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BBEJIEHHE

K nuHEHHBIM KOMIIOHEHTaM 3JEKTPUYCCKUX M PAIMOTEXHUYECKUX IEMel C co-
CPEIOTOYCHHBIMHU TTapaMETPaMU OTHOCST PE3UCTOPHI, KOHACHCATOPHl U WHAYKTHBHBIC
kaTymkd. OCHOBHBIMU TapaMeTpaMH HMX SIBISFOTCS COOTBETCTBEHHO aKTHBHOE COIPO-
tusieHue (R), uaaykruBHocTh (L) 1 emkocth (C). B OONBIIMHCTBE CllydaeB U3MEPATH
9TH MapaMeTphl MOKHO MYTEM CPABHEHHS C COOTBETCTBYIOIIMMH OOPA3IOBBIMU 3JIe-
MEHTaMH — MEpaMH, KOTOPbIC BBIMOJHSIOT B BH/C ACKAJAHbIX MarasuHoB R, L wimn C,
MHOTJIa CHA0KaeMbIX MEPEMCHHBIMU PE3UCTOPAMHU, BAPUOMETPAMH MIIH BO3YIIHBIMU
KOHJICHCATOPAMH JIJIsl YCTAHOBJICHHUS MPOMEKYTOYHBIX 3HAYCHUI STHUX BennuunH. Kax-
JIBIA MarasvH XapakTepU3yeTCs OMPECICHHBIM 3HAUEHUEM KaK OCHOBHOM IOIPEIIHO-
CTH IIPH HOPMAJIbHBIX YCJIIOBHAX SKCIIEPUMEHTA, TaK M JOMOJHUTCIbHBIMUA TOTPEIITHO-
CTSMH, BbI3BIBACMBIMHU, HAMPUMEpP, BIUSHHEM MOBEPXHOCTHOTO 3 QeKTa, HAIHIHEM
WHIYKTHBHOCTH Y TIPOBOJIOYHBIX PE3UCTOPOB, MEXTYBUTKOBBIX EMKOCTEH y 00pasio-
BBIX HHIYKTHBHOCTEH.

[Tpu BBIMOJHEHUH TOYHBIX HU3MEPEHHH HEOOXOIMMO YYHUTHIBATH BO3MOYKHOCTH
TOSIBJICHUS 3TUX MOTPEIIHOCTEH ¥ KOMIICHCUPOBATh UX BIMSHUE Ha PE3yIbTaT H3MEpe-
HHsI BBEJICHHUEM IOTIPABOK HIIM MPUMEHEHHUEM JPYTrOoro METO/1a H3MEPEHUS.

MeTtopl U3MEPEHHSI CONTPOTUBIICHHUS, HHAYKTUBHOCTH M €EMKOCTH MOXKHO pasjie-
JUTh HA TPH TPYyNbl 1) ¢ MOMONIBIO amnepmempa u oibmmempa; 2) Mocmogou me-
moo, IPA KOTOPOM H3MEPSEMOE aKTHBHOE U PEAKTUBHOE COMPOTHBIICHUE CPABHUBAIOT
C CONPOTHBIICHUSMH Pa00YMX 3JICMCHTOB, BKJIFOUECHHBIX B COOTBETCTBYIOILIUC IUICUM
MOCTOBOM CXEMBbI; 3) pe30HAHCHbIU Menoo, KOTAa U3MEPECHUS MPOU3BOISAT MPH PE30-
HAHCHON HACTPONKE W3MEPHUTEIBHON CXEMBbI, BBITOJHEHHONW B BHE KOJeOATCIBHOTO
KOHTYpa.

Boi6op MeTo1a H3MEpeHHs ONpeaessieTCs TpPeOyeMOi TOYHOCTBIO U THATTa30HOM
94acTOT, B KOTOPOM JOJDKHBI PaboTaTh MCCIIEAyeMbIe KOMIOHEHTBI CXeMbI. B dacTHO-
CTH, HA BBICOKHMX YaCTOTaX HEOOXOIMMO YUYHMTHIBATH COOCTBEHHYIO €MKOCTh KaTyIIEK
WHIYKTHBHOCTH U TIApaMETPhl U3MEPUTEIBHON CXEMbI, KOTOPBIC P HU3KHUX YaCTOTAX
HE MIPAIOT CYHMIECTBEHHON posin. Kakaplii U3 MEepeyrcIEHHBIX METOI0B MOYHO COYe-
TaTh C METOZOM 3aMEILCHUS JIJIS ITOJTyUeHUs 00Jiee TOYHBIX PE3YJIbTATOB.

1. USMEPEHUE COIIPOTUBJIEHMA C IIOMOIIBIO
AMIIEPMETPA U BOJIbTMETPA

ConpoTuBieHUs] OTHOCATCA K YHMCIY BaXHEHIIMX MapaMeTPOB AJIEKTPOHHBIX
yCTpOMCTB. B mpakTuke M3MepeHuil BOZHUKAET HEOOXOAUMOCTh ONPEAEICHUS COIPO-
tuenennit ot 10° 10 10" Oum. YCI0BHO CONPOTUBICHNUS AEIST HA TPU TPYIIIBL MaJIbe
— 10 1 Owm, cpemnme — ot 1 On 110 10° On 1 Gombime — cBeime 10° Ox. Beibop me-
TOJIa U CPEACTBA U3MEPEHUSI CONPOTHUBICHUS B KaXXIOM KOHKPETHOM Ciy4ae 3aBHCHUT
OT 3HAUEHUS CONMPOTUBIICHHUS, TPEOOBAHUI K TOYHOCTH U OT YCIOBHUI U3MEPEHUH.
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Meton ammepmeTpa M BOJBTMETpa SIBISETCS OJHUM U3 HauOoJee MPOCTHIX, HO
Y HE MEHEE TOYHBIX METOJIOB U3MEPEHHs cONpOoTUBIEHUA. OH 3aKIIOYAETCS B U3MEpE-
HUUW TOKa WU HANPSOKeHUs!, QYHKIIMOHAIBHO CBS3aHHOTO C U3MEPSEMbIM COTMPOTHUBIIE-
HUEM, U OCHOBAaH Ha IPUMEHEHUHU 3akoHa OMa.

1.1. Cxema c OJTHUM BOJLTMETPOM

B cxeme ¢ oguum BoabTMeTpoM (puc.l.1l) mpu HeM3MEHHOM HANpPsHKCHUU TTH-
TaHus B nonoxeHuu 1 nepexmouarens SA (Ry= =0)

o -O~ - pUOOP TTOKA3BIBACT HAIPSDKECHHUE
U;=11R==(U/R)R=U,
PV SA a B TIOJIOKEHWH 2 mepekmodarens SA — Hanps-
1 7 KCHUE:
U U=1R=UR [(R*R).

R 3nece U;=U, 10 ectp U,=UrR, /(R+R; ),
X caegoBarenbHo UyR+U>R=U1'R..

Takum 00pa3oM, HEHU3BECTHOE COMPOTHUBIICHHE

PACCUMTHIBAIOT TIO JBYM IOKa3aHHUSM BOJBTMETpA!

U; u U, u mo ero BXOJHOMY COINpPOTHUBIICHHUIO:

Puc. 1.1 R=R[(U1 /U, )-1].

1.2. Cxema ¢ OJJHUM aMIIEPMETPOM

ool N, B cxeme ¢ omuum ammepmerpom (puc.l.2) B
— nosoxkeHnun 1 mepexiouarens SA mokaszaHue amrep-
PA SA MeTpa MPOTOPIUOHATBFHO CUJIE TOKA!
1,52 l1= U/(Ro+Ra),
U a B IIOJIOJKEHUH 2 nepekitogarens SA:
l2= U/(R+Ra).

R 0 Il 12 R X Pelienre nony4eHHON CUCTEMBI IByX YPaBHEHUI
MO3BOJISIET BBIPA3UTh HEM3BECTHOE CONPOTUBIICHUE:

R=(11/12):(Ro+ Ra )-Ra.

Puc. 1.2

1.3. Cxema ¢ aMIIepMeTpoM U BOJIBTMETPOM

[Ipn M3BECTHOM BXOJHOM COIMPOTHUBIICHWU HCIOJIB3yeMbIX MPUOOPOB HEM3BECT-
HOe comnpoTtusiieHue R, mpu monoxennn 1 nepexmrogarenst SA pacCuYuTHIBAIOT 10 Gop-
MyJie:
R’y = (Uy/la)-Ra.
OTHOCHUTENbHAS MOTPEITHOCTD MTPU 3TOM HE MPEBBIIACT 3HAYCHUS:
0= (Ra /Ry )-100%.
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B nonoxenun 2 nepekimrouatens SA Heus-

~ | A BECTHOE CONPOTHBIICHUE PACCUUTHIBAIOT 1O (O-
o8 \./ ® pmyine:
PA R”=Uy /[1a-(Uy /R))],
a MOTPENIHOCTh H3MEPEHHs COMPOTHUBIICHUS HE
[ IPEBBIIIACT 3HAUYCHUS:
u ! 2 6"=-R (R~ R, )-100%.

S A [TpuBeneHupie (GOpPMysIBI MOKA3BIBAIOT, YTO
PV RX[] CXEMBbI BKJIIOYCHHS aMIIepMETpa M BOJBT- METpa
(puc.1.3) mpu nonoxeHusx 1 u 2 nmepe- KIoyaTes
SA HEpaBHOIICHHBI. DTO OOBSICHSACT- CS TEM, UYTO

O
BOJIBTMCTD, BKJIIOUCHHBIHN A0 aMIICp- MCTpa IIPpH

Puc. 1.3 nonoxkeHnn 1 mepeximouatens SA, MOKas3bIBaeT

CyMMapHO€ MaJICHHE HANPSIKEHUS] HA aMIIEPMETPE
U Ha u3MepsieMoM comnpoTuBiieHUH. [lo3TOMYy pe3ynbTaThl U3MEPEHHI MPEBBIIIAIOT
JEUCTBUTENILHOE 3HAYEHHUE COMTPOTUBIICHMUS.

