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O6wmMe cBeleHHUA
0 TEPMOCOMNPOTHBJIEHUAX

TepMocOIpOTUBIEHUS SIBISIOTCS OTHUM
U3 IIAPOKO PaCIPOCTPAHEHHBIX THUIIOB IAaTIMKOB
TeMIIepaTypsl. OTO Pe3UCTUBHBIE TyBCTBUTEIb-
HBI€ 3JIEMEHTHI, Ube COIPOTUBIICHNE ITPAKTUYE-
CKH JIMHEIHO 3aBUCHT OT TeMIIepaTypsl (puc. 1).
TepMOCOIPOTUBIIEHNS TaK)Ke U3BECTHBI pas-
paboTIMKaM KaK TEPMOMETPHI COIPOTHBIIEHUS
unu RTD, a takxe 00 0603HAYEHUSIM, IPUHS-
TBIM ISl TEPMOCOTIPOTHBIICHUI C OTIpeNIesieH-
HOU BBIXOIHOM XapaKTepucTukou, — Pt100,
Pt500, Pt1000, 5011, 100IT, 50M, 100M u . 1.

3HaunTeIIbHAS YaCTh COBPEMEHHBIX TEPMOCO-
TIPOTHUBJIEHNI IPOU3BOUTCS [0 TOHKOILIEHOY-
HOU TeXHOJIOTUU.

XapaKkTepuCTUKH
T€pPMOCOMNPOTUBJIEHUA

OcHOBHBIE TapaMeTPbI TEPMOCOTIPOTUBIIE-
HHUS — €ro HOMHUHAJIbHas CTaTU4YeCKas XapaK'
repuctuka (HCX) u xnacc nomycka. HCX —
9TO 3aBUCUMOCTDh COTPOTHUBJIEHUS JJIEMEHTA
OT TEMIIEPATYPbI OKPY KAIOLIEH Cpelbl, UHBIMU
crnosamu, dyukuus R(T). Kirace gomycka onu-
ChIBA€T MAKCUMAIbHOE OTKJIOHEHUE PeaTbHOM
saucumoctr R(T) oT upeanbHOIL.

Homunanvnas cmamuvecxas
xapaxmepucmuxa

Hecmortps Ha To, 4TO OTHUM U3 KIIOYEBBIX
MPEUMYIIECTB TEPMOCOIPOTUBIIEHHH 110 CPaB-
HEHUIO C TEPMUCTOPAMH ¥ TEPMOIIAPAMM CYH-
TaeTCsA JIMHENHOCTh BHIXOMHOM XapaKTePUCTH-

TEeXHOJIOTUU | PYbpHka

NpumeHeHHe TOHKON/IEHOUYHbIX
TEePMOCONPOTUB/IEHUH

(Thin Film RTD)

AN U3MEPEHUS TeMNepaTypbl

U CKOPOCTHU NOTOKa

Mpu M3roToBNEHUU Pa3NIUUHbIX 3N1€KTPOHHbIX KOMNOHEHTOB, B TOM YUCne
TepMOAATYUKOB, MPUMEHSIOTCS TOHKOMJIEHOUYHbIE TexHonoruu. NMpouseoacTeo
TOHKOMJIEHO4YHbIX 3/IEMEHTOB HAaNOMHHAET NPoLEecc U3roToBJIeHUs Nonynpo-
BOAHMKOB — TOHKOM/IEHOYHbIW AaTYNK COCTOUT U3 KEPAMUUYECKOWU NOAJIONKKH,
HanbIIEHHOW MeTanNMYecKon CTPYKTYPbl U CI0S1 H3ONSALUM.

B ctatbe paccMOTpPUM HeobbIuHbIE NepBUYHbBIE Npeobpa3oBaTenu, CyLecTBo-
BaHUEe KOTOPbIX CTa/I0 BO3MOXXHbIM 61arofaps TOHKONIEHOYHOW TEXHOOTUM:
nAaTUHOBbIE AaTUMKHU TEMMNEpATYpbl ANl NAWKK K NOBEPXHOCTH 0ObeKTa, Aat-
UMKM pacxofia CMJIOLWHbIX CpeA U fpyrue KOMMNOHEHTbI.

