIX LIETIEW aMIIEpMETpa U BOJIBTMETPA.

W3 Beipaxkenuii (86) u (89) criemyer, uTo BhIYKMCICHHBIE 3HaueHuss P’ u P'' oTiimgarotcst oT
JIEHCTBUTEIILHON MOIIIHOCTH P, , T.K. IPH pacyeTe He YYTEHbl MOIIHOCTH U3MEPUTENBHBIX LIETEeH
amriepmerpa u Boast™erpa Py u P,.

JleficTBUTENbHOE 3HAUYEHUE MOILHOCTU P, OPEIEsAeTCS BEIPAKECHUEM:

- 151 cxembl Ha puc. 10a

B, = P' — P,,BT (90)
- Ui cxeMbl Ha pucyHke 106
B,=P"—P,,Br(91)
B KOTOPBIX MOIIHOCTb U3MEPUTEIBHBIX LIENIEH aMIIepMETpa U BOJIBTMETPA MOXKHO BBIYMCIIUTE.
Ecnu u3BecTHBI BHYTPEHHHUE CONPOTUBICHUSA Ry U R),:
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P, = I?R,, BT (92)

UZ
Py Br (93)

Ecnu MomHocT u3MepuTenbHbIX 1enei Py uinu P, ipy pacyeTax HE yUuThIBatoTCs. To
P TOM BO3HHKAET METOINYECKAs TIOTPEITHOCTh §,, KOTOPYIO MOKHO BBIYUCIIUTH U3

OTHOILIEHUM:
- 14 cxembl Ha puc. 10a

P'—P, P R
=—2=4_-"4100,9% (94)

JJIA CXCMBI Ha PUC. 106
W= =p =g 100 6 (95)

OTHOCHUTENLHAS MOrpeIIHOCTE U3MCPCHUSI MOIIHOCTHU C YYCTOM BJIMSHUSA COHpOTI/IBHeHI/Iﬁ

HN3MCPUTCIIBHBIX HpI/I60pOB MO>KET OBITH BEIUHCIIEHA I10 CJICAYIOIIUM BBIPAXKCHUAM!

- 114 cxembl Ha puc. 10a
R
8= ——=2—100,% (96)

" R,+R,
1St cxembl Ha puc. 106
5! Ri(Ry + Ru)R, 1100, % (97)
M= - » 70
[RA (RH + Rv) + RH Rv]z

11.3. 33)13‘-[1/[ IO OLI€HKE MOTPEHIHOCTU KOCBCHHBIX OTHOKPATHBIX M3Mepe}mif[

3ananue 2. [IpuBeaute penienue 3agau 0is c60e20 8apUaAHmMaA.

1. Omnpenenuth cyMMapHOE HaNpsHKEHHE Ha 3aKMMax LM M HAauOOJIBLIYI0 BO3MOXKHYIO

OTHOCHUTENIbHYIO TOTPEIIHOCTh IPH €ro HM3MEPEHHWH, €CIM HamlpsHKeHHe Ha
conpotuBieHusix Ry, R, u R; (puc.11) pasusr 100, 80 u 30 B.

2.
R: R, Rs

Ul'[l/lT

Puc.11. K 3agaue 1.
Hanpsokenns Ha conpotuBiieHusix Ry u R, m3mepsiauch BoabTMeTpoM Ha 50 B knacca 2,5,

a HanpsDKEHUE Ha CONPOTUBIIEHNHU R3 BonpTMeTpoM Ha 50 B kiacca 1,5
3. OmpenenuTh MaKCUMaJbHbIE a0COMIOTHYIO U OTHOCHTEIbHYIO MOTPELIHOCTH U3MEPEHHUs

HAIPSUKEHUS B IIENH, €CIIM MoKasaHus BojbTMeTpa (puc.12) Ug, =100 B, Ui, = 50 B.

IIpenen n3mepenns BonpT™merpa 150 B. Kimace Tounoctn 1,5.
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Rl R2

Ul'll/lT

Puc.12. K 3anaue 2.

4. OmnpenenuTh HampspkeHHe Ha pesuctope R, (puc.13) ¥ HamOOIBIIYHO BO3MOXKHYIO
OTHOCUTEIIbHYIO TMOTPEIIHOCTh MPH €ro OMNPEICNICHUH, €CIH HaNpsKEHUE CETH PaBHO
220 B, a nHanpspkenue Ha pesucrope R; paBHo 180 B. [lns m3mepeHUs HCIOIB3YyeTCs
BOJILTMETP Kiiacca TouHocTH 1,0 Ha 250 B.

Rl RZ

Ul'[l/lT

Puc.13. K 3anaue 3.

5. Onpenenuth cymMMapHOE HaNpsDKEHUE Ha 3aKMMax LEeNd U HauOOIBIIYIO
BO3MOXKHYIO OTHOCHUTEIIbHYIO TOTPEIIHOCTh TpH ero omnpenenenuu (puc. 14), ecnu
HANPSHKEHUsI Ha CONPOTUBIEHUAX Ry, R, u Rz pasubl: Uy, = 110 B, Ug, =80 B u Ug, =
30 B. Hanpsixenust Ha conpoTuBieHUsAX R; U R, uzMepsuiuck BoiabTMeTpoM Ha 150 B,
KJlacca TOYHOCTH 2,5, a HampspDKEHUE Ha CONMpPOTUBIEHUM R3;— BoibTMeTpoM Ha 50 B,
Kkiacca 1,5.

R R2 Rs3

Ul'll/lT

Puc.14. K 3anaue 4.

6. Kak B mienm, cocrosiei n3 AByX MOCIeI0BaTeIbHO BKIFOUEHHBIX PE3UCTOPOB TOYHEE
BCETO ONPEAETUTh BCE MaCHHUsI HAPSHKEHUS, UMesl B PaCIOPsDKEHUH J1BA OJMHAKOBBIX
BosbTMETpaA Kinacca 1,0 Ha 250 B? Oxunaemsle aieHUs HANIPSKEHUS HA PE3UCTOPAX:
okoJ10 190 B Ha oqnom 1 30 B Ha gpyrom.

7. B ceTh MOCTOSIHHOTO TOKA MMapauIeIbHO BKIFOUEHBI ABa motpeduTens. Tok ogHOTO
cocraBiseT 3,5 A u uzMepsercs amnepmeTpom knacca 1,0 Ha 5 A, a conpoTuBiieHne
apyroro (10+ 0,1) Om. Beruucauts HanpsHKEHUE MUTAHUS CXEMBI, MOIITHOCTD KaXKI0TO
HOTPEOUTENS M CXEMBI B IIEJIOM, @ TAKXKE MOTPEIIHOCTh U3MEPEHHI, €CITH TOK B
HEPa3BETBJICHHOW YaCTH CXEMBI H3MEPSETCS TAKUM K€ aMIIEPMETPOM H COCTaBIISIET
4,75 A.