[Ipn monoxkennn 2 mepexnmodarens SA amMmepMmeTp IMOKa3bIBaeT CHIIY TOKa,
OOJNBIITYIO IEHCTBUTEIHFHON HAa 3HAYEHUE CHIIBI TOKA, IPOTEKAIOIIET0 Yepe3 BOIBTMETD.

Takum oOpa3om, Mpu MU3BECTHOM BXOJIHOM COIPOTHBJICHUU MPUOOPOB MOKHO
UCII0JIH30BaTh JI00YIO U3 PACCMOTPEHHBIX CXEM JIJI OMpejiesieHust 3HaueHus R, .

Ecnu conmportuBienuss npuOOpoOB HEU3BECTHBI, TO ISl ONPEAEIECHUS] MaJbIX CO-
MPOTUBJICHUIN M3MEPEHUS 11eJIeCO00pa3HO MPOU3BOAUTH MPHU MOJOXKEHUHU 2 MEPEKIIIO-
yatens SA; a [ onpeesieHns] CPeTHUX CONMPOTUBIICHUM U3MEpPEHUs CIIeyeT Mpou3-
BOJUTH NIpH mojoxkeHnu 1 nepexitouarens S4.

2. U3MEPEHME BOJIBIIINX COITPOTUBJIEHUI

Bonpime conmpoTuBIeHUs MOKXHO U3MEPHUTH, UCCIIETYS MPOLIECC 3apsiia KOH/ICH-
caTopa 4epe3 0ObEeKT C HEM3BECTHBIM COIPOTUBIIEHUEM Ry ¢ TTOCIEAYIOMUM N3MepEeHu-
eM HAKOIUICHHOTO B

kouzeHcatope C 3apsima Q 3a

Bpemst t. Jlnsg BbINoJIHE-HUA
R, ga PA

= W3MEPEHUN TEPEKIII0YA- TEJIb
o—vy—F{ ] l </ SAna Bpemst t ycrana-
BJIIMBAIOT B TOJIOKEeHHE 1

U C) PV (puc.2.1). 3a 350 BpeMsi KOH-

C JeHCaTop HOJTy4aeT
| KOJIMYECTBO  3JIEKTPUUECTBA
_ Q=U-C{1 - exp[-t/(R:C)]}.
3arem nmepeknovarenb  SA
Puc.2.1. MEPEBOJIAT B MOJIOKEHUE 2.
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ITepBoe MakCMMaJIbHOE OTKJIOHEHUE OATUIMCTUYECKOTO I'aJlbBAHOMETPA PABHO!
O1m— Q/CQ '
rae Cq — GammmcTryeckas mocTosiHHas ranbBanomerpa. CregosarensHo Coyaim=Q, TO
€CTh
CQ'O[]_m = UC{ 1- eXp[ 't/(RXC)] }
Takum o6pazom,
Cqa1m= U-C - U-C: exp[-t/(RC)];

exp[-t/(RcC)] = 1- Coasm/ U-C;

t/(R¢C) = IN[(U-C - Cq-aam ) U-CJ;

OKOHYATEIIBHO.
Re= (UC)IN[U-CI(U-C - Cratam )]
NN
Re= (tU)/( Cq otam)
pu

t« ReC.

JIJis BBITIOJTHEHUSI M3MEPEHU TaKHUM CIIOCOOOM TpeOyeTcsi KOHAEHCATOp C XO-
POIIMM COTPOTUBJIECHUEM U3OJISIIUU.

PaccMoTpeHHbIE BbIIIIE KOCBEHHBIE METOAbl U3MEPEHHSI COMPOTUBIIEHUS MOCTO-
SIHHOMY TOKY JIETKO PEAJN3YIOTCs, HO HE OTJIMYAIOTCS BBICOKOW TOYHOCThIO. [Ipenmy-
IIECTBO METOJa U3MEPEHUSI CONPOTHUBIICHUSI aMIEPMETPOM M BOJBTMETPOM 3aKIIIOYa-
€TCsl B TOM, 4TO B Ipoliecce udmepeHus: R, o0wekt nocrasieH B yciaoBus Pabouero pe-
KUMA.

HemnocpeacTBeHHO U OBICTPO COMPOTUBICHUE MOXKET OBITH U3MEPEHO C MOMO-
IIbI0 OMMETpA.

3. UBMEPEHUE COITPOTUBJIEHMA OMMETPOM

OMMeTpBI — TPUOOPHI HETIOCPE/T-

RX CTBEHHOW OIICHKH, IMpeIHa3HAYCH-
— HBIC JIJIS1 U3MEPEHUST COMPOTHBIIC- HUS
0\';)),._]_,,@\/0 0 HECKOJNbKHX KmiooM. [Ipun-
?_\\ [UITUAIBHBIE ~ CXeMBl  OMMETpPOB
</ npuBeneHsl Ha puc.3.l u pwuc.3.2.

E___l__ SA PA R MarauTosJIeKTPUYECKUT MUJLITHAM-
P nepmerp PA, ucnonap3yeMblii B IpH-
Oope, BKIIIOYAIOT TOCIEA0BATEIBHO
(puc.3.1) mnmu napamiensho (puc.3.2)
Puc.3.1. pe3ucropy c HEN3BECTHBIM
conpoTuBienueM. I[locne mnoaxmto-

YEeHUs IPUOOpa K UCTOYHHUKY THTa-




HUsSI TIpU 3aMKHyToM (puc.3,1) wim

R pazoMmkHyTOM (prc.3.2) KoHTakTe SA
X ) yKkasaTenb npudopa PA 1pu no-

0\ T o KS A MOIIM TIEPEMEHHOro pesucropa R,

_ N i YCTaHABIIMBAIOT B HYJEBOE IOJIO-
N/ kenue. Ilocie mnepexntoyeHuss KOH-

l E PA R TakTa SA MOJBM)KHAS YacTh MUJUIH-
T P ammepMmerpa IOJ JEHCTBHEM TOKa
‘ VCTOYHUKA IMTAHMS IEPEMEIAETCs

Puc.3.2. Ha YroJi, 3aBUCSIIMHA OT HU3MEpsie-

MOTO COMIPOTHUBIICHUSI.

Jna u3MepeHuss CONpPOTHUBIIEHUM,
npesbimaroux 1000 Om, npuMeHsIOT nociaeaoBaTeabHyto cxemy (puc.3.1). [Ipu stom
yroJI OTKIIOHEHHsSI TIOJBMKHOW 4YacTH NpuOopa oOpaTHO MPOTOPIIMOHATICH BEITUYUHE
R:

a=51=S[E[R+Rea+Rx)],

r7Ie § — 4yBCTBUTEILHOCTh MPUOOpA MO TOKY, Rpp — €ro BXOJHOE CONPOTHUBIICHUE.
[Ikany oMMeTpa TpalyHpylOT HEIOCPEACTBEHHO B OMax, IMO3TOMY Y TIOCIICIOBATEIIb-
HOM CXEeMbI OMMETpa HyJIeBasi OTMETKa PacIojIOKeHa CIpaBa.

JIiiss ¥U3MEpEHUs] MEHBIIMX COMPOTHBIICHUI HCIOJIB3YIOT MapaUIeIbHYI0 CXEMY
ommertpa (puc.3.2). B aTom ciydae yroa OTKIOHEHHs CTPEJIKHM IponopiroHaneH Ry u
HyJIeBast OTMETKA Kbl TAKOTO PUOOpa pacioyioskeHa ClieBa.

OCHOBHBIM HEIOCTATKOM PaCCMOTPEHHBIX MPUOOPOB SIBISETCS 3aBUCUMOCTBD I10-
Ka3aHUH OT HANpPsHKCHUS UCTOYHHMKA MUTAHHSA. ITO TPeOyeT MOCTOSHHOTO KOHTPOJIS
HYJICBOT'O MOKa3aHMs MEPe]] KaKIbIM H3MEPEHUEM.

JIsisi yMEHBIICHHS BJIMSHUS HECTAOWIBHOCTH NMUTAHHS HA IMOKa3aHUs MPHOOPOB
OMMETpPBI COOMPAIOT C MCIIOJIb30BAHUEM JIOTOMETPHUECKUX M3MEPUTEIHHBIX MEXaHH3-
MOB.

JIBe TOABIIKHBIC KATYIIKH H3MEpH-
TEJIPHOTO MEXaHM3Ma TIOIKITFOYEHBI K 001IIe-
My UCTOYHHKY, a pe3uctop Ry, compo-
TUBJICHHE KOTOPOTO TpeOyeTcs W3MEPHTh,
BKIIOYCH B II€Mlb OJHOM W3 KaTyIIeK
(puc.3.3). Usmepsiemoe compotusiacHue Ry
MOJKET OBITh BKJIFOUYEHO TMOCIICIOBATEIBHO C
OJTHOW W3 PaMOK JIOTOMETpa, WU Mapaj-
nenbHOo. Ecnu tokm |; m |, unenu pamox
BeIpasuTh B Buue: 1=E/(Rx +R, ) n [,=
Puc.3.3. =BE/(R+R, ), tne R, — conpoTuBieHue

paMKH JIOTOMETpa, TO YpPaBHEHHUE IIKAaJIbI

OMMETpPA MOKHO 3aIIiCaTh B BUIC:

a=F(l1 /1) =F[(R+ R, )/(Rx + Ry )] =F1(Rx).
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Jlnana3oH wW3MEpeHU BBEIOMPAIOT IpH moMoImu pe3uctopa R. bonee Tounoe
M3MEPEHUE CONPOTUBIICHUS JOCTUTAETCS C MOMOIIBIO CXEM CPABHEHHS.