R, Om

/Ro

Puc. 1. BoixogHas xapakTepucTrKa TepMOCONPOTUBAEHHS

xu, ynkuus R(T) Bce sxe He sBIIsIETCS CTPOTO
muHeHoi. HCX TepmMoconpoTuBieHns onu-
coiBaercs monuaoMmoM R(T), geit Bup 3aBUCHT
OT MeTaJlIa, K3 KOTOPOTO BBIIIOJHEH NATYHK,
[IPUYEM OJHOMY METAJUTy MOYKET COOTBETCTBO-
BaTh HECKOJIBKO HA60POB K03 PHIIEHTOB I10-
ymaroma R(T).

[TonaBisoIast 9actTh TEPMOCOIPOTUBIEHULT
BBINOJIHSETCS U3 IUIATUHBL, B 3ToM caydae HCX
OIMCBIBAETCS CIIEAYIOLIAM 00pPasoM:

R(T) = RO(1+AxT+BxT?) npu T > 0;

R(T) = RO(1+AxT+BxT?*+Cx(T-100)xT?)
mpu T <0.

Ecnu peds uper o HUKeJIEBOM JaTYHKe, TO UC-
MOJIb3YETCS IIOJINHOM ILIECTOM CTEIIeHH:

R(T) = RO(1+AXT+BxT?+CxT*+
+DXT4+ExT>+FxTO).

JIJ1s1 MeIHBIX TATIUKOB OyZieT UCII0IB30BATh-
cs1 yoke apyrast popmyia.

B HpI/IBe,IIeHHbIX IIOJIMHOMAX 3HAYE€HUS KO-
ad¢unuentos A, B, C, D, E u F coorercrByior
THITY MeTaJlIa, TOYHEe TEMIIEPATYPHOMY K03(-
¢dunmenty meraiuta. Haubornee pacipocrpane-
HBI IUIATHHOBBIE faTduky tuna Pt 3850 ppm/K,
9TOT TUII TEPMOCOIPOTUBJICHUH ONKMCAH KaK
B MEXKIYHApOIHBIX CTAaHJAPTaX, TaK U B fIeii-
creytomem 'OCTe. Husxe npuBeneH Ha-
60op koadpdunuentos nonunroma R(T) mis
Pt 3850 ppm/K:

A =3,9083x107 °C!
B =-5,775x107 °C*
C=-4,183x10"2°C*

TepMocOnpOTHUBIEHUS U3 IJIATHHBI
Pt 3850 ppm/K o6o3navarorcs kak Pt100, Pt500,
Pt1000 u T. 1.

Jpyroit pacIipoCTpaHEHHBIN Ha OCTCOBET-
CKOM IIPOCTPAHCTBE THII TEPMOCONIPOTHUBIIE-
HUI — IUIATUHOBbBIE JATYUKU C TEMIIEPATYp-
HbIM K03 dunuenrom Pt 3911 ppm/K. B mpo-
oM poccuiickomy F'OCTy cooTseTcTBOBaN
TOJIBKO 3TOT THII TepMOCOHpOTI/IBJIeHI/II;I, a I10-
tomy matyuku Pt 3911 ppm/K po cux mop uc-
IOJIb3YIOTCA Ha HEKOTOPBIX NPENIPUATUIX
u o6o3uagaoTcst kak 5011, 10011, 500IT u T. 1.
Koaddpunmenrs: nonuroma R(T), coorser-
crBytomue fatTuukam Pt 3911 ppm/K, npuse-
TIleHbI HUKE:

A =3,9692x107 °C!
B =-5,829x107 °C*
C=-4,3303x10"2°C™.
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Puc. 2. TemneparypHbii KOIPULUEHT
TEPMOCONPOTHB/IEHHS

B uHAyCTpUM TakKe IPUMEHSIOTCS TEPMO-
conpoTusieHus apyrux tunos: Pt 3750 ppm/K,
Ni 6180 ppm/K, Ni 6720 ppm/K, Cu 4280 ppm/K
4 T. 1., OHAKO OHM PacIpOCTPaHEeHbI 3HAUU-
TeJIbHO MeHbIIle, ueM Pt 3850 ppm/K.

OrMeTHM, 9TO TeMIIepaTypHblit koadduriu-
€HT, BIpaKeHHBIN B ppm/K, cooTBeTcTBYeT Ha-
KJIOHY BBIXOIHOMH XapaKTePHCTUKU Ha yIacTKe
ot 0 1o +100 °C (puc. 2) 1 MOXeT OBITH BBIpa-
skeH Kak B ppm/K, tax u B °C™, %/°C unu B mpy-
TUX eUHUIIAX.

