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MeHKe X., llBHHeBa r.n. P8 - 9055 
YronbHhie pe3l!CTopbi anH H3MepeHH51 H~I3Kl!X TeMrreparyp 

B KpHoreHHOM oTaene flB3 OIHH1 coaaaHa ycTaHOBKa ang KanH6poBKH 

yronbHbiX pe3l!CTopoa a rrpeaenax TeMrrepaTyp 2 2: T ::_ 77K. P accMoTpeHbi 

BOIIpOCbl TO"'HOCTII pa3nl!"!Hb!X rpally!IpOBO"!HbiX <jlopMyn II pa3pa6oTaHa 
rrporpaMMa J:tnH 38M Kan~I6pOBKH yronhHbiX peaHcropoa <jl!IpMbi AnneH 
Epean11. Dpl!BeaeHbi peaynhTaTbi KanH6poBKH B paanl!"!HbiX rrpeaenax TeM

nepaTyp II paCCMOTpeH BOIIpOC CTa6HnbHOCTII H II06TOp51eMOCTl! IIOKa3aHl!M 
pe3HCTopoa AnneH EpeanH. 

Pa6oTa BbiiiOnHeHa B fla6opaTOpHH BbiCOKHX 3HeprHti 01-HIJ,J. 

flpenpHHT 06"be.QHHeHHOr'O HHCTHTyTa .R.QepHbiX HCCJie.QOBaHHif 

,ll;y6Ha 1975 

Mencke H., Zwinjowa G.P. PB - 9055 
Carbon Resistors for Low Temperature Measurements 

An apparatus for calibrating carbon resistors in the 
temperature range 2::; T .:;_ 77K has been manufactured at the 
Cryogenic Division of the Laboratory of High Energies of 
the Joint Institute for Nuclear Research, Dubna. The prob
lem concerning the accuracy of various calibrating equa
tions is discussed. A program for computation of calibra
ting curves is described. Results of calibration for vari
ous temperature ranges and the problem of reproducibility 
and stability of measurements with Allen Bradley resistors 
is discussed. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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1. BBE,l(EHHE 

YronbHLie pe3HCTOPLI 6onee 20 neT acnonb3YIOTCJI ,IJ,nJI 
H3MepeHHJI HH3KHX TeMnepaTyp /l,Z/ . B uacToJimee upeMJI 
Taxae pe3HCTopLI npaMeHJIIOTC.H B npe,IJ,enax TeMnepaTyp 
0,01_::: T :.; 77 K. Hx npeaMymecTBO - 6onbwaJI 'IYBCTBa
TenbHOCTb, ManaJI TennoeMKOCTb H He3Ha'IHTenbHOe H3Me-

~--...__....--.... .•.. -- \ __.,-""' ..... , __ .. ----~.. . .. '-------~,"'"''"""' 
aeaae conpoTauneHHJI B MarHHTHOM none. llpaunexaeT Tax-
>Ke ,lJ,'OBOnbHO HH3KaJI l.l,eHa TaKHX pe3HCTOpOB, KOTOpble 
B 1000 pa3 .D.eweune repMauaeBLIX TepMoMeTpou. K ue
.D.OCTaTKaM pe3HCTOpOB OTHOCJITCJI: ManaJI Ha,IJ,e>KHOCTb no
BTOpJieMOCTH OOKa3aHHH COOpOTHBneHHJI H He6onbWaJI Ten
nonpOBO,lJ,HOCTb. 06LI'IHO B Ka'leCTBe TepMOMeTpOB OpHMe
HJIIOTCJI pe3HCTOPLI cllapMLI Annea lipe,D,nH /3/ a pe>Ke - cllapMLI 
Cnap/4/ .napaMeTpLI pe3HCTopou ,D,pyrax cllapM 3Ha'IHTenbHO 
xy>Ke. B ,IJ,aaao8 cTaTbe paccMaTpauaeTCJI cnoco6 npaMe
HeHHJI yronbHLIX pe3HCTopou cllapMLI Anne a lipe,IJ,nH B npe,IJ,e
nax TeMnepaTyp 2 :S T :S 300 K. 

,ll;aao onacauae ycTauouxa xana6pouxa a cllopMynbl rpa
.D.YHPOBKH YDOMJIHYTLIX BLIWe pe3HCTOPOB B pa3nH'IHLIX npe
,IJ,enax TeMnepaTyp. llpaue,IJ,eHLI 3KcnepaMeHTanbHLie pe·3ynb
TaTLI. 