8. OmpenenuTh HampsHKEHUE HA CONMPOTUBICHUH R, (puc.15) u HauboNbIIyI0 BO3ZMOXKHYIO
OTHOCUTEJIbHYIO TIOTPEIIHOCTh MPH €ro OINpEAesICHUH, €CIM HAalpsDKEHHE CETH PaBHO
220 B, a nampspkenue Ha Rq paBHo 180 B. [l u3aMepeHust HanpsoKeHUs UCTIONB30BANICS
BosibTMETp Ha 250 B knacca 1,0.
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10.

11.

12.

13.

14.

15.

Rl RZ

UIIl/lT

Puc.15. K 3amaue 7.

Borurcnute HanOOJBLIYI0O BO3MOXKHYKO OTHOCHTEIBHYIO METOJIUYECKYIO IOIPEIIHOCTh
onpeziesieHus TOKa B HEpPa3BETBICHHOW YacTH IEMH, €CIIM M3MEPSIOTCS TOKU B JIBYX
NapajuleJbHBIX BETBSIX aMmIepMmMeTpamu kiacca 1,5 Ha HoMuHanbHbI TOok 100 A.
Ilokaszanus npubopos: Iy, = 60 A n I,,= 50 A.
Ornpenenutb OTHOCUTENBHYIO TOTPEIIHOCTh HaxoXaeHus Toka [, (puc.16), eciaum B
HEpa3BETBJICHHON 4acTH IeNM BKJtoueH amrepmerp Ha 20 A, knacca 2,5, a B BepxHel
YacTH IIeNU BKJIIOYEH ammepmeTp Ha 15 A. kiacca 1,5. Tloka3zanust mpubopoB 12 Au 7 A
COOTBETCTBEHHO.

R1

R

A;

U]'ll/lT

Puc.16. K 3agaue 9.
Jl1g n3mMepeHus NOCTOSTHHOTO TOKa MOCIIE0BaTeNbHO ¢ pesuctopoM 10 OM BkItoueH
aMIepMeTp ¢ BHyTpeHHUM comnpoTtusieHrueM 0,2 Om. Onpenenuts abCOMOTHYIO U
OTHOCHUTEJIBHYIO MIOIPEUTHOCTU HAaX0XKIEHUS TOKA IIPU YCIIOBUH, YTO HANPSHKEHUE PABHO
5B.
OnemeHT, y kotoporo E = 1,5 B, a BHyTpeHHee conpotuBienue Ry, = 0,2 OM, 3aMKHYT
Ha BHemHee conpoTtuiieHne R = 14,8 Om. OnpenenuTs, 4eMy paBHAa OTHOCUTEIbHAS
MOTPEMIHOCTD IIPH pacdeTe TOKa LIENH, €CJIM BHYTPEHHUM COIIPOTUBJICHUEM JIEMEHTA
MO’KHO MpeHeOpeub. Kak M3MeHUTCsl OTHOCUTEIbHAS TOTPEHIHOCTh, €CIIU MPU MPOUYUX
PaBHBIX YCJIOBHUSAX BHELIHEE CONMPOTHBIEHHE yMEeHbIIHTCA 10 0,3 Om?
OnpenenuTb HaMOOJBIIYI0 BOZMOKHYIO OTHOCUTENIbHYIO TIOTPELIHOCTD ONpeAeIeHuUs
sHepruu BartMeTpoM Ha 750 Bt kiacca 0,5 3a BpeMsi 2 MUHYTBI, U3MEPEHHOE C
TOYHOCTBIO 2 CEK., €ciu BarTMeTp nokasan 200 Br.
Boruncnute aOCOMOTHYIO M OTHOCUTEIBHYIO IIOIPEIIHOCTH ONPEeSICHHs TOKa B O/THOM
U3 MapaJuieNIbHBIX BETBEH, €CIIM TOK B JPYroi napamiensHoit BeTBu paseH (3 + 0,03) A,
a B Hepa3BeTBIeHHoW yactu 1enu (51 0,05) A.
JIBa moTpeOuTenst BKIOUYEHBI B CeTh napaienbHo (puc.17). Ilo HUM npoTeKaroT TOKH
I =3 Awnul,=2A, koTopble U3MepsIUCh amnepMmerpamu kiaacca 1,0 Ha 5 A u kacca
1,5 Ha 2,5 A. OmnpenesiuTh MOIIHOCTD KaX/I0T0 MOTPEOUTEIIS M BCEH 1IeTH, €CIH

27



R; =(1040,1) Om u R, = (20+0,1) OM. BBIUHCINTE MOTPEIIHOCTD pe3ybTaTa
U3MEPEHUSL.

R1

R2

Ul'll/lT

02

Puc.17. K 3agaue 14.
16. CompotuBieHust BKJIOYEHbI M0 cxeme (puc.18). Tok B Hepa3BETBICHHOW 4YacTH IEMU
Iy =12 A, B BetBAX Iy, = 3 A, Iy, = 5 A. OnpenenuTs OTHOCUTEILHYIO MOTPEUIHOCTh
amriepMeTpa Az, €CIIM €r0 NoKasauus pasubl I, = 3,8 A.

l R1
R2
@
R
Upnar +

Puc.18. K 3agaue 15.

17. Tns usmepenust KoappHuIreHTa MOIIHOCTH B 0AHO(A3HYIO CETh MEPEMEHHOTO TOKa
BKJIIOUEHBL: aMmIiepmeTp Ha 5 A. kiacca 1,5; Bartmerp Ha I, =5 A, U, = 150 B, co
mkanoit Ha 100 nenenwuit, kinaccom Tounoctu 1,0 u BonsT™MeTp Ha 150 B kmacca 1,5.
Onpenenuth K0O3PGUITUEHT MOITHOCTH U TTOTPENTHOCTH €T0 ONPECIICHHS, €CITN
nokasanus npubopos cienyromue: I,=3 A, U, =127 B, a,, = 60 nenenuii.

18. Ilpu ompeneneHuN MOIIHOCTH METOJIOM «aMIIepMETpa-BOJIbTMETpa-(hazomMeTpay
UCTIONBL30BAIKCH MPUOOPHI: BonbT™MeTp Ha 400 B, kiacca 4,0, kotopsrii mokazan 200 B;
amnepmetp Ha 10 A. knacca 2,0, kotopsblii mokaszan 5 A; pasomerp kiacca 0,8, KOTOpbIit
nokazan 0,8. Onpenennuts OTHOCUTENBHYIO METOANYECKYIO IOTPEILIHOCTD U3MEPEHUS
MOII[HOCTH.