[ToMHUMO CTeneH: HOJIMHOMA U ero Ko3d-
¢unuenros, HCX naruymka onpepensercs HO-
MUHQJIBHBIM compoTusienuneM RO — compo-
TUBJIEHHEM 3JIeMeHTa Ipu Temmneparype 0 °C.
B cooTBeTCTBHY ¢ IPUBENEHHBIME BbliIIe (HOp-
MYJIaMU JaTIUKH ¢ 60JIee BHICOKUM HOMUHANIb-
HBIM CONPOTHUBIECHNEM UMEIOT 60Jee KPYTyIO
XapaKTepPUCTUKY, a 3HAIUT, U 6OIbIIYIO pas-
penramInyo crnoco6HocTs (puc. 3). Jarauku
¢ BbICOKUM RO Taxoke BEIOMPAIOT [JIST CHUDKE-
HIUSI 9HEPTOIOTPeOIIeHUS H3MEPUTETHLHOTO MO-
myns.

B 061enpuHATHIX AJIS TePMOCOIPOTHBIIE-
muit Tuna Pt 3850 ppm/K o6o3HaveHnsIX KOU-
pyeTcst BeIUIrHA HOMUHAIBHOIO COIPOTHB-
neruns: Pt100 — ato gatauk ¢ RO = 100 Om,
Pt500 — maTuuk ¢ RO = 500 Om, Pt1000 — mat-
gk ¢ RO = 1000 OM, aHaIOTHYHO IS IPYTUX
THIIOB T€PMOCOIPOTHBIICHHIA.

Knacc donycka

C ITOMOITIBIO MOHATHS «KJIACC AOIYCKa» OIHM-
CBIBAIOT MAKCHMAJIBHO Oy CTUMOE OTKJIOHEHHe
PeaIbHOI XapaKTePUCTUKY JATIMKA OT pacder-
Hoit. KasknoMy KIaccy cOOTBETCTBYeT (DYHKIIHS,
OITMCBIBAIOIIIAS NOITYCK, ¥ TUAIIA30H TEMIIEPATYD,
Ha KOTOPOM OH ormpenienieH (puc. 4).

B poccuiickom 'OCTe u MexayHapomHOM
craunapre DIN 60751 (IEC-751) must iaTuso-
BBIX TOHKOIIEHOUHBIX JaTINKOB ¢ K03pdu-
nuentoM Pt 3850 ppm/K onpeneneno gersipe
Ki1acca gorycka (tabnumna).

[ToMuMO yIOMSHYTBHIX B TabJIulLle KJIacCoB,
CYIIeCTBYIOT KJIACCHI, COOTBETCTBYIOIUE 60-
nee BbIcOKOH TounocTH: 1/5 DIN 1 1/10 DIN.
B 10 ke BpeMs! ¢ yrielleBIeHreM IPOU3BOCTBA
TEPMOCOIPOTUBIIEHUI HaTInKu Kiacca C mo-
CTEIIEHHO BBITECHAIOTCS C PbIHKA COBPEMEHHBIX
KOMIIOHEHTOB.

Puc. 3. HCX nnatnHoBbIX TepMOCONPOTHBACHHIA
C Pa3/IMYHbBIMUA HOMUHA/IbHBIMU COMPOTUB/IEHHUAMK

Ta6nuua. Onpegenenus Kaccos Aonycka
A1l NATMHOBbIX TOHKOM/IEHOUHbIX
TepmoconpoTusaeHui Pt 3850 ppm /K

Knacc AnbrepHaTtHBHbIE JnanasoH
fonycka  Ha3BaHWA Knacca Honyck TeMneparyp, ‘C
Class Y
1/3DIN
Class AA 1//3 B +(0,140,0017 [T]) 0...+150
Fo,1
1/2DIN
Class A 1/2B £(0,15+0,002[T)) | —30...+300
F0,15
DIN
Class B F03 +(0,3+0,005 [T]) —50...+500
Class 2B
Class C Class BB +(0,6+0,01T]) —50...+600
F0,6

BaxHo moHUMAaTh, YTO [OJIST JATIUKOB, BBI-
TIOJIHEHHBIX C UCIOJIb30BAHUEM HE TOHKOILJIEe-
HOYHOM, a HAMOTOYHOM TEXHOJIOTUH, OIIpefe-
JIEHUSA KJIACCOB IOITYyCKa UMEIOT CYILIeCTBEHHbIE
OTJIAYMSL.

