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1. BBE,llEHWE Yro.AbHble pe311CTOpbl AJlHTe.AbHOe epeMfl 
11CnO.Ab3y~TCfl AJlfl 113MepeHI1fl HI13KI1X 

TeMnepaTyp 11 •21 , 06bi4HO B Ka4eCTBe TepMOMeTpOB npi1MeHfi~TCfl 
pe311CTOPbl cfiHpMbl ArlneH-6peAfiH 111 , pe>Ke - 41~-tPMbl CnHp /2/, e oT
J111411e OT APYr11X 06.AaAa~~-te xopoweH CTaOI1J1bHOCTb~ 11 nOBTOpfle
MOCTb~ nOKa3aHI1H. no cpaBHeHI1~ C APYri1MI1 Tl1naMI1 TepMOMeTpOB 
yro.AbHble pe311CTOpbl 06.AaAa~T C.AeAY~~HMH npei1My~eCTBaM~-t: 60.AbWOM 
4yBCTBI1Te.AbHOCTb~, Ma.AOH Ten.AOeMKOCTb~, He3Ha411Te.AbHbiM 113MeHe
HI1eM COnpOT11B.AeHI1fl B MarHHTHOM none, HI13KOH CTOHMOCTb~. 

HaM YAanocb noAo6paTb yro.AbHble pe3HCTOPbl THna TBO 131, ~-tMe~
~~-te napaMeTpbl He Xy>Ke, 4eM y pe311CTOPOB $HPMbl Ari.AeH-6peAJ1H, 
a B OTHOWeHI111 11HTepeana TeMnepaTyp Aa>Ke .Ay4We. 

B AaHHOH cTaTbe paccMaTpl1ea~Tcfl B03MO>KHOCTI1 npi1MeHeHI1fl pe-
311CTopoe TBO, 11x cTa6H.AbHOCTb 11 noaTopReMOCTb noKa3aHI1H, B.AI1R
HI1e MarHI1THoro nonR, onpeAeneHa rpaAY11POB04HaR ct~opMyna. 

Pe3HCTOPbl Tl1na "TBO" np11MeHfi~TCfl 2. TEMnEPATYPHAR 
3ABHCWMOCTb 
COnPOTWBJlEHHR 
PE3HCTOPOB 

B paA1103.AeKTPOHI1Ke B ~enRX nOCTOfiH
HOro, nepeMeHHoro, nynbcl1py~ero 

TWnA "TBO" 
11 11Mny.AbCHOrO TOKOB, KOHCTPYKTI1BHO 
OHI1 npeACTaB.AR~T C060H CTeplKH11 
npRMOyrO.AbHOH ¢opMbl C aKC11a.AbH0-

3anpecCOBaHHbiMI1 BbiBOAaMI1. 06t.eMHbiH TOKOnpOBOAR~I1H C.AOH yr.AR 
3a~11~eH CTeK.AOKepaM114eCKOH 060J104KOH, BHeWHI1H B11A pe3~CTOPOB 
C HOMHHa.AbHbiMI1 MO~HOCTRMH 0,125 BT H 0,25 BT noKa3aH Ha PHC. 1. 

TBO 

-----------0,125 BT 
P11c. 1. BHeWHHH BHA pe311CTO
poe T11na "TBO". 

0,25 BT 
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AnR Y~06CTBa pa60T~ HMeeT CM~Cn npHMeHRTb pe3HCTOp~ C HaH
MeHbWHMH pa3MepaMH, T.e. C HOMHHanbHO~ MO~HOCTb~ 0,125 BT 
H pe~e - 0,25 BT. 

lkcne~oeanHCb B OCHOBHOM pe3HCTOpbl C HOMHHanbH~MH COnpo
THBneHHRMH OT· 100 OM ~o 100 KOM. I-13MepeHHR npOH3BO~HnHCb no 
4-npOBO~HO~ CXeMe C nHTaHHeM,CTa6HnH3HpOBaHH~M nOCTORHH~M 
TOKOM 10 MKA, cTa6HnbHOCTb~ 10-6 • ConpOTHBneHHe onpe~enRnocb 
no noTeH~Hany c pe3HCTopa npH noMo~H ~H$poeoro eonbTMeTpa 
THna V-533 Knacca 0 '05' npoH3BO~CTBa nHP. 

Ha nepeoM 3Tane H3MepRnHCb conpOTHBneHHR peaHcTopoe npH 
Tpex TeMnepaTypax: 290; 77,4; 4,2 K. 0THOCHTenbHOe H3MeHeHHe 
conpoTHBneHHR peaHcTopa no~c4HT~eanocb no $QpMyne: 

R -R R R 
81 = ::2 o [%]; 82 = 77,4 o [%], 111 

o Ro 
r~e R 0 - conpOTH aneHHe npH KOMHaTHO~ TeMnepaType 290 K, 
R 4 2 - conpoTHBneHHe npH TeMnepaType KHneHHR ~H~Koro renHR 
4, i K, R.n ,4 - conpOTHeneHHe npH TeMnepaType KHneHHR ~H~Koro 
aaoTa 77,4 K. 