19. OnpenenutTh MOLTHOCTH MOTPEOUTENIS, @ TAKKE CUCTEMATHUECKYIO U CITy4aiiHYIO
HOTPEIIHOCTH €€ ONpeAETICHNU METOAOM «aMIIepMETPa-BOIBTMETPAY, €CIIU PUMEHSIIHCh
npubopsl: BoabTMETp Kiacca 2,5 Ha 30 B, ¢ BHyTpeHHUM conpoTtuBienueM 1 kOwm;
amnepmeTp kiacca 1,5 Ha 15 A ¢ BayrpeHHum conpotupieHueM 0,2 Owm. [Tokazanus
nprOOPOB COOTBETCTBEHHO paBHBL: 25 B u 12,5 A.
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20. Anst ompenesieHusi MOIIHOCTH JICKTPOIIeYH ObLIIM U3MEpEHBl: HanpshkeHue cetu 220 B
BOJbTMETpOM Kiacca 1,5 Ha 300 B, Tok 350 A amnepmerpom kiacca 2,5 Ha 500 A.
PaccunTaTth MOITHOCTH ME€YH U HAUOOJIBIIYIO BOZMOXKHYIO a0COIIOTHYIO U
OTHOCHUTEIIbHYIO MOrpelIHoCTy npu €€ onpeaeneHu. COCTaBUTh CXEMY U3MEPUTEIbHON
LCTIH.

21. OnpenenuTh HaHOOJIBIITYIO BO3MOXHYIO OTHOCUTENIBHYIO OTPEIIHOCTD ONpe/IesIeHuUs
sHepruu BarTMeTpoM Ha 750 BT kinacca 0,5 3a BpeMst 2 MUHYTBI, U3MEPEHHOE C
TOYHOCTBIO 2 CEK., €ciIu BarTMeTp nokaszan 200 Br.

22. Jlns ornipeesieHus SHEpTHH ObLIH U3MEPEHBI COTPOTUBIICHUE, HATIPSHKEHNUE M BPEMSL.
OnpenenuTts NOrPeIIHOCTh OMPEIeTICHHs SHEPTUH, €CIIU CONTPOTUBIICHHUE, HANIPSKEHUE U
BpeMs ObuTH n3MepeHsl ¢ morpemHoctsmu + 0,5; + 1,5 u + 2,0% cooTBeTCTBEHHO.

23. Jliis u3MEpEeHHst MOIIHOCTH oTpeduTess ¢ conpotubieHueM (11+ 5) OM ucmonb3oBaics
BoabT™MeETp Ha 300 B, knacca 1,5, koropsiit nokazan 240 B. Onpeaenuts MOITHOCTh
noTpeOUTENS M HAaHOOJIBIIYIO OTHOCUTEIBHYIO IIOTPEIIHOCTE €€ OTNpeIeICHuSI.

24. OnpenenuTh MOTPEIIHOCTh Pe3yIbTaTa U3MEPEHUs MOIIHOCTH, €CJIM BOJBTMETP Kiacca

1,0 mokaszan 2/3 YacTH TIOJHOM IKaibl, a amrmepMmeTp kiacca 0,5 mokasan 1/2 4acTh

ITOJTHOM ILIKAJIbI.

25. Barrmetp umeert cnenyromue ganusie: I, =1 A; Ry, =0,40Om; U, =150 Bu
I,y = 30 MA. OnipeienuTh, IO KaKOil cXeMe CIIeAYeT BKIIOUYUTh OOMOTKH BaTTMETpAa,
YTOOBI [TOJIYYUTh HAUMEHBILYIO IOIPEUIHOCTh PE3YJIbTaTa, €CIIM Harpy3Ka MOAKII0UYEHa K
HanpspkeHuto 120 B, a Tok B 1ienu cocrapisieT okoio 0,9 A.

26. MouraocTs notpedutens S00 BT u3mepsieTcss METOJIOM «aMIepMeTpa-BOIBTMETPA
npuOopaMu ¢ BHyTPEHHUMHU CONpOTUBIEHUAMU Ry, = 1,5 kOM u R4 = 7,5 Om.
Hanpsokenne nuranus notpedutess 200 B. Onpenenuts, kakas u3 1ByX cxem (puc. 19)
00ecrneynT MUHIMAJIbHYIO0 METOANYECKYIO TIOTPEIIHOCTh U3MEPEHUS MOIIIHOCTH
MOTpeOuTeSI.

27.
O
A A
NG R,
U R, Unar

a) 0)

Puc.19. K 3amauye 25.

28. BbIUnCINTh MOIIHOCTD Kax/10ro notpedutens (puc.20), HanpsoKeHUe TUTaHUS LeTd |
COITPOTHBIIEHUE BTOPOTO MOTPEOUTENS, a TAKKE MOTPEIIHOCTD PE3YIbTaTOB H3MEPEHUS,
€CITH U3MEepPEHHe COMPOTUBIICHHS TIEpBOTr0O moTpeduTess aano pe3yiaprar (100+1) Om, a
MaJICHUS HAIIPSDKEHUST Ha HUX, U3MepsieMble BOJIbTMETpoM Kiacca 0,5 Ha 150 B,
coctaBuiu coorBercTseHHo 100 B u 120 B.

29



Rl RZ

Ul'lPIT

Puc.20. K 3amaue 26.

29. BeIauciuTh MOIIHOCTH BYX MapauIeIbHO BKIIFOUYEHHBIX ToTpedureneii (puc.21), Tok B
0011Iel 1IeNy ¥ MOTPENTHOCTh Pe3yIbTaTOB U3MEPEHUs, eciIu HanpsbkeHue nutanus 100 B
U3MEpSIIOCh BOIbTMETpOoM Kitacca 1,0 va 150 B, a Toku notpebureneit pasusl 0,25 A u
0,5 A u OblTM M3MepeHbl amnepMmeTpamu Kinacca 0,5 Ha 2,5 A.

R1

R2

U nUuT V

Puc.21. K 3amaue 27.

30. OmpenenuTh MOIIHOCTD KaKIOTO MOTpeOuTeNs 1 Beel memnu (puc.22), a Takxke
HaIpspKeHNE IMTaHUS LETH.

Rl R2

Ul'llr‘lT

Puc.22. K 3amauye 28.

ITokazanue amnepmerpa knacca 1,5 Ha 5 A cocrasiisger 3 A, a maJieHUs HaNPsHKEHUS Ha
MOTpeOUTENAX, U3MEpsieMble BOIBTMETPOM Kiiacca 1,5, cocrasunu 100 B u 75 B.