TexHONOruU U3roToBNEHUSA
T€PMOCOMNPOTUBJIEHUA

Kak mpaBuiio, TepMOCOIIPOTUBIIEHUS TIPEJ-
CTAaBIAIOT c060i MTU6O TOHKOIIEHOIHBIE
(Thin Film), 1160 HaMoTOYHBIE (IIPOBOIOYHBIE,
Wire Wound) anemenTsr (puc. 5).

TOHKOIJIEHOYHBI TATYUK COCTOUT U3 Kepa-
MHYECKOI TIOIJIOKKY, Ha KOTOPYI0 HAHOCATCS
MeTaJuIndecKasi TOKOIPOBOIAIIAst JOPOXKKA
¥ U30JINPYIOLINN CJIOM U3 CTEKIA.

HaMoTouHblEe JaTYNKU UMEIOT IUIUH-
OpUYecKYI0 GOPMY U COCTOST U3 OJHOM
WJIM HECKOJBKUX METATMYEeCKUX CIUpAel.
Merayuindeckast HpOBOJIOKA THO0 HAMATHIBA-
€TCs Ha CTEKJIIAHHBIN MM KepaMUYeCKU 11~
JIMHJIP, TOCJIE Yero MOKPhIBAeTCS U30IHPYIO-
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R, Om R, Om areds
Pt1000
L2
Rioo 1000
Ro R100-Ro 500 ﬁoo
Ro /
100 /PtToo
] -
- — - o = [ Knacc AA !
T,OC T,°C -
[ Knacc A 2
[ Knacc B -3

Puc. 4. Onpepenenns knaccos gonycka AA, AuB
A5l NATMHOBbIX TEPMOCOMPOTHBIIEHNH
¢ TemnepatypHbiM Koadduuuertom Pt 3850 ppm /K

muM croeM (outer wound design), 1160 mo-
MeIAeTCa B KaHaJIbl BHYTPU KEPAMUIECKOTO
munuapa (coiled design).

TOHKOHHEHO‘IHLIG JATYUKHU IMOSABUIUCH
Ha prHKe 3HAYUTEJbHO I103KE€ HAMOTOYHBIX,
OIIHAKO 32 IOCJIENHNE HECKOIBKO JeCATUIETHIA
OHU TIOJIYYHIIH 3aCITy)KEHHYIO IOMYISPHOCTD
U Ha CETOMHSI COCTABIISIIOT GOJIBILYIO YaCTh PBIH-
Ka TepMOCOIIPOTHUBJIEHUIA.

Ecnu orevecTBeHnHble maTyuku Tuma 50M,
100M, 50IT mu 10011 Bce erie 3aMeTHO JieIlieB-
JIe U3TOTOBUTHh B HAMOTOYHOM HUCIIOJIHEHUH,
TO OJIs HOHYJ'IHPHI)IX IIJIATUHOBBIX 3JIEMEHTOB
Pt100, Pt500, Pt1000 cuTyamus mpsmMo IpoTHBO-
oJI0KHas, AGCOIIOTHOE GONBITMHCTBO TaTIH-
k0B ¢ koapdunuentom Pt 3850 ppm/K Bbmos-
HAETCSA [0 TOHKOIUIEHOYHOM TEXHOJIOTUH, a CTO-
HUMOCTH TAKHUX IJIEMEHTOB HU)XE HAMOTOYHbBIX
JATYUKOB U MOJKET COCTABUTH MEHEE $1

[Tpu 6osee HU3KOI [[eHE TOHKOILIEHOYHbIE
JAaTYUKN HpeBOCXO,E[HT HaMOTOYHBbIE I10 HeHOMY
Py XapaKTepPUCTUK, B TOM YUCJIE TI0 YCTOMYH-
BOCTHU K BHOPALIUSIM U Pe3KHUM IIeperafiaM TeM-
[epaTypsl, IO CKOPOCTH OTKJIMKA ¥ T. /1. Kpome
TOTO, C IIOMOIIbIO TOHKOIIEHOYHOM TE€XHOJIO-
MM CTAHOBUTCS BO3MOKHBIM CO3JAHUE CIIEIU-
QJIBHBIX PEILleHHUI, 0 KOTOPBIX MbI PaCCKa)keM
nainee.