2. YCTAHOBKA AJI..R KAJIHEPOBKH PE3HCTOPOB 

)l;nJI Kana6pOBKH • yronbHLIX pe3HCTOpOB C DOMOIUbiO 
repMauaeuoro TepMoMeTpa H3roTouneua ycTaaouxa. Ha3-
xoTeMnepaTypuaJI 'laCTb ee I puc. 1/ noMemaeTCJI B xpao
cTaT .D.HaMeTpoM 80 MM c >KH.D.KHM renaeM. BayTpB xonnaxa 
1 C ,IJ,BOHHLIMB CTeHKaMB, OpOCTpaHCTBO Me>K,IJ,y KOTOPLIMB 
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Puc. 1. Hu3KOJieMnepaJiypHaJI >~aCJib ycllaHoeKu 011.11 KaAu6-
poeKu YZOIIbHbJX pe3UC1110poe. 1 - 60KYYMHbJU KOJICyX; 2 -
MeOHbJU 6AoK; 3 - MeOHbJU 3KpaH; 4 - noOCJiaeKa; 5- Jlpy6Ka 
OJIKO'IKU; 6 - o6paJIHbJU nomoK; 7 - YZO/IbHbJe pe3UCIIOpbJ; 
8 - zepMaHueebJU •epMoMemp; 9 - KOHIIaKJibJ; 1 o - nolleH
f4UOAbHbJe KOHijbJ; 11 - Hazpeeallellb. 

BaKYYMHpOBaHO, HaXO,IJ,JITCJI Me,IJ,HLlH 6noK 2 H Me,IJ,HLlH 3K
paH 3. IlO,IJ,CTaBKa 4 H3 TeKCTOnHTa ciJHKCHpyeT 6nOK B KO)KyXe. 
B aepxHeii qacTH KO)KyXa 1 HMeiOTCJI Tpy6Ka 5 ,IJ,nJI BaKyyMH
poaaHHJI KO)Kyxa H Tpy6Ka 6 .D.nJI renHeaoro o6pa THoro no
TOKa. YronbHLle pe3HCTOPLl 7 H repMaHHea~o~ii TepMoMeTp 
8 HaXO,IJ,JITCJI B OTBepCTHJIX 6noKa. 3neKTpHqecKHe KOHTaKTLl 
pe3HCTOpOB H TepMOMeTpa pacnonO)KeHLl Ha H30nJI:QHOHHLlX 
waii6ax 9. Bee noTeH:QHanbHLle KOH:ULl 10 npHKneeHLl K aepx
Heii qacTH 6noKa 2 ,IJ,nJI yMeHbWeHHJI TennonpHTOKa. 3TO He-

4 

o6xo.D.HMO, ecJIH TeMnepaTypa 6noKa a~o~we TeMnepaTypLl 
>KH.IJ.KOro renHJI a KpHOCTaTe. IlpH TeMnepaTypax HH)Ke 4,2 K 
KpHOCTaT OTKaqHaaeTCJI, H C llOMOIUbiO MeM6paHHOrO MaHO· 
cTaTa ,IJ,aaneHHe a HeM no.D..IJ.ep)KHBaeTCJI nocToJIHHLlM. KpHo-
CTaT B 3TO BpeMJI COe,IJ,HHeH C Tpy6KOH o6paTHOrO llOTOKa 6. 
)J,nJI ycTaHoaneHHJI TeMnepaTypw a~o~we 4,2 K nepeKpLlaaeTCJI 
Tpy6Ka o6paTHoro noToKa 6 H c noMOIUbiO HarpeaaTenJI 11 
UOBLlWaeTCJI TeMnepaTypa 6noKa, npH 3TOM 6nOK HaXO)J,HTCJI 
a ra3oo6pa3HOM renHH. TeMnepaTypa 6noKa no.D..IJ.ep>KHaa
eTCJI UOCTOJIHHOH C UOMOJUbiO perynHpOBKH TOKa Harpeaa
TenJI I puc. 2/. Ha onepa:uHoHH~ii YCJI.JlHTenb 1 no.IJ.aiOTCJI wt< c 
CHrHanLl OT yronbHQrOpelHCTOpa. 2 H. n(>TeH:QHOMeTpa 3. 
B 3aBHCHMOCTH oT pa3HOCTH 3THX cHrHanoa TpaH3HCTOP 4 
nponycKaeT TOK qepe3 HarpeaaTenb 5. ConpoTHaneHHe rep
MaHHeaoro TepMoMeTpa H yronbHLlX pe3HCTopoa onpe.D.enJI
eTCJI, KOr,IJ,a TeMnepaTypa 6noKa HaXO,IJ,HTCJI B CTa:QHOHap-