31. IIpu u3MepeHnn MOIIHOCTH MOCTOSIHHOTO TOKA UCIOJIB3YIOTCSl BOJIBTMETP C BHYTPEHHUM
conpoTtusiieHreM 2,5 KOM 1 amnepmeTp ¢ BHYTpeHHUM conpoTtusiieHreM 0,25 Om.
Onpenenuts BETUYUHY CONIPOTUBIIEHHS HATPY3KH, JUIsl KOTOPON METOAMYECKAs

MOTPEITHOCTh 00enXx cxeM (puc.23) oguHakoBa. BeMUCINTE 3HaUEHUE ATOU
MOTPEITHOCTH.

32.
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U“"T RX UIIl/lT RX

Puc.23. K 3amauye.29.

33. MomHocTs notpedurens 820 BT uzmepsercst METoI0M «aMIepMeTpa-BOJIBTMETPAY 110
cxeme (puc.24). OnpeaeauTb MUHUMAJIbHO JOIYCTUMOE CONPOTUBIICHUE BOJIBTMETPA,
YTOOBI METO/INYECKAs IOIPEUTHOCTh HE MPEBbIIIaia MOTPEIIHOCTH U3MEPEHUS.
Hanpsioxenue nuranus 150 B, a usmeputenbHble IpUOOPHI KMEIOT apaMeTphl: KJIace
TOYHOCTH aMIlepMeTpa 1 BoIbTMeTpa paBHsl 0,5, Ipeiesibl U3MepeHUs aMIlepMeTpa
I, =7,5 A n BonpT™MeTpa U, = 250 B.

A

Ul'll/lT

Puc.24. K 3agaue 30.

34. Tlpu u3MepeHUH MOIHOCTH Ha MOCTOSIHHOM TOKE METOJIOM «aMIIEpPMETpPa-BOJIBTMETPa
no cxeme (puc.25) momydensl pesynbrathl: U, = 120 B u I = 1,5 A. Onpeaenutsb
MOIIHOCTh MOTPEOUTENs M TOIrPEIIHOCTh €€ OIpelesIeHUs, €ClIM CONPOTHUBICHHE

amnepmerpa 5 Om.
A
Ul'll/lT @ RH

Puc.25. K 3amauye 31.

35. [Ipu u3MepeHrnn MOIIHOCTH IPUEMHHKA ITOCTOSIHHOTO TOKa HarnpsbkeHuem 120 B
HCIIOJIb30BaH AJIEKTPOJIUHAMUYECKUN BATTMETP C HOMUHAJIbHBIMU HanpsbkeHuem 120 B u
TokoM 2,5 A. ConpoTuBiieHre nocaenoBatenbHoi ooMotku 0,12 Om. HomMuHaIBHEIH TOK
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U nuT

36.

napamiensHoit 00MoTku 30 MA. Tlo kKakoil cxeme ciieyeT BKIIOUUTH BATTMETP, YTOObI
IPU MPOTEKAHUU MAKCUMaJIbHOTO TOKA MOJYyYUTh HAUMEHBIIYIO MOTPEIIHOCTh?

Jl1s n3MepeHuss MOLIHOCTU IIOCTOSTHHOT'O TOKA MCIIOJIb30BaH 3JIEKTPOAUHAMUYECKUN
BATTMETP C BEPXHUM MPeEIesIoM U3MepeHus 1o Toky 1 A, a mo Hanpsixenuto 150 B.
ConpoTusieHue TokoBoH Karymku BartMerpa 0,2 OM, cOnpOTUBIEHHUE KaTyIIKU
HanpsbkeHus 5 kKOu. [1o kakoii u3 cxem (puc.26) ciieryeT BKIto4aTh 0OMOTKH BaTTMETpa,
4TOOBI IPU TOKE B Harpy3ke 1 A u HanpsbkeHuu Ha Harpyske 100 B nomyuuts
HAUMEHBIIIYI0 BO3MOKHYIO OTHOCUTENIbHYIO MOIPEUIHOCTh Pe3ybTaTa U3MEPEHHUS.

UHHT |

37.

38.

39.

a) 0)
Puc.26. K 3agaue 33.

B oanodasHyo 1ens BKIOYEHBI aMIEPMETP, BOILTMETP U BaTTMETp. OHU NOKA3bIBAIOT
7,5 A, 220 B u 75 nenenunii. OnpenenuTthb MOJIHYIO MOUTHOCTh U KO3 PHUITMEHT
MOIIIHOCTH, @ TAK)K€ MMOTPEIIHOCTh UX ONPEAETICHHS, €CIH MPU U3MEPEHMSIX
IpUMEHSUINCH TPUOOpHI: amnepmerp kinacca 0,5 Ha 10 A, BonbT™meTp kinacca 0,5 Ha

250 B u BarTt™meTp kiacca 1,0 Ha 10 A, 300 B u 150 nenenuii.

M3MepeHne MOIHOCTH MPOBOIUTCS METOJOM «aMIIEPMETPA-BOJIETMETPA» IO CXEME
(puc.27). OnpenenuTb MOIIHOCTh MOTPEOUTENSI U METOUYECKYIO ITOTPEIIHOCTS C
Y4€TOM BIIMSHUA TPUOOPOB, €CIIU MOIYUYEeHBI cieayomue pe3yastarsl: U, = 110 B u

I, = 0,65 A, BHyTpeHHHE conpoTuBieHus amnepMerpa 20 OM, a BoapT™meTpa 1,2 KOM

&

UrluT RH

Puc.27. K 3agauye 35.

H3MepeHue MOIIHOCTH MOTPeOUTENsI TPOU3BOAUIOCH METOJIOM «aMIlepMeTpa-
BOJIbTMETpa» 1o cxeme (puc.28). OnpeaenuTs MOLUHOCTh MOTPEOUTENS U METOTUYECKYIO
HOTPEIIHOCTD C YY€TOM BIUSHHUS U3MEPUTENbHBIX PUOOPOB, €CIIU OBUIH TOTY4EHBI
cnenytomue pesynbTarsl: I = 0,65 A, U, =110 Bopu Ry = 200mu R, = 1,2 xOm
COOTBETCTBEHHO.
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40.

41.

42.

43.

44,

45.

UIIl/lT

Puc.28. K 3amauye 36.

JIBa moTpeOuTes BKIIOYEHBI B CeTh NMapauiensHo (puc.29). Ilo HuM npoTekaroT TOKH
I; =3 Aul,=2A, xotopsie U3MepsUIMCh aMriepMeTpamu kiacca 1,0 Ha 5 A u kiacca
1,512 2,5 A. OnpenenuTh MOIIHOCTD KaXX10T0 MOTPEOUTENSI U BCEH 1IETH, €CIIH

R; =(1040,1) Om u R, = (2040,1) OM. Bbr4uciuTh NOrpenHoCTb pe3yabTara
HU3MEPEHHUS.