4. MOCTOBBIE CXEMBI JUTA USMEPEHN A COITPOTUBJIEHUA

4.1.OpuHapHBIA MOCT

JIna u3MepeHus CpeTHUX COMPOTUBICHUN UCIIOIb3YIOT OJMHAPHBIA MOCT TTOCTO-

ssHHOTO TOKa (puc.4.1).

0051

B oaHO TUIEYO0 MOCTa BKITIOYAIOT PE3UCTOP C
M3MEpSEMBbIM COIPOTUBIICHUEM Ry , a B Tpu Ipy-
IMX IUie4a — PE3UCTOPhI C U3BECTHBIMH PETYIIHU-
pyeMbiMu conpoTuBieHusMu R, , R, Ry . K aua-
roHanu ab MOCTa MOJAKIIOYCH HCTOYHHK MUTAHUS £,
a K JguaroHamn Cd — MarHUTORJIEKTPUYCCKUN
rajabBaHomeTp PA.

Jliist u3mepenust BenuauHbl Ry compoTusiie-
Hua R, , Ry m Ry moabuparoT Tak, 4To0BI TOK He-
pe3 TalbBaHOMETP OBLT paBeH HYIO. B aTom cirydae
MOTEHIIMAJIBI TOUCK ¢ U 0 OAMHAKOBBI (0= =@ ), TO
€CTh MOCT HaxXxOIUTCS B paBHOBecuu. [Ipu 3TOM
11=15; Is=l4 1 Re'11=Rs'l3; Ro'lo=Ryl4

PaznenuB mocnenHue aBa ypaBHEHUS OJTHO Ha
Ipyroe, MoJyduM:

Rx / R2: R3 / R4 ,

Rx=Ry( Rs /Ry).

[TonyyeHHOE BbIpaK€HHUE HA3bIBAETCS YPABHEHUEM PaBHOBECHS MOCTA.

4

Ecnu n3mepsiemoe conpoTusiie-
Hue Ry Maio, To mpu BKITIOYEHUH €TO B
cxeMmy mMocta Ha puc.4.1 Bo3Hu-
KaeT MOTPEIIHOCTh BCJEICTBUE BIIUS-
HUS  CONPOTUBICHUN  COCAMHHUTEIh-
HBIX IPOBOIOB anu KC, a Taxke re-
PEXOAHBIX COTMPOTHBICHUNA KOHTaK-
TOB B y3J1ax TUie4a ac (3TH CONPOTHB-
JICHUS UMEIOT TOPSAIOK COTHIX JTOJIeH
oma).

Jlnst Gonee TOYHOTO HM3MEPCHUS
MaJbIX COMPOTUBICHHNA HEKOTOPHIE
TUIBI MOCTOB (Hampumep, MO-62 wunu

—0 e,

Puc.4.2.

P 333) jnonyckaroT Hapsay @ C
JBYX32KUMHBIM ~ BKJIFOYCHHEM  CpE/I-
HUX CONPOTHUBJICHHUIA YETHIPEX3aKUM-
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HOC BKJIIOYCHHE PE3UCTOPOB C MaJIbIM CONPOTHBIICHUEM (puc.4.2). 3nech
muppamu 1 u 4 0603HaUEHBI TOKOBBIE 3aKUMBI, a HHUPpaMu 2 U 3 — MOTEHIUAIbHbBIE
3axuMbl pe3rcropa Ry. CompoTuBIieHHs] COCTUHHTENBHBIX MPOBOIOB (AN u kC Ha
puc.4.1) He BIUSIOT HA TOYHOCTh M3MEPEHUS, TAK KaK B cXeMe Ha puc.4.2 OHU BKIIIO-
YeHBI B TUATOHATN MOCTA.

bonee TouyHBIE M3MepEHHs MajbIX COMPOTUBICHUN B JIAOOPATOPHBIX YCIOBUAX
BBITIOJTHSAIOT C TIOMOIIBIO TBOWHOTO MOCTA.

4.2. JIBOMHOM MOCT

Ananu3 paboThl cxeMbl IBOMHOr0 Mocta (puc.4.3) ynoOHee BINMOIHATE, Ipe/IBa-
PUTEJIBHO 3aMEHUB TPEYTOJbHUK CONpOoTHUBIECHUM Rs , Ry , Rs Ha 2KBUBaJIECHTHYIO 3BE3-

ny (puc.4.4).

Rx ¢ URS R R x U
Puc.4.3. Puc.4 4.

[IpeoOpazoBannas cxema (puc.4.4) npeacTaBisieT coOOOH UYETHIPEXIUICYHH MOCT
(ananoruunbIi MocTy Ha puc.4.1). MocT ypaBHOBEIICH IIPH YCIIOBHH:
Ry (Rot Ro)=Re(Ret Ra).
3neck conpoTuBiieHus Ry u R, onpeensitorcst BIpaKeHUSIMU .
Ra=(Rs'Rs)/ (Rt Ret Re);
Ro= (R Rs)/(Re+ Ry* Rs).
[TocTaHOBKA ATHX BRIPAKEHUH B YypaBHEHUE PAaBHOBECHS MOCTA JIACT:
Ri[Rot (Ra'Rs)/ (Re+ Ryt Re)] =Ry [ Ry + (Re'Rs)/(Re+ Rt Re)] ;
CJIEZIOBATEIIBHO
Ri'[Ro(Re+ Rat Rs)+ RaRs]/ (Re+ Rat Re)= R [ Ru(Rs+ Rt Re)+ Ry Re] /(R R+ Re),
Ry Rx*(Ret Ryt Rs)= Ryi'Ro(Ret+ Rat Re)+ Ri-RirRs — Ry Ra'Rs;
R«= (Ri'Ry )/R; +[Rs /(Rs+ Rut Re) [ (Ri'Rs /R: )-(ReR /Ry )]
OKOHYATEJIbHO:
R= (RiRo )R + (RyRs) [(Ri /R ) — (R /Ry )] /(Rs+ Ryt R).
[Tpu BeimonHeHun ycnoBus Ry /R, = Rs /Ry BTOpoe ciaraemoe MOCiIeIHETO
ypaBHEHHS 00paIaeTcs B HOJMb M M3MEPSEMOE COMPOTHBIICHHE OIMpPEICIIIeTCs M0 YII-
poieHHo# Gopmyie: Re= (RrRy)/R, .



10

Jis  Toro 4ToOBI HETOYHOCTHh BBINOJHEHHUs paBeHcTBA Ry /R = Rs /Ry
HE JlaBajia 3aMETHOM MOTPEIIHOCTH, CONPOTHBICHUE Rs COEIMHUTENBHOrO MPOBOJA
JOJKHO OBITH JOCTaTOYHO MaibiM, a compotuBienus Ry , Ry , Ry, Ry , Haobopor,
JOJDKHBI OBbITh Oosbimu (10 KpaiiHed Mepe, He MeHbIne 10 Om), 4TO MO3BONSET UC-
KIFOUUTh TOTPEIIHOCTH, OOYCIOBICHHBIE COMPOTUBICHUSIMU COCIUHUTEIIBHBIX MPOBO-
JIOB CXEMHEI.

[Tpu R= 10°...10° Om MOrPEIIHOCTh PU U3MEPEHUU C MOMOUIBIO JIBONHOIO
MOCTa He mpeBbIiaeT £1%, a npu u3MepeHnn conpotupnenuii Re>10° Ou morpern-
HOCTh He mpeBbimaet +0,05%.

5. MOCTOBBIE CXEMBbI I U3BMEPEHUA
EMKOCTHU 1 UHAYKTUBHOCTHA

JIJiss u3MepeHHusT WHIYKTUBHOCTH M €MKOCTH HauOoJiee MIMPOKO MPHUMEHSIOTCS
MOCTBI IIEPEMEHHOTO TOKA.

[Ipu paBHOBECHH MOCTa, KOT/Ia TOK B JUa-
roHagu Cd Mocra paBeH HY/II0, KOMIUICKCHBIC
COTIPOTHBIICHHUS B IJIEYaX MOCTa CBSI3aHBI COOT-
HONIeHUEM. Zy'Zs=2Z>Z3, CIIENOBATEIBHO,

2=2y (23 1Z4).

Jis m3mepenus emkoctu C, KOHIeHcaTo-
pa 0e3 moTeph CIY)KHT MOCT MEPEMEHHOTO TOKa,
CXeMa KOTOpOro npuBeleHa Ha puc.5.2. 31ech
ZX: 1/|COCX, 22:1/ |COC0, 23: Rg, Z.4: R4 HOI['
CTaHOBKA 3THX 3HAYCHHI B YPaBHCHHE pPaBHOBE-
cust mocta gaet: (1/C, )=(1U/Cy ) (Rs /Ry); ciemo-
BareabHO, C=Cy (R4 /Ry).

JIJ1st KOHIEHCATOPOB C TIOTEPSIMH  HU3MEpe-
HHE €r0 eMKOCTH, J0O0poTHOCTH Q M TaHTeHca
yria moTepb tgd MOXKET OBITH BBIMOJIHEHO IIO
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cXeMmaM, TIpeJICTaBIICHHBIM Ha puc.5.3 u 5.4.
JInst KoHAeHCATOpa ¢ MAJILIMU OTEPSIMHU, YTO
COOTBETCTBYET IOCJIEIOBATEIILHON CXeMe 3a-
merenus (puc.5.3) conpoTUBIeHUs B IIeuax
cxemsl paBHbL: Zy= R+ (LUi-w-Cy); Zs= Ry +
+(UirwCy); Zs= Ry ; Zo= R, . IloacTanoBka
STUX BBIPAXKEHUU B ypaBHEHHUE PaBHOBECHUS
MOCTa ¥ TIOCTIEYIOIIee pa3ielieHHe JIeHCTBU-
TEJIbHOM U MHAUMOM YacCTH, MO3BOJISIET OIpe-
JETUTh €MKOCTh W COIPOTHBIICHUE KOHJICH-
catopa:. C= Cy(R4/R); RE Re(R/Ry).