1 If 

3 

5 2 1 

Puc. 2. CxeMa pezyAupoeKu JloKa Hazpeea11e11.11. 1 - onepa
f4UOHHbJU YCUIIUJieAb; 2 - YZOIIbHbJU pe3UC11op; 3 - nolleHijUO· 
Mellp 011.11 ycJiaH06AeHUJI JleMnepaJiypbJ; 4 - llpaH3UCJIOp 011.11 
nu11aHUJ1 HazpeeaJieAJI; 5 - HazpeealleAb; 6 - c•a6UAu3a•op 
JIOKa; 7 - MeOHbJU 6AOK. 
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HOM pe>KHMe. qepe3 ,D;aT'IHKH nponycKaeTCJI H3MepHTeJILHhiH 

TOK, H Da,D;eHHe HanpJI)I(eHHJI Ha HHX H3MepJieTCJI C DOMOmLJO 

na:l)posoro BOJILTMeTpa I puc. 3/. qTo6w HCKJIJO'IHTL oWH6KH, 

o6yCJIOBJieHHhle TepMODapHWMH H KOHTaKTHhiMH HaDpJI)I(e

HHJIMH, H3MepeHHJI DpOBO,D;JITCJI C ,D;BYMJI HanpaBJieHHJIMH 
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Puc. 3. CxeMa U3MepeHu.R naoeHu.R Hanp.RJKeHu.R Ha zepMa
Hueewu •epMoMe•p 'Ge u yzoAt.H~ore pe3uc•op~or R 

1 
••• R 

10 
• 

1 - c•a6UAU3a•op •oKa; 2 - nepeKAIO<~a•eA~o OA.R nepenmo
coeKu; 3 - nepeKAIO'Ia•eAb no•eHJIUQAI>Ht.IX KOHJ106; 4 -
r~u,Ppoeou eoA~o•Me•p; R N - o6pa3JIOBa.R Ka•yUIKa. 

TOKa /DpH DOMOI:QH DepeKJIJO'Ia TeJIJI 2/. )J,JIJI ,D;aJILHe:iiwe:ii 

o6pa6oTKH 6epyTcJI cpe,D;Heapui)MeTH'IecKHe 3Ha'leHBJI onpe

,D;eJIJieMOH BeJIH'IBHhl. fipH DOMOI:QH nepeKJIJO'IaTeJIJI 3 DOTeH

I{HaJihl 06pa3:QOBhiX Ka TyWeK l{ N' repMaHHeBOrO TepMOMeT

pa Ge H yronLHWX pe3HCTopos R 
1 

... R 
10 

no,D;aiOTCJI Ha 

na:l)pOBOH BOJILTMeTp 4. H3MepHTeJILHhiH TOK BCTO'IHHKOB 1 
Bhi,D;ep>KHBaeTCJI DOCTOJIHHhiM B ,D;HaDa3oHe 10 MKA s_ J _ 
S:200 MKA C DOMOmLIO CTa6HJIH3aTopa TOKa jpuc. 4/. 
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Puc. 4. C•a6uAU3a•op •oKa c noAeet.IM •paH3uc•opoM OA.R 
•oKa 10 .:; J s. 200 MKA. 

3. TOVHOCTh H3MEPEHHJI 

3.1. H3MepeHue conpo•ueAeHu.R zepMaHueeozo 
•epMOMe•pa U YZOAbHbiX pe3uc•op06 

ConpoTHBJieHHe ,D;aT'IHKa onpe.D;emreTCJI nyTeM B3MepeHHJI 

Da,D;eHBJI HaDpJI>KeHHJI Ha ,D;aT'IHKe B o6pa3:QOBOH KaTyWKe. 

ECJIH BO BpeMJI H3MepeHBJI pa60'IHB TOK C'IHTaTL DOCTOJIH

HhiM, TO OWH6Ka onpe,D;eJieHBJI CODpOTHBJieHHJI DpHMepHO 

pasHa ,D;BOHHOB norpeWHOCTB BOJILTMeTpa. l.J,ul)pOBOB BOJILT

MeTp BMeeT B pa3JIH'IHhiX npe,D;eJiaX B3MepeHBH 'IYBCTBHTeJIL

HOCTL OT 10 ,D;O 0,1 MKB. 3Ta OWH6Ka npeHe6pe>KHMO Mana. 