R1

U]'ll/lT

Puc.29. K 3agaue 37.

J1y1s u3MepeHust MOIIHOCTH moTpeduTes ¢ conpotusieHreM (11+ 5) Om ucnonb3oBasics
BonbTMETp Ha 300 B, kimacca 1,5, koropsiit nokaszan 240 B. Onpenenuts MOITHOCTh
MOTpeOUTENST U HAUOOJBIITYIO OTHOCUTEIBHYIO TIOTPEITHOCTE €€ OTpe/IeICHUS.
OrnpenenuTtb NOrpeHOCTh ONPEEICHUsI CONPOTUBIEHUs BoiabTMeTpoM Ha 30 B knacca
2,5 n ammepmeTpoM Ha 15 A kimacca 1,5, ecnu mokazadusi IpuOOPOB CIEAYIOIIHE:

U, =25B, 1,=12,5 A npu BHyTpeHHUX conpoTuBieHusIX R, = 2,5 kOmu R4 = 0,2 Om.
B niens nepemMeHHOr0 TOKa BKIIFOYEHBI: aMriepMeTp Ha S5 A, kiacca 0,5; BOIbTMETp HA
300 B, kmacca 1,0; Barrmetp Ha 5 A n 300 B, xnacca 0,5. Halitu napameTpsl
COTMpPOTHUBIIEHUS Harpy3ku Z, R, X ¥ NOrpeniHoCTh UX ONpeAeNeHus], €CIIU aMIIEpMETP
nokasan 75 nenenui, Bonbt™MeTp 110 nenenuii u Bartmetp S0 neneHuil, Ipu KOJINYECTBE
neneHud mkansl amrepmerpa 100, BonpT™MeTpa u BartmeTpa 150.

Onpenenutb aOCONIOTHYIO U OTHOCUTENIBHYIO MOTPELTHOCTH ONPEIEICHUs
CONIPOTHUBIICHHS] METOJIOM «aMIIEPMETPaA-BOJIBTMETPA», €CIIA BOJIbTMETP Nokaszan 10 B,
muummamnepmerp 100 MA. Ilpenen nzmepenus muwnamnepmerpa 150 MA, kitace
TOYHOCTH 1,5, a mpenen nu3amepenus BoapT™merpa 15 B n kitace tounocru 1,5.

g n3mepenus conporusieHus 200 OM UCIOIB3YIOTCS: aMIIEPMETP ¢ BHYTPEHHUM
conpotusiieHreM 0,05 OM 1 BOJIbTMETP C BHYTpeHHUM conpotuBieHueM 10 kOm. Kakas
CXEMa U3MEPEHUS COIIPOTUBIIEHUSI METOAOM «aMIlepMeTpa-BosibT™MeTpa» (puc. 30) naet
MEHBIIYIO TOTPEIIHOCTH?
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46. [Ipu onpeneneHUn CONPOTUBIICHHS BeTHMUMHOK 7,5 OM 1o 1enu nporekai Tok 16 A. a

47.

nokazaHus BoibTMeTpa 121 B. Onpenenuts aOCOTIOTHYIO U OTHOCUTEIBHYIO
HOTPEIIHOCTH, a TAKXKEe HAUOOJIBIITYI0 OTHOCUTENBHYIO METOJMUECKYIO MOTPEITHOCTh
OTIpeIeJIeHUs] CONPOTHUBIICHHUS METOZOM «aMIIepMETPa-BOIBTMETPay, eciu Oy = —2%, a
6; = —5%.

MeTtoioM «amMnepMeTpa-BoJIbTMETPa» ONPEEISAIOT conlpoTuBiaeHue. Kakas cxema
usmepenus (puc.30) qaet GoJbIIYIO OTPEIIHOCTb, €CIIM TOK PaBeH 5 A, HalpsbKeHUe
120 B, BHyTpeHHee conpoTuieHue BoapTMeTpa 20 KOM, a amnepmerpa 0,01 Om.

Ul'll/lT V RX Ul'll/lT

A A

48.

49.

Puc.30. K 3agaue 42, 44.

B cxeme (puc.31), nokazanus BosnbT™eTpa 120 B, amnepmertpa 2,05 A. Beruncaurs
COINPOTHUBIIEHUE R, M MOrPENIHOCTh €0 ONPENEICHMS, €CIIM BOIBTMETP UMEET Mpees
u3mepenus 150 B, knacc Tounoctu2,5 u BHyTpeHHee conporuieHue 20 kOwm, a
amnepmMetp Ha 5 A, kiacca 1,0 u BHyTpenHee conporusienue 0,05 Om.

@

Ul'[l/lT RX

Puc.31. K 3amaue 45.

M3mepeHne conpoTUBIIEHUSI IPOBEIEHO METOI0OM OJJHOTO BOJIBTMETPA IO CXEME
(puc.32). OnpenenuTh CONPOTUBIICHUE PE3UCTOPA, €CIIM CTPEJIKa BOJIbTMETPA B
MOJIOKEHUU TiepekitouaTens «1» oTkinoHmwnack Ha 120 neneHuil, a B MOJOKEHUU «2» Ha
30 nenenmii. BuyrpeHnHee conpoTtusiieHHe BoapTMeTpa 3 KOM. BpUHCINTE MOrpemHOCTh
W3MEPEHMS CONPOTUBIIEHUS, €CJIA BOJIBTMETP UMeeT mKany Ha 150 nenenunit, U, =75 B,
ky1acc TouHocTH 1,0. ConpoTHBIIEHHE BOJIBTMETPA ONPEAEIICHO C OTPEMIHOCTHIO

+ 30 Om.
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Puc.32. K 3amaue 46.

50. Amnepmetp ¢ BuyTpeHHUM corpotuBieHrueM 0,01 OM 1 BOIBTMETp ¢ BHYTPEHHUM
conpoTtusiieHueM 25 OM NPUMEHSIOTCS AJIs U3MEpPEHUs conpoTuBiIeHus. COCTaBUTh
cxemy u3Mepenus. OnpenenuTb CONPOTHBICHNE U OTHOCUTEIBHYIO MTOTPEIIHOCTD,
JIOITYCKaeMYyI0 MpU ONpPEAEIICHUU COIIPOTUBIICHMS, €CIIM 3HAUE€HUS TOKAa U HAIIPSKEHUS
paBHbl 8,5 A u 1,25 B.