JloOpoTHOCTH paBHA:

Q=[U(0-C)/Rc]=(0C¢Ra) ™ = (- CoRs )™

TaHreHc yriia morepb ImpH MOCISIOBATEIBPHON CXEME 3aMEIICHHS KOHIeHCAaTOpa

XapaKTEPU3YETCs CICIYIOIINM BBIPAKCHUEM
tgé=co-Rx-Cx=a)-R3-(R2 /R4 )Co(R4 /R2 )= 'Ry Cyr.

Jlnst KoHAeHCaTOpa ¢ OONBIIUME TIOTEPSIMH, TO €CTh NMPH MapALICILHOW CXeMe
3amemeHus (puc.5.4) KOMIUIEKCHBIEC CONMPOTHBIICHUS B IIcUyax mMocta paBHbl (1/Z, )=
=(VR )+i'wCy; Z=Ry ; Zy=Ry ; (1/Z3)=(1/Rs )+ i-w-Cs . [logcraHoBKa 3THX BbIpa-
JKEHUW B YPAaBHEHHE PABHOBECUS MOCTA M PA3ACICHHUE JCUCTBUTEILHON U MHUMOM Yac-
TH, MTO3BOJISET BHIPA3UTh EMKOCTh U COITPOTHBIICHUE KOHICHCATOpA!

22 / ZX = Z4 / Zg ;
Re[(UR )+ i*rC] =Ry [(URs )+
r0-Cs];
(R /R)+ ir00-CyRo=(Rs IRs )+
i CaRy ;
OKOHYATENTHHO:
Re=Rs (R /Ry );
C= C0(R4 IR )
JIoOpOTHOCTh  TapayuIeIbHOM
CXEMBbI paBHa:
Q=wCyRs;
TaHTEHC yTIJia MOTePh PaBEH:
[TapaMeTpbl MHAYKTHBHOW Ka-
TYIIKA OMPEICIISIOTCS C MOMOIIBIO
MOCTa IMEPEMEHHOT0 TOKa, B KOTOPOM
WHIYKTUBHOCTh U Mara3wH €MKOCTCH
BKJIIOYCHBI B IPOTUBOIIOJIOKHBIC TIIIE-
un (puc.5.5). ConpoTusicHus B 1UIC -

U
Puc.5.5.

S 7D T DT D -7 — - 1

yax MocTa paBHbl: Z=Rti-w-Ly; Z,=Ry; Z3=Rs ; Z/=[(LURy)+ irar-Cy] .
[TomcTaHOBKA 3TUX BBIPAKCHHWI B ypaBHEHHE PaBHOBECHSI MOCTa C IMOCIEAYIO-
MM pa3Jie/icHUEM JICHCTBUTEILHON U MHUMOM YaCTH MO3BOJISCT BHIPA3UTh MHIYKTHB-

HOCTh U COIIPOTUBIICHHUC KaTYIIKU:
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Rt Ly =Ry R [(VRy)+ i Co ] ;
RX+ [ 'CO'LX = (Rz'Rg /R4 )+ R2R3| 'C!)'CO ;
OKOHYATENTHHO:
RER:(Rs/Rs); L=CoRyRs.

Ha ocHOBe paccMOTPEHHBIX CXEM CTPOST YHHBEPCAIBHBIC MOCTBI TIEPEMEHHOTO
toka (MocTel Tuna MUEIT). OHM MO3BOJISIOT MPOU3BOAUTH MU3MEPEHHSI €MKOCTH, HH-
JTYKTHBHOCTH, aKTHBHOTO CONIPOTHUBJICHHMSI, TOOPOTHOCTH U TaHTEHCA yrila MOTeph U pa-
00TaroT, KaK MpaBUJIO, HA OJTHON WM ABYX (PMKCHPOBAHHBIX YaCTOTaX B IUAIMA30HE OT
100 mo 1000 I'y. Jns mepexoma OT OJTHOTO PEeKUMA K IPYroMy MEepeKIIiovarT padbodune
DJIEMEHTHI B Tuie4ax MocTa. [I[puMepoM yHHBEPCaTbHOTO MOCTa MOKET CIY)KHTh MPH-
6op E7-11, oGecrieuynBarOIMi H3MEPEHUE MApPaMETPOB KOMIIOHEHTOB B IIMPOKHUX TIpe-
Jennax.

JIJiss u3MepeHus mapaMeTpoB KOMIIOHEHTOB IITMPOKO MPUMEHSIOT TaKKe TpaHC-
dbopmatopubie MOCTHI. [IpenMyiiecTBa TaKMX MOCTOB OCOOCHHO 3aMETHBI IIPH  H3Me-
PEHUHM MaJIbIX €MKOCTeH, MHIYKTUBHOCTEH WM COMPOTHBIICHWH, KOT/Ia MPUMEHEHUE
YETHIPEXIICYUX MOCTOB TPUBOIUT K OOJIBITUM TOTPEITHOCTSIM.

OpHa u3 pacpoCTpaHEHHBIX CXeM TpaHC(HOPMATOPHOTO MOCTA, TIPECTABICHHAS
Ha puc.5.6, cocTouT u3 Tpanchopmaropa Hanpsokerus TpH, namepsemoro Z, u paboue-
ro (oOpasmoBoro) Zy compoTuBicHUN U TpaHchopmaropa Toka TpT. Bropudnsie 00-
MOTKH TpaHc(opMaTopa HaMpsHKEHUS C YHCIaMU BUTKOB Ny M Ny BKIFOUEHBI COTJIACHO;
NIEPBUYHBIC OOMOTKH TpaHC(hOpMATOpa TOKA C YUCIAMU BUTKOB Nz U N, BKJIFOYCHBI
BCTPEYHO.

O6a TparcdopMaTopa BBITOJHSIOT ¢ CHIIBHONH MHIYKTUBHOHM CBSI3bI0 MEXIY 00-
MOTKamu, pudeM HanpspkeHus U; m U, cuH(basHbl, a ©X OTHOIICHHWE PaBHO OTHOIIIE-
HUIO Yncen BUTKOB B oOmotkax: U; /U,=n; /n, . Hampspkenue Ha BBIXOJE CXEMBI

U(fblx:o Ipu

Lens=lgns. (1)

[Tonaras, uro Iy = 7
=Uy 1Zy 1 1o=Us /2o , u3 TpH —r— IpT
ycinoBuss  paBHoBecus (1), A 'én IU Ix g
MOJKHO TMOJIYYHTh BBIpaX<e- L L U 1

u BbIX()PV
HUE ]I HEU3BECTHOI'O COII- n, QY
. f % 2I 22y 1, ? J
POTHBIICHUS: . i .
Z=Zynynzl(nzng ). (2)
Kax cnenyer u3 ¢op- Puc.5.6.

myasl (2), Tpanchopmatop-
HBIII MOCT MOKHO YpPaBHOBEUIMBATh M3MEHEHHEM COCTABJISIIOLIUX MOJHOIO COMPOTHUB-
neHusi Zy W 9MCeN BUTKOB B OOMOTKaX.

[Ipn n3mepeHnn aKTUBHBIX CONMPOTUBIIEHNN, EMKOCTEN U HHAYKTUBHOCTEU C Ma-
JBIMU AKTUBHBIMH TIOTEPSIMHU PaOOYUl SJIEMEHT BBIMIOJHSIOT MOCTOSHHBIM, a MOCT
YpaBHOBEIIMBAIOT U3MEHEHUEM YHCENl BUTKOB B COOTBETCTBYIOIIMX OOMOTKAX.

PaccMmoTpeHHbIe BhIllle TPUHIUIIBI PA0OTHI ONPEEISIOT BRICOKME METPOJIOTHYE-
CKHE XapaKTEPUCTUKU TpPaHCHOPMATOPHBIX MOCTOB. OTHOIICHHE HaUOOJIBIIIETO
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3HAYCHHMS H3MEPACMOil BETHUMHB K HaMMEHbIeMy gocturaer 10 MOrpemnHocTs us-
MEpEeHMI B JMara3oHe 3BYKOBBIX 4acToT coctaBiseT ~0,1%. [Ipumenenue tpaHcdop-
MaTOpPOB C (PEPPUTOBBIMU CEPACUYHUKAMHU IO3BOJISIET MOBBICUTH JHMAINa3oH padodmx
4acTOT O COTEH MErarepli, 4To JaeT BO3MOKHOCTb HCIOJIb30BaTh UX ISl U3MEPEHUM
rapaMeTpoB KOMIIOHEHTOB Ha pao4acTOTax.