3.2. TepMoMe•p 

HcnoJIL3yeMwii 3TaJIOHHLiii TepMoMeTp BMeeT rapaHTB

pyeMYIO TO'IHOCTL ±2 MK B .D;Hana3oHe 2 s. T -:;_ 32K. Ha 
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Puc. 5. 3aeucuMOCIIIb conpolllueAeHu.R R u 'lyec•eullleAbHoc•u 
S 0111 meMnepa•ypbJ 1 t}A.R pe3uc•opoe ,PupMbl AAAeH .bpet}Au 
AB u zepMaHue6ozo mepMoMelllpa, 1 - AB 100 OM, 1/4 B•; 
2 - AB 56 OM, 1/2 B111; 3 - AB 47 OM, 1/4 B•; 4 - Ge -
lllepMOMelllp; 5 - 'lY6CJI6UIIIe/lbHOCJib 'Ge- JlepMOMeJipa. 

puc. 5 noxa3aHa 3aBHCHMOCTL R = f( 'I)TepMoMeTpa, ero qya
CTBHTenLHOCTL B TBUB'IHWe KpBBWe yrOHLHWX pe3BCTOpOB 
cilBpMW AruleH .6peWIB. 

3.3. Hec•a6UAbHOCIIIb •eMnepa•ypbl 6 6AoKe 

Bo BpeMA B3MepeHBA nOTCHilBana ACCATB yronLHWX pe-
3BCTOpOB TeMnepaTypa 6noKa MCHAeTCA B npeAenax 
/3-lO/ MK. EcnB B3MepeHBA npoBOAHTL B cneAYIOIIlCM no
PAAKe: repMaHBCBWB TepMoMeTp - yronLHWB pe3BCTOP -

8 

repMaHBeBWB TepMOMeTp, TO OWB6Ka OT HCCTa6BHLHOCTB 
TeMnepaTypw B 6noKe 6yAeT npeHe6pe>KBMO Mana. 

3.4. Hazpe6 yZOAbHbiX pe3UCIIIOp06 U3MepUIIIe/lbHbiM IIIOKOM 

0WB6Ka oT Harpeaa AaT'IBKa, o6ycnoaneHHaA B3MepB
TenLHWM TOKOM, BccneAOBanacL B P•Ae pa6oT /2,5,6,7 I , 
B pe3ynLTaTw, B npBH:UBne, coanaAaiOT. Ha puc. 6noKa3aHo, 
KaK noawwaeTCA TeMnepaTypa pe3BCTopa cilBPMW AnneH 

1 

11TfKl 

10"1 

10-l 

m·J 

m·• 10"' ---;-;;-:s-------:~-----
IfAJ 

Puc. 6. 0UIU6Ka L'lT om Hazpe6a pe3uc•opo6 ,PupMbl AAIIeH 
.bpet}Au AB U3MepullleAbHbiM IIIOKOM. 1. AB - 100 OM, 
1/2 B•no/2 / ;2- AB 1000M, 1/2 B• no/7/; 3- AB 100 OM, 
1/4 B• 6 6aKyyMe. 

9 
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JipeAnH. B cnyqae KPHBoii 3 pe3HCTop 6wn npHKneea K renBe

BOB BaHHe H HaXOAHHC.Il B BaKyyMe. llpH 3.TOM 

!\ T = T (I) - T( 1
0 

) , III 

rAe I 0 = 5 MKA. Pa6o<~Hii TOK npH rpaAYHPOBKe aa onHcaa

aoii ycTaHoBKe cocTaBn.lln I = 10 MKA H, cneAoBaTenLHO, 

OWH6Ka !\ T < 1 ..wK. 

3.5. Fpaoyupoeot~Ha.JI (Jop..wy11a 011.11 yzollr.Hr.Jx 
peauc•opoe (Jup..wr.J A1111eH Epeo11u 

B OTnB'IHe OT nonynpoBOAHHKOBbiX TepMoMeTpoB, An.ll 

KOTopwx TeopeTH'IeCKH BbiBeAeHa 3aBHCHMOCTb R= f{T) , 
AH.Il pe3HCTOpOB ee BeT. 

B nBTepaType HMeeTc.ll uenwii P.IIA 3MUHPH<~ecKHX cllopMyn, 

H3MepHTeHbHble AaHHble KOTOpbiX B pa3HH'IHbiX npeAenax 

TeMnepaTyp UOBTOp.IIIOTC.Il C pa3HOB CTeneHbiO TO'IHOCTH. 

