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I. BBEAEIU1E 

Pa3BHTHe KpHoreHHOH TeXHHKH Tpe6yeT HaAemH~x, T04H~x H Aewe­
a~x TepMOMeTpOB, pa6oTa~HX B WHPOKOM AHana30He TeMnepaTyp H B 
CHnbH~X MarHHTH~X nonRX, o6naAaO~HX noB~WeHH~MH 3KCnnyaTa~HOHH~­
MH xapaKTepHCTHKaMH. B na6opaTOPHH B~COKHX 3HeprHH yme AnHTenb­
HOe apeMR HCnOnb3YDT yrOnbH~e pe3HCT0p~ B Ka4eCTBe HH3KOTeMnepa­
TypH~X TepMOMeTpoa/l,2,S/ /4a~e pe3HCTOP~ <!IHPM~ AilneH-6peAnH 
H peme- <!IHPM~ CnHp/2/ /, o6naAa~He XopoweH CTa6HnbHOCTbD H no­
BTOpReMOCTbD nOKa3aHHH. no cpaBHeHHD C TepMOMeTpaMH APYrHX TH­
noa yronbH~e pe3HCTop~ o6naAaDT cneAy~HMH npeHMy~ecTBaMH: 6onb­
woH 4YBCTBHTenbHOCTbD, ManOH TennoeMKOCTbD, AOCTaT04HOH CTa6Hnb­
HOCTbD conpOTHBneHHR B MarHHTHOM none, HH3KOH CTOHMOCTbO. HeAO­
CTaTKaMH npHMeHeHHR B~WeHa3BaHH~X yronbH~X pe3HCTOpOB RBnRDTCR: 
orpaHH4eHH~H H3MePHTenbH~H HHTepaan TeMnepaTyp /4+80 K/, nnoxaR 
repMeTH4HOCTb TepM04YBCTBHTenbHOrO 3neMeHTa H ManaR AOCTynHOCTb. 

B KpHoreHHOM OTAene nB3 OH~H B Ka4eCTBe KPHOreHH~X TepMOMeT­
poa Bnepa~e 6~nH HCnOnb30BaH~ OTe4eCTBeHH~e KOMn03H~HOHH~e pe-
3HCTOp~ THna TB0/4~ HMe~He napaMeTp~ He xyme, 4eM y peaHcTopoa 
<!IHPM~ AnneH-6peAnH, a B OTHOWeHHH pa6o4ero HHTepaana TeMnepaTyp 
H CTa6HnbHOCTH Aa*e ny4We. 

II. TEMnEPATYPHA~ 3ABHCHMOCTb COnPOTHBnEHH~ PE3HCTOPOB 
THnA TBO 

CepHHH~e KOMn03H~HOHH~e 6ea~HAYK~HOHH~e peaHcTop~ THna TBO 
npHMeHROTCR B paAH03neKTpOHHKe H npeACTaBnRDT C060H CTepmHH npR­
MOyronbHOH $OpM~ C aKCHanbH0-3anpeCCOBaHH~MH B~BOAaMH/5/. 06DeM­
H~H TOKOnpOBOAR~HH CnDH KOMn03H~HH 3a~H~eH CTeKnOKepaMH4eCKOH 
o6ono4KOH. B cocTaa peaHcTopa BXOART: raaoaaR cama /3+5%/, <!lnoc 
/6opHOCBHH~OBOe CTeKno/, KOPYHAOB~H MHKponopOWOK. KoHTaKT~ Mem­
AY npOBOAR~eH KOMn03H~HeH H nnaTHHHTOB~MH B~BOAaMH ocy~eCTBneH~ 
AH<Il<IIY3HeH cepe6pRHHoro nopowKa npH cneKaHHH, no3TOMY OHH repMe­
TH4H~ H HMeOT nOB~WeHHYD npOT04HOCTb.YAo6H~MH B pa6oTe RBnRDTCR 
peaHcTop~ TB0-0, 125 c MHHHManbHOH HOMHHanbHOH M~HOCTbD 0,125 BT, 
C paaMepaMH 2,5 MM X 1,5 MM X 8 MM, MaCCOH 0,075 r. npH HCCneAo­
BaHHH TeMnepaTypHOH 3aBHCHMOCTH pe3HCTOPOB OT HOMHHana o6Hapy­
meHO, 4TO Man~e HOMHHan~ nnOXO 4YBCTBYDT TeMnepaTypy H nHWb Ha-
4HHaR npHMepHo c 80 OM Ha4HHaeT peaKo yaenH4HBaTbCR TeMnepaTyp­
HaR 4YBCTBHTenbHOCTb. AnR YAo6CTBa CT~KOBKH C H3MepHTenbHOH CHC-
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TeMOH B Ka4eCTBe onTHManbHOro ew6paH HOMHHan pe3HCTOPOB, paBH~H 