Crpykrtypa
TOHKOM/IEHOYHOIO 3/IeMeHTa

PaccmoTpuM CTPYKTYpy TOHKOILIEHOYHOTO
TEPMOCOIIPOTHBIIEHUS ITOAPOOHEe Ha IIpUMepe
9JIeMeHTOB IBefapckoil kommanuu IST-AG.

Puc. 5. KOHCTPYKLMH TepMOCONPOTHBAEHHIA: &) HAMOTOUHbIE; 6) TOHKOMNEHOUHbIE
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3 Mm «
1,6 Mm
1,2 MM 0,8 MM

Puc. 7. [abapuTbl BbIBOAHbIX TOHKOMIEHOUHbIX TEPMOCONPOTHB/EHHI MHHUMAILHOMO pasmMepa

Puc. 9. MetannsnpoBaHHble TepPMOCONPOTHB/IEHHS, YCTAHOB/IEHHbIE HA KOHTAKTHbIE AETaNU

. dukcaumns
naccuBaLMOHHbIN BbIBOJOB
cnom %

BbIBOAbI
nnaTtnHoBasa

L 4
& KOHTaKTHble

nrowankv

CTPpyKTYypa —

Kepamuyeckas
nognoxka ——

Puc. 6. KOHCTPYKLMSI TOHKONJEHOUHOTO
TEpPMOCONPOTHB/IEHHS

TunoBo# 371eMEHT COCTOUT U3 KePaMUIECKOH
IJTACTUHBI U3 OKCH[A JIIOMUHHUS, Ha KOTOPYIO
HAIBUISAETCS CJION [UIATHHBI U HAHOCUTCS (HOTO-
pesuct. 3aTeM ITAaCTHHA COBMeIIIaeTCs C Ma-
CKOI1, 9KCIIOHUPYETCS U IOJIBEPTAaeTCsI TPaBiie-
HUW. B pesysbrare Ha mwiactuae Gpopmupyer-
Cs1 INIATHHOBAS! TOKOIIPOBOASINAsI CTPYKTypa
U KOHTaKTHBIE IJIOMAAKU. MeTaudecKuit
MeaHJIp MOKPBIBAETCSI ITACCUBAIIOHHBIM CJIOEM
U3 CIIEINaIbHOTO COCTaBa CTEKJIA, II0CIIe Yero
K IaTYUKy NPUBAPUBAIOTCS BBIBOJBI, @ MECTO
UX KpeIUIeHUsI JONOIHUTEIbHO YKPeIIseTCs
(puc. 6).

Taxyio CTpyKTypy UMeeT abCOTIOTHOE 60JIb-
LIMHCTBO TOHKOIUIEHOYHBIX TEPMOCOIPOTHB-
JIEHUI, 9TO YHUBEPCalIbHAs U HelOpOrasi KOH-
crpykuus. Kpome Toro, nanHble 31€MeHTHI,
B OTJIMYUE OT HAMOTOYHBIX TaTIUKOB, MOTYT
HMETB:
® HeCTaHAAPTHOE HOMUHAJIBHOE COIPOTHUBIIE-

Hue. HoMuHanbHOE COIIPOTUBIIEHHE OIIpe-

IeseTcsl CTPYKTYPOU MeaHIpa, KoTopas

MO’KeT OBITh U3MEHEHA C OTHOCHTENbHO

HeOOoNbIIUMY 3aTpaTaMu. 110 910 puvnHe

TOHKOIUIEHOYHBII TATIUK MOXKET OBITH BbI-

nosHeH ¢ RO, «CIBUHYTBIM» OTHOCUTETIHHO

craHgapTHbIX 3HaveHui 100, 500 u 1000 Om.

ToHKOIIEHOUHBIE 3JIEMEHTHI TAKKe MOTYT

6BbITh U3TOTOBJIEHBI C IOBBIIIIEHHBIM HOMU-

HaJbHBIM conpotusieHuem — 2000, 5000

u gaxe 10000 Om.

