
B .n . A~~HMeHKOB, A.H.HsaHeHKo, O.H.QsqHHHHKOB 

/(} ;2 ~ I~~ ?tf 
I 

lliECTHKAHAnbHhlM H3MEPHTEnb 

TEPMOCOnPOTHBnEHHM 

nPH CBEPXHH3KHX TEMnEPATYPAX 



1023/2-78 np. 

A.JHPY1M8HKOB, 13. TI • 
R np.WeCTMKaRanb-
!MeDYlT eJib • • • 

~ 1977. -. 

8 - 11062 

B.O.AJulmMeHKOB, A.J1.J.1saHeHKO, O.H.OsqHHHHKOB 

lliECTJ1KAHARbHhlM J13MEPJ1TERb 

TEPMOCOOPOTJ1BREHJ1M 

OPJ1 CBEPXHJ13KJ1X TEMOEPATYPAX 
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WecTHKaHa/IbHbiJi H3Mepereilb repMoconporeaneHHII npu caepxHH3KHX 
TeMneparypax 

OnucaH weCTHKaHanbHbiii H3Mepureilb repMoconporaaneaell npe caepx
HH3KHX TeMneparypax C BbiBOilOM Ha MHOrOTO'Ie'IHblA CSMOnHWYWHJi npH60p. 
lleana30H H3MepsreMbiX repMoconporeaneHall 10 2 • 106 OM. HaMeperenbHOe 
aanpRlKeHee Ha pa6o'lei!: qacroTe 19,6 ru cocraansreT 10 • 100 MKB. To'I
HOCTb H3MepeHHSI nyqwe I%. J13MepHT9ltb repMOCOnpOTHBlt9HHA HMeeT 
llHCl'SHUHOHH09 ynpaaneaee. npeBelleHbl npHHUHnH8llbHbl9 CX9Mbl H OCHOBHble 
xapaKTep&CTHKH npe5opa. 

Pa5oTa BblnonHeHa a fla6oparopHR Hei!:rpoHaoA cjiR3BKR 011HI1. 

Coo6aaeue 0CS...JUIBenoro DCTIITYT& uepBYx Bcc.ae.ao.....a. ,lly6aa 1977 

Alfimenkov V.P., Ivanenko A.I., Ovchinnikov O.N. 8 - 11062 

6-Channel Set-Up for Measuring Thermistor Resistances 
at Very Low Temperatures 

A six-channel set-up for remote-controlled measurement 
of very low temperature thermistor resistances allowing output 
transfer to a multiplotter is described, with measuring voltages 
from 10 through 100 V at frequency of 19.6Hz. The device 
measures thermistors from 10 2 to 106 Ohm to an accuracy better 
than 1%. The principal circuit and main features of the device 
are presented. 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 
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BBE/l,EHHE 

TepMoconpoTHBJieHHJl JIBJIJIIOTCJI YJJ.06HLIMH, HeJJ.oporu

MH H ).I.OCTaTO'IHO CTa6HJibHblMH BTOpH'IHblMH ).l.aT'IHKaMH 

TeMnepaTypbl. 0HH HaWJI8 WHpOKOe np8MeHC88C B Kp8o

reHHOH TepMOMeTp88. l13MepeHHJl C llOMOII.{biO TepMoco

npOT8BJIC88H H83KHX TeMnepaTyp snnoTb JJ.O - 1 K Tex

HH'IeCK8 O'ICHb npOCTbl. 

flp8 ).l,aJibHCHWCM llOH8)KCH88 TeMnepaTypbl B CBJI38 

c pe3K8M yxyJJ.WCH8eM TennonepeJJ.a'l8 KaK B pa6o'leM 

Bel.l.{CCTBe TepMOCOllpOT8BJICH8.11, TaK 8 Me)K,D.y TepMOCO

npoT8BJieHHeM 8 83MepJieMblM o6'beKTOM, B03HBKaK>T TPYJJ.

HOCTB, CBJI3aHHble C B03MO)KHblM neperpeBOM TepMOCO

npOT8BJieH8.11 B3MepuTeJILHblM TOKOM. TaK, npa T.::: 0,1 K 
cyl.l.{eCTBeHHblM oKa3blBaeTcJI neperpes, o6ycnosneHHblH 83-

MepuTenLHOH MomuocTLIO, pasuoil .= 10"
12 Bm / 11

. 