1000 OM, HMeO~HH xopowyo TeMnepaTypHyo 4YBCTBHTenbHOCTb, noKa-
3aHHyo B Ta6n.1 B CpaBHeHHH C aHanOrH4HOH xapaKTepHCTHKOH pe3Hc­
Topa ~HPM~ AnneH-6peAnH. 

Ta6nnQa I 

TeMnepa-
Typa 

4,2 K 20,4 K 77,4 K 273 K 400 K 

PesncTop s OM/K 714 26,5 3,8 0,8 0,5 
TBO, 1000 OM 

PesucTop s OM/K 360 7,0 0,47 0,04 
A.nrlen-BpeAJIH, 
100 OM 

H3MepeHHR 3aeHCHMOCTH conpoTHBneHHR pe3HCTopoe oT TeMnepaTy­
P~ npOH3BOAHnHCb Ha rpaAYHPOB04HOM CTeHAe no 4-npo~OAHOH CXeMe 
C nHTaHHeM noc:roRHH~M TOKOM 10 MKA, CTa6HnbHOCTbO He XY*e 1 0-'5. 
ConpoTHBneHHe onpeAenRnocb no noTeH~Hany c pe3HCTopa npH noM~H 
~H~poe~x eonbTMeTpoe TR 6515 /RnoHHR/ H 87-28 Knacca 0,05. TeM­
nepaTypa KOHTponHpoeanacb no repMaHHeBoMy TepMoMeTpy TCr-1 e AH­
ana3oHe 4,2+30 K c T04HOCTbO 0,02 K H no nnaTHHOBOMY TepMoMeTpy 
IC~n-3 ~ A~ana3oHe 3uT273 K c T04HOCTbO u,u~ K. 

Ha pHc.1 noKa3aH~ KPHB~e TeMnepaTypHoH 3aBHCHMOCTH pe3HcTopoe 
TBO H ~HPM~ AnneH~6peAnH /A-6/. KpHe~e noxo*H APYr Ha APYra, 
no3TOMY 6~na CAenaHa non~TKa npHMeHHTb KanH6poe04Hyo ~opMyny 
pe3HCTopoe A-6 AnR pe3HcTopoe. TBO, HMe~yo cneAYO~HH BHA/61: 

lnR = K,_+ K2. (ln: )n, /1/ 

rAe R - conpoTHeneHHe pe3HcTopa, T - TeMnepaTypa pe3HCTopa, K1 
H K2 - K03~~H~HeHT~, onpeAenReM~e rpa~H4eCKH, n - noKa3aTenb 
cTeneHH. ~opMyna /1/ AnR pe3HCTopoa TBO MO*eT AaTb xopowyo KanH-
6poBKY e Y3KOM HHTepeane TeMnepaTyp 4+20 I<; Y*e npH 30 K owH6Ka 
KanH6pOBKH AOCTHraeT -0,2 K. anR OAHOrO H3 pe3HCTOPOB K03~H~H­
eHT~ paBH~: Kl = 6,6; K2 = 1,108; n = 0,4. anR 6onee WHPOKoro 
HHTepsana TeMnepaTyp 6~na npeAno*eHa cneAy~aR 3aBHCHMOCTb/7/, 