MeTannmyeckoe

\_/ nokpbITNE

Puc. 8. MeTannnanpoBaHHoe TePMOCONPOTUB/IEHHE

o SMD-ucnosnuenue. TOHKOIUIEHOYHOE COIIPO-
THUBJICHUE UMEECT (bOpMy IIJIACTHUHBI, IIO3TO-
MY MOJKET IIOCTaBJIATHCA B KOPITYyCE IJIA 110~
BepPXHOCTHOTO MOoHTaxa (0603, 0805, 1206).
[TockonbKy B 3TOM clIydae OTCYTCTBYeT
HeO6XOHI/IMOCTb U3TOTOBJIEHUA U KpeEIlJie-
HUS BBIBOJIOB, SMD-TepMoconpoTusieHIs
ropasyio felleBie, 9eM BbIBOLHbIE TaTYN-
KM C aHAJIOTUYHBIMU XapaKTEPUCTUKAMU.
Komnanus IST tarxke mpou3BOIUT TaTIUKU
B xopyce Flip-Chip.

e MUHHUATIOpHBIN pa3Mmep. Emie ognum yHH-
KaJIbHBIM CBOMCTBOM TOHKOTIJIEHOYHBIX JaT-
YHUKOB SABJISAETCA BO3MOXHOCTD U3TOTOBUTH
MUHHUATIOPHBIE BBIBOJHDBIE JATIUKN — KOM-
nanug IST BeIyckaeT TepMOCONIPOTHUBIIE-
Hug Pt100, Pt500 u Pt1000 paamepom Bcero
1,2x1,6 MM, a TakKKe JaTIYUKU pasMepOM
0,8x3 MM, KOTOpbIe MOTYT OBITH YCTaHOBIIE-
HBI B TPYOKHU ¥ Y3KHe KOPIyca TUAMETPOM
or 1 mm (puc. 7).

MetannusupoBaHHble
TepMOCONPOTUB/IEHUA

OTHeIbHO CIeyeT pacCMOTPETh JaTIUKU
xomianuu IST-AG, npenHasHaveHHbIE 1)1 KOH-
TaKTa C IOBEPXHOCTHIO U3MEPEHMUIL.

Braropaps He60IBIINM pasMepaM U IIOCKOM
(hopMe TOHKOIIJIEHOYHBIX TePMOCOTIPOTHBIIE-
HUIT Pa3pabOTINKH YaCTO BBIOUPAIOT THU JJI€-
MEHTBI IJIS 33/1a4, T/ie CEHCOP IPUKIIAIbIBACTCS
WM IPUKJIENBAETCS K HOBEPXHOCTH 00BeKTa
HU3MEepeHU. DTO I0BOJIBHO IOMYIIpHas IpakK-
THKA, OJHAKO JIasKe HEOOIBIION 3a30D MEXIY
3JIEMEHTOM U [TOBEPXHOCTHIO COCOOEH 3HAYH-
TeJIbHO YMEHBIIUTD BpeMsI OTKJINKA U TOYHOCTh
HM3MEPEHUI TEMIIEPATY PBI.

Puc. 10. Doto natumka RealProbe’™™

Hauuast mpo6iiemMa pemraercst ¢ HOMOIIbIO
MeTa/UIM3UPOBAHHbIX TaTYNKOB — BBIBOJHBIX
TEPMOCOIIPOTUBJIEHUM, IPUTOTHBIX JJI MAKKA
K IIOBEPXHOCTH.

CTpYKTypa MeTaJITU3UPOBAHHOTO TEPMO-
COIIPOTHBJICHUs ITOKasaHa Ha puc. 8. Komma-
nus IST-AG usroraBauBaeT HECKOJIBKO Jie-
CSITKOB MOJieJIell MeTaJIJIN3UPOBAHHBIX Tep-
MOCOIPOTHUBJICHUH C PA3JINIHBIMU XapaKTe-
PUCTHUKAMHU.

B 3aBuCcHMOCTH OT 3a/1a4u¥ TaKue JeMEHThI
HPUIIAUBAIOTCSI K KOPIYCY U3MEPUTENIbHO-
TO YCTPOMCTBA, K METAJUINIECKUM IIACTHHAM
U JICKaM, a eCJIU eCTh BO3MOXKHOCTb, TO U CPasy
K [OBEPXHOCTH 00beKTa (puc. 9).

[ToMHMO OTHENBHBIX MeTaJIN3UPOBAHHBIX
JyBCTBHUTE/IbHbIX 9JIeMeHTOB, Komnanus IST-AG
BBIITYCKAeT TePMOCOIIPOTUBIICHYS], yoKe IIPUIIa-
SIHHbIE K TPyOKaM, INIACTUHKAM U JPYTUM [Ie-
TaJIsAM.