OCHOBHBIMU HCTOYHMKAMH CHCTEMAaTHUYECKUX MOTPEIIHOCTEH MOCTOBBIX CXEM
SIBIISIFOTCS: @) TOTPEUIHOCTU 00pa3IOBhIX Mep (PacX0XkKICHHE MEXy UX MCTHHHBIMU H
HOMUHAJIBHBIMHA 3HAYCHUSIMH), 0) HalIW4YWe Mapa3uTHBIX SJICKTPOABIKYIIUX CHI B
CXeMe, HallpuMep, TEPMOIIEKTPUUECKUX U KOHTAKTHBIX B MOCTaX MOCTOSTHHOTO TOKa U
HaBEJCHHBIX — B MOCTaxX IIEPEMEHHOTO TOKa; B) HEM30EKHOE HATHYHME JTOTTOTHUTENb-
HBIX CBA3E€H MEXIy OTICIBbHBIMU IEMEHTAMHU CXEMBI, MEXIY IEMEHTaMU U 3eMIIEH,
YTO BCerJa oOyCJIOBIMBACT IMOSIBICHUE MAapasUTHBIX TOKOB yTeuku. HelTpamuzarms
NIEPEUYMCIICHHBIX UCTOYHUKOB MTOTPEIHOCTEN U3MEPEHUN OCYILECTBISAIOT POBEICHUEM
KOHTPOJIbHBIX M3MEPEHUH, MO3BOJISIONINX OOHAPYKUTh M y4YECTh WM YCTPAaHUTh ITU
VCTOYHUKH.

Haubosnee pacrpocTpaHeHHBIMH CIIOCOOAMH HMCKIIIOYEHMSI TOTPEIIHOCTEH MOoc-
TOBBIX CXEM SIBJISIFOTCS: KOMIIEHCALMS MTOTPEIIHOCTH 10 3HAKY, METOJ 3aMELICHMSI, K-
PaHUPOBAHUE DJIEMEHTOB M OTIENBHBIX y3JI0B MocTa. [lepBblif M3 HUX ITO3BOJISIET HMC-
KJIIOYUTh IOTPEIIHOCTH, BBI3bIBAEMbIE MAPA3UTHBIMU TEPMOIIEKTPHUUECKHUMHA M KOH-
TaKTHBIMM Pa3HOCTAMHU NOTEHUHMAIOB. OH 3aKII0YaeTCs B JBYKPATHOM U3MEPEHUU NIPU
W3MEHEHHBIX YCJIOBUSAX, HAIlPUMEp, MPHU MEPEKIIOYEHUN HAIlpaBJICHUs TOKA MHUTAHMS.
[TonycymMa 3THX OTCUETOB HE CONEPKUT NOTPELTHOCTH.

Bropoit MeTon 3akirodaeTcss B 3aMEIEHUN U3MEPSEMOW BEJIMYMHBI PAaBHOW €
oOpa3ioBoil. B 3ToM ciayyae HEM3MEHHOCTh PEKHMMa CXEMbl BO3MOXKHA IPH IOJHOM
paBeHCTBE 00pa3loBoil U n3MepsieMoil BenmnuuHbl. HenoctatkoM 3Toro Metoza siBiaseT-
Cs1 HEOOXOIMMOCTh UCIOJIb30BaHUS TOMOJHUTEIBHOTO 00pa3lloBOTO AIEMEHTA — MEPHI.
JIOCTOMHCTBOM METOAA CIEAYET CYUTATh €r0 MPUMEHUMOCTh B MOCTAX KaK IIOCTOSIHHO-
ro, TaK ¥ IIEPEMEHHOI0 TOKA.

6. PEBOHAHCHBIE CXEMbI U3MEPEHWA
ITAPAMETPOB LEIIEN

[Ipn mcnonb30BaHUM PE30OHAHCHOTO METOJa M3MEPUTEIBHOM CXEMOM SABISACTCA
KOJICOATENbHBINA KOHTYP, COCTOSIINN M3 pabOYnX 3JIEMEHTOB M UCCIEAYEeMOTO KOMIIO-
HeHTa. B kadecTBe pabodYMX AIEMEHTOB HMCIONB3YIOT WHAYKTHBHYIO KaTYIIKy W KOH-
JIEHCATOP MEPEMEHHON EMKOCTH.

Pe3oHaHCHBIE M3MEpEHNs MOTYT NPOU3BOJUTHCS B LIMPOKOM JHANA30HE 4acTOT
— OT HECKOJIBKUX JECATKOB KUJIOTepL 10 cCOTeH Merarepll. [Ipu 3Tom onpenensior neu-
CTBYIOIIME 3HAUYEHMsI MApaMeTpoOB, TO €CTh (DaKTHUECKHE 3HAUYECHUs COINPOTUBIICHUS,
VMHIYKTUBHOCTH WJIM €MKOCTH Ha 32)KMMAaX MCCJIEAYEMOIO 3JEMEHTA IIPU JTaHHOM Yac-
TOTE U3MEPEHUN.

JleficTByIOIII€E 3HAYEHUE CONPOTUBIICHUS OTIIMYAETCS OT CONPOTUBIIEHUS, U3ME-
PEHHOTO MPU TIOCTOSIHHOM TOKE, BCIICJICTBUE BIHMSIHHSI IIOBEPXHOCTHOTO A (deKTa.
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JlelicTByroIee 3HAYCHHE HHIYK-
THBHOCTH KaTYIIKH OTJIMYAETCS OT BEJIH- -——1 L
YHMHBI, H3MEPEHHON Ha HHM3KOM 4acToTe, L '
HanpuMep, MOCTOBBIM METOJOM, BCIE/- k Ck '
CTBHE BIIMSHHS PaclpeacIcHHON MexK- .
BUTKOBOM €MKOCTH. YUYHTBIBas, 4TO 3Ta Rk ; L
emkocth (Cy ) BKJIIOYEHA MapaslieIbHO 1 ki '
uHAYKTUBHOCTH (L¢ ) M aKTUBHOMY COII- 0 0.5 1 wWw
potusnenuto karyimku (Ry ), MoxHO Haii- a) 6) Ok
TH JCUCTBYIOIICE 3HAYCHHUEC WHIYKTHB-
Hoctu (puc.6.1.a): Puc.6.1.

Lo= L /[ 1-(ol ook )7]

rie wu=1(LeC)> - yIJIOBask PE30HAHCHAS YaCcTOTa KAaTYIIKU. XapaKTep 3aBUCHMO-
ct Ly ot w/wok npencrasnen Ha puc.6.1.0.

JleficTByroIIIee 3HAYEHHUE SMKOCTH KOHCHCATOPA TAKXKE CYIIECTBEHHO 3aBHCUT
OT YaCTOThI, MOCKOJBKY Ha BBICOKHX YaCTOTaX CYIICCTBEHHYIO POJIb WUIPAIOT MHIYK-
THBHOCTH BBOJA. C MOBBIIICHHEM YaCTOThI HHIYKTHBHOE COMPOTHUBIICHUE BBOIOB BO3-
pacraet, yBeanuuBas pakTHIECKYI0 eMKOCTh Ha 3aKMMax KoHjeHcaTtopa. Takum obpa-
30M, C TIOMOIIBIO PE30HAHCHBIX CXEM IEJIECO00Pa3HO U3MEPSITh MapaMeTPhl KOMIIOHEH-
TOB IIETICH, pabOTAIOIIMX Ha BBICOKHX YacTOTax. IIpuueM I OmpeaeIeHus] HCTHHHBIX
IapaMeTpOB HCCIIEAYEMBIX JJIEMEHTOB H3MEPEHHUS CIIEAYET BBIMOJIHATH Ha YaCTOTE,
paBHOH pabodvell 4acToTe CXEMbI, B KOTOPOH MPEAINOoaraeTcsi UCIoab30BaTh JaHHbIC
DIIEMEHTHI.

|
L |
T |
|

Karymky ¢ HeusBecTHOU
L« WHJYKTUBHOCTBIO Ly BKJIIOUAIOT MO
’—!—-c CXEMCE TI0CIICA0BATCIBbHOT'O KOHTypa
s L

C KOHJIEHCATOPOM II€pe- MEHHOM
R Co = g) PV emxoctu Cp (puc.6.2). Vnankaro-
j(’“cl" poOM  pe3oHaHca  ABISET-  Co
BOJIBTMETP C OOJIBIIMM BXOJ- HBIM
Puc.6.2. CONPOTHBICHHEM B  pabouem
nuarasoHe 9acTor. CxeMy HaCTpauBarOT B PE30HAHC W3MEHEHHEM JacToThl f reneparo-
pa win eMkoctH Cy KOHJEHCATOpa MEpEeMEHHOM eMKOCTH. Eciin M3MepeHus MOIKHBI
IPOU3BOUTHCS Ha pabodeii 4acToTe UCCIIEAYeMOM KaTYIIKH, YCTaHABIMBAIOT YaCTOTY
reneparopa f=f,,; 1 HacTpamBalOT cxeMy M3MEHCHHEM EMKOCTH KOHJeHcaTopa. IIpn
pE30HAaHCe, TO €CTh MMPH MAKCHMAIILHOM TOKa3aHWU BOJBTMETPA, OTCUUTHIBAIOT YACTO-
Ty TeHeparopa ¥ €MKOCTh pabouero KoHjaeHcaTopa. M3MepseMyro WHIYKTHBHOCTH Ly
HaXOJSAT MOJCTAaHOBKOM 3HAYEHMS PE30HaHCHOM yacToThl f u eMkocT Co KOHIEHCATO-
pa B dopmyny TomcoHa:
T=27(LcCo )*%  Uf=2-7( LcCo)*>;

BX

OKOHYATEJIbHO
- 2
L=1[ (27 f)~Cy).
AHaJOTUYHO, UCIIOJIb3Yys pabouylo KaTYIIKy HUHAYKTUBHOCTBIO Lo 1 U3Mepsst pe-
30HAHCHYIO 4acTOTY f, OnpenensoT HeM3BECTHYI0 EMKOCTh!
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C=1[(2-7)*Ly].

JlauHbIH crtoco0 U3MepeHus eMKOCTH U UHAYKTUBHOCTH MPOCT U YHUBEPCAJIEH U
MOKET MPUMEHSITHCS B IIMPOKOM JHANa30HE YacTOT, HO HE OTJIMYAETCS BBICOKOM TOY-
HOCTBIO.