113MepeH8e TepMOCOllpOTHBJieHHH np8 MaJIOH 83Mep8-

TeJibHOH MOII.{HOCT8 MO)KHO npOBO).I.HTb H Ha llOCTOXHHOM, 

H ua nepeMeHHOM ToKe. Ka)KJJ.OMY 83 3T8X MeTOJJ.OB np8cymu 

CBOH TPYJJ.HOCT8: ).I.JIJI C8CTeM Ha llOCTOXHHOM TOKe - BJIHX

HHe TepMo- 3)l,C B ranbBaHH'IeCKH 3aMKHYTOH 83Mep8TenL

HOH uenH, a ).I.JIX C8CTeM Ha nepeMeHHOM TOKe - BJIH.IIHBe 

napa38THblX peaKTHBHOCTeH 8 HaBO).I.OK. lionee W8pOKOe 

npBMeHeHHe HaWJIH CHCTeMbl Ha nepeMeHHOM TOKe, no

CKOJibKY npHcymue 3TOMY MeTOJJ.Y TPYJJ.HOCTB cpaBH8TenL

HO nerKO npeO).I,OJieBaiOTCJI nyTeM CHB)KeHBJI pa6o'leH 'laC

TOTbl H3MCpHTeJIX B Cy)KeHBJI ero 'laCTOTHOB llOJIOCbl. 

l13MepeH8Jl TepMOCOllpOTBBJICH8H C O'ICHb BblCOKOH TO'I

HOCTbiO np083BO).I.XTCX C llOMOI.l.{biO MOCTOBblX CXeM /
1

-
81 

. 

0).1.HaKO npOCTble MOCTOBble CXeMbl He o6ecne'IHBaiOT 803-
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MO)I(HOCTH npOBO.IJ;HTL HenpepLIBHLie H3MepeHHJI C aBTO
MaTHqecKOH perHCTpauueu peJynLTaTOB. ~nJI 3TOH uenH 
ucnonLJYIOTCJI cno:>KHLie, .noporue u He oqeHL Ha,ne:>KHLie 
CaMoypaBHOBeWHBaiOIUHe MOCTLI , 1/. B TeX cnyqaJIX, KOr,na 
K TOqHOCTH H3MepeHHH BLICOKHX Tpe6oBaHHH He npe,nbJIB
nJieTCJI, HO JaTO He06XO.IJ;HMLI HenpepLIBHLie H3MepeHHJI 
cpa3y HecKonLKHx TepMoconpoTHBneHHH, uenecoo6pa3HO 
HCnOnLJOBaTL He MOCTOBYIO CXeMy, a 06LiqHyiO - C H3-
MepeHHeM na.neHHJI Hanpx)l(eHHJI ua TepMoconpoTHBneHHH 
npH Ja,naHHOM no Benaqaue H3MepHTenLHOM TOKe. 

HH:>Ke OnHCaH H3MepHTenL TepMOCOnpOTHBneHHH Ta
Koro Tuna, C03,ZJ;aHHLIH B JIH<I» 011..sJI1 H HCnonLJyeMLIH ,ZJ;nJI 
H3MepeHHH TeMnepa TYPLI B pe4JpH:>Kepa TOpe C paCTBOpe-
HHeM 3 He B 4 He 19< 

EJIOK- CXEMA H IIPHHaHII PAEOTbl 
H3MEPHTEJIJJ TEPMOCOIIPOTHBJIEHHH 

Ha puc. 1 noKaJaHa 6noK-cxeMa wecTHKaHanLuoro H3-
MepHTenJI TepMOCOnpOTHBneHHH. 113MepHTenL HMeeT WeCTL 
He3aBHCHMLIX H3MepHTenLHLIX KaHanoB, KOMMyTaTop H 6noK 
ynpasneHHJI. PaJnaqae Me:>K,ny nepBLIMH ABYMJI H nocne
AYIOIUHMH KaHanaMH JaKnroqaeTCJI B TOM, qTo nepBLie ,ZJ;Ba 
KaHana KpOMe MeCTHOrO HMeiOT H .IJ;HCTaHUHOHHOe ynpas
neHHe. ~nJI 3Toro nepeKniOqeuax, ueo6xo,nHMLie B npo
uecce pa6oTLI nepsLix .nsyx KaHanos, ocyiUeCTBnJIIOTCJI 
c noMOIULIO JneKTpoMarHHTHLIX pene. Pene P2, P3, P4 
H PS nepeKnroqaroT HJMepuTenLHLie no.n,naanaJOHLI, a pene 

p 1 H p 7 KOMMYTHPYIOT H3MepJieMLie TepMOCOnpOTHBneHHJI. 
PerHcTpaQHJI peJynLTaTOB HJMepeHHH ocyiUeCTBnJieTcJI c 
nOMOIULIO aBTOMaTHqecKoro 3neKTpOHHOrO noTeHUHOMeTpa, 
nocne.nosaTenLHo onpawasaiOIUero BLIXOALI scex HJMepa
TenLHLIX KaHanoB. 

