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MOCKOeCKUU cocyaapcmeeHHblU yHueepcUmem npUKJlaaHOU 6uomexHoJlocuU

A new method of measurement of substances temperatures during phase
transitions is offered. The method involves the use of thermoelectrical
temperature probes and in addition - the electrical probe perceiving the
electrical signal, generated by the substance during the phase transition of
the first kind, registration of the integral signals from the thermoelectrical
probe and the electrical signal of the phase transition of the first kind from
the probe, and the subsequent correction (disintegration) of the signal of
the thermal probe by the value of the signal of the probe.

B JIa60paTopMH Kaepe.n:pbI «TexH'OJIOfMtleCKOe 060py.n:o-

BaHHe H npoueccbI OTpaCJIM» (TOfIO) MrYfIE B.B. IImo-

XHHbIM C nOMOIUblO yCTpoikTBa [1], OCHaIIIeHHOfO OCUMJI-

JIOrpaepoM C naMHTblO H BbICOKOHpa3pellIalOIIIeH cnoc06-

HOCTblO, 6bIJIO 06Hapy)l(eHo HeM3BeCTHoe paHee HBJIeHMe

reHepHpOBaHH>I MCMHxpoHH3aUHH yHMnOJI>IpHbIX 3JIeKTpM-

qeCKMX HMnyJIbCOB BeIUeCTBaMM npM epa30BbIx nepexo.n:ax

nepBoro po.n:a H OTcyTCTBM>I reHepMpOBaHM>I 3JIeKTpMqeC-

KHX HMnyJIbCOB npM epa30BbIx nepexo.n:ax BToporo po.n:a.

):(aHHbIH 3epepeKTCOCTOMTB TOM, qTO .n:MCKpeTHbIe qaCTM-

UbI BeIIIeCTB (MOJIeKyJIbI MJIMrpynnbI MOJIeKyJI), KOTopbIe

MOryT CB060.n:HOOTHOCMTeJIbHO.n:pyr .n:pyra OCYIUeCTBJIHTb

epa30BbIH nepexo.n:, B3aMMo.n:eHCTBYIOTnocpe.n:CTBOM CKOJIb

yrO.n:HOMaJIbIX CMJI,3aBMCHIIIMXOTHX B3aMMHoro pacnOJIO-

)l(eHMH, HMelOT TeH.n:eHUMIOK reHepMpOBaHHIO yHMnOJIHp-

HbIX 3JIeKTpMqeCKMX HMIl)'JIbCOB B BH.n:erapMOHMqeCKMX KO-

JIe6aHHH C o.n:HHaKOBbIMH aMnJIMTy.n:aMH, qaCTOTaMM H

CKBa)l(HOCTblO.

MHOrOqMCJIeHHbIMH 3KcnepHMeHTaMH, npOBe.n:eHHbIMH

coaBTopaMH, nOJIyqeHO no.n:TBep)l(.n:eHMeHBJIeHH>IreHepH-

pOBaHH>I3JIeKTpMqeCKMX MMnyJIbCOB npM epa30BbIX nepexo-

.n:ax, 06Hapy)l(eHHoro B.B. IIJIIOXHHbIM.