51. BBIUKCIIUTG MOIIIHOCTD JBYX MapajlIeIbHO BKJIFOUCHHBIX TOTpeouTesei (puc.33), Tok B
oO011eil 11eny U MOrPeuTHOCTh PE3yIbTAaTOB U3MEPEHHS, ecTi HanpshkeHue nutanus 100 B
U3MepsIIoch BosibT™MeTpoM Kiacca 1,0 Ha 150 B, a Toku notpedureneii paBuel 0,25 A u
0,5 A u ObLTM M3MepeHbl amnepMmeTpamu Kinacca 0,5 Ha 2,5 A.

R1

R2

U nmuT

Puc.33. K 3agaue 48.

52. OnpenenuTh MOITHOCTh KAXKI0TO IOTPEOUTENS U Beeit menu (prc.34), a Takke
HaNpsDKEHUE TTMTAHUS LENH.

R; R2

Ul'llr‘lT

Puc.34. K 3anaue 49.
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ITokazanue amnepmerpa kinacca 1,5 Ha 5 A cocrasiisger 3 A, a majieHUs HaNpPsHKEHUS Ha
MoTpeOUTENAX, H3MEpsieMbIe BOJIbTMETPOM Kiacca 1,5, cocrapmmm 100 B u 75 B.

53. [Ipu n3MepeHnu MOIHOCTH OCTOSIHHOTO TOKA UCTIONIB3YIOTCS BOJIBTMETP C BHYTPEHHHM
conpoTuBiieHreM 2,5 KOM U amnepMeTp ¢ BHYTpEHHUM conpoTtuBieHuem 0,25 Om.
Onpenenutb BETUYUHY CONIPOTUBIIEHUS HATPY3KH, JUIsl KOTOPOI METOANYECKAs

MOTPENTHOCTh 00enx cxeM (puc.35) oguHakoBa. BeUUCINTE 3HaAUYEHUE ATOU
MOTPEITHOCTH.

Ul'll/lT

O —G

X Umrr RX

Puc.35. K 3agaue.50.
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Hexotopsle exnnnubl MesxaynapoaHoii cucrembl CU

[Tpunoxxenue 1

duznyeckas Onpepensiromee | HaumeHnoBanue O06o3HaueHme PasmepHocTh Enunune! e Bxoaduue B Cu
BENTMYHMHA ypaBHCHHE e IMHUILIBI
W3MepeHIs Mesxnaynaponsoe | Pycckoe Hammenosanune O6o3HaueHme COOTHomeEHHe c
ennannen C1U
Mexnynapoa- | Pycckoe
HO®
1 2 3 5 6 7 8 9 10
Jmina | MeTp m M L
Macca m KWJIOTpaMM kg KT M aTOMHAas €. u a.e.M. 1,66- 10°% kg
Macchl
Bpewms t CeKyHIa S c T MUHYTa min MUH 60s
4ac h qac 60min=3600s
CYTKH d CYyT 24h=86400s
[Tnockuit yron @ pamuan rad pan rpaayc © © n/180°rad=1,745
10”rad
MUHYTA ' ' 1/60°=2,91
10rad
CeKyH/1a " " 1/60 =4,85
10°°rad
[Tnomans S=F KBaJIpaTHBIN m’ M-
MeTp
JIuneiinas v=S/t METp B m/S Mm/c LT? km/h KM/4 0,278m/s
CKOPOCTb CeKYHIY
Vriosas w=2 pajuaH B rad paj T rpaayc B °ls °lc 1?7745 10rad/s
CKOPOCTb t CeKYHIY s c CEKyHIY
06opoT B u/s 006/c 2m rad/s
CEKYHAY
Jluneiinoe a=v/t=s/t’ METp B m/s® m/c’ LT? KUJIOMETD B km/h KM/4ac 0,278 m/s®
YCKOpEHHE CEKYHIY B 9ac B CEKyHLY s c
KBaJpare
VrioBoe e= wl t=¢l ¥ pajuaH B rad/s® pam/c’ T2 rpazayc B o/s? °/c? 1,745 1072 rad/s?
YCKOpEHHE CEeKYHIY B CEeKYHIIY B
KBaJpare KBaJipaTe
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[Ipomomxkenue mpuitoxkeHus |

1 2 3 4 5 7 8 9 10
YacroTa f repi Hz I'n T!
MEPHOUYECKOTO n
npolecca
Cuia F=ma HIOTOH N H LMT? KUJIOTpaMM kG, kgf kI, xrc 9,8N
CHJIBI
MoMeHT cu, M=Fr HIOTOH-METpP Nm HM L*MT?
BpaIAIuUi
MOMEHT
Pabora, sHeprus A=Fs JOKOYJTb J Jx L°MT?
MomHoCTE Nzé BaTT W Br L’MT® KHWJIOBATT-4ac kWh kBT yac 3,6101J
t JIOIIaANHAS HP, PS 1.C 75 kGm/s=
cuia 735,5W
BOJIBT-aMIIEp VA BA JUIsl TIOJTHOM
MOIITH.
var Bap JUIsl pEaKTUBHOM
MOIITH.
Cuna Toxa I amrmep A A |
DneKTpudecKuit g=It KYJIOH C Kn TI amrep-4ac Ah A dac
3apsi,
KOJIMYECTBO
JJIEKTPHYECTBA
A=1L ammep Ha A A L7l amrep Ha A/mm? A/mm® 3600 C
ILI0THOCTH TOKa s KBaJIPaTHBIN m2 M2 KBaJIp.
MeTp MHJLTEMETP
OneKkTpudecKoe U=2=Ir BOJIBT \% B LMT 1
HaMpsHKEHHUE,
HOTEHIHUA, 3]IC
HanpspkeHHOCTD g=F=t BOJILT Ha METP |4 B LMTIT
51EKTPUYECKOTO ar m M
noJist
OnekTpuyeckas c=2 ¢apana F [} L2MT TP
€MKOCTb
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[Iponomxenue npuioxxenus 1

1 2 3 4 5 6 7 | 8 | 9 | 10
Amonexrpudeckas €= & & thapana Ha E 9 LMATH? JJIEKTpUYECKas IIOCTOSIHHA &, = 8,854 1012L
MPOHULIAEMOCTh METp m M m
a0COJIFOTHAs
DnekTpudeckoe r=Y oM Q Om L°MTI?
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[Iponomxenue npuioxenus 1

1 2 3 4 5 6 10
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CONpPOTHBJIEHNE R, =Em aMIep Ha A A
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[Tpunoxenue 2
CranapTHbie NPaBWIA OKPYTIJIEHUS

B npakTudeckoil METpOIOTUH CYIIECTBYET HECKOJIBKO MPaBUJI, IPUMEHSIEMBIX MIPU OKPYTJICHUH PE3yJabTaTa U3MEPEHUM U €0 MOrPEIIHOCTEH.