PaccMOTPBM pa6oTy HJMepHTem.uoro KaHana. OT KBap
uesoro reuepaTopa Kr HMnynLcLI c qacTOTOH 10 KFII no
cTynaiOT Ha ,nenHTenL qacTOTLI fiC C K034lcliHUHeHTOM ,nene
HHJI, paBHLIM 512. Ha BLIXO,ZJ;e fiC aMnnHTy,na BLIXO,ZJ;HLIX 
HMnynLCOB 3aCTa6HnH3HpOBaHa. fiepeMeHHLIM pe3HCTOpOM 
Rl ycTauasnasaeTcJI Heo6xo,nHMLIH yposeuL HanpJI)I(eHHJI, 
nHTaiOIUero H3MepHTenLHLIH KaHan. 3TO HanpJI)I(eHHe qepe3 
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,..-

nepeKmo'laiO~He pene P2-:- PS no.u.aeTCJI ua nocne.u.oaaTem.
uo aKmoqennLie O.IJ.HH H3 no.u..u.Hana30HHLIX pe3HcTopoa R3-'- R6 
H H3MCpJICMOC TCpMOCOllpOTHBnCHHC. IIOCTOJIHCTBO H3MC
pHTem,uoro TOKa OfiCCllC'IHBaCTCJI TCM, 'ITO pe3HCTOpbl 
R3-'-R6 ',He MCHCC 'ICM B 100 pa3 npeBOCXO,lJ.JIT flO aenH'IHHC 
H3MCPJICMLIC TepMoconpoTHaneHHJI. Bxo.u. H3MepHTenbuoro J' 
ycHnHTCnJI YC c noMo~biO pene P6 MO)t(CT no.u.KniO'IaTbCJI 
nHfiO K H3MCpJICMOMY TCpMOCOllpOTHBnCHHlO R t • nH60 K 3Ta- ,, 
noHHOMY pe3HCTOpy i~ 7 ,lJ.nJI KOHTpOml CTafiHnbHOCTH H3Me
pHTCnbHOrO TpaKTa. Pene apeMeHH P B qepe3 Ka)t(.LJ.Lie 30 MUH 

pafioqero H3MCpCHHJI npOH3BO,lJ.HT TpeXMHHYTHYlO npooepKy 
cTa6HnbHOCTH ocero TpaKTa. BbiXO.IJ.HOH cHruan c YC 
nocTynaeT ua axo.u. UH$poaoro oonbTMeTpa H qepe3 nepe-
MeHHbiH pe3HCTop R 9 - ua caMonHIIIY~HH npn6op. Pa6oTa 
BCCX KaHanOB KOHTpOnHpyeTCH CTpenO'IHLIMH HH,lJ.HKaTopaMH 

HIT 1 H HII2. 

HaHfionee CnO)t(HbiM H OTBCTCTBCHHLIM y3nOM l!.BnHCTCH 
H3MepHTenbHLIH ycHnHTenb I puc. 2/. Bxo.u.uoH: npe.u.ycHnH
Tenb 110! nocTpoeu ua Tpau3HCTopax T 1, T2, T3 H HMeeT 
axo.u.uoe conpoTHBnenHe 50 MOM ua pa6oqeH: qacToTe. 
0TpHUaTenbuaJI o6paTnaH CBJ13b R5 H R12 cTa6HrtH3HpyeT 
K03$$HUHCHT YCHneHHJI H YMCHbiiiaeT HenHHCHHLie HCKa)t(e
HHH. B ue6onbiiiHX npe.u.enax ycHneuHe peryJIHpyeTCJl nepe
MeHHbiM pe3HCTOpOM R4, ycTaHOBneHHLIM B UCllH HCTOKa 
Tl. Y3KononocnhiH ycHnHTenb T4 HMeeT .u.ooH:uou T-o6pa3-
HbiH MOCT B UCllH o6paTHOH CB.ll3H 11 ·12 ,HaCTpOCHHbiH Ha 
pa6oqyiO qacToTy. Pe)t(eKTOpHLIH $HnbTp TS, T6 ocna6n.HeT 
CCTCBLIC HaBO,lJ.KH Ha 60 Ob. B Ka'ICCTBC pe)t(CKTOpHOH UCllH 
Bbi6paHbl nocne,lJ.OBa TCnbHO COC,lJ.HHCHHbiC R27, C 15 H na
pannenbHO coe.IJ.HHCHHbie R28 , Cl6 , cHrnan ua KOTOpLie 
c KonneKTopa H JMHTTepa TS 113/npHXO.IJ.HT B npoTHao$a3e. 