m 

T = l: C • (1\, /R)
0 

, 

n=O 0 
121 

rAe K03~H~HeHT~ C0 onpeAenROTCR MeTOAOM HaHMeHbWHX KBaApaTos 
a onTHManbHOe 4Hcno K03~H~HeHTOB n = 7, Ro = 1000. anR annpo~­
CHMa~HH TeMnepaTypHOH 3aBHCHMOCTH C T04HOCTbO /no TeMnepaType/ 
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R.M JOOO Puc.I. 3aBHCHMOCTb conpoTHBneHHH 
pesncTopoB TBO H ~P~ A.nrleu-BpeA­
JlH /AB/ OT TeMnepaTypbl. 

2000 T80 

IOOO'L--!5~-*IO~IS=-----,!zo~T.K 
He XY*e 0,5% He06XOAHMO HCnOnb30-
BaTb He MeHee 8 TeMnepaTypH~X To-

nw 4eK, paBHOMepHO pacnpeAeneHH~X B 
*& HHTepeane conpoTHBneHHH OT R273 K 

L.:::::=;;;;;==200~==;:JO~O==:::;'IOO:E"=-JT. K AO R 4, 2K. 

III. CTA6HnbHOCTb nOKA3AHHA TEPMOHETPOB 

C ~enbO H3y4eHHR nOBTOpReMOCTH H CTa6HnbHOCTH noKa3aHHH nap­
THR H3 10 pe3HCTopoa TB0-0,125 c HOMHHanbH~M conpoTHBneHHeM 
0,91 KOM nocne npeAaapHTenbHOH KanH6poBKH e AHana3oHe 4,2+300 K 
6~na nOABeprHyTa 10 ~HKnaM HCn~~aHHH: oxna*AeHHO AO TeMnepaTyp~ 
4,2 K H OTenneHHO AO 300 K. 3aTeM a Te4eHHe Tpex neT npoBOAHnacb 
nepHOAH4eCKaR /npHMepHO pa3 B MeCR~/ npoeepKa KanH6pOBKH npH 
Tpex TeMnepaTypax: 4,2; 77,4; 273 K. B npeAenax TeMnepaTypHoH 
norpewHoCTH 0,05 K /1%/ npH 4,2 K H3MeHeHHH KanH6poBKH He o6Ha-
PY*eHo. 