B cootBerctBum ¢ 1. 3.4. meroguueckux ykazanuit MU 1317-86 I'CU. «Pe3ynpTarhl U XapakKTEPUCTUKU MOTPEUIHOCTU u3MepeHuid. dopmbl
npencraBicHus. CriocoObl MCMOJB30BAHUS TPU UCTIBITAHUSX 00pa3loB MPOMYKIIMU W KOHTPOJIE UX MapaMeTpPOBY», XapaKTEPUCTUKU MOTPEITHOCTEH
(MM MX CTATUCTUYECKUE OLIEHKH) TOJKHBI BBIPAXKAThCS YHCIIOM, COJIEpPXKAIUM He OoJiee IBYX 3Havalmx uudp.

CHnauana okpy2narwm (omopacviearom 3nauauque yuppol cnpasa 00 onpeoeieHHo20
Paspaoa ¢ 603MOHCHLIM UMEHEHUEM UUPPBL IM020 pa3paoa) 3HaveHue adcoaromHo
nozpewtHocmu pe3yibmama usmepeHus, a 3amem OKpyzisaemcs 3HavyeHue pe3yibmama
CaAMOoul usmepaemou 6enuduHbl.

Ecnu nepsas 3nauawiana yugpa adcontomuoii nozpeutnocmu pe3yibmama usmepenus
pasna 1 unu 2, mo 3nauenue adconOMHON NOZPEUWIHOCIU OKPY2TIAEMCA 00 08YX 3HAYAULUX
yugpp. Ecnu nepeas 3nauawasa yugppa adconiomnoii nozpewtnocmu pe3yibmama usmepeHus
paena 3, 4, ..., 9, mo 3Hauenue nozpewiHocmu OKpyeiaemcsa 00 0OHOU 3Hauawieil yugppol.
IIpu 3mom ucnonwv3yrom cmanoapmmsle npasuna OKpy2ieHus.

IIpu 3TOM HCIIONB3YIOT CTaHJAPTHBIE ITPABUJIA OKPYIJICHHUS.
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Echu nepseas uz omoépacvieaemvix yughp (cuumasn cneea Hanpago) meHnvuie 5, mo
HOC/IEOHIO COXPAHAEMYI0 UUPDY He MeHAIom.

Ilpumepor:

Yucno 0,27375 okpyensemces 00 08yx sHavawux yugp ~ 0,27,

Yucno 8,337 okpyensiemcesi 00 00HOU 3Havawel yugpol = 8.

Ecnu nepeasa uz omopacvieaemvlx yughp oo1vuie unu pasna 5, Ho 3a Heul clledyem
3Hauawan yugpa, mo NOC1eOHAA OCMAarWanca yudpa yseaudueaemca Ha eOUHUNY.

Ilpumepor:

Yucno 0,257 okpyensiemcesi 00 08yx 3Havawux yugp = 0,26.

Yucno 8,735 okpyensemces 0o 0o0Hou 3navaueli yugpot < 9.

Ecau omoépaceiearom monvko o0Hy yughpy 5, a 3a Heill Hem 3Hauawyux uugp, mo
nOCNeOHAn COXpaHaemas uyugpa ocmaemca HEUIMEHHOU, eclu OHA YemHas, U
yeenuuueaemcsa Ha eOUHUUY, eC/lU OHA HeYemHasl.

Ipumepor:

Yucno 0,275 okpyensemcs 0o 08yx snavawux yugp < 0,28;

Yucno 0,145 oxpyensemcs 0o 08yx 3navawux yugp = 0,14.

Bwmecte ¢ Tem 1. 3.4. METOIMYECKUX yKa3aHUM JOMYCKaJIOCh BBIPAXXaTh XapaKTEPUCTUKHU MOTPELIHOCTEH (MJIM MX CTaTUCTHMUECKHUE OLEHKH)
YHCIIOM, COJEpXKallMM OJHY 3Havamyio uudpy. IIpu sToM morpemHocTb M3MEpeHHs, OKpyrisemas IO MepBOM 3Hauameld nudpbl, Bceraa
YBEJIMUMBAETCS Ha €IMHMUILY, €CJIM TepBas U3 oTOpachiBaeMbIX HU(]p (cUHUTas cleBa HANpaBO) paBHA WM OOJbIIE 5 U HE MEHSAETCS, €CIU IepBas U3
oTOpacsiBaeMbIX LU(p (cUnTas ciaeBa HAIpaBo) MEHbIIE 5.

Ilpumepoi:
Yucno 0,273 okpyrisercs A0 01HOM 3Havamiei nudpsi ~ 0,3;
Yucrno 0,00083 okpyrnsercs 10 oxHo# 3Havamei mudpsr ~ 0,0009.

HenoctaTok U35105k€HHOTO IOMYIIEHUS! COCTOUT B TOM, YTO OTHOCHUTENIbHAs
MOTPEIIHOCTh OT OKPYIJICHUS U3MEHSIETCSI CKAuKOM TPH TakoM repexoje. Hampumep, npu nepexoje ot uunciaa0,273 k yucay 0,3 (okpyrienue 10
OJIHO# 3Havareil nugpel), MPUBOIUT K OYeHBb O0IBbIION oTHOCHTENbHOM morpertHocTH (0,40 - 0,30) / 0,30 = 30 %, B TO Bpemst Kak px
OKPYTJICHHHU JIO IBYX 3HaYaIux mudp, nepexona ot yucia 0,27 k uucny 0,28, IpUBOJAUT K HE3HAUYUTEIBHOM oTHOCUTENbHOU morpentHocty (0,28 -
0,27) /0,28 = 3,5 %.

Ecnu e moiy4eHHOe YMCII0 HAYMHAETCS, HalpuMep, ¢ MUQpsl 8, TO coOXpaHEHHe BTOPOTO 3HAKa, T.€. YKa3aHHWE IOTPEIIHOCTH, HAIpUMeED,
0,00083 Bmecro 0,8, mpUBOIUT K HE3HAYMTENbHOH oTHOcuTenbHOW morpemHocty (0,00084 - 0,00083) / 0,00084 = 1 %, uro sBuseTcs
Ie3nH(pOpPMaInei, T.K. ICXO/IHbIC JaHHbIE HE 00ECTICUNBAIOT TAKOH TOYHOCTH.
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Pe3ynvmam uzmepenus OKpyanaemcs 00 moz2o yxee 0eCAmuUYH0Z0 pa3paod, KOmopsim
OKAHUUBACM CSL OKPY2/ICHHOE 3HAUEeHUE AOCONIOMHOU NO2PEUWHOCHU.

Ecnu yucno decamuunvix 3HAKO8 8 pe3yibmane blYUC/ICHUSA OKA3bI6ACMC MEHbULe,
yem 6 3HAUEHUU AOCONIOMHOU NOPEWHOCMU, MO Hedocmawwiue UuPpovl 3ameHsIom
HyAMU.