B pa6oTax /1,21 npe.z.no)KeHw npocTwe cllopMynw, KOTopwe 

B HaCTO.IIJnee BpeM.Il UpHMeHJIIOTC.Il 'laJne BCero. 

enR ~ 
enR=K 1 +K

2
( ) 

T 
121 

131 en R + _K_ = .A + 
B 

en R T 

Oco6eaao YA06ao ypaBHeHHe 121, T .K. AH.Il aero o<~eHb 
npocTo rpacilH<~ecKH HaiTH nocTO.IIHHble K

1
, K

2 
0 YpaBHeHHe 

131 MO)KHO nepenHca Tb B BRAe 

en R a 2 
( --) = Co + C 1 fu R + C 2 ( P n R ) 

T 141 

llpH a = 1 H3 ypaBHeHH.Il I 41 MO)KeT 6b1Tb nonyqeao ypaBae

HHe 131. B pa6oTe I 8 I noKa3aao, 'ITO caMwe TO'IHble 

10 

~ 

' 

pe3ynLTaTw nonyqaiOTC.Il npH a = 1,0 5. Jie3 <~neaa C
2
(en R) 2 

npH a = 0,5 nonyqaeTC.Il ypaBHeHHe 121. OnTHManbHa.ll Toq

HOCTb AOCTHraeTC.Il npH a =0 ,5518 ( Jionee o6~nee ypaBHeHHe 

C ni06biM 'IHCHOM UOCTO.IIHHbiX, cornaCHO 191 , HMeeT BRA 

1 n=e 
-= ~ K~ (enR}

0 
0 151 

T n=-f 

~OpMyna, KOTOpa.ll 06bi'IHO UpHMeH.IleTC.Il AH.Il KanB6pOBKH 

repMaHHeBwx TepMoMeTpoB, Bblpa)KaeTc.ll no Ito I B BRAe 

n=m 
en R = ~ 

n = 0 
K" ( en T }

0 
0 

n 161 

C UOMOJnbiO TaKHX ypaBHeHHB HMeeTC.Il B03M0)1(80CTb Bbl· 

'IHCnHTb 3aBHCHMOCTb T = f{ R) H ,aao6opoT, R = f( T) 0 

4. PACqETHAR IIPOFPAMMA ,4Jl.R KAJIHEPOBKH 
PE3HCTOPOB tiJHPMbl AJIJIEH EPE,4JIH 

llpH C03AaHHH nporpaMMbl KanH6pOBKH AH.Il 3BM Baa

CTO.IIJneii pa6oTe HCUOHb30BaHbl ypaBHeHHe 121 B BRAe 

R = f{T) H T=f(R), ypaBHeHHe 151 C TpeM.Il UOCTO.IIHHbiMH, 

KOTOpoe COBUaAaeT C ypaBHeHHeM 131, H ypaBHeHHe 151 
C U.IITbiO H CeMbiO UOCTOJIHHbiMH. KpoMe 3TOro, HCUOHb3yeT

C.Il e~ne ypaBHeHHe 161 C CeMbiO UOCTOJIHHbiMH. JipaTb 

'IHCHO UOCTOJIHHbiX 6onee CeMH He HMeeT CMbiCna, UOTOMY 

'ITO TO'IHOCTb npH 3TOM UOBbiWaeTC.Il He3Ha'IHTenbHO. cl>op

MYHbl MOryT 6b1Tb npeACTaBneHbl B 06JneM BRAe KaK 
m 

Y= ~ Kkfk(x) =K
1

f {x) +K f (x) +oooK f (x), 111 
k=l 1 2 2 m m 

y H x - 3AeCb R HnB T , cornacao cllopMynaM 121, 151, 
161. HMeeM n H3Mep.lleMbiX Aaaawx Rj H Tj lj = 1, o•o n I 
AH.Il onpeAeneHH.Il Kk 0 HaxoAHM MHHHMYM cyMMbl oT pa3-