Haub6oJee momyispHbIM MOJYJIEM SIBIISIETCS
marguk RealProbe™™, mpencrassomuit co60oit
TUJIb3Y U3 HEPIKABEIOLIEN CTaIN JIMHOM 25 MM,
Ha JTHO KOTOPO IIPUIIAsTHO TePMOCOIIPOTHUBIIe-
Hue (puc. 10).

TpamunnOHHO JATIYNKY B aHAJIOTUIHOM KOP-
Iyce KOHCTPYHUPYIOTCSI MHAYe: IyBCTBUTEIbHBII
9JIEMEHT ITOMEIIIAeTCs B EHTP T'HIIb3bI, KOTO-
past HanosHstetcst TepMornactoil. I1o cpaBHeHMIO
C TPAIUIIMOHHBIM perienuneM, RealProbe™™?
II03BOJISIET He TOJIbKO 3HAUYUTEJIbHO COKPATUTh
BpeMsI OTKJIMKA, HO U IOJYIUTh MUHUMAIBHYIO
omn6OKy HIpH MOTPYKEHUU TaTIUKA B CPey
Ha HeboJIbIIyIo rTyouHy (puc. 11, 12).
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Puc. 11. KoHcTpyKunm fatunkos:
a) knaccuueckas; 6) RealProbe™™

lMpumeHeHHe TOHKONNEHOUHbIX
T€PMOCOMNPOTUBJIEHUA
ANA U3MepeHHus pacxoaa

Merann3upoBaHHbIE TEPMOCOITPOTHBIIEHHS
TIO3BOJIAIOT 3HAYUTENLHO IOBBICUTH CKOPOCTh
OTKJIMKA U TOYHOCTD IIPpU U3MEPEHUU TEMIIEpA-
TYPBbI, ONHAKO UX MOJXHO HUCII0JIb30BATh U I
IOPYTHX IeJIel, HallpuMep JJ1A U3MepeHus CKO-
pOCTH OTOKA.

Ha 6ase IIJIATUHOBBIX TOHKOIIJICHOYHBIX
TepMOCOHpOTHBJ’[CHHﬁ, B 9aCTHOCTHU, U3rOTaB-
JTUBAIOTCS TEPMOAHEMOMETPBI. DTO UyBCTBHU-
TeJIbHbIE 3JIEMEHTBI, COCTOSIIINE U3 HarpeBaTesis
U laT9nKa TeMieparypsl. [Ipunnun geitctBus
TepMOAaHEMOMETPA OCHOBAH Ha 3aBUCHMOCTHU
TEIUIOOTAaYM IIOTPY>KEHHOTO B Cpefly Harpesa-
TeJIsl OT CKOPOCTHU JABYDKEHUSI CPeAbL: IeM Obl-
CTpee IOTOK IIPOXONUT «KMUMO» HarpeBaTelrs,
TeM OOJIbIIIe TeIUIa HarpeBaTeIb OTHAET CPerie.

Peanusanus repMoaHeMoOMeTpa OT KOMIIa-
Huu IST-AG cocTOUT U3 IBYX METaIIU3UPO-
BaHHBIX TepMOCOHpOTHBHeHHﬁ Ppa3HOro HoMu-
HaJIa, IPUHASHHBIX K METAJUTHIECKO TPyOoUKe
(puc. 13).

OnemeHT Pt50 BBITOTHAET POJIb HarpeBaTe-
151, anemeHT Pt1000 — matdnka Temmeparypal.
Cpena IpoxoauT depe3 TPyOOUKY OT faTIUKA
TeMIlepaTypsl K Harpesarenio. C pocToM CKo-
pOCTH TTOTOKA TeMIepaTypa Harpesarens Pt50
TIaJIaeT, a BMeCTe C Hell yMEHBIIIAeTCsl U COIIPO-
tusieHue Pt50. B To e BpeMs maTunk TemIepa-
Typsl Pt1000 nmpopokaeT U3MepATh TeMIlepa-
TYPY Cp€Abl 1 HE MEHAET COIIPOTUBJIEHUE C U3~
MeHEHIeM CKOPOCTH IIO0TOKa (puc. 14).