1I3BecTHo, qTO 3HaqeHHe TeMneparypbI, .n:aBJIeHHHHJIH

KaKOH-JIH60 .n:pyroH epH3HqeCKOHBeJIHqHHbI, npH KOTOpOM

npOHcxo.n:HT epa30BbIH nepexo.n:, Ha3bIBaIOT TOqKOHnepexo-

.n:a.Pa3JIHqalOT epa30BbIe nepexo.n:bI .n:Byx pO.n:OB.fIpM epa-

30BOM nepexo.n:e nepBoro po.n:a CKaqKOM MeHHIOTCH TaKHe

xapaKTepHCTHKH BeIIIeCTBa, KaK nJIOTHOCTb, KOHueHTpaUH>I

KOMnOHeHTOB, B e.n:HHHue MaCCbI BbI.n:eJI>IeTC>IHJIM nOfJIO-

IlIa eTCH BnOJIHe onpe.n:eJIeHHOe KOJIHqeCTBO TenJIOTbI, Ha-

3bIBaeMoe Tel1JIOTOH epa30Boro l1epexo.n:a. fIpH epa30BOM

l1epexo.n:e BToporo po.n:a HeKOTOpa>I epH3HqeCKa>I BeJIHqH-

Ha, paBHaH HyJIIO C O.n:HOHCTOpOHbI OT TOqKH nepexo.n:a,

110CTeneHHO paCTeT I1pH y.n:aJIeHHH OT TOqKH l1epexo.n:a B

.n:pyrylO CTOPOHY,npH 3TOM I1JIOTHOCTbH3MeHHeTC>IHenpe-

PhIBHO, Tel1JlOTa He BhI.n:eJI>IeTCHH He nOfJIOIUaeTCH. cI>a30-

BhIH nepexo.n: l1epBOrO po.n:a - lllHpOKO pacnpOCTpaHeHHoe

B I1pHpO.n:e51BJlemfe. K HeMy OTHOCHTCH:HCl1apeHHe H KOH-

.n:eHcaUH5I, nJlaBJlCHHe H 3aTBep.n:eBaHHe, cy6JIHMaUH5I H

KOH.n:eHCaUH51B TBep.n:ylO epa3Y, HeKOTophIe C-rpyKrypHbIe

nepexo.n:bI B TBep.n:bIx TeJIaX, HanpHMep 06pa30BaHHe Map-

TeHCHTa B CnJIaBe )l(eJIe30 - YfJIepo.n: [1].
B XOJIO.n:MJIbHOHTeXHHKe 06bIqHO HCnOJIh3YlOT TpH THna

3JIeKTPHqeCKMX .n:aTqMKOB:nOJIynpoBo.n:HHKoBhIe TepMOMeT-

phI, TepM03JIeKTpMqeCKHe TepMOMeTpbI H TepMOMeTphI

conpOTHBJIeHHH.

fIOJIynpOBo.n:HHKOBbIe TepMOMe-rphI conpOTHBJIeHH>I (Tep-

MHCTOpbI) [3] HCnOJIb3YlOT .n:ml M3MepeHMH TeMneparypbI

C .n:onycTHMoH norpellIHocTblO ± 0,1 %. fIpeHMYIIIecTBo

TepMMcTopOB COCTOHT B TOM, qTO OHM HMelOT npHMepHO

Ha nopH.n:OK 60JIee BbICOKHH TeMneparypHhIH K03epepHUM-

eHT, qeM MeTaJIJIbI. He.n:OCTaTKH TepMHCTOpOB - HX He-

cTa6HJIbHOCTb, KOTopaH 3aKJIIOqaeTCH B HeBocnpOH3Bo.n:H-

MOCTH3HaqeHHH COnpOTMBJIeHHH npM O.n:HOHH TOH)I(e TeM-

nepaType M M3MeHeHHH conpOTHBJIeHHH TepMHCTopa CTe-

qeHHeM BpeMeHH.

TepM03JIeKTpHqeCKHe TepMOMeTpbI (TepMonaphI) [3]
npe.n:CTaBJIHIOTC060H H3MepHTeJIhHhIe YCTpoHcTBa, COCTO-