BLICOKO'IYBCTBHTenbHLIH .u.eTeKTop T7 c .IJ.HO.IJ.aMH ~1 H ~2 
B uenH o6paTHOH CB.ll3H 114 •l5/ OCYil\CCTBmteT ,lJ.Byxnonyne
pHO.IJ.HOC BLinpHMneuHe H3MepHeMoro uanpJI)t(CHHJI. HnTer
paTop T8 yMeHhiiiaeT anHJIHHe HMnynhCHhiX uaao.IJ.OK, no
cTynaiO~Hx ua BXO.!J. H3MepHTenhHOrO TpaKTa. 

XapaKTepHCTHKa aMnnHTY.IJ.HOH 3aBHCHMOCTH aLixo.nuoro 
cHruana oT oxo.u.uoro noKaJalia ua puc. 3. 
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Puc. 3. AMnAUIIIYOHaJi 3aeucuMOCIIIb 8biXOOHozo cuzHaAa om 
8XOOH020. 

0CH08Hbl€ xapaKmepuclirUKU U3MepUIII€/lbH020 KQHQ/lQ 

I. ,[J,uanaJoH H3MepfteMLix 
TepMOCOnpOTHBIIeHHH 

2. qHCJIO flO.D;.D;HanaJOHOB 
H3MepBeMbiX COflpOTHBJieHHH 

3. YpoBeHL H3MepJieMoro Hanpx:>KeHHB 

- 10
2 

c:. 10 60M. 

- 4. 

Ha TepwoconpoTHBIIeHHBX - 10 c:.100 MKB. 
4. MaKcuwam.Hoe Bblxo.n;Hoe 

Hanpx:>KeHue 
5. Pa6oqag qacTOTa 

8 

6. HHTerpaiiLHaJI 
HeJIHHeHHOCTL 

7. ToqHoCTL /U 8 x= 10 MKB, 
R = 10 KOM/ 

- 5 B. 
- 19,6 r~. 

He 6onee 1 0/o. 

- 0,50/o. 

I 
I 

I 

I 

8. Bxo.n;Hoe conpoTHBIIeHue 
I r 0 = 19,6 r~; - 5·10 7 OM. 

9. Ko3~HUHeHT ocna6neHHft 
TpaKTa Ha qacToTe ceTH - BO oE. 

10. Ko3$clluuueHT ycuneHHB 
YCHJIHTeJIB - 5 ·to 4 

11. BpeMx HHTerpupoBaHHB - 5 c. 
12. Bblxo.n;uoe conpoTHBJieHue - 1 K0M. 
13. TeMnepaTypHax JaBHCHMOCTL 

K03$cllHUHeHTa YCHJieHHB - 4•10 .4/°C. 
14. ABToMaTuqecKuii pe:>KHM 

pa6oTbl: 
H3MepeHue - 30 MUH. 
KOHTpOIIL - 3 MUH. 

15. Hanpx:>KeHue nuTaHHB - ±12 B. 

KOHCTPYK~H..R H3MEPHTEJI..R 

KOHCTpyKTHBHO H3MepHTeJIL TepMOCOflpOOTHBJieHHH BLI
flOJIHeH B BH.n;e CTaH.n;apTHOH CTOHKH, B KOTOpoii ycTaHOBIIe
Hbl KOMMyTaTop, 6JIOK ynpaBIIeHHB, reHepaTop, H3Mepu
TeJILHble ycunuTenu u caMonHWYI..l.\HH npu6op. YcunuTenu 
H3rOTOBJieHLI B BH.D;e OT .n;eJILHbiX 3KpaHHpOBaHHLIX 6JIOKOB. 
Hx BXO.D;bl COe.D;HHeHbl C KOMMyTaTOpOM H 6JIOKOM ynpaBJie
HHB Ka6eneM PK -19. BecL H3MepuTeiiLHLIH TpaKT HJonu
poBaH OT o6mero WaCCH CTOHKH H COe.D;HHeH TOJILKO C Me
TaJIJIHqecKHM KopnyCOM KpHOCTa Ta, BBJIHIOI..l.\HMCB Ofil..l.\eH 
"3eMneii". TepMoconpoTHBJieHHB qepeJ repMeTH3HpoBaH
Hblii pa3'beM KPHOCTaTa, Ka6eJIL PK-19 HKOMMyTaTopo.n;
HHM BbiBO.D;OM coe.n;HHeHbl CO gxo.n;aMH COOTBeTCTBYIOI..l.\HX 
H3MepHTeJILHbiX YCHJIHTeJieH, a .n;pyrHM - C KOpnyCOM 
KpHOCTaTa. 

B JaKJIIOqeHHe aBTOpbl cquTaiOT CBOHM npHHTHbiM .n;onroM 
BblpaJHTL 6naro.n;apHOCTL C.H.Heroaenoay u M.C.JIJBHUKoii 
3a TeXHHqecKyJO flOMOI..l.\L B H3rOTOBIIeHHH npu6opa. 
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