OCHOBHBIMU MCTOYHHUKAMHU TOTPEIIHOCTEH JAHHOTO CIoco0a W3MEpPEHUN SIBIs-
I0TCS

a) BJIMSHUE OCTATOYHBIX MAPAMETPOB CXEMbI, K KOTOPBIM OTHOCATCS BXOJHAS
€MKOCTh BOJIBTMETPA, WHAYKTHBHOCTH COCIUHUTEIBHBIX MPOBOJOB, €MKOCTh MEXKIY
DIIEMEHTAaMH CXEMBHI,

0) HETOYHOCTh OTCYETa YacTOTHI TeHeparopa. [Ipu pe30HaHCHBIX U3MEPECHUSX
UCIIONB3YIOT TeHEPaTOPhl, paboTaloNUe B IIMPOKOM auamna3zoHe 4acToT. C yBeIndeHu-
€M Juarna3oHa YMEHbBIIAETCS TOYHOCTh TPaAyHPOBKH IIKAIbI M BO3PACTACT HECTAOMIIb-
HOCTh YaCTOThI T€HEpaTopa. DTO MPUBOJUT K YBEIUYCHHUIO MOTPEITHOCTUA MIPU OTCUYETE
YaCTOTHI;

B) HETOYHOCTh OTCYETa MOMEHTAa PE30HAHCA.
BcenenctBue 3Toro mpu oTcueTre pe30HaAHCHOTO 3HA-
YeHHS] €MKOCTH TIOSIBIISIETCSI TIOTPEITHOCTD, 3aBUCS-
1asi OT IHUPUHBI PE30HAHCHONW KPUBOW U3MEPHUTEIIb-
HOTO KOHTYpa M pa3periaronie CnocoOOHOCTH BOJIb-
TMETpa.

JUis yMEHbILIEHUsI OLIMOKH, CBSI3aHHOW C He-
TOYHOCTBIO OMpENIETICHUsT MOMEHTAa pPE30HaHCa B
cxeMe, MPUMEHSIOT IBOiHON oTcueT (puc.6.3). Pe-
30HAHCHOE 3HAYE€HHE €MKOCTU paboyero KOHAEHCA-
Topa BeruucisOT 1Mo Gopmyne: Co=(C'+C”)/2, rue 0
C’u C” — eMKOCTH, OTCUMTAHHBIC MPU OJIMHAKOBBIX Puc.6.3.
MOKa3aHUSAX BOJBTMETpA B OOJACTH HAWOOJbIICH
KPYTH3HbI pE30HAHCHOW KPHUBOM.

7. UBMEPEHUE UHYKTUBHOCTU U EMKOCTU
METO/JOM 3AMEILLEHU S

7.1. I3amepeHne eMKoCTH

Cxema 111 UI3MEPEHUST MaJIbIX €MKOCTeW mpuBeacHa Ha puc./.l. TlepBoe usme-
peHue MPON3BOAAT 0€3 HEN3BECTHON EMKOCTH. Y CTAHOBHUB TPEeOyEeMyIO 4acTOTy T'eHe-

paTopa, BKIIOYAIOT BCIOMOTATENb-

L HYI0O WHAYKTUBHYIO KaTymky L u

"l HACTPauBaIOT CXEMY B PE30HAHC U3-

—° r ! MEHEHUEM €MKOCTH paboyero KOH-
I'enepatop CX -7'4C0(>PV nencaropa. Ilpu BTOpOM WU3MEpe-
l I — HUM TapayielbHO paboueMy KOH-

Puc.7.1.
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JEHCATOPY MOJKIIIOYAI0T HEU3BECTHYIO EMKOCTh U CXEMY BHOBb HACTPauBalOT B PE30-
HAHC, YMEHbIIasi eMKOCTh pabouero KoHjaeHcaropa. Yacrora reuepaTopa mpu 3TOM OC-
TaeTcsl Heu3MeHHou. M3mMepsemas eMKOCTh paBHa
Cx=Co1 — Coa,

Co1 1 Cpp, — eMkocTu pabodero KOHJAEHcaTopa Mpu MNePBOM U BTOPOM HU3MEPEHUSIX CO-
OTBETCTBEHHO.

U3 cxemsl puc.7.1 cnemyet, 4To BXOAHAS €MKOCTh BOJIBTMETPA, EMKOCTh MOHTA-
Ka W MPOYME OCTATOYHBIC TMapaMeTphl HE BIUSIOT Ha pe3yiabTaThl m3MepeHuil. [lo-
TPEUTHOCTh U3MEPEHUS OTPEALIIACTC HETOYHOCThIO oTcueTa 3HaueHu Coy 1 Cop .

Cxewma, mipeAcTaBieHHas Ha puc./.l, mpurogHa s U3MEpPeHUs HEOOJBIINX EM-
kocTelt (Cy<Comex ) - Eciin m3Mepsiemast eMKoCTh OO0JIbIIIE MAKCUMAJIBHONH €MKOCTH pa-
004ero KOHJIEHCATOpa, MPUMEHSIIOT CXEMY, IPUBEICHHYIO Ha puC.7.2.

W3meperns  TpoOM3BOIAAT

K.3.
nBaxel. CHaYajga HaCTPauBaroOT L a b
B PE30HAHC KOHTYP C KOPOTKO3a- ‘[—/V\L{l—l_%_ﬁl
- C

MBIKAIOIEH MEPEMBIUKON MEXKT

3KUMaMA a Hpb. 3arem MG)KII; e * C? = PV
3aKMMaMHd a U b BKIIFOYArOT He- —o_[ L

U3BECTHYI0O €MKOCTh H CXEMY

CHOBa HACTPaWBaIOT B PE30HAHC, Puc.7.2.

U3MEHSIE  €MKOCTh  pabouero
KOHJICHCAaTOpa. Pe30HaHCHAsI YacToTa KOHTYpa MPH IEPBOM U BTOPOM HU3MEPEHHSX OII-
pEeAeISeTCS BEIPAKCHUSIMHU:
fo=1[ 2.7 (L-Con)™];
fo=1{27[L-Cy Co /(Ci+ Cp2)] 0'5}-

[TpupaBHHMBas MpaBbIe YACTH 3TUX YPABHEHHH, MOCIIC OUYEBUIHBIX MpeoOpazoBa-

HHM, MOXHO MMOJYYUTh:
Ci=Cor'Co2 /[(Co2 —Coy ).

Kak u B mipeapiaymieil cxeme, OTPEITHOCTh H3MEPEHUS ONPEICIIICTCSI B OCHOB-
HOM HETOYHOCTBIO OTCYETa EMKOCTH 110 IIKaJie pabodyero KOHIeHcaTopa.

[Tpu u3MepeHussx HeOOXOIUMO CIEANTH 3a TeM, 4yToObl 3HaueHusT Co'u Cop 10C-
TATOYHO 3aMETHO OTIHYAIUCH ApYyT OT apyra. IIpu Cy-=Cy, morpentHoctb n3MepeHuit
PE3KO0 BO3pacTacT.

7.2. 3mepenne WHAYKTUBHOCTH

[Ipu n3mMepeHnr UHAYKTUBHOCTH HEMOCPEACTBEHHO peaan30BaTh 3aMEIICHUE HE
yIaeTCsl B CBSI3M C TPYAHOCTBIO U3TOTOBJICHUS 0OPa3IOBBIX pabOUMX KATYIIIEK C Iepe-
MEHHOW MHIYKTUBHOCTBIO. OTHAKO MOXHO HCIIOJb30BaTh CXEMbI, IPUMEHEHNUE KOTO-
PBIX CYHIECTBEHHO YMEHBIINT MOTPEITHOCTh U3MEPEHUN. B 3THX cxeMax u3mepsieMyro
WHJYKTUBHOCTh 3aMEIal0T €MKOCThIO 00pasioBoro paboyero KoHAeHcaTopa Iepe-
MEHHOM €MKOCTH.
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st HU3MEpEHUs MaJblX WHIYKTUBHOCTEH  MPUMEHSIOT  CXEMY,
IPUBEICHHYIO Ha puc./.3. k.3
[IepBoe u3smepeHue mnpous- Lo a ——b
BOJSAT C Kf)pOTKO:«:aMmKanmeﬁ mne- L\NV_T
PEMBIYKON MEXIY 3aKUMaMH a U L s
b. YcranoBuB uactoty reneparo- T'eneparop X 7= PV
pa, paBHOW 4acTOTE UCCIEAYEMOM _°_l C,
KaTyILIKH, CXEMYy HacTpauBalOT B
PE30HAHC HM3MEHEHHEM EMKOCTH Puc.7.3.

pabodero koHjeHcaropa. MoMeHT
pPEe30HaHCca ONPEACIIIOT IO MAKCHUMAJIBHOMY TTOKa3aHHUIO BOJIBTMETpA.

[Tpu pe3oHaHce yacToTa reHepaTopa paBHa pe30HAHCHOW YacTOTE KOHTYpa.

f=fo=U[2:7 (Lo “Cor )™

[Tpu BTOpPOM HM3MEpPEHHH MEXIY 3aKMMaMH a U D BKIIOYAaOT HEU3BECTHYIO HH-
JTYKTUBHOCTh. M3MEHsIsT eMKOCTh pabouero KOHACHCATOpa MPU TIOCTOSHHOW YacTOTE
reHepaTopa, CXeMy CHOBa HACTpaumBalT B pe3oHaHc. [Ipu 3ToM pe3oHaHCHAs dacToTa
OTIPENICTISACTCS BBIPAKCHUEM:

f=fo= 1{ 2w (Lo* L) Cod] °%}-

[IpupaBHUBas mpaBble YacCTH JIBYX IMOCICIHUX PABCHCTB M BBIMOJIHSS HECIOXK-

HBIC MPEe0OpPa30BaAHUS, TTOTYIHM:
L=Lo[(Cor /Co2 )-1].