HOCTeB Me )KAy H3Mep.lleMbiMH AaHHbiMH y j H Bbi'IHCH.Ile-

m 
MbiMH AaHHbiMH y = ~ K f (x 

k=1 k k j 
n m 

Q=~ [y -~ Kkfk(xj)] 2 =Minimumo 
j=l k=1 181 

II 



llepaa.a npoB3BO,nHaJI oT K k ,IJ.aeT m ypasueHBii 
n m 

/9/ __ 1_ -~ = };. [ y _};. Kk fk (xi) ]fi (xi) = 0 

2 d Ki j = 1 i k= 1 i = 1, 2 ... m 

H3 ypasueHBJI /9/ BbiTeKaeT cscTeMa ypasueusii 

n n 
n 

K
1 

I. f ( x. ) f ( x . ) + ... + K m I. f ( x.) f ( x .) = I. 
J
._

1 
1 J 1 J • 1 1 J m J . - ]= ]=1 

n 

K1 I. 
j = 1 

n n 

f (X. ) f (X. ) + ... + K };. fm( X.) f (X . ) = };. 
IDJ }J m JID] 

j=l j = 1 

yjf1(\) 

y. f (x.) 
J m J 

/10/ 

PeWBB cscTeMy /10/, nonyqaeM 3Ha'leHHJI nocTOJIHHbiX 
Kk , ueo6xo,nHMbiX ,IJ.nJI rpa,D.yHpOBO'IHOii <l>opMynbl. llporpaM
Ma KanB6poBKH uanscaua ,IJ.nJI 3BM CDC-6200 ua JI3b1Ke 

Cl>opTpaH. 
BBO.IJ.HbiMB ,IJ.aHHbiMB ,IJ.nJI nporpaMMbl JIBHJIIOTCJI 3Kcnepu-

MeHTanLHble 3Ha'leHHJI conpoTHBneHHii pe3HCTopos Anneu 
.6pe,D.nH H TeMnepaTypbl. llporpaMMa Bbi,IJ.aeT Bbi'IHCn.aeMble 
3Ha'leHHJI COllpOTHBneHHB H TeMnepaTyp, OWH6KH Bbi'IHClleHHB 
B rpa,D.ycax KenLBHHa H B npou,euTax, ycpe,D.HeHHble owu6KH 

H KanB6pOBO'IHYJO Ta6nBU.Y. 

5. PE3YJibTATM KAJIH.EPOBKH 

5.1. Fpy6aJI KaAu6poarw 

EcnB Tpe6yeTc.a ue6onLwa.a TO'IHOCTL, To .IJ.OCTaTO'IHO 
npOCTOB KanH6poBKH B >KB,IJ.KOM a30Te H B >KB,IJ.KOM renHH. 
llo 3THM .IJ.BYM TO'IKaM C DOMO~biO ypaBHeHHJI /2/ rpa<i>H· 
qecKH MO)I{eT 6b1Tb nonyqeua rpa,D.yHpOBO'IHaJI <t>opMyna. 
Owu6Ka 3Toro cnoco6a noKa3aHa ua puc. 7. llpH 3TOM 

l\ T = T rp- T . /11/ 

T rp- rpa,D.yupoBo'IHaJI TeMnepaTypa, T - ,IJ.eiiCTBHTenLHaJI 

TeMnepaTypa. 

12 

1 

41T[KJ 

49 

0,8 

0,7 

0,6 

0,5 

o.+ 

0,3 

0.2 

0,1 

0 
0 10 20 30 +0 50 60 70 90 

T£KJ 

Puc. 7. Oruu6Ka 1'1T KaAu6p06KU c OBYMJI .o .. KaMU 6 ouana-
30He •eMnepa•yp 4,2 :::; T :::; 77K. 

EcTL B03MO)KHOCTb Bbi'IBCnHTb ycpe,nHeHHYIO KanB6po
BO'IHYIO KPHBYJO uecKonLKBX ,IJ.aT'IBKOB Anneu .6pe,D.nB. B 
•a6A. 1 llOKa3aHa OWB6Ka npH ycpe,D.HeHHOB KanB6pOBKe 
WeCTH WTYK ,IJ.aT'IH.ICOB. ,lJ,nJI ee npoBe,IJ.eHHJI H3 ,IJ.eCJITB ,IJ.aT
'IBKOB Bb16paHbl WeCTb C HaB6onee 6nB3KBMB COllpOTBBlleHBJI· 
MB npH KOMHaTHOB TeMnepaType, H3MepeHbl BX COllpOTHBne
HHJI npB Tpex TeMnepaTypax, Bbi'IBCneHbl cpe,nHeapH<i>MeTH
qecKBe BellH'IBHbl COllpOTHBneHBB H no HHM C llOMO~biO 

nporpaMMbl BHTepnonJIU.BH nonyqeua 3aBHCBMOCTb R = f( T) . 
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Ta6mn~a 1 
YcpeJJ.HeHHaB KaJill6poBKa pe3BCTopoB AnneH 6pe)J.JIB 