Ha pHC. 2 H306pa~eHa nony4eHHaR 3aBHCHMOCTb 8 1 H 8 2 OT HO
MHHanbHOrO COnpOTHBneHHR pe3HCTOpOB, H3 KOTOpO~ BH~HO, 4TO 
MaKCHManbHO~ 4YBCTBHTenbHOCTb~ K HH3KHM TeMnepaTypaM o6na~a~T 
peaHcTop~ c HOMHHanbH~M conpoTHBneHHeM 4 KOM. 3aTeM c yeenH-
4eHHeM R o KPHB~e 8 1, 8 2 cna~a~T ~o MHHHMyMa, npH 5, 5 KOM 
H ~anbwe cHoea nonoro HapacTa~T. 

Ha BTOpOM 3Tane 6~na onpe~eneHa TeMnepaTypHaR 3aBHCHMOCTb 
conpOTHBneHHR pe3HCTOPOB B ~Hana30He TeMnepaTyp OT 4,2 ~0 
450 K.Ha ycTaHOBKe ~R KanH6poeKH TeMnepaTypH~x ~aT4HKOB. 
TeMnepaTypa KOHTponHpoeanacb no repMaHHeeoMy TepMOMeTpy Kr 
~44T- 43 e ~HanaaoHe 4,2-77,4 K c T04HOCTb~ 0,05 K H e ~Hana-
30He 77,4-300 K c T04HOCTb~ 0,5 K. AnR H3MepeHHR c MHHHManb
HO~ nbrpeWHOCTb~ Ha O~HOM npe~ene ~H$POBOrO BOnbTMeTpa HCcne
~OBaH~ pe3HCTOp~ C HOMHHanbH~M COnpOTHBneHHeM 0,91 K0M H HO
MHHanbHOH M~HOCTb~ 0,125 BT. 1-ic~TaHH~ 6~na no~aeprHyTa nap-
THR pe3HCTOpOB B KOnH4eCTBe 20 WTYK. Ha PHC.3 noKa3aH~ KPHBaR 1 -' 
TeMnepaTypHOH aaBHCHMOCTH OAHoro H3 pe3HCTOPQB TBO H KPHBaR 2 -
~R 100-oMHoro pe3HCTOpa $HP~ AnneH-6pe~H. KpHBaR 1 c HeKo
TOP~M npH6nH~eHHeM noxo~a Ha KPHBY~ 2, n03TOMy 6~na C~enaHa 
non~TKa npHMeHHTb KanH6pOB04HY~ $QpMyny ~R pe3HCTOPOB $HpM~ 
AnneH-6pe~H, HMe~~~ cne~y~HH BH~ /3/: 

lnR n 
lnR .. K 1 + K 2 • (-T-) • 

AnR pe3HCIOPOB $Hp~ AnneH-6pe~H D = 0,5, 
T _ K 2·InR 

- (lnR- K
1
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PHc.2. 3aBHCHMOCTb TeMnepaTypH~X H3MeHeHHH 
conpoTHBneHHH 81 H 8 2 OT HOMHHanbH~X conpo
THBneHHH pe3HCTOPOB. 
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PHc.J. TeMnepaTypHaR_aaaHCHMOCTb conpoTHBne
~R peaHcTopoe THna TBO /R= 856 OM/ - KpH
aaR 1, H .. ~R pe3HCTOPOB $HPM~ AnneH-6pe~H 
/R = 1 0 0 OM/ - KPH BaR 2 • 
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nocne o6pa6oTKH 3KcnepHMeHTanb~x ~aHH~x 6~ onpeAeneH 
K03!!XI>HLIHeHT n a <f!OpMyne /2/: n = 0,4 AnR pesHcTopos THna TBO. 
~OpMyna /2/ OMHC~BaeT TeMnepaTypHyO 3aBHCHMOCTb pe3HCTOpa 
TBO a AHanasoHe 4,2-77,4 K c T04HOCTbD 0,05-0,1 K. XoA KpH
BOH 1 Ha pHc.3 a AHanasoHe 200-450 K MO*HO annpOKCHMHposaTb 
npRMOH nHHHeH c T04HOCTblO 0, 5-1,0 K. AnR pe3HcTopa c R 0 = 
= 850 OM onpeAeneH~ K03~HLIHeHTbl: Kl = I), 66, K2 = 1 , 108. 