Ecnu uucno oecamuunvlx 3HaK08 6 pe3yibmane GbIUUCACHUS OKA3bI6ACMCA Donblue,
MO UCRONBL3YION CMAHOAPMHbLE RPABUNLA OKPY2IeHUS.

Ilpumepeot.

Ipasunvrno: 17,0 + 0,2. Henpasunvno: 17 + 0,2 unu 17,00 + 2.

Ilpasunvno:12,13 + 0,17. Henpasunvno: 12,13 +0,2.

Ilpasunvno: 46,40 + 0,15.  Henpasunvno: 46,4 + 0,15 unu 46,402 + 0,15.

Ipasunvno: 235,73 + 0,15. Henpaesunvno: 235,7 + 0,15.

Ecnu uucno ecmo pesynomam paciema, mo 6 Hem O00JHCHO ObIMb COXPAHEHO CMOJIbKO
0eCAMUYUHBIX PA3PA00E WU 3HAYAUUX UUGPD, CKOJIBKO UX COOEPHCUMCI 8 HAUMEHEEe MOYHOM
yucie, UCnOJIb306AHHOM NPU BLIYUCTICHUU.

Ipumep:

Yucnosoe 3nauenue pesyromama pacvyema 2,1-345-13=94185=94

OKpyznenue npou3eo00umca 1uuib 6 OKOHYAMeIbHOM Omeeme, da éce
npeosapumesbHvle GbIYUCTIEHUA RPOGOOAM C OOHUM-08YMA TUUWIHUMU 3HAKAMU.

Ilpumep:

Pezynomama usmepenus 220,46 +4.

Hcnonvzys cmanoapmmuvie npaguia OKpyeieHus.

- YUCIO 3HAKO8 NOCJle 3aniamolu 8 OYeHKe UMepPAeMOoll eIUYUHbl OOJIHCHO COBNAOAMb C
YUCTIOM 3HAKO8 NOCIe 3ansimou 6 3HAYeHUU NOSPeUHOCMU, NOSPEUHOCMb Bblpadcaemcs 6
AOCONIOMHBIX BEIUUUHAX,

- eciu npu OKpy21eHuu nepeas u3 omopacvleaemvix yugp (cuumas cieea Hanpaeo)
MeHbue 5, Mo NOCIeOHss COXpanseMas yuppa e meHsaemcs,

OKpy2ieHue 8 okoHuamenvbHom omeeme <220 + 4.

Okpyanenue no smanam npuseno 6vi K ouuodKe:

-na lsman - 220,46 + 4 = 220,5 + 4;

- na Il smane - 220,5 + 4 = 221 + 4.
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MHOXHUTEJIHN H NMPpUCTABKU CHu IJIsA 0003HAYEHHS KPaTHBLIX U J0JbHBIX €IUHUIL

MHOXWUTENb IIpucraBka O0603HaveHNE MPUCTaBKU
MexnyHapoaHoe Pycckoe
108 JKca E €}
1015 neTa P I
1012 Tepa T T
10° rura G r
106 Mera M M
103 KHUJIO k K
102 I'eKTO h r
10t neKa da na
107! Jenu d il
1072 CaHTH c c
1073 ML m M
10°¢ MHKpPO U MK
107° HaHO n H
10712 TIHKO P o
10715 demto f d
10718 aTTo a a
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[Tpunoxxenue 4

(I)OpMy.TILI JJIF BBIYHUCJICHUS a0COJIIOTHOH ¥ OTHOCHUTEJILHOM norpemnocTeifl HauoboJ1ee PaclnpoCTpaHEHHbIX q)yHKIII/IOHa.TIbHLIX 3aBHCHMOCTeH

YacTHble TPOU3BOHBIE (PYHKITHH

[Torpemnoctu
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HpOI[OJ'DKCHI/IC MPUIIOKCHUSA 4
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[Ipomomxenue mpuiIoxkeHus 4
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[Ipomomxenue mpuoxkeHus 4
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ITpunoxxenue 5

Oﬁpa3eu (l)OpM]:I TUTYJIBHOI'0 JIUCTA OTYETA 110 NPAKTUYCCKOMY 3aHATHIO U COACPKAHUEC
IMYHKTOB 0T4Y€TA

MunKCcTEepCTBO HAYKH | BhICIIero oOpazoBanus Poccuiickoit deneparmu
DdenepanbHOE TOCYJAPCTBEHHOE OFOIKETHOE 00pa30BaTEIbHOE YUpEKICHHE
BBICITIEr0 00pa30BaHUS

«Y pasbCKHil TOCY1IapCTBEHHBIN TOPHBIA YHUBEPCUTET)

Kadenpa DnekTpoTexHuKH

OTYET
N0 NPAKTHYECKOMY 3aHATHIO Ne
no gucuunianne «METPOJIOT U, CTAHIAAPTU3ALIUSA U CEPTUDUKALIUS»

TEMA:

(HauMeHOBaHHUeE TeMbl)

Crynent(ka) rp.

I[aTa BBIITOJIHCHUS MMTPAKTHUYCCKOTI'O 3aHATUA

IIpenonasarens

ExatepunOypr
202__
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[Tpunoxenue 6
Oopa3zen opopmiieHusI pelieHUs 32124

Kakoii k1acc TOYHOCTH AOJKEH UMETh aMIIEpMETP, UMEIONIUi nipeaen usmepenus 10 A, npu
U3MEpEeHUH ToKa 7 A, 94ToObI MOTPeNIHOCTh He npeBbiana 1,2%? (Venosus 3adau
Nepenuculeams ¢ omuent).

Pewenne:

[l onpenenenns kiacca TOYHOCTH PUOOpa HEOOXOAMMO PAaCCUUTATh IIPUBEIEHHYIO
MOTPENIHOCTb, IS Yer0 HYKHO ONPEAENTUTh NPeesIbHYI0 aOCONMIOTHYIO MOTPEIIHOCTh TAHHOTO

U3MEPEHUSL.
ITockonpKy OTHOCHUTEIBHAS MOIPEIIHOCTD 3ajaHa

A
e — 0,
o= o 100 %
TO TIpeeNbHas a0COTIOTHASI OTPEIIHOCTD JAHHOTO U3MEpEHus OyneT paBHa:
A=12%+7A/100% = 0,084 A.

IIpuBeneHHas MOrpemHOCTb:
y==-100% =0,084 A * 100% / 10 A = 0,84 %

Knacc Tounoctu pomxer OvITh 0,5.

OtBeT: TpedyeMyro TOYHOCTh MOKET 00eCeunTh amnepMeTp kiacca TouHoctu 0,5.
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