MABA 2. USMEPEHME TEMNEPATYPbI

21 OBLUUME CBEAEHUA
2.1.1 Onpepnenenue

TepmoaunHamuyeckas Temnepartypa, T, — 310 pu3nyeckas BeiMinHa, xapakTepmsytoLas
CPeAHIO0 SHEPTUI0 Xa0TMYeCKOro ABMKEHMS Monekyn Belectsa. [psamoe nsmeperue T

C NOMOLLbIO TaK Ha3blBAEMbIX NEPBUYHbLIX TEPMOMETPOB SIBIAETCA IKCNEPUMEHTATIbHO C/IOXKHbIM
M faxe B HaLMOHaIbHbIX MHCTUTYTax MU3MEPEHN MPOBOANTCA NNLLb Nepuoanydeckn. Bmecto
s1oro KoHcynbtatusHbi komutet no TepmomeTtpumn (KKT) MBMB pekomeHayeT ncnonb3osatb
MTLL-90 ans nony4veHns npakTU4eCKUX NpUGAMKEHUA K TepMOAMHaMMYeCKo TemnepaType
(BIPM 1989, 1990)'. MTLL-90 o606LaeT Halum 3HaHWA O NEPBUYHON TEPMOMETPUN

B 1990 roay 1 pekomeHayeT 3Ha4eHUs TOYEK 3amep3aHns, NIaBAeHNS NN TPOMHBIX TOYEK
4YUCTbIX BELLECTB, KOTOPbIE MOTYT 6bITb MCNOJIb30BaHbI A1 KaIn6poBkM cTaHAapTHbIX [TTC
(CNTC). B temnepaTypHOM Anana3oHe, NpeACTaBAgoLWEeM METEOPOJIOTMYECKMA MHTEPEeC
(o1-80 °C po 60 °C), MTLU-90 onpeaenseT, kakum 06pa3oM U3MEHAETCA 31eKTPUIeCcKoe
conpotueneHne CMTC mexay 3TuMn UKCMPOBaAHHLIMKU TOYKaMK TeMnepaTypbl. bbiio
nokasaHo, 4To NPUGIMKEHHbIE 3HaYeHMNS TEpPMOANHAMNYECKONM TeMNnepaTypbl, NOJly4YeHHble

c nomouwbio MTLU-90, nmetot norpewwHocTb meHee £0,01 °C Bo BCceM AnanasoHe,
npeacTaBaAAOLLEM UHTEPEC C TOYKN 3peHns meteoponorum (Underwood et al., 2017).

[na meTeoponornyeckux Lenen usmepsioT TemnepaTtypy psjaa KOMMNOHEHTOB OKPYXKatoLLein
cpeabl. Hanbonee pacnpocTpaHeHHOM U3MepseMOn NepeMeHHON BE/IMYNHON ABISeTCA
TemnepaTtypa Bo3ayxa (Ha pa3/indHbIx BbICOTax). Takxe n3mepsercs TemnepaTtypa NoOBEPXHOCTU
rpyHTa, NoANOBEPXHOCTHaA TeMnepaTypa no4sbl, MMHUMaJibHas TemnepaTypa Bo3ayxa Haj
TpaBsHbIM MOKPOBOM U TemnepaTypa NpecHol n Mopckoi soasl. B ny6ankaunmn WMO (1992)
TemnepaTtypa BO34yxa onpejensercs kak «TeMrneparypa, U3MepeHHas C MOMOLLbIO
TepMoMeTpa, yCTaHOB/IEHHOTO Ha OTKPbLITOM BO3JyXe B MeCTe, 3aLlMLLEHHOM OT NPAMO
CO/IHeYHON paanaumn». HecMoTps Ha To, YTO AaHHOe onpeAeneHne Henb3s NCNo/b30BaTh

ANns onpejeneHns TepMOANHAMNYECKOM BENYMHbI KaK TaKOBOM, OHO NPUrOAHO ANs
60/1bLUNHCTBA MPUMEHEHNA.