47 OM, 1/4 B• 

R/OM/ 

» 293 K 77K 41 2 K (i't "r ,.,2 --
I 47,2 55,34 353,0 0,128 

2 47,3 57,47 358,1 0,084 

3 47,8 57,55 359,0 0,077 

4 47,8 57,57 379,3 ..(),084 

5 47,9 57,60 381,1 ..(),097 

6 47,9 57,70 . 381,5 -o, 100 

RM 47,65 57,538 368,66 J:O 

RM- cpe)J.Hee apHcllMeTH'iecKoe JJ.aT'iHKOB I. .. 6 
f'1 1 - OWB6Ka DpH ycpe)J.HeHHOB KanH6pOBKe. 

14 

5.2. To•maJI KaAu6poeKa 

Pe3ynLTaThl KaJill6poBKH 20 TO'ieK B JJ.Hana3oHe 2 < T < 
~ 30 K, B )I(HJJ.KOM a3oTe H npH KOMHaTHoii TeMnepaType

DOKa3aHhl B •a6A. 2. 83 Ta6Jilii{LI MO)I(HO BH)J.eTL, B KaKHX 

npe)J,enax KaKHe cllopMynhl BhlrO)J.HO HCDOnL30BaTL. 

2 'S_ T :S 300K: Cl>opMyna C TpeMJI DOCTOJIHHhiMH Xy)Ke, 'ieM 

c JJ.BYMB, nyqwas cllopMyna /6/; 
· 2 < T < 77 K : MaKCHManLHaB oWB6Ka c TpeMB nocTOBH

HhiMH 6onLwe, 'ieM c JJ.BYMB. Me)K)J.y ypaB

HeHHBMH /5/ H /6/ C CeMLIO DOCTOJIHHhiMH 

2.::;T.;;_30K: 
2 S T < tOK: 

npaKTH'ieCKH pa3HHnhl HeT; 

TO'iHOCTL HapaCTaeT C 'iHCnOM DOCTOJIHHhiX; 

MaKCHManLHaJI TO'iHOCTL )J.OCTHraeTCJI y)Ke 

DpH DJITH DOCTOJIHHhiX. 

PacnpeJJ.eneHHe owH6KH B 6onLwoii o6nacTH TeMnepaTyp 

noKa3aHo Ha puc. 8 H 9. He,lJ.ocTaTKOM Bcex ypaBHeHHii BB

nseTCB TO, 'iTO 3KCTpanonBnHB npaKTH'ieCKH HeB03MO)I(Ha, 

DOTOMY 'iTO DOnyqaeTCJI 6onLWaJI OWH6Ka. 

0.16 

8,12 

1,18 

O.D+ 

D 

-liP* 

-qoa 

-4'2 

-416 2 1 + 'rJ lD H 2fJD 411 
fJIJ T l'KJ 

-----i 

--j 

I 
--1 

j 

fJIJ(J 

Puc. 8. PacnpeoeAeHue owu6Ku AT OAJI KaAu6poeO'IHoii~op
MYAbl /6/ c 7 noc•oJIHHbiMU e ouana3oHe •eMnepa•yp 
2 s_ 1 -;;_ 300K. 
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Ta6nuua 2 
Owu6Ka rpa,JJ,yHpOBO'IHbiX <lJopMyn B npoueuTax 

2::;_T::;_300K 

YpasHeH>ie (2) (5) (6) 

n'L- 2 J 5 7 7 

JlTm~ 42 200 J,B 1,4 0,4 

L1 r~p. J,7 IO 0,52 0,22 0,14 

2 ~ T ~ 77K 

YpasHeHHe (2) (5) (6) 

Yn-- 2 3 5 7 7 

/J.T~ 14 26 1,6 0,26 0,39 

l1 Tep. 2 1,8 0,26 0,068 0,096 

2~ T ~ 30K 

YpasHeHHe (2) (5) (6) 

""' 2 3 5 7 7 

tJ.Ttn~ 5,5 2,8 0,76 0,24 0,26 

& rep. 1,4 0,44 0,18 0,056 0,065 

2~ T ~!OK 

YpasHeHHe (2) (5) (6) 

rn,., 2 3 5 7 7 

AT~ 2 O,JJ 0,061 0,079 0,069 

47'q,. 0,51 0,15 0,026 0,031 0,028 

m- 'IHCnO llOCTOJIHHbiX; /I,.T max- MaKCHManLHaJI OWH6Ka; 
/I,.Tcp- cpe,n;HJIJI OWH6Ka. 
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1,1, I 
( 