HIUHe H3 TepM03JIeKTpHQeCKHX npe06pa30BaTeJIeH TeMne-

paTypbI, 3JIeKTpOH3MepHTeJIbHbIX npM60poB M npoBo.n:oB,

coe.n:HHHIOIUMX MX Me)l(.n:y C060H B e.n:HHoe ueJIoe. ):(aTQMK

TepMonapbI COCTOMT H3 .n:Byx coe.n:HHeHHhIX Me)l(.n:y

C060H pa3Hopo.n:HbIX 3JIeKTpOnpoBo.n:HIUMX 3JIeMeHTOB

(06hIQHO MeTaJIJIMQeCKHX npoBo.n:HHKOB HJIH nOJIynpoBo.n:-

HHKOB). ):(eHcTBHe TepMonaphI OCHOBaHOHa 3epepeKTe3ee-

6eKa. ECJIH KOHTaKThI (06hIQHO cnaH) npoBo.n:>IIUHX 3JIe-

MeHTOB, 06pa3ylOIUHx TepMonapy (MX Ha3hIBalOT TepMO-

3JIeKTpo.n:aMH), Haxo.n:HTCH npH pa3HhIX TeMnepaTypax, TO

B uenH TepMonaphI B03HHKaeT TepM03):(C, BeJIHqHHa KO-

TOPOH 0.n:H03HaQHO onpe.n:eJIHeTCH TeMl1epaTypoH rOpHQe-

ro H XOJIo.n:Horo KOHTaKTOB H npMpo.n:oH MaTepMaJIOB, I1pH-

MeHeHHhIX B KaQeCTBe TepM03JIeKTpo.n:oB. 3):(C TepMOl1a-

phI H3 MeTaJIJIHQeCKHX npOBo.n:HHKOB06hIQHO JIe)l(HT B npe-

.n:eJIax 5...60 MKB/K. 3):(C TepMonap H3 nOJIyl1pOBO.n:HHKOB

MO)l(eT 6hITh Ha nopH.n:oK BhIllIe. TOQHOCTh onpe.n:eJIeHHH

TeMneparyphI C nOMOIIIhlO TepMonap COCTaBJIHeT,KaK I1pa-

BHJIO, HeCKOJlhKO rpa.n:ycoB K, a y HeKoTophIX TepMonap

.n:OCTHraeT 0,01 K. B COQeTaHHH C 3JIeKTpOH3MepHTeJIh-



HbIMM npM60paMM (MMJIJIMBOJIbTMeTpOM,nOTeHQMOMeTpOM

M ,lI,p.) TepMOnapa 06pa3yeT TepM03JIeKTpMqeCKMM TepMO-

MeTp. IIpeMMYIIJ;ecTBo TepM03JIeKTpMqeCKMX TepMOMeT-

POB 3aKJIIOqaeTCJI B MX llIHpOKOM npMMeHeHMM BOBcex OT-

paCJIJlX npOMbIWJIeHHOCTM npaKTMqeCKM BO BceM ,lI,Mana-

30He M3MepJleMbIX TeMnepaTyp.
He,ll,OCTaTKOMTepMonap JlBJIJleTCJIHe06xo,ll,MMOCTb MC-

nOJIb30BaHMJITepMOKOMneHcaQMOHHbIX npOBO,ll,OB,lI,JIJICHM-

)KeHMJI norpeWHOCTM M3MepeHMJI, qTO y,ll,0p0)KaeT CMCTe-

MY, YCJIO)KHJleTee MOHTa)K M 3KCnJIyaTaQMlO.

TepMOMeTpbI conpOTMBJIeHMJI [3] COCTOJITM3 TepMo-

npe06pa30BaTeJIeM conpOTMBJIeHMJI, 3JIeKTpOM3MepM-

TeJIbHbIX npM60poB M npOBO,ll,OB,COe,ll,MHJllOllIMXMX Me)K-

,lI,y C060M B e,ll,MHOe QeJIoe. I13MepeHMe TeMnepaTypbI C

nOMOIIJ;blOTepMonpe06pa30BaTeJIeM conpOTMBJIeHMJI oc-

HOBaHO Ha 3aBMCMMOCTM 3JIeKTpMqeCKOrO conpOTMBJIe-

HMJI qYBCTBMTeJIbHOrO 3JIeMeHTa OT TeMnepaTypbI. Tep-

MOMeTpbI conpOTMBJIeHMJI WMpOKO npMMeHJllOTCJI BO Bcex

OTpaCJIJlX npOMbIWJIeHHOCTM ,lI,JIJIM3MepeHMJI TeMnepa-

TypbI B ,lI,OCTaTOqHOWMpOKOM ,lI,Mana30He (OT -270 ,lI,O

+650 DC).
B npOMbIWJIeHHOCTM M B HayqHbIX MCCJIe,ll,OBaHMJlXMC-

nOJIb3YlOT Bce TpM TMna 3JIeKTpMqeCKMX ,lI,aTqMKOB.O,ll,Ha-

KO Bce OHM MMelOT 06IIJ;MM He,ll,OCTaToK: cYllleCTBeHHYlO

norpewHocTb npM M3MepeHMM TeMneparypbI BeIIJ;eCTB B

npoQeccax C q>a30BbIMM nepeXO,ll,aMM nepBoro MJIMBTOpO-
ro po,ll,a.

B yCTpOMCTBO,lI,JIJIM3MepeHMJI TeMnepaTypbI npM q>a30-

BblX nepeXO,ll,ax (pMc.l) B ,lI,M3JIeKTpMqecKYlO eMKOCTb 1,
yCTaHOBJIeHHylO B XOJIO,ll,MJIbHOMKaMepe 2, nOMeIIJ;eH 06-

pa3eQ BeIIJ;eCTBa, HanpMMep BO,ll,bI. Ha 06pa3Qe 1 3aq>MK-

cMpoBaHbI 30H,lI,3 M ,lI,aTqMKTeMnepaTypbI - TepMonapa 4.
B cocy,ll,e ):(blOapa 5 pacnOJIO)KeHa TepMonapa 6, norpy-

)KeHHaJi B pacTBop 7 BO,ll,bIco JIb,ll,OM(TepMocTaTMpoBaHa

Mnpe,ll,Ha3HaqeHa ,lI,JIJIcpaBHMTeJIbHOrO M3MepeHMJITeMne-

paTypbI C TepMonapoM 4). 30H,lI, 3, TepMonapbI 4 M 6 co-

e,ll,MHeHbIC nOMOIIJ;blO npOBO,ll,OB8 C COOTBeTcTBylOIIJ;MMM

KOHTaKTaMM 6JIOK-nepeXO,ll,HMKa 9, KOTOpbIM nOCJIe,ll,OBa-

TeJIbHOnO,ll,KJIlOqeHK yHMBepCaJIbHOM nJIaTe c60pa MKOHT-

POJIJIBBO,ll,a/BbIBO,ll,aQMq>pOBOMMaHaJIOrOBOHMHq>opMaQMM

10, pacnOJIO)KeHHOH BHyTpM CMCTeMHoro 6JIOKa 11 KOMnb-

lOTepa TMna IBM PC C MOHMTOpOM 12 M npMHTepoM 13.
3JIeMeHTbI 8, 9 yCTpoHcTBa nO,ll,COe,ll,MHeHbIK 3a3eMJIe-

HMIO 14. 30H,lI, 3 BbInOJIHeH B BM,lI,eMe,ll,HOHnJIaCTMHbI K,
KOTOpOHnpMnaJiH 3KpaHMpoBaHHbIH npOBO,ll,.):(aTqMK 4 TeM-

neparypbI BbInOJIHeH B BM,lI,ecBapHoH XpOMeJIb-KOneJIeBOH

Puc.l. CxeMa ycmpoucm6a Oliff KOMnblOmepHou
mepMOMempuu c ucnOllb306aHueM 6upmyallbHo2o

OCU,ullllo2par/Ja c naMffmblO

BECTH~KMAX
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Puc. 2. OCU,ullllo2paMMa CUCHal106,2eHepupyeMbix npu
r/Ja306oM nepexooe nep6020 pooa, nOIlY'leHHaff 30HOOMnpu

3aMOpaJICU6aHUU 60iJbI 6e3 y'lacmuR 3IleKmpU'IeCK020
CUCHalla om mepMonapbl

TepMonapbI B 3KpaHMpOBaHHOM OnJIeTKe M nO,ll,KJIlOqeH K

6JIOK-nepeXO,ll,HMKY 9.
I13MepeHMJI TeMneparypbI BO)l;bI npM q>a30Bblx nepexo-

,lI,ax OCYllleCTBJIJllOT CJIe,ll,YlOllIMM 06pa30M. B npoQecce

3aMOpa)KMBaHMJI npOMCXO,ll,MTq>a30BbIH nepeXO,ll, nepBoro

po,ll,a BO,ll,bIB JIe,ll" T.e. KpMCTaJIJIM3aQMJI,M Ha 30H,lI, 3 no-

cTynalOT 3JIeKTpMqeCKMe CMrHaJIbI, reHepMpyeMble B npo-

Qecce q>a30Boro nepeXO,ll,a. 3TM MMnYJIbCbI no npOBO,ll,y ne-

pe,ll"alOTCJIHa 6JIOK-nepeXO,ll,HMK 9, ,lI,aJIeeHa yHMBepCaJIb-

HylO nJIary 10, B pe3YJIbTaTe qero 06pa6aTbIBalOTcJI npo-

rpaMMoH M oT06pa)KalOTCJI Ha MOHMTope 12, a 3aTeM BbI-

BO,ll,JlTCJIHa npMHTep 13 (pMC. 2).
TepMonapa 4 npM 3aMOpa)KMBaHMM 6Y,ll,eTq>MKcMpoBaTb

MHTerpaJIbHbIH CMrHaJI OT ,lI,BYX MCTOqHMKOB: nepBbIH OT

TeMneparypbI 3a CqeT 3q>q>eKTa3ee6eKa M BTOPOH OT 3q>-

q>eKTa q>a30Boro nepexo,ll,a. 3TOT MHTerpaJIbHbIH CMrHaJI

nocrynaeT no npOBO,ll,aM 8 B 6JIOK-nepexO,ll,HMK 9, 3aTeM

Ha yHMBepCaJIbHylO nJIaTy 10, 06pa6aTbIBaeTcJI nporpaM-

MOM M oT06pa)KaeTCJI Ha MOHMTope 12, a 3aTeM BbIBO,ll,MT-

CJIHa npMHTep 13 (pMc.3).

Ha rpaq>MKe, M306pa)KeHHOM Ha pMC. 3, npe,ll,CTaBJIeHa

MHTerpaJIbHaJi MMnYJIbCHaJi MO,ll,YJIJlQMJI,nOJIyqeHHaJi B pe-

3YJIbTaTe CJIO)KeHMJICMrHaJIOB OT 30H,lI,a 3 M ,lI,aTqMKa 4.
):(e3MHTerpMpoBaHMe 3Toro rpaq>MKa, T.e. BblqMTaHMe M3

Hero rpaq>MKa, npe,ll,CTaBJIeHHOrO Ha pMC. 2, ,lI,aeT MCTMH-

Hble cKoppeKTMpoBaHHble 3HaqeHMJI CMrHaJIOB TepMO,ll,aT-

qMKa (pMC. 4).
Onpe,ll,eJIMM norpeWHOCTb M3MepeHMJI TeMnepaTypbI Ha

npMMepe KPMCTaJIJIM3aQMMBO,ll,bITepMonapoH B cpaBHeHMM

C npe,ll,JIO)KeHHbIM cnoc06oM M3MepeHMJI TeMnepaTypbI C

nOMOIIJ;blOpMC. 2, 3 M4. Ycpe,ll,HeHHOe 3HaqeHMe MHTerpaJIb-

Horo CMfHaJIa Uw TepMonapbI (PMC. 3) paBHO -25 MB MJlBJIJI-

eTCJI3HaqeHHeM TeMnepaTYPbI q>a30BOrOnepeXO,ll,a no npo-

TOTMny. Pa3HMQa 3HaqeHMH (CM. pMC. 4) Me)K)l;y MHTerpaJIb-
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Puc.3. HHme2pallbHaff OCU,ullllo2paMMa cUCHallo6, nOIlY'IeHHaff
6 pe3Yllbmame CyMMupo6aHUfi CU2Halla, 2eHepupyeMo2o npu

r/Ja3060M nepexoiJe nep6020 poiJa, U CUCHalla, nOIlY'leHH020 om
mepMonapbl npu 3aMOpaJICU6aHUU60iJbl
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Puc. 4. jJe3uHmei!pUp06aHHblu i!pa¢UK ycpeaHeHHblX
31wlIeHuu no puc.2 U 3

HblM CI1rHaJIOMVH 11CHrHaJIOM 30lma V3 (CM. pI1c. 2) paBHa

-10 MH. OrclO)J;a oll1I16Ka I13MepeHIDl paBHa:

(V
H

- V3) 100/V3 = [-25 -(-10)] 100/(-10) = 150 %.
llpe)J;cTaBJleHHblH cnoco6 I13MepeHIDl TeMnepaTypbl 6blJl

anp06I1pOBaH Ha BO)J;e11Ha npO)J;yKTax nI1TaHlUl. Bce npo-

Be)J;eHHble3KCnepI1MeHTbI nOKa3aJII1 BbICOKYIOHa)J;e)l(HOCTb

11)J;ocToBepHocTb nOJlyqeHHbIX pe3YJlbTaToB.

llpe)J;JlO)l(eHHbIH cnoco6, a TaK)I(e yCTpOHCTBO )J;Jljl ero

oCYIQeCTBJleHHjI npOlllJlH OnbITHYIO npoBepKY B Jla60paTo-

pHH Ka<pe)J;pbITOllO MrYn~ H B 3AO «CH6Hpb-51Jlory-

POBCKMOJlOKO».

)J.aHHoe OTKpbITHe BHOCHT cYIQeCTBeHHbIH BKJla)J;B Ha-

yKy 0 <pI13I1Ke<pa30Bblx nepexo)J;oB, KpoMe TOro, I1MeeT

60JlblllOe npI1KJla)J;Hoe 3HaqeHI1e. )J.ocTaTOqHO OTMeTI1Tb,

qTO neJlbIH pjl)J; rOCToB 11npI160pOB, OCHOBaHHblXHa TOq-

HOMI13MepeHI1I1KpHOCKOnHqeCKOHTeMnepaTypbI, Heo6xo-

)J;HMOnepecMoTpeTb H oCYIQeCTBHTb HX peBH3I11O.

BbIB O)J.bI

B I1CCJle)J;OBaHHjlXTenJlOBbIX npOneccoB C <pa30BbIMH

nepexo)J;aMH (cYlllKa, KOH)J;eHcanHjI, cy6JlHManI1j1, )J;ecy6-

JlHManHjI, 3aMOpa)l(HBaHHe, orraHBaHI1e) TenJlO-, Macco- H

3JleKTpOnepeHoc Heo6xo)J;HMO paccMaTpHBaTb KaK e)J;HHoe

neJloe, B npoTHBHOM CJlyqae Tpe6yeTcjI YKa3aHHe 0 npHHjI-

TOM)J;onyIQeHHH.

llpH HCnOJIb30BaHHHnpH6opOB KOHTpom, OCHOBaHHbIXHa

3JleKTpOH3MepeHHH, B KaqeCTBe )J;aTqHKOB,HCnOJlb3yeMblx

B YCJlOBHjlX <pa30BbIX nepexO)J;OB, Heo6xo)J;HMO BHOCHTb

KOppeKnI11OB nOKa3aHHjI.

Ha Bce BeIQeCTBa, HCnOJIb3yeMble B npOMbIlllJleHHOCTH,

Heo6xo)J;HMOCOCTaBHTbKOppeKTHpOBOqHble Ta6JlHnbI, yqH-

TblBalOIQHe napaMeTpbI 3JleKTpHqeCKHX I1MnyJlbCOB, reHe-

pHpyeMblx npH <pa30BbIX nepexo)J;ax, TaK, KaK 3TO c)J;eJlaHO

)J;Jljl KOHCTaHTTenJlOTbI <pa30BbIX nepexO)J;OB BeIQeCTB.
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