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"' BeeoeHue 

HaH6onee npocTLIM H y.no6HLIM MeTO.IJ;OM H3MepeHHJI 

HH3KHX H CBepXHH3KHX /.no 10 MK/ TeMnepaTyp JIBJIJieTCJI 

llpHMeHeHHe yrOJibHbiX TepMOMeTpOB COllpOTHBJieHHJI. 06bi'I

HO .IJ;JIJI 3THX ~eJieH HCITOJib3YffiT yrOJibHble COllpOTHBJieHHJI 

cl>HPM "Speer " H "Allen-Braddly':IIpH TO'IHOM H3MepeHHH 

TeMnepaTypbl TaKHMH TepMOMeTpaMH He06XO,IJ;HMO HCKJIIO

'IHTb B03MO~OCTb pa3orpeBaHHJI TepMOMeTpa OT Bbi,IJ;e

JIJIIOIQeHCJI B HeM MOIQHOCTH. Ha ITOCTOJIHHOM TOKe npoBeCTH 

TaKHe H3MepeHHJI CJio:>KHO H3-3a ,IJ;eHCTBHJI TepMo-3,!J;C 

B OXJI8.)K.IJ;eHHbiX ~enJix H TPY.IJ;HOCTH ycHJieHHJI cna6blx cHr

HaJIOB ITOCTOJIHHOrO TOKa. llpH H3MepeHHJIX Ha nepeMeHHOM 

TOKe 3TH He,IJ;OCTaTKH nerKO ycTpaHHMbl, O,IJ;HaKO TO'IHOCTb 

H3MepeHHH yxy,IJ;IIIaiOT napa3HTHaJI eMKOCTb ITO,IJ;BO.IJ;JIIQero 

Ka6eJIJI H, B 06IQeM CJiyqae, B03MO)f(HaJI HH.IJ;YKTHBHOCTb 

conpoTHBJieHHJI. B .IJ;Byx H3BecTHbiX HaM cTaH.napTHbiX npH-

6opax cl>HPMLI "S.H.E. Manufacturing Corporation"H "Cryo BrigeS72" 

;qccp I .nnJI H3MepeHHH conpoTHBneHHJI npHMeHJieTcJI MO

CTOBaJI CXeMa C HH3KO'IaCTOTHbiM ITHTaHHeM MOCTa. 

BJIHJIHHe napa3HTHOH eMKOCTH no.IJ;BO.IJ;Jimero Ka6enJI 

ycTpaHJieTCJI BKJIIO'IeHHeM KOMITeHCHpyromeH eMKOCTH B O.IJ;HO 

H3 nneq MOCTa, 'ITO ycno~JieT pa6oTy c npH6opoM. XapaK

TepHaJI BeJIH'IHHa ITO.JlBO.IJ;HMOH MOIQHOCTH-1Q-13Bm Ha conpo

THBJieHHH -10 KOM. 

B .naHHOH pa6oTe npe.nno)KeH HMITYJILCHLIH M~To.n, co

BMeiQaiOIQHH B ce6e .IJ;OCTOHHCTBa MeTO.IJ;OB H3MepeHHH Ha 

ITOCTOJIHHOM H nepeMeHHOM TOKe. B HaWeM cnyqae pe3yJib

TaTbl H3MepeHHH He 3aBHCJIT HH OT eMKOCTH ITO.IJ;BO,IJ;JIIQero 

Ka6eJIJI, HH OT HH.IJ;YKTHBHOCTH COITpOTHBJieHHJI, HCKJIIO'IaeTCJI 
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BJIHJIHBe TepMo·3)l;C,H MOII\HOCTb, nO~BO~HMaJI K conpoTHB· 

neHHID, cH~aeTcJI no KpaiHei Mepe Ha nopJI~OK 3a cqeT 

ysenHqeHHJI CKBa)I(HOCTH H3MepHTenLHbiX HMnynbCOB. 

B pa6oTe npHBO~JITCJI o6ocHOBaHHe MeTOAa H pe3ynL-

TaTbl 3KcnepHMeHTanLHOH nposepKH cxeMbl, nocTpoeH-

HOH no aHanorHH c H3MepHTeneM conpoTHBJieHHH c 3a~aH

HbiM TOKOM. B npHMeHeHHH K MOCTOBbiM CXeMaM H3MepeHHH 

aKTHBHbiX conpOTHBneHHH HaW MeTO~ n03BOnHT npOH3BO~Tb 

6anaHC MOCTa no aKTHBHbiM COnpOTHBneHHJIM nneq He3aBH· 

CHMO OT HX peaKTHBHbiX napaMeTpOB. 

IlpUHf4Un pa6ombl npu6opa 

B oTnHqHe OT npH6opa ~HpM"S.H.E. Manuf. Corporation" 

H "Cryo Brige S 72 ", KOTOpbli onpe~enJieT senHqHHY conpoTHB

neHHH C nOMOmbro rapMOHHqeCKHX CHrHanOB C HyneBOH 

nOCTOJIHHOH COCTaBnJiromei, Hallie yCTpOHCTBO HCnOnb3yeT 

OTnHqHyro OT HynJI nOCTOJIHHyro COCTaBnJIIDmyiDHMnynbCHOrO 

cHrHana. Mbi paccMoTpHM o~HH H3 B03MO)KHbiX sapHaHTOB 

H3MepHTenJI conpoTHBneHHH, aHanorHqHbiH xopowo H3secT

HOMY OMMeTpy C 3a~aHHbiM nOCTOJIHHbiM TOKOM, npOXO~JI

mHM qepe3 H3MepJieMoe conpoTHBneHHe. BMecTo 3a~aHHoro 
nOCTOJIHHOrO TOKa B ~aHHOM npH6ope HCnOnb3yeTCJI 3a~aH

HaJI nocTOJIHHaJI cocTaBnJiromaJI HMnynLcHoro cHrHana 

1 T 
10 = T J I ( t) dt , 111 

r~e T - nepHo~ HMnynLCOB. Ilpe~nonaraeTCJI TaK)Ke, qTo 

HMnynbC TOKa I( t) HMeeT "3aHyneHHyro" 6a30Byro nHHHID, 

npOH3BOnbHyro ~OpMy H OTnHqHyro OT HynJI Hynesyro rap

MOHHKY cl>ypbe 1 0 ~0. B H3MepHTenbHOH uenH MOryT ~ei
CTBOBaTb TaK)Ke nOCTOJIHHble HnH Me~neHHO H3MeHJIIDmHeCJI 

3)l;C, HanpHMep, TepMO· 3)l;C. B OTnHqHe OT H3MepHTenei 

Ha nOCTOJIHHOM TOKe B HaWeM npH6ope ~nJI ycHneHHJI HM· 

nynLCHOrO CHrHana MO)KHO HCnOnb30BaTb WHpOKOnOnOCHbiH 

yCHnHTenb C 3aKpb1TbiM BXO~OM, qT06bl OTPHUaTenLHaJI 

o6paTHaJI CBJI3b no nOCTOJIHHOMY TOKY BXO~OH pa3~enH· 
TenbHOH eMKOCTH ycHnHTenJI ycTpaHHna BJIHJIHHe nOCTOJIH• 

HbiX HnH Me~neHHO H3MeHJIIDII\HXCJI 3)l;C, ~eHCTB}'lOIUHX 

DO BXO~OH uenH. 
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EcnH 3aTeM, nocne YCHneHHJI, BOCCTaHOBHTb nOCTOJIH· 

HYIO COCTaBnJIIDII\yro cl>ypbe HMnynbCOB H Bbl~enHTb ee HH· 

TerpaTOpOM, TO ~nJI HyneBOH rapMOHHKH cl>ypbe TOKa 10 H 

HanpJI)KeHHJI U0 nocne HHTerpaTopa 3aKoH 0Ma 3anHcb1BaeT

cJI TaK )Ke, KaK H ~nJI nOCTOJIHHOrO TOKa, TO eCTb: 

u0 = k 10 Rx , 

r~e "k" - noCTOJIHHbiH K03~HUHeHT nponopUHOHanbHOCTH, 

3aBHCJimHH OT K03~~HUHeHTa YCHneHHJI YCHnHTenJI Hnapa

MeTpOB HHTerpaTopa. 

llpHMeHJIJI 3TanOHHOe conpoTHBneHHe 

OMMeTpa, MO)KHO nonyqHTb 

Uox Rx Uox 
----- R -RU - R' x- 3U' 

03 3 03 

~nJI KanH6pOBKH 

r~e Uox H Uo 3 - noKa3aHHJI HHTerpaTopa npH H3MeHeHHH 

conpoTHBneHHH Rx H R3 cooTBeTCTBeHHO. 0TMeTHM, qTo 

ycnOBHe 6anaHCa MOCTOBbiX CXeM ~nJI HyneBOH rapMOHHKH 

cl>ypbe TO )Ke, qTo H ~nJI nocTOJIHHoro ToKa, T. e. 6anaHc 

MOCTa no HyneBOH rapMOHHKe cl>ypbe He 6y~eT 3aBHCeTb 

OT napa3HTHbiX peaKTHBHbiX napaMeTpOB COllpOTHBneHHH 

nneq MOCTa. 

EAoK- cxeMa npu6opa 

YnpomeHHaJI 6noK- cxeMa npH6opa noKa3aHa Ha puc. 1. 
3~ecb L , C H Rx- coOTBeTCTBeHHO HH~YKTHBHOCTb conpo-

Puc. 1. EAoK- cxeMa UMnYAbCHozo npu6opa OAJI U3MepeHUJI 
HU3KUX meMnepamyp mepMoMempoM conpomueAeHuJI. 
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TBBJieHBJI, napa3BTHaJI eMKOCTL DO,IJ;BO,IJ;Jl~ero Ka6eJIJI B 

H3Mep.ReMoe conpoTHBJieHse. ConpoTBBJI~HBe R 3a,11;aeT B3-

aecTHoe 3Ha'leHBe DOCTOJIHHOH COCTaBJIJIIO~eii B3MepBTeJIL• 

Horo BMnynLca B sw6spaeTc.R B3 ycnoBBJI R >> R x , TaK >Ke 

KaK B B 06LI'IHOM B3MepBTeJie CODpOTHBJieHBH C B3BeCTHLIM 

TOKOM. Bxo,D;Hoe conpoTBBJieHBe ycBJIBTeJI.R YH"tl -1 ,IJ;OJI>KHO 

6LITL HaMHoro 6onLwe conpoTBBJieHBJI Rx, '1To6LI ero BJIBJI· 

HBeM MO>KHO 6LIJIO npeHe6pe'IL. 

Y CBJIBTeJIL YH"tl- 2 c nepeKJIIO'IaeMLIM Ko34Mti~BeHTOM 

yCHJieHBJI D03BOJIJleT pa6oTaTL C pa3JIB'IHOH aMDJIBTy,D;OH BM

nyJILCa, T .e. B3MeHJITL ypoBeHL DO,IJ;BO,IJ;BMOH MO~OCTB. 

TaKTOBLIH reHepaTop BMDYJILCOB MO>KeT 6LITL CBHXpOHB· 

30BaH OT CeTB, pa6oTaTL B aBTOKOJie6aTeJILHOM pe>KBMe 

BJIH pe>KBMe BHeWHero 3anycKa. )l;JIBTeJILHOCTL B3MepBTeJIL· 

Horo BMDYJILCa 3a,D;aeTCJI O,IJ;HOBB6paTOpOM 1 H pasHa - 1 MC. 
0,D;HOBB6paTOp 2 ynpaBJIJleT CXeMOH BOCCTaHOBJieHBJI no

CTOJIHHOH COCTaBJIJIIO~eii, B ,D;JIBTeJILHOCTL ero BMDYJILCa 

6onLwe BJIB pasHa ,IJ;JIBTeJILHOCTB BMDYJILca O.IJ;HOBB6paTopa 

1, KaK DOKa3aHO Ha puc. 2. 0Ha ,IJ;OJI>KHa 6LITL TaKOH, 

'IT06LI BCKa>KeHHLiii 3a c'leT napa3BTHLIX L B C BMnynLc 

reHepamo~ h 0 
UMnynbCO 1-f--1-'--------;~~---• t 

I 
I 

oaHo~~~parop~ D .. t 

I I I 
I I I 

oaHo6ujparop 1--1 --+---.! ' I ! I .. t 

I I I I I 

TOKI ~I I H l 
~~I ~ i•t 

<u I I I I 

Uc k=WI : I I I 
L'O I I : I I 

R,.CN'fw ~ !r=}!., t 
I r---P'j 

Uc ~~-I l1 n: II ~I Rx<2V"C" II 
I _l.,t 

Puc. 2. HMnyAbCHQJI ouazpaMMa U3MepumeAJI aK11fU6HbiX 
conpomuaAeHuil. 
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Puc. 3. CxeMa aoccmaHoaAeHUJI nocmoJIHHoil cocmaaAJIIOUieil. 

H8Dp.R>KeHBJI Ha B3MepBTeJILHOM KOHType DOJIHOCTLIO BHTer

pHpOBaJICJI. XapaKTepHLie BCKa>KeHBJI HMDYJILCa Hanp.R>KeHB.H 

Ha conpoTBBJieHBB Rx noKa3aHLI Ha puc. 2. lips C =0 B L =0 
4JopMa BMDYJILCa Hanp.R>KeHBJI Ha CODpOTBBJieHBB COBDa,D;aeT 

C 4!opMOH HMUYJILCa TOKa, B ,IJ;JIBTeJILHOCTB BMDYJILCOB 

O,IJ;HOBB6paTopa B 3TOM CJiyqae MOryT 6LITL paBHLI. IlpB 

L = 0 H RxC - rw 4lopMa BMnynLca Hanp.R>KeHBJI BCKa>KeHa 

H OTJIB'IaeTCJI OT 4!opMLI BMDYJILCa TOKa, a npB Rx<2 vf'E" 
Ha 4!poHTaX BMDYJILCa Hanp.R>KeHBJI DO.HBJIJleTC.H xapaKTepHLIH 

"3BOH". IlpB 3TOM, eCJIB ,IJ;JIHTeJILHOCTL O,IJ;HOBB6paTOpa 2 
BLI6paHa T8KOH, 'IT06LI BHTerpHpOBaJICJI BeCL HCKa>KeHHLIH 

HMDYJILC, pe3yJILT8TLI H3MepeHBH, KaK 3TO CJie,D;yeT B3 

DpHHIUina pa60TLI DpB60pa H npoBepeHO H8MH 3KCDepBMeH

TaJILHO, He 38BBCJIT OT 3THX BCKa>KeHHH. )l;JIJI ,D;ByX DOCJie,D;

HHX cnyqaes Ha 4loTorpa4ls.Rx I puc. 4 B 51 noKa3aHLI BM

nyJILCLI Ha BLIXO,D;e ycBJIHTeJIJI YH"tl- 2 lssepxy I B BHBep

THposaHHLiii BMDYJibC Ha BLIXO,D;e CXeMLI BOCCT8HOBJieHBJI 

nocTOJIHHoii cocTaBJIJIIO~eii lsHH3y I. Ecns CKB8>KHOCTL BM

nynLCOB HeBeJIBKa, TO MO>KHO HCDOJIL30B8TL o6LI'IHLIH BHTer

paTop Ha HHTerpaJILHOH CXeMe, npH 3TOM DOCTOJIHHyiO Bpe

MeHB HHTerpHpOB8HHJI He06XO,IJ;HMO BLI6Bp8TL T8KOH, 'IT06LI 

npeHe6pe'IL pa3p.ll,D;OM eMKOCTB Me>K,D;y B3Mep&TeJILHLIMB 
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HMnynLcaMH. B o6~eM cnyqae Hau6onee y,IJ;o6eH "box -car"
CTpo6ocKonuqecKHii HHTerpaTop, ynpaBn.JieMLI:ii cTpo6oM OT 

O,II;HOBH6paTopa 2. CxeMa BOCCTaHOBneHiUJ: ITOCTO.JIHHOH co

CTaBn.SIIO~e:ii H3o6pruKeHa Ha puc. 3 H npe,IJ;cTaBn.JieT co6oii 

RnC 1-nenL c nepeKnroqaeMLIM conpoTHBneHHeM noneBoro 

TpaH3HCTopa R n . B npoMe)l(yTKe Me)I(,IJ;y HMnynLcaMH Rn 
Mano H eMKOCTL C1 6LicTpo 3ap.JI)I(aeTc.JI ,IJ;o BenH"'IHHLI Ha

np.JI)I(eHH.JI 6a30BOH nHHHH HMITynLca. B MOMeHT HHTerpHpO

BaHH.JI Rn BenHKO, TalC "'ITO Ha BXO,IJ;e HHTerpaTopa HMITynLC 

no.JIBn.JieTC.SI Ha HyneBoii 6a3oBoii nHHHH. ConpoTHBneHHe, 

BKniO"'IeHHOe ITOCne,IJ;OBaTenLHO C noneBLIM TpaH3HC· 

TOpOM, COXpaH.SieT Heo6XO,IJ;HMYJO BenH"'IHHY ITOCTO.SIHHOH 

BpeMeHH B HHTepBanax Me)I(,IJ;y HMnynLCaMH ,D;n.SI TOrO, "'IT06LI 

6LICTpLie ITOMeXH He BnH.SinH Ha BOCCTaHOBneHHe 6a30BOH 

JIHHHH HHTerpHpyeMOrO HMITynLCa. 

Cpe,IJ;H.SI.JI MO~HOCTL, no,IJ;BH,IJ;HMa.JI K conpoTHBneHHIO, 

pasHa: T 

P = _Rl f v2(t)dt 
xT 0 

Puc. 4. HMnyA&c HanpJIJICeHUJI Ha KOHmype RC npu ycAoauu 
RC-r11 oo cxeM&I aoccmaHoaAeHUJI nocmoJIHHou cocmaaAJ110Uiei1-
aaepxy -u nocAe cxeMbl aoccmaHoaAeHUJI nocmoJIHHOU co
cmaaAJ110Uiei1 - 6HU3y. 
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Puc. 5. HMnyA&c HanpJIJICeHUJI Ha KoHmype RLC a cAy'lae 
Rx<2yL/C oo cxeM&I aoccmaHoaAeHUJI nocmoJIHHOU coc111aa· 
AJ11014eu - aaepxy·u nocAe cxeMbl aoccmaHoaAeHUJI nocmoJIH· 
HOU COC111Q6AJI10UieU - 6HU3y. 

jr,D;e v( t) - MrHoBeHHOe Hanp.JI)I(eHHe Ha R x I, H ecnu 

HCKIDKeHH11MH HMITynLCa npeHe6pe"'IL, TO ,D;n11 np11MOyronLHO· 

ro HMnynLca ToKa 

v2 
P=--, 

Rxq 
r,IJ;e q- CKBa)I(HOCTL HMITynLCOB. 

B HaweM cnyqae HaHMeHLWaR B03MO)I(Ha11 aMnnuTy,IJ;a 

H3MepHTenLHoro HMnynLca - 4.10-5 B. ,D;n11 3KcnepuMeH

TanLHoii nposepKH MeTO,IJ;a HCITOnL30BaH npOCTeHwHH HH· 

TerpaTop, IT03TOMY CKBIDKHOCTL BLI6paHa He6onLWOH 

(q=lO), a cpe,D;H1111 M0!4HOCTL 

1,6. 10-10 

P= Bm. 
R 

X -14 
.D;n11 Rx = 10 KOM P = 1 ,6.10 Bm, "'ITO cooTBeTCTByeT 

JIY"'IWHM ,IJ;OCTHrHyTLIM ce:iiqac pe3ynLTaTaM npH OWH6Ke 

H3MepeHH11 -1'*'. Ilony"'IHTL 6onee TO"'IHLie pe3ynLTaTLI ITPH 
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Ta~HX H3MepeHHBX n03BOllBIDT MOCTOB~e CXeM~. B pa6o· 

Te 3/ npe,nno)KeHa npocTaa cxeMa ,nna H3MepeHHB TeMnepa· 

TYP~ 1,2 K-77K MOCTOM YHTCOHa c HMnynbCH~M nHTaHHeM 

H HH.IJ;HKan;Heil pa36anaHca no ocn;Hnnorpa!l>y. 

Cpe,nHBB MOID;HOCTb I- 10-8Bm/, B~,nenaeMaa B Tep

MOMeTpe, .IJ;OCTHraeTCB 6naro,napg 3Ha'IHTellbHOH CKBa)KHO· 

CTH H3MepHTellbH~X HMnynbCOB q - 104
. B npHMeHeHHH 

K 3TOMY cnyqaro cxeMa puc. 1 Morna 6~ cny)KHTb 'IYBCTBH· 

TellbH~M Hynb·HH.IJ;HKaTOpOM pa36anaHCa MOCTa H CyiD;eCT· 

BeHHO paCWHpHTb B03MO)KHOCTH npH6opa /1/. ,lJ;ng 6anaHCa 

MOCTa no HyneBOH rapMOHHKe <l>ypbe HMnynbCa HeBa)KH~ 

HCKa)KeHHB aMnllHTY.IJ;~ 3a C"leT peaKTHBH~X COCTaBllBIDID;HX 

nneq MOCTa, a nO.IJ;BO.IJ;HMaB MOID;HOCTb MO)KeT 6~Tb CyiD;eCT· 

BeHHO yMeHbWeHa 3a C"leT yBellH"leHHB CKBa)KHOCTH HM· 

nynbCOB H yMeHbWeHHB aMnllHTY.IJ;~ H3MepHTellbH~X HMnynb • 

COB, 'ITO B03MO)KH0 6naro,napg CTaTHCTH"leCKOMY ycpe,n· 

HeHHID HMnyllbCOB TaKHM Hynb·HH,IJ;HKaTOpOM. 

B 3aKnro"leHHe aBTOP~ npHHOCBT 6naro,napHOCTb n.r .3H· 

HOBY 3a none3H~e 3aMe"laHHB npH o6cy)K,neHHH pa6oT~. 

Jlumepamypa 
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