aononHHTenbHO 6~nH npoaeAeH~ cepHH APYrHX HCn~TaHHH: AO 100 
~~~~!'!'.:'~ - '.:'X-~~~~~~lA~ ~ ~~~~~':"~ ~~0T~ lA t:\TPnnPWIAP .n.n 3nn K . . n.n 1 n 
~HKnOB - Harpe& AO 150°C /- no 10 MHH/ H oxna*AeHHe B *HAKOM 
a30Te,AO 10 ~HKnOB- oxna*AeHHe H Harpe& B BaKyyMe 1 o-4 Top. B npe­
Aenax TeMnepaTypHOH norpeWHOCTH 1% noKa3aHHR TepMOMeTpOB 6~nH 
CTa6HnbH~MH, HO npH 6onee CHnbHOM Harpeae ny4We pa6oTaOT pe3HCTO­
p~ c MeHbWHMH HOMHHanaMH /- 150+400 OM/. BnHRHHe aenH4HH~ H3MepH­
TenbHoro TOKa Ha norpeWHOCTb noKa3aHHH TepMOMeTpOB, HaXOAR~HXCR 

B *HAKOM renHH H B ra3e HaA ypOBHeM *HAKOrO renHR, noKa3aHO B 
Ta6n. 2. 

Ta6nnQa 2 

HsMepHTenbHb!H TOK 1 10 50 100 300 1000 
MKA 

t\T, K 
B JKH,JJ;KOM reJIHH 0,003 0,008 0,030 0,081 0,449 2,371 

.00:, K 
B rase 0,021 0,047 0,076 0,149 0,588 2,942 
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H3 Ta6n.2 BHAHO, 4TO AJIR T04HOCTH H3MepeHHH -1% HaAO npHMe­
HRTb H3MepHTeJibH~H TOK TepMOMeTpOB He 6onee 10 MKA. 

AnR H3y4eHHR BJIHRHHR MarHHTHOro nonR pe3HCTop~ TBO noMe~anHCb 
e anepTypy ceepxnpoeOAR~ero MarHHTa, no3BonR~ero nony4aTb e ~eHT­
pe HHAYK~H~ MarHHTHoro nonR AO 6 T. norpewHoCTb noKa3aHHH TepMo­
MeTpoe B 3aBHCHMOCTH OT HHAYK~HH MarHHTHOrO nonR npHBeAeHa B 
Ta6n.3. 

Ta6nHt~a 3 

HHAYKUHH T 2 3 4 5 6 

TBO N' ~ ~TK 
none 0 0,013 0,023 0,055 0,086 0,123 

TBO N' 2 li 0 0,001 0,010 0,021 0,038 0,059 
none Qt 

H3 Ta6n.3 BHAHO 3Ha4HTeJibHOe BJIHRHHe OpHeHTa~HH MarHHTHOrO 
nOJIR Ha norpeWHOCTb nOKa3aHHH TepMOMeTpOB. AnR cpaBHeHHR npH­
BeAeM norpewHOCTH HeKoTop~x APYrHx TepMOMeTpoe npH TeMnepaType 
!.,2. i\: VIIIUJit:: ~I; #-o\JU1 IC~MCIMVICDVIU ICJJMVM~IIJO -r~i.'~/ ~T=~-~~ :(; 
nonynpoBOAHHKOBoro TepMoMeTpa Krr/8/ liT: 0,12 K; AJIR yrnepoA­
Horo TepMoMeTpa TCKYM/8/ liT; 0,35 K; AJIR pe3HCTopa ~HpM~ An­
neH-6P3AJIH/9/ /100 OM/ liT~ 0,12 K. 

IV. YHH~HI<AUH}l TEPMOMETPOB 

AnR AHarHOCTHKH pa6oT~ KPYnHbiX ceepxnpoBoAR~Hx MarHHTH~x cHc­
TeM C 60JibWHM KOJIH4eCTBOM H3MepReM~X napaMeTpOB 04eHb 60JibWOe 
3Ha4eHHe HMeeT noA60p YHH~H~HpOBaHHbiX napTHH TepMOMeTpOB C OAH­
HaKOB~MH napaMeTpaMH. 

B na6opaTOPHH e~coKHX ~HeprHH OHRH e ceR3H c nocTynHBWHMH sa­
npocaMH H3 APYrHx opraHH3a~HH npoAenaHa cTaTHCTH4ecKaR o6pa6oTKa 
6onbWOH napTHH pe3HCTopoe /1100 wT./ THna TB0-0,125 c HOMHHanb- · 
H~M conpoTHBneHHeM 1,1 KOM H saBOACKHM pa36pocoM 5%. AnR HarnRA­
HOCTH paCCMOTpHM rHCTOrpaMM~ pacnpeAeJieHHR conpOTHBJieHHR pe3HC­