A6conDTHaR TeMnepaTypHaR 4YBCTBHTenbHOCTb pe3HCTopos onpe
AenReTcR no ~opMyne: 

S = t\R [ ~] 
a t\T K ' 

/4/ 

rAe: t\R- H3MeHeHHe conpOTHBneHHR B HHTepsane TeMnepaTyp t\T. 
0THOCHTenbHaR TeMnepaTypHaR 4YBCTBHTenbHOCTb pe3HCTOpOB 

onpeAenReTcR no <f!OpMyne: 

Sa t\R 1 % s =-=-· -[-]. 
0 R t\T R K 

/51 

rAe: R - conpoTHBneHHe pe3HCTopa npH TeMnepaType T. 
B Ta6n. 1 npHBeAeH~ a6con~THble H OTHOCHTenbH~e TeMnepaTyp

Hble 4YBCTBHTenbHOCTH pe3HCTopos THna TBO H ~HPMbl AnneH-6peAnH 
npH pa3HbiX TeMnepaTypax, H3 KOTOpoH BHAHO, 4TO npH o6b14HOH 
TeMnepaType T = 273 K Sa= 0,6 OM/K, a TO speMR KaK AnR pe3Hc
Topos ~HPMbl A.nneH-6peAnH OHa Ha 2 nOPRAKa HH*e• 

TeMnepaTypa 

PesH<;:rop sa OM/K 
TBO So %/K 

PesHcTop s OM/K a 
Ann-6p. So %/K 

3. BJ111.RHJ.1E 
MAfHI1THOfO nOJl.fl 

Ta6nH1.1a 

4,25 K 20,4 K 77,4 K 273 K 450 K 

529 22,5 4,08 0,60 0,58 
17,07 1,45 0,36 0,079 0,076 

3M 7,0 0,47 0,04 0 
33,96 3,24 0,37 1),04 0 

J\nR H3y4eHHR BnHRHHR MarHHTHOrO nOnR 
pe3HCTopw THna TBO noMe~anHcb a aMep-
TYPY csepxnpoBOAR~ero MarHHTa, no

ssonR~~ero nony4HTb a LleHTpe HanpR*eHHOCTb non11 AO 80 K3. no
rpewHOCTb noKa3aHHH H3-3a BnHRHHR MarHHTHOrO nOnR Ol.leHHBanacb 
no ~opMyne: 

q, = .!._. ~[ ...!...], 
R B K3 

/6/ 
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rAe: R - conpoTHsneHHe pesHcTopa npH T = 4,2 K a OMax, t\R -
H3MeHe~e conpoTHBneHHR, B- HanpR*eHHOCTb nonR a LleHTpe Mar
HHTa B K3. 

B Ta6n.2 npHBeAeH~ norpewHOCTH npH pasH~x aenH4HHax Mar
HI-tTHoro nonR AnR pesHcTopos THna TBO c R0 =850 OM H aHanorH4-
Hble AaHH~e AnR pe3HCTopos ¢HpMbl AnneH-6peAnH c R 

0 
= 100 OM 14~ 

HanpR*eHHOCTb 
MarHHTHoro nonR 

PesHcTop ifJ %/K3 
TBO 

Pe31!1CTOP q, %/K3 
Ann.-6p. 

4. BPEMEHHMI 
CTA611JlbHOCTb 
nOKA3AHI1A 

Ta6nHI.Ia 2 

10 K3 20 K3 30 K3 

0,013 0,023 0,038 

0,050 0,051 0,061 

C 1.1enb~ H3y4eHHR nOBTOpReMOCTH 
H CTa6HnbHOCTH noKa3aHHH napTHR 
H3 10 pe3HCTopos TBO c HOMHHanbH~M 
conpOTHBneHHeM 0,91 K0M nocne npeA

sapHTenbHOH KanH6poBKH a AHanasoHe 4,2-77,4 K 6blna nOABeprHyTa 
10 LIHKnaM HCn~TaHHH: oxna*AeHH~ AO TeMnepaTyp~ 4,2 K H OTen
neHHD AO 290 K. 3aTeM KanH6posKa nposepRnacb nepHOAH4eCKH 4e
pe3 MeCRLI a Te4eHHe socbMH MeCRI.IeB. B npeAenax 0,05 K H3MeHe
HHR KanH6pOBKH He 06Hapy*eHO. 

nposepeH e~e OAHH ¢aKT - B03MO*HOCTb H3MeHeHHR KanHfipoBKH 
AaT4HKa npH nepenaHKax. nocne nRTH LIHKnos Harpesa naRnbHHKOM 
BbiBOAOB pe3HCTOpOB H oxna*Ae~R AO KOMHaTHOH TeMnepaTyp~, pe-~ 
3HCTOp ¢HpMbl AnneH-6peAnH H3MeHHn CBOe HOMHHanbHOe COnpOTHB
neHHe Ha 0,5%, a KanH6posKy npH 4,2 K Ha 0,01 K, a TO speMR 
KaK y pesHcTopos TBO 3THX HSMeHeHHH He saMe4eHo. 

5. 3AKJI04EHJ1E no CBOH.M napaMeTpaM pe31'1CTO~ THna 
TBO a Ka4eCTBe TepMOMeTpoB snonHe 

YAOBneTBOpROT Tpe6oBaHHRM TeXHH4eCKOrO 3KCnepHM6HTa Ha KpHO
reHHbiX ycTaHOBKaX B WHpOKOM HHTepsane TeMnepaTyp 4,2-450 K. 
B AHanasoHe 4,2-77,4 K MO*HO nony4HTb T04HOCTb H3MepeHHR TeM
nepaTyp 0,05•0, 1 K, a AHanasoHe 77,4+450 K - c T04HOCTbO 
{),5-1,0 K. 
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