TepMoconpoTuBieHNs BKIIOYAIOTCSI B MO-
CTOBYIO cXeMy. I3MepuTenbHbI MOCT cOaaH-
CUPOBAH B OTCYTCTBHUE IIOTOKA, HO C [TAICHUEM
compoTuBiIeHus daeMeHTa Pt50 mosBasercs
CUTrHaJI pa3baaHca, KOTOPBII ITOAAETCSI HA MOCT
qepe3 0OPATHYIO CBSI3b U UCIIOIb3YeTCsl B Kade-
CTB€ BBIXOITHOTO CUTHAaJIA. BI)IXO,E[HOQ Hanps-
JKeHHe SBIsIeTCst (PyHKIMelt CKOPOCTH ITOTOKa,
IpUMep 3aBUCUMOCTH IIPUBENIEH Ha puc. 15.

OnucaHHBIN 9yBCTBUTENbHBIN 3JIEMEHT BbI-
ITyCKaeTCA 1101 MAapKETUHIOBBIM Ha3BaHUEM
Out Of Liquid, KoTOpoMy COOTBETCTBYeET KOJ,
nns 3akaza P1K0/050.232.2K. C.050.M. U.S.

C nomornsio narauka Out Of Liquid moxwH0
U3MEPSTh PacXofl JKUAKOCTH MU Ta3a B Ipefie-
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nax 0-3000 myr/muH (~4 m/c). PaGounii remre-
paTypHBIit firanas3oH gaTuuka —50...+180 °C,
BpeMs OTKJIMKA He npesbiiiaer 300 mc.

Tpy6xa Out Of Liquid BbImonHeHa 13 Hepyka-
BEIOLIEH CTalu, ee IuHa cocTaBiuger 40 My,
BHELIHWI JUaMeTp 4 MM, BHYTPEHHUI TUaMeTp
3,8 MM. Mopynb 1160 Bpe3aeTcss B OCHOBHYIO
TpPyO6Y, MO0 OTBOAUTCS OT Hee Kak IIYHT B 3a-
BMCHMOCTHY OT KOHEYHOM 3a[a49m.

OnHO 13 IIIaBHBIX IPEUMYIIIECTB TaHHOTO Pe-
IIeHNUs — TIOJIHAs U30JIAIMS IyBCTBUTENIBHBIX
3JIEMEHTOB U MOTOKA. DTO JIeJIaeT BO3MOKHBIM
mpumerenue Out Of Liquid mist usmeperust mo-
TOKA Fa30B U )KUIKOCTEN IPAKTHIECKH JI060T0
cocTaBa.

Jlna usMepeHHUss CKOPOCTH TOTOKA ra3oB
U HEKOTOPBIX Xuuxocreir komnanus IST-AG
BBINTYCKAaeT U IpyTHe TePMOaHEMOMETPIYECKHUe
U KaJIOpUMETPpUIecKHe YyBCTBUTENbHBIE dJie-
MeHTbI. Takue TaTYNKH TOXKE COCTOST U3 TePMO-
COTIPOTHBJIEHUII-HarpeBaTeiel ¥ TEPMOCOIIPO-
THUBJIEHUII-TEPMOCEHCOPOB, OIHAKO OHU PacIo-
JIATAlOTCA He OTHEJbHO, a Ha eANHON KepaMude-
CKOI OMIOXKKe. J[IaTINKY IIPefCTaBILIIOT COO0M

MUHHATIOPHYO [UIACTHHKY, KOTOPAst MOTpyKa-
eTcs B U3MepsieMyIo cpeny. boiee moppo6Has
UH(OPMAIHS O TEIUIOBBIX IATIUKAX CKOPOCTH
HOTOKA IOCTYIIHA B UCTOYHHUKAX [1, 2].

3aknoueHue

KOHe‘{HO, TOHKOIIJICHOYHBIC TEXHOJJIOTHUN
IIPUMEHAIOTCA HE TOJIBKO IIPU NIPOU3BOACTBE
TepMOCOHpOTI/IBHeHHI;I — UX UCHOJBIYIOT NJIA
U3TOTOBJIEHUSA NPYTUX IMMACCUBHBIX KOMIIO-
HEHTOB, 6aTapeﬁ NUTAaHUsA, a TAKXE B OIITUKE
U UHBIX 06macTsx. OfHAKO IMEHHO C IOsIBIIe-
HHEM TOHKOILICHOYHBIX TepMOCOHpOTI/IBHeHI/Iﬁ
CTaJI0 BO3MOJXKHBIM CO3[aHMe HOBBIX 3 dek-
THUBHBIX peLHeHHfI [JIsL USMEPEHUS TeEMIIEpaTy-
PBI X CKOPOCTH IIOTOKA. |
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