TOPOB npH Tpex TeMnepaTypax MnR OAHOH napTHH /550 wT./: 4,2 K 
/pHc.2/, 77,4 K /pHc.3/, 300 K /pHc.4/. 

Ha rHcTorpaMMe npH 4,2 K /pHc.2/ MO*HO B~AenHTb ocHOBHyn 
rpynny pe3HCTopoe I- 65% OT eceH napTHH/ c pa36pocoM conpoTHe­
neHHH OTHOCHTeJibHO cpeAHeH HOMHHaJibHOH BeJIH4HH~ -52% H AOnOJIHH­
TeJibHYI'l rpynny I- 35% OT eceH napTHH/ c pa36pocoM conpOTHBneHHi:l 
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PHc.2. fHcTorpaMMa pacnpeAeneHHHconpoTHBneHHH napTHH 
pe3HcTopos TBO npH TeMnepaType 4,2 K. 
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PHc.3. fHCTOrpaMMa pacnpeAeJieHHH conpoTHBneHHH 
napTHH pe3HCTopos TBO npH TeMnepaType 300 K. 

-105%. Ha rHcTorpaMMe npH 77,4 K /pHc.3/ TaKme MomHo B~AeJIHTb 
ocHOBHyiO rpynny pesHCTopoe I- 66% oT ecei:\ napTHJ.1/ c pas6pocoM 
COnpOTHBJieHHH OTHOCHTeJibHO CPeAHeH BeJIH4HH~ -10% H AOnOJIHHTenb­
HYIO rpynny I- 34% oT eceH napTHH/ c pas6pocoM - 9%. 6onee AeTanb­
H~i:l aHan1o13 rHcTorpaMM noKasan, 4To AOnonHHTeJibHaR rpynna npH 
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PHc.4. fHcTorpaMMa pac­
npeAeneHHH conpoTHBne­
HHA napTHH peSHCTDPDB 
TBO npH TeMnepaType 
300 K. 

4,2 K ~OPMHpyeTCR e oc­
HOBHOM H3 AOnOflHHTeflbHO~ 
rpynnY npH 77,4 K, T.e. 
OCHOBHY~ rpynny pe3HCTo­
POB MO*HO ~OPMHPOBaTb Y*e 
npH 77,4 K. B peaynbTaTe 
AOnOflHHTeflbHYX HCCfleAO­
BaHH~ peKOMeHAYeTCR npH­
MeHRTb pe3HCTOPY H3 oc­
HOBHOH rpynnY, KaK o6na­
Aa~He nOBYWeHHO~ CTa-
6HflbHOCTb~. ~R BYRCHe­

HHR TeMnepaTypHO~ norpeWHOCTH rpynnHPOBKH 6YflH OT06paHY rpynnY 
pe3HCTOPOB no 10 WTYK C 1%-HYM paa6pOCOM conpOTHBfleHHH npH Tpex 
TeMnepaTypHYX YPOBHRX. nocne aHaflH3a rpaAYHPOB04HYX Ta6nH~ OKa-
3aflOCb, 4TO TeMnepaTypHaR norpeWHOCTb B 1-~ AeCRTKe pasHa: 0,5% 
npH 4,2 K; 1,5% npH 77,4 K; 2,5% npH 300 K. 3KCTpanonHpyR nony-
4eHHwe AaHHYe Ha ace pe3HCTOPW /1100 WT./, MO*HO CAeflaTb CfleAy~-
Ill tAO DLID"""LI • 

~··- ----"--
a/ H3 1100 WTYK pe3HCTOpOB C 5%-HYM 3aBOACKHM paa6poCOM MO*HO 

OT06paTb - 24 rpynnY no 10 WTYK H 6onee TepMOMeTpOB C 6nH3KHMH 
napaMeTPaMH; 

6/ paa6HeHHe Ha rpynnY 6yAeT 6onee ycnewHYM, ecnH Hcnonbao­
eaTb naPTH~ pe3HCTOPOB C 1%-HYM paa6pOCOM conpOTHBfleHH~i 

e/ AflR ~opMHpoeaHHR rpynn no 10 OAHHaKOBYX AaT4HKOB Heo6xoAH­
MO B3RTb Ha4aflbHY~ napTH~ pe3HCTOPOB B KOflH4eCTBe He MeHee 
1000 WT. 

V. TEnnO~H3H4ECKHE nAPAMETP~ TEPMOMETPOB 

Oco6eHHOCTb~ AHarHocTHKH pa6oTY ceepxnpoBOAR~Hx MarHHTHYX 