Ecnu unnyktuBHOCTH Loy HEM3BECTHA, TO U3MEPAEMYIO UHIYKTUBHOCTh pacCyu-

THIBAIOT 1O (hopMmyJie:
L=l(2n f)z[ (U/Cop2)-(UCoy)] -

[TorpemrHoCcTs U3MEpEeHUsI HHAYKTUBHOCTH JIaHHBIM METOJIOM CBSi3aHa, B OCHOB-
HOM, C HETOUHOCThIO oTcueTa 3HaueHur Co u Coy Ilpu Cp-=Cp, morpenHocTsh pe3ko
BO3pacTaeT. MUHMMaIbHAas OTPELIHOCTD mojiydaeTcs npu Ly=Lg .

JIist u3mMepeHus: OONbIIUX UHAYKTUBHOCTEH HCIOIB3YIOT CXEMY, IPUBEIACHHYIO
Ha puc./.4.

N3mensss emkocts pabouero o0-

L, paszioBoro kKoujaeHcaropa Cp , cXemy
JIBAXbl HACTPAMBAIOT B pe3oHaHC. [Ipu
pe30HaHCce u OTKJIFOUCHHOU
I'eneparop L C

X 0 WHIYKTUBHOCTU L, ompenenstor 3Ha-
° | i PV yeHue emkoctu Cp; . B 3TOomM ciyuae
' PE30HAHCHAS 4acTOTa OIPEIEIISIETCS CO-

Puc.7.4. OTHOIIIEHHEM

f=fo=1[ 27 (Lo Cor) ).
[Ipu moak/IrOYeHHOW MHIYKTUBHOCTH Ly CXeMy BHOBb HACTPaMBAIOT B PE3OHAHC
Y OTCUUTBHIBAIOT 3HAUEHUE pe30HaHCHOU eMKOoCTH Coy . IIpu 3TOM pe3oHaHCHas yacToTa
paBHa.
f=fo=1{2:7[ LoLy -Coz /( Lo+Lx )] %}
HpI/IpaBHI/IBa}I HpaBBIe qJaCcTHu IIBYX IMOCIICAHUX ypaBHeHHﬁ, HOJIyIII/IM BBIpa)KeHI/Ie
HeI/I3BeCTHOI71 I/IHIIYKTI/IBHOCTI/IZ
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Li=LoCor/ (Coz - C01)-
B maHHOM ciydae MOrpemrHoCTh ONMpe/IeCHUsT HHIYKTUBHOCTH TaK)Ke 00yCIIOB-

JIeHa HETOYHOCThIO oTcueTa 3HaueHuil Co;'u Cyp .Hanbosnee Tounble pe3yabTaThl HOTY-
YaroTCs Npu ycaoBuM Ly=L .

B paccMOTpeHHBIX cXeMax B3aWMHash WHAYKTUBHOCTH KaTYIIEK JIOJDKHA OBITH
peHEOPEIKNMO MaJa.

8. UBMEPEHME I1IOJIHOM ITPOBOJUMOCTH

B cxeme puc.8.1 mist u3mMepeHus MOJHOW MPOBOJUMOCTH HCIIOJB30BaH Tapall-
JICIIbHBIN N3MEPUTEIIbHBIN KOHTYP, COCTOSIINI U3 pabOYuX 3JIEMEHTOB M UCCIICTYeMOU
neny. Mccneayemas 1ernb CoaepKUT COSAMHCHHbBIC TTapalieIbHO akTUBHYIO Gy 1 peak-
TUBHYIO By mnpoBomumocTh. [Ijis oOecriedeHusl YBEIUYCHUS HAINPSHKCHHUS B KOHTYpE
P PE30HAHCE €T0 BKIIFOYAIOT Yepe3 KOHIEHCATOP CBS3H.

CB

| -

l
[eneparop L C07é R, B’ () PV
G BX ‘
{

X

—

Puc.8.1

[Ipu BRINOJIHEHUU W3MEPEHUI NMPEABAPUTEIBHO YCTAHABIMBAIOT 3aJaHHYIO Yac-
toty f reHepaTopa, MOAKIIOUAIOT UCCICAYEMYIO IICb U HACTPAHUBAIOT CXEMY B pe30-
HAHC M3MEHEHHEM E€MKOCTHU pabouero KoHjeHcatopa. [Ipu pe3oHaHCe OTCUUTHIBAIOT
3HaueHue eMKocTH Cop; U Moka3zanue BojabT™MeTpa PV. 3ateM BMecTo uccieayemMoit nenu
BKJIIOYAIOT pabounii pe3uctop Ry 1 CHOBa HACTpanBalOT CXEMY B PE30HAHC U3MEHEHU-
€M eMKOCTH paboyero KoHJeHcaTopa. MeHssi compoTHBIIeHHE pabodero pe3ucTopa,
JOOMBAIOTCS MPEKHETO MTOKA3aHUS BOJIBTMETPA U OTCUMTHIBAIOT 3HaueHus Co, u Ry .
YactoTa reHeparopa B IMPOLECCE U3MEPEHUN TOJKHA OCTABATHCS HEM3MEHHOM.

AKTHBHas COCTaBIIAONIAS OJHON NPOBOJUMOCTH pPaBHA!

Ge= UR,.
Moaynb ¥ 3HaK peaKTUBHOM COCTABJIAIOIICH ONPEACIIAIOTCS BIPAXKEHUEM:
BXZ 2:f (C02 _COl )

Eciu -(Cp, —Cpp ).> O, TO peakTHBHAs COCTaBJIAIONIAs MMEET CMKOCTHBIN Xapak-

TEp, a SKBUBAJICHTHAsI EMKOCTb PaBHA

C= Co2—Cor
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Ecmun Cyp, —Co; <O, To peakTwBHAs COCTAaBJISAIOMIas  HMMEET  WHIYKTUBHBIN
XapakTep. DKBUBAJICHTHAS WHAYKTHBHOCTD PAaCCUUTHIBACTCS 1O (hopMyIIe:
= U[(27f)*( Cor—Co)].
Pe3ynbpTaTel M3MepeHHMS M pacueTa OINPEACISIOT IapaMeTphl SKBHUBAJICHTHOMN
CXEMBI UCCIICTyeMOH TICTIH.

9. UBMEPEHUE AKTHMBHOI'O COITPOTUBJIEHU A

3amaya omnpemeneHusl COMPOTHUBICHUS PE3UCTOpa Ha 3aJaHHOW YacTOTE MOXKET
OBITH pelicHa PE30HAHCHBIM METOJOM. M3MepeHue akTHBHOTO CONPOTHUBIICHHS PE30-
HAHCHBIM METOJIOM BBHITIOJTHSICTCSI B TPH OIepaIii. B mepBoii onepamnuu reHepaTop BbI-
cokoii yactotel (['BU) HacTtpamBaroT Ha 4actoTy f, Ha KOTOpO# TpeOyeTcs] U3MEPHTH
COMpOTHBIIEHUE pe3ucTopa. [Ipu 3TOM KOHTYp, coaepIKalmii HHIYKTHBHOCTHh L 1 00-
pasnoBbeiid KoHAeHCATOp C,5 , IPH 3aKOPOYCHHBIX 3akuMax 1 -2 u 3 — 4 HacTpanBarOT
B pe3oHaHc Ha vactoTe f uamenennem emkoctu C,; (puc.9.1). [Ipu sToM nokasanwue JIB
OTIPEICNIACTCS BEIPAKEHUEM:

Ut =(EM)-(Uo-C, ),

rje I' — akTUBHOE COIPOTHUBIIEHNE KOHTYpa, C, — 00pa3noBast eMKOCTb IIPU PE30HAHCE,
E=w11'M — snexTpoaBwxkyIas cuia, HaBeJCHHAs B U3MEPUTEIIBHOM KOHTYpPE TOKOM |
reHeparopa [ BY mpu B3aUMHOW MHIYKTUBHOCTH MEXKIYy Karymkamu Lo u L, paBHOU
M.

BY | LofL,r C. [1B

R oty
A Ty
Puc.9.1.

Bo BTOpOIi ornteparuy k 3axkumMaM 1 — 2 TOAKITIOYA0T 00pa3IoBeIi pe3ucTop R; ,
COINPOTHBIIEHHE KOTOPOIO JOJKHO UMETh TOT K€ MOPSIIOK, U4TO U I'. 3aTeM KOHTYp Ha-
CTpauBaloT B pe3oHaHC Ha yactore [ BY u3meHeHueM eMkoctu C,; KOHAEHCATOpa, U
¢ukcupyro HOBOE NoKa3aHue JIB:

Up=[E/(r+ Rp)l-(VarCy).

B tpetreit onepanuu 3axxumMbl 1 — 2 3akopaduBaroT, a K 3akuMaM 3 — 4 MOIKITIO-
qaroT u3mepsiemslii pesuctop R, (puc.9.1). [okazanue JIB B 3TOM ciiydae OnpeaeseTcs
COOTHOUIEHUEM:
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Ups=[E/(r+ R)]-(UeoCy).

CoBmecTHOE PCUICHUC MMOCICAHUX TPCX ypaBHeHI/Iﬁ MMO3BOJIACT BbBIPA3UTH AKTUB-
HO€ CONIPOTHUBIICHUEC B BHUIC:

RERos [ Upz'(Upl - Up3 N/ UpS'(Upl —Up2 ).