D,1.2 
1.Tl/O 

0,08 

O,Ot 

D 

-40+ 

i 
-0.08 

-0,12 

-0,1' 
1 

--- ,____ -- +-

I 

t- I l -1---fi~ 
I 

2 .. 6 I 10 .2D ., 
" 10 M> 

Puc. 9. PacnpeoeAeHUe OUIU6KU /1,. T 6 ouana30He •e.Mnepa
•YP 2 ::;;_ T -::;;_ 77K. 1 - (JopMyAa /5/ C ce.Mt.IO noc•oJIHHbiMU, 
2 - (Jop.MyAa /6/ C C€Mbl0 nOCIIIOJIHHbiMU. 

6. IIOBTOP .REMOCTh IIOKA3AHHH PE3HCTOPOB 
AJIJIEH EP E,[fJJH 

llpo6neMa llOBTOp.lleMOCTH TeMnepaTypbl HrpaeT 6onb
WyiD ponL npu TO'IHbiX H3MepeHH.IIX. B paHHHX pa6oTax /2,11/ 
Haii.n;eHa noBTop.HeMOCTL noKa3aHHii pe3HCTopoa AnneH lipe,n;
nH B npe,n;enax +4 Mf npu Me,n;neHHOM oxna~eHHH ,n;a T
'IHKOB. B pa6oT; I 12 noKa3aHo, 'ITO noaTop.lleMOCTb pasHa 
±./1 -2/ MK ,IJ;a:>Ke npH 6blcTpoM oxna~eHHH ,IJ;a T'IHKOB. 
B pa6oTe /13/ o6HapY:>KeHo H3MeHeHHe conpoTHBneHHJI c Te
qeHHeM apeMeHH B npe,IJ;enax 2-3 MK npH 2K H 4,6K. qepe3 
5-6 qacoa conpoTHBheHHe 6onLwe He MeHJieTcJI. 

,[J;nJI npoBepKH nHTypaTypHbiX ,IJ;aHHbiX llO BOCllpOH3BO,IJ;H
MOCTH llOKa3aHHB pe3HCTOpOB AnneH lipe,D;nH B HaCTOJimeii 
pa6oTe )J,n.ll HeCKOnbKHX ,IJ;aT'IHKOB npoBe,IJ;eHa TeMnepaTypHaJI 
TpeHHpOBKa, C :noii uenLIO ,n;aT'IHKH nocne,IJ;OBaTenbHO OKOnO 
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,AeCJITH pa3 oxna:>K,AallHCL .AO 4,2K H HarpeBallHCL ,AO 300K. 
KaKoii- nu6o TeH,AeHUHH K H3MeHeHHIO conpoTHBneHHJI 3aMe
qeuo ue 6wno. Ilonyqeua noBTopJieMOGTL B .AHana3oHe 
±3 MK. 

7. 3AKJIIOIJEHHE 

C llOMO~LIO C03,AaHHOH YCTaHOBKB MO~O KanH6poBaTL 
yronLHLie pe3BCTOpLI C TO'IHOCTLIO OKOllO 0,2-0,03~ B,ABana-
30He 2 ·;_ T :::: 30 K. Pac'leTHaJI nporpaMMa no3BOnJieT sw
'IBCHJITL Kana6pOBO'IHLie Ta6nBULI B BB,Ae 3aBBCBMOCTB 
R = f ( T ) ana T = f( H) c TeMnepa Typuoii owa6Koii 0 ,2~ 

B ,ABana3oHe TeMnepaTypw 2_:::: T S 300K a 0,03~ B .ABana-
30He 2 ::; T :::: lOK. 

AsTopw swpa>KaiOT 6naro,AapuocTL IO.A.Illawosy 3a no
MO~L B C03,AaHBB ycTaHOBKB B y'laCTBe B 06Cy>K,AeHBH pe-
3ynLTaToB; U.C.Xyxapesoii - 3a none3uwe .ABCKyccaa, 
B.<J>. qyMaKOBY - 3a CO,AeHCTBBe B uana,AKe KpaoreHHOH 
'laCTB ycTaHOBKB, B.B.qypaKOBY - 3a llOMO~L B KOHCTpya
poBaHBB a B.U.JiaspeHTLeBy 3a KoucynLTaUBIO no sonpocaM 
3lleKTpOHBKB. 
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