CHCTeM RBflReTCR perHCTpa~HR HeCTa~HOHapHWX HflH AHHaMH4eCKHX 
TennOBYX npo~eCCOB. T04HOCTb H3MepeHHR HCTHHHO~ TeMnepaTypy B 
TaKHX npo~eccax 3aBHCHT OT MHOrHX ~aKTOpOB, B TOM 4HCfle OT Tenno- f 
BOH HHep~HH H TennoeMKOCTH caMoro TePMOMeTpa. B KPHoreHHOM OTAe- j 

ne nB3 OHRH 6YnH npoBeAeHw H3MepeHHR BYWeHa3BaHHWX napaMeTpoe 
AflR HH3KHX TeMnepaTyp /4+10 K//IO/, 

Ha pHc.S npeAcTaeneHa aaeHcHMOCTb TennoeoH HHep~HH r0 peaHc­
Topoe TBO /HOMHHan 1 KOM/ H ~HPMW AnneH-IiP3AflH /HoMHHan 50 OM/ 
oT TeMnepaTypw. HaH6onbWHM 6wcTPOAe~CTBHeM o6naAaeT TBO, y KOTo-
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PHc. 5. 3aBHCHMDCTb BenHtiHHhi 
TennDBDA HHepu;HH To pe9HCTDPOB 
TBO H ¢HPMN AnneH-BpeAnH DT 
TeMnepaTyp~. 

C ·10-•A. /1 apail 

26 

2't 

22 

2 

18 

16 

1lt 

12 

10 

8 

6 / 

I 
/ 

/ 
/ 

/ 

I 
I 

)-- f)o'""" 
I 

PHc.6. 3aBHCHMOCTb TennoeM­
KDCTH pesHcTopoB TBO H ~HpMN 
AfineH-BpeAnH OT TeMnepaTyp~. 

poro ~ npH 4,2 K paBHO - 1 MC, B TO epeMR KaK y pe3HCTOpa AnneH­
IipeAflH r 0 ~ 8 MC. 3TO OT4aCTH MO*HO 06DRCHHTb pa3flH4HO~ reoMeTpH­
eH 060HX THnOB pe3HCTOPOB H ocofieHHOCTb~ OTBOAa Tenna OT TepMo-
4YBCTBHTeflbHWX 3fleMeHTOB e OKPY*a~y~ cpeAy. Ha PHc.6 noKaaaHa 
aaBHCHMOCTb TennoeMKOCTH TBO oT TeMnepaTypY e cpaeHeHHH c rpa~H­

TOM H nHpeKCOM. CyAR no cocTaey peaHcTopa TBO KPHBaR TennoeMKoc­
TH COOTBeTCTByeT nono*eHH~ Me*AY rpa~HTOM H nHpeKCOM, a ee MO*HO 
npeACTaBHTb B aHaflHTH4eCKOM BHAe: 

3 :.6 At< 
r. =(AT +BT )-10 [--,] 
"''' I'•K ' 

/3/ 

rAe CT - TennoeMKOCTb npH TeMnepaType T;· T- TeMnepaTypa; A H 
B- K03~H~HeHTY, nony4aeMYe rpa~H4eCKH. 

AnR peaHcTopa TBO nony4eHY cJleAY~"He K03~H"HeHTY: A = 0 99 ...... '+"!' .. ' ; 

R = 1 ,]0. TennoeMKOCTb peaHcTopa TBO npH 4,2 K pasHa 
· - 1 , 3 • 1 0 - 4 A*/ r. K. 

VI. 3AKIJI04EHHE 

no CBOHM napaMeTpaM pe3HCTOPW THna TBO B Ka4eCTBe KPHOreHHWX 
TePMOMeTpOB BnonHe YAOBfleTBOPR~T Tpe6oeaHHRM TeXHH4eCKOrO 3KCne-
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pHMeHTa Ha KpHoreHH~X ycTaHOBKaX B WHPOKOM HHTepeane TeMnepaTyp 
4,2+450 K. OHH enonHe MoryT cTaTb Maccoe~MH pa6o4HMH KpHoreHH~MH 
TepMoMeTpaMH c T04HOCTb~ H3MepeHH~ TeMnepaTyp~ He xy~e 1%. KpHo­
reHH~e TepMoMeTp~ TaKoro THna nony4HnH WHpoKoe pacnpocTpaHeHHe 
H Hcnonb3Y~Tc~ e OHRH, CK6 Mn /r.nbeoe/ /II/, HA3 HM :H.B.Kyp4aTo­
ea An~ AHarHOCTHKH ceepxnpOBOA~~HX MarHHTH~X CHCTeM. 
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