JIaHHBIM METOJOM MOKHO M3MEPSTh TOJBKO OTHOCHUTEIHHO HEOOJBIINE COMpPO-
tuBiIeHUs R, (com3amepumblie ¢ BenmmuuHoU ). Ecmu R, mpeBbIaeT 3HaueHue I, 1o U3-
MepsieMOe COTPOTHBIICHHUE CIEAYeT MOJKIIYaTh MapauieIbHo KOHTYpY. [IpoBens us-
Mepenusa HanpspkeHud Upp , Upy , Ugs METOIOM, aHanoOrM4YHbIM METOZY, PACCMOTPEH-
HOMY BBIIII€, MOKHO TTOTYYHUTh BBIPQXKCHHUE U3MEPSEMOTO COTPOTUBIICHUS:

R¢=Ru6"[Ups'(Up1 — Up2 )] /[Upzr (Upr —Ups )] -

Hcnonb3ys moy4eHHbIe BBIIIE YpaBHEHUS, MOYKHO TOTYIUTh (OPMYITY AJIs pac-
YeTa CONMPOTUBIIEHUS [ KOHTYpa!

r'= Ry Up /(U — Up2).

JUisl TIOBBILIEHUS TOYHOCTH M3MEPEHHM OIpeNeNsioT 3HaueHue I MpPU HECKOJIb-
kuX Omm3kux 3HaueHusix C,; W 32 HCTUHHOE IPUHUMAIOT CpeAHee apu(MeTHIecKoe U3
MOJTYYCHHBIX PE3yIbTATOB.

OCHOBHBIM HMCTOYHUKOM TOTPEIIHOCTEH ITAaHHOTO METOAa HM3MEPEHU MOXKeT
0Ka3aThCs HAIMYHE JOMOTHUTEIHHON €MKOCTHOM CBS3M Mexny Lo u L. s uckimoye-
HUS 3TOW MOTPEUTHOCTH MEXAY Lo u L cTaBAT 3a3eMJICHHBIN AIEKTPOCTATHUECKUHN JK-
paH.

10. UBSMEPEHUE JOBPOTHOCTMU.
KYMETP

OnHuMu U3 Hanbosiee pacpOCTPaHEHHBIX MPUOOPOB NIl U3MEPEHUs MapaMer-
POB 3JIEKTPUUECKUX IIeTIel PE30HAHCHBIM METOJIOM SIBJIIOTCS U3MEPUTENH JOOPOTHO-
CTH, Ha3bIBaeMble KyMeTpaMu. KyMeTpsl mpeaHa3sHaueHbl A1 U3MEPEeHus: JOOPOTHOCTH
KaTyIIeK, OJIHAKO CXEMbI 3THX NMPUOOPOB MO3BOJIAIOT U3MEPATH TaKK€ UHIAYKTUBHOCTD
KaTyIIeK, eMKOCTh U TAHICHC yIJa AUAJICKTPUUECKHUX MOTEph KOHJEHCATOPOB, MOJIHOE
COIIPOTHUBJICHUE U MOJIHYIO MPOBOAUMOCTD LIENICH Ha pauoYacToTax.

Ha puc.10.1 npuBeneHa (yHKIMOHAIbHAs CXeMa HU3KOYaCTOTHOTO KyMETpa.
OCHOBHBIMHU y3J71aMH €T0 SIBJISIIOTCA MEPECTPanBaeMblil B 3a/1aBa€MOM JMara3oHe ydac-
TOT T€HEPaTOp; U3MEPUTENIbHBII KOHTYp, COCTABJIEHHBIA U3 UCCIETYEMOI0 KOMIIOHEH-
Ta U pabOYUX 3JIEMEHTOB; AJIEKTPOHHBIA BOJBTMETP, U3MEPSIOMINNA HaNpsKEHUE Ha
BBIXO/I€ KOHTYpA.

N3Mepenne 1OOPOTHOCTH € MOMOIIbIO KyMETpa OCHOBAHO Ha CBOMCTBE I1OCIIEN0-
BaTEJILHOTO KOHTYpA, 3aKJIIOYAIOLIETOCs B TOM, YTO NPH PE30HAHCE HANPSIKCHHE
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['enepatop

Puc.10.1.

Ha PEaKTUBHOM 3JIeMEHTE KOHTypa B Q pa3 OoJbllle AJIEKTPOABIIKYIICH CHIIBI Ha €T
BXoze. [IpakTH4eckn H3MEPSIOT HE JICKTPOIBIKYIIYIO CHITY, & HAlPsDKECHUE Ha BXOJIC
KOHTYpa M HampsbkeHue Ha eMkoctu Cp nipu pe3oHaHce. JJoOpOTHOCTh BBIYUCIISIOT TIO
bopmyse:

Q= Ugx /U, =Ux /(I'Ry ).

Ecnu xOHTYp KyMeTpa COCTOUT M3 UCCIEIyeMON KaTyIIKH M pabovero KOHICH-
caropa, MOTepy B KOTOPOM IMPEHEOPESIKUMO Majibl, U3MEPEHHAsT TOOPOTHOCTh PaBHA
TOOPOTHOCTH KaTyIIKu. HampsbkeHne Wi TOK Ha BXOJE KOHTYpa IMOICPKUBAIOT T10-
CTOSIHHBIM. [Ipy 3TOM BO3HHMKAeT BO3MOXXHOCTH I'PaIyMPOBKH BOJIBTMETPA, U3MEPSIO-
IIETO HAIMpPsHKEHUE Ha KOHACHCATOPE, B SAMHUIIAX JOOPOTHOCTH.

Cxemy Ha puc.10.1 uCconp3yrOT 11 U3MEPEHUN Ha HU3KUX 4acToTax. B BwICO-
KOYAaCTOTHBIX KyMeTpaX HamlpsoKeHUE Ha W3MEPUTENBHBIA KOHTYpP TOJAIOT Yepe3 WH-
JTYKTHBHBIA WJIM €MKOCTHBIN JCIIUTEh. DJIEMEHTOM CBSI3U KOHTYpPA C TCHEPATOPOM SIB-
JSETCS Mayiasi HHIYKTUBHOCTD WJIA OOJIbIasi eMKOCTh. DYHKIIMOHATBHASI CXeMa KyMeT-
pa ¢ MHAYKTUBHBIM JICIUTENIeM ITpuBeieHa Ha puc.10.2.

L
1 a m&
Lo B l
I'enepatop . L2 Coﬁ-'é <> PV2
] "l
PV
o Vo
N

Puc.10.2
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Jlia cxemsbl, npuBeneHHoi Ha puc.10.1, morpemHocTs 00yciOBIE€HA CONPOTHB-
neHueM pesucropa Ry . DTOT pe3ucTop HEMOCPEICTBEHHO BXOJUT B U3MEPUTEIBHBIN
KOHTYp U CHHWXKAeT ero JoOpoTHOCTh. M3MepeHHass 1oOpOTHOCTH ompeaensercs ¢op-
MyJTOii: Q= Q/[1+(Ro /R,
rae Qx — 10OpPOTHOCTH KOHTYpA, cocTaBieHHoro u3 Ly u Cq; R¢ — compoTuBiienue mo-
TEph ITOTO KOHTYpA.

W3 nocnenneir GopMysibl MOKHO TMOJIYYUTh PACUCTHYIO (GOPMYIY JJIS TOTPEI-
HOCTH, 00YCIIOBJICHHON BiIMsiHUEM Ry !

AQ Q= -Ro IR
[Toatomy compotusnenue Ry cTaparoTcs cienaTh Kak MOKHO MeHbIe. Kak mpasuio,
oHo coctasysier nopsaka 0,04 — 0,05 Om. DToT pe3uctop M0JDKEH ObITh OC3MHIYKITU-
OHHBIM, a COMPOTHUBJICHUE €T0 OJKHO CJIa00 3aBHCETh OT TeMIIEpaTyphl U 4acTOTHL. B
cxeme puc.10.2 morpenrtHocTs 00yCJIOBIIEHAa UHYKTUBHOCTBIO CBSI3U L, .

[Ipn u3mepeHnn AOOPOTHOCTH Ha BBICOKMX YACTOTaX CYIIECTBEHHYIO TOTPEI-
HOCTh BHOCSIT OCTaTOYHBIC TTapaMeTphl cxeMbl. Ha pe3ynbratr n3MepeHuil BIUSIOT Tak-
K€ BXOIHBIC COTIPOTUBIICHHUS BOJIBTMETPOB.

Jliis u3mepenns TOOPOTHOCTH KaTYIIKY BKITIOYAIOT MEXY 3aKUMaMH @ B 6 KOH-
typa kymetpa (puc.10.1 u 10.2). YcTaHOBHMB 3aJaHHYIO 4acTOTY IeHEpaTropa, CXemy
HACTPaWBaIOT B PE30HAHC M3MEHEHHEM eMKOCTH pabodero kouaeHcaTtopa. loOport-
HOCTh KaTYIIKU ONPEEISIOT 10 MOKa3aHUAM NpUOOPOB, U3MEPSIONINX HAMPSIKEHUE Ha
BXOJI€ ¥ BBIXOJIC KOHTYpA.

[Tpu pe3onance onpenensitot 3HaueHuss Qo u Cpy . CocTaBistonyue MoJgHOTO CO-
MPOTUBJICHUS PACCUUTHIBAIOT MO POpMYyJIaM:

Re= (UV27f) [(UCo2Q2) — (VCor'Qu)l;
Xy = (V2:7f)[(UCp2 )- (UCo1 )],
3nech f — yactoTa reneparopa.

OO6macTe MPUMEHEHHUS KyMeTpa HE OTPAaHWYMBACTCS PACCMOTPEHHBIMU IMPHUME-
pamu. C IOMOMIBIO 3TOTO MPHOOpa MOKHO M3MEPATh MHIYKTUBHOCTH, EMKOCTh, TaH-
TeHC yTJia IOTePh KOHICHCATOPOB, EMKOCTh HHYKTHBHBIX KaTYIIICK.
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