2.1.2 EAMHMLBI U3MEpPEHUS U LUKab]

EavHnuen nsmepenns tepmoamHamuyeckor temnepatypsl T asnsetcsa kenbsuH (K). Oaunt
KenbBWH onpegengetca kak 1/273,16 4acTb TepMOAMHAMMYECKOM TeMnepaTypbl TPOHOM
TOYKM BOAbI. Takum 06pasoM, COrnacHo onpeaeneHnto, TPoMHas Touka BOAbl BOSHUKAET

npu 0,01 °C n napunasbHOM AaB/IEHMMN BOAAHOIO Napa To4Ho 611,657 MNa; aona 60nblIMHCTBA
MeTeopOoIorMyeckmnx Liese ncnonb3yerca temnepaTtypa (t) B rpagycax no Llenbcuio,
onpejenseMas c NOMOLLbIO ypaBHeHuUs 2.1:

1/°C = T/K - 273,15 2.1

YacTo ansa kannbpoBKM NCNOb3yeTCa paBHOBECHE MeX /Yy TaloLWMM /IbJOM W HACbILLLEHHOW
BO3/lyXOM BOAOMI («TOYKa nbAax). Mpu ctaHaapTHoM atmocdepHom aasnernun (101,325 klla)
TOYKa ibAa BO3HMKaeT npu Temnepatype 273,150 K (0,000 °C) n nsmeHsertcs Ha -9,91 x 103
K kMa'. Takum o6pasom, nsmeHeHune coctasnset MeHee 0,001 °C npu nsmeHeHun
atmoccepHoro gasnenus ¢ 111 klMa go 92 kMa (Harvey et al., 2013).

Opawmn °C paBeH ogHoMmy K. Heo6xoanMo oTMeTnTb, 4To 0603Ha4veHne K ncnonb3yertcsa 6e3
CMMBO/a, ynoTpebasemoro Ans o6o3Ha4eHuns rpaaycos (°).

' ABTOpUTETHbIM OPraHOM MO BOMPOCaM, CBA3aHHbIM C 3TON LWKanon, apnsetcs MBMB; cm. http://www.bipm.org.
KKT saBnsetcsa ncnonHUTeNbHBIM OPraHoM, OTBe4atoL MM 3a pa3paboTky n ocyuiectsnaeHne MTLL.


http://www.bipm.org
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Pe3ynbTaTbl M3MepeHWin TeMnepaTypbl N0 TEPMOAMHAMUYECKOW LLIKaNe BblpaxatoTcs

no oTHoLeHuto k abcontoTHomy Hynto (0 K) — Temnepatype, npu KOTOPOM TENN0Bas 3HEPrus
MoseKkyn lo60oro BelwlecTsa paBHa Hynto. MTLU-90 gaeT npakTtnyeckoe npubamxeHue
TepMoAuHamMuyeckor TemnepaTypbl (CM. TPUIOXEHME), KOTOpPas OCHOBaHa Ha 3Ha4YeHUAX
Temnepartypbl psifia BOCMIPOM3BOAMMbIX COCTOSHUI paBHOBeCUA (CM. TabnuLy B MPUIOXEHUN) U
Ha onpejeeHHbIX 3Ta/IOHHbIX NpUbopax, rpagypPOBaHHbIX MO 3TUM 3Ha4Ye€HUAM TemnepaTypsbl
(Nicholas and White, 1993; Quinn, 1990). bonbLUIMHCTBO TEPMOMETPOB /151 METEOPOOrNYECKUX
BUAOB NPUMEHEHUA rpaayvpyloTcs NyTem CONoCcTaBaeHUs IM6O C TEPMOMETPOM,
nporpagynpoBaHHbIM B cooTBeTCcTBMU ¢ MTLL-90, 160 co BTOPUYHBIM CTaHAAPTOM, KOTOPbIN,
B CBOIO oyepefb, 6bls1 oTkanbposaH B cootseTcTBUM ¢ MTLLU-90 (BIPM/CCT, 1990; Nicholas and
White, 1993; Bentley, 1998).

213 MeTteoponornyeckue rpe6oBanus

2.1.3.1 O6wue ceedeHus

[na meteoponorum TpebytoTCs B OCHOBHOM CJieAyloLLne n3MepeHus TemnepaTypbil:
a) Bo3ayxa B6/1M3M MNOBEPXHOCTU 3EMIN;

b) noactunatolielt NOBEPXHOCTY;

C)  NOYBbI HAa Pa3INYHbIX FNybuHax;

d) noBepxHOCTU MOpeit 1 03ep (cM. raBy 4 Toma Il HacTosiwero PykoBoacTBa);
€) BepxHUx csioeB aTMocdepsbl (CM. rMaBy 12 HacTosiLLEero Toma).

Pe3ynbTaTbl 3TUX NU3MEPEHUIA, COBMECTHbIX UM HE3ABUCUMBIX, JIOKANbHbIX UK B I106a1bHOM
mMacwTtabe, NCNONb3YIOTCA B YACIEHHbIX MOAeNAx nporHo3a norogpl (YIIM), Ana cuHonTuyeckoro
aHanu3a, 419 peLeHmna rmaponornyecknx N CenbCkoXo3saMCTBEHHbBIX 3a4a4, a Takxke B KayecTBe
nokasaTesiell U3MEH4YMBOCTU kKAMMaTa. JlokanbHasa TemnepaTypa Takxe okasblBaeT NpsMoe
dusmnonornyeckoe BAUSIHNE Ha exXeJHEBHYIO AeATe/IbHOCTb JIlo/iel Ha BCEM 3eMHOM Luape.
MoryT noTpe60BaTbCs Kak HempepbiBHblE N3MePeHUs TeMnepaTypbl (perncrpaumns), Tak u yepes
pasnyHble BpeMeHHble MHTepBasbl. B 3Tol raBe paccmaTpmuBatoTca nsMepeHns Temnepartypbl,
yka3saHHble B nyHkTax (a), (b) u (c).

213.2 MozpewHocme usmepeHuii

B rnaBe 1 aToro Toma nogpo6HO onmncaHbl TpeboBaHUA K Anana3oHy, paspeLualoLLien
CNOCOBHOCTUN 1 MOTPELLHOCTM U3MepPEeHUIA TeMnepaTypbl. MeTeoponornyeckme TepMOMETPbI
[O/KHbBI FpajynpoBaTbCa B COOTBETCTBMM C 1abOpaTOPHbIM 3TaJIOHOM, 1 N0 Mepe
Heo6X0ANMOCTHM B MX NMOKa3aHUSA MOTYT BHOCUTbLCA NonpaBkn. Heob6xoaMMo orpaHnynTb
BeJIMYNHY NONPaBoOK, YTOOblI OCTaTOYHasA MOrPELLHOCTb U3MEePEHUI He NpeBbillana
yCTaHOBJIeHHble NpeAenbl. Kpome TOro, cnefyet Belbmpath Takoli paboynii ananasoH
TepMOMeTpa, KOTOPbI COOTBETCTBYET MECTHOMY K/IMMAaTUYeCKOMY AMana3oHy U3MeHeHMns
Temneparypbl.

Bce TepmomeTpbl 0MKHBI 6bITb CHabXeHbl IN60 CBUAETENBCTBOM C AaHHLIMW O MOTPELLIHOCTU
N3MEePEHUS NN TEXHNYECKUMU XapaKTepuctukamm, 1mMbo cBmaeTeIbCTBOM O MOBEpPKe,
cofepxallMM Nonpasku, KOTOpble cieayeT NPUMEHATb A AOCTUXKEHNS HEOBXOAMMOW
TO4HOCTU. [TepBUYHbIE, a TakXe NiaHOBble UCMbITAHUA U KaIMO6POBKa AOKHBI MPOBOANTLCSA
B nabopatopuu, akkpeauToBaHHo no ctaHaapty MCO/M3K 17025.
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2133 UnepyuonnHocmeo

ﬂ,)’lﬂ O6bIYHbIX METEOPO/TIOrMYECKUNX Ha6J'IIO,CI,eHVII7I Hey,Cl,O6HO MCcnosib3oBaTb TEPMOMETPHDI,
NOCTOAHHbIE BDEMEHU NN KO3CII)q)VILI,l/IeHTbI MHEPLNN KOTOPbIX ‘-Ipe3BbI'~IaI7IHO Ma/bl, TaK Kak
TeMNeEpaTypa BO3ayXa HEMPEPbIBHO MEHAETCA, UHOIAa Ha OAWH-ABa rpagyca 3a HeCKOJIbKO
CEeKyHA. |_|03TOMy 0149 NoNyvYeHna penpe3eHTaTtuBHbIX 3HaYeHuM TeMmnepartypbl C NTOMOLLbIO
Takoro TepMomMeTpa HeO6XOLI,I/IMO B3ATb CpeaHee paaa ero nokasaHum. TepmomeTp c 6onbluei
NOCTOSAHHOMN BpeMeHU CrnaxmnBaet 6bICprIe CIZ))'I)/KTyaLI,I/IVI, OlHaKO C/ZINLLIKOM 6onbluas
NOCTOAHHAA BPEMEHUN MOXET NPUBECTU K NOrpewHOCTAM Npn MeANEHHbIX U3BMEHEHUAX
TeMNepaTtypbl. PeKOMeH,D,yeTCFI, 4YTOObl NOCTOSAHHAS BPpEMEHN — BpPEMA, HeO6XO,CI,VIMO€ Ana Toro,
4TOObI TEPMOMETP perncrpmnpoBan 63,2 % noLwaroBoro MU3MeHeHus TeEMMeEpPaTypbl BO34yXa, —
COCTaBA/1a nopsAagKa 20 CeKyHA. I'Ip|/| 3TOM NOCTOAHHAA BPpEMEHN TEPMOMETPA YMEHLLUUTCA NMPU
6bICTpOM BO3YyLLUIHOM MOTOKEe Ha AaTHYHUKOM.

2134 Pezucmpauyus ycnoeuii, 8 KoOmopbix NpouU3800amMcs U3MepeHuUs

Temnepatypa sABNA€TCSA OAHON N3 METEOPOJIOTNYECKMUX BEJINYNH, TOHHOCTb N3MepeHuns

KOTOPOW B 3HAYNTENIbHOM CTENEHM 3aBUCUT OT 3KCMO3ULMN. B 4acTHOCTU, Npu n3yHeHnn
KnvMMaTa Heo6xoAUMO y4YUTbIBaTb, YTO pe3ysibTaTbl USMEPEHUs TeMNepaTypbl ONpeaenatoTcs
COCTOSIHMEM OKpYXKaloLLen cpefbl, HaMYNeM PacTUTENbHOCTU, UCTOYHUKAMK Tenna, Takumm
Kak CTpoeHus u apyrune o6bekTbl, COCTOAHUEM NOACTUAAIOLLEN NOBEPXHOCTU, COCTOSAHNEM

N N3MEeHEeHNEM pPaAnaLMOHHOM 3aLLNTbI UM 3KPaHa, a Takxke APYrnMn n3sMeHeHnsaIMun

B o6opyaosaHum (WMO, 2011). BaxxHO OCyLLLeCTBAATb PErncTpaLmio He TO/IbKO TeMnepaTypHbIX
[AaHHbIX, HO 1 YC/IOBUI, B KOTOPbIX MPOU3BOAATCA N3MepeHua. Takad nHopmMaLmsa Ha3biBaeTcs
MeTaJaHHbIMW (AaHHbIMW O AAHHbIX; CM. 3TOT TOM, rasa 1, npunoxexune 1.F).

214 MeTtoabl usmepeHui U HaGnOAEeHUIA

M3nyyeHne conHua, 06/1akoB, 3eMIN U APYTnx OKPYyXKatoLWmnx 06bEKTOB MPOXOANT CKBO3b
BO34yx 6e3 Kakoro-nmbo 3aMeTHOro U3MeHeHUs ero TeMnepaTypbl, HO TepMOMETP,
YCTaHOBJ/IEHHbIN Ha OTKPbITOM NPOCTPAHCTBE, MOXET NOMOLLaTh 3HA4YNTE/IbHOE KO/IMYECTBO
pagnaumn. Bcnepacteme 3Toro co6CcTBeHHas Temnepatypa TepMOMeETPa MOXET OT/In4aTbCs

OT UCTUHHOW TeMnepaTypbl BO3ayxa. Pasnmymve 3aBMCUT OT COOTHOLLEHUSA MeXAY NOTOLWEeHNEM
W N3NyyYeHnem paguaumm n TEPMMYECKOro KOHTakTa C BO34yxOM. BansaHue nsnyyeHnsa MoxHo
MUHUMU3NPOBATb, UCMOJIb3ys 61ecTaLLMe TEPMOMETPbI, KOTOPbIE OTPaXkatoT, @ He MOr10oLaloT
paauvauuio, U umetoT He6onbLLONM AnameTp, Gnarogaps Yemy oHU 3pheKTUBHO OXJ1axKAatoTCs
Bo3ayxoM (Cengal and Ghajar, 2014; Incropera and de Witt, 2011; Erell et al., 2005; Harrison,
2015). lna o4eHb TOHKOW MPOBOJIOKM, UCMOJIb3yeMOI B TEPMOMETPE CONPOTMBAEeHNA 6e3
3aLUNTbI, Pa3HOCTb C UCTUHHOWM TemnepaTypon BO3A4yXa MOXeT 6biTb 04eHb HEGO/IbLION

nnn paxe npeHebpexnmo manoi. beino yctaHosneHo (Harrison and Pedder, 2001;

Harrison and Rogers, 2006; Harrison, 2010), 4To HarpeBaHve TepMOMeTpa, U3roTOBJEHHOTO

13 NaaTMHOBOWN NpoBonoku AnnHon 500 mm n gnameTtpom 0,025 mm, 3aKkpenneHHOM Ha kapkace
M OTKPbITOM HEeNoCcpeACTBEHHOMY BO3AENCTBUIO COJTHL,A, BCAIEACTBME N3/TyYEHNS COCTaBASEeT
meHee 0,07 °C/100 Bt M2 npu ckopocTtu BeTpa 60nee 1 M-C'. [lorpelHoCcTb Takoro TepMomeTpa,
Kak npasuno, 6yaet meHee 1 °C npu nonHOM conHe4dHoM ceeTe. [NogobHoe Bo3aencTeme 6bis10
NPOAEMOHCTPUPOBAHO U AN O4eHb TOHKMX Tepmonap (Bugbee et al., 1995).

OpHako y 06bl4HbIX pabo4Ynx TEPMOMETPOB MPKN 04eHb HEGTAroNPUATHBLIX YC/IOBUAX PA3HOCTb
moxeT gocturatb 25 K. Takmm o6pa3om, 415 TOro 4Tob6bl MoKa3aHMa TepMoOMeTpa Kak MOXHO
TOYHee oTpaxasn NCTUHHYIO TeMnepaTypy Bo3Ayxa, He06X0AMMO 3aLLLNTUTb €ro OT BO3AeNCTBUSA
paguvaunm; 3To 4OCTUraeTcsa NyTeM yCTaHOBKM TEPMOMETPOB B €CTECTBEHHO BEHTUANPYEMON
6yake nn60 — B paAnaLMOHHOMNM 3aLLnTe, KOTopas Takxe 0ObIYHO CNYXUT CPEeACTBOM KpenieHns
Tepmometpa (cm. 2.5).

3au.|,|/|Ta TakK>XXe npeaoxpaHAeT TeEpMOMETP OT 0Ca1KOB, obecne4ymBaer CBO60.C|.H)/|O LNPKYynauunto
BO3/yXa BOKPYr HEro u npeaoTBpallaet cnyanlele noBpexXaAeHNAa TeEpMOMETPa. Ecnn
Ha AaT4yumK nonaaarotT ocagku, TO AaT4HUK 6y,u,eT OX/laXXAaTbCA B pe3y/ibTaTe cnapeHusA,
a CTENEHb OXNaXXAeHNA 6)/,Cl,eT onpenenAaTbCa MECTHbIM BO34YLLIHbIM MOTOKOM. 270 oxnaxaeHune
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aHas0rM4HoO NOBEEHNIO CMOYEHHOrO TEpMOMETpPa B NCUXPOMETpPeE (CM. HACTOSALLLUIN TOM,

rnasa 4). OgHako o6ecrnevyeHne cBO60AHON LLMPKYAALUN MOXET ObITb 3aTPYAHUTENbHBIM

B yC/10BMAX 06nefaeHeHns. MeToabl COKpaLLeHns NorpeLHocTen HabnaeHN B Taknx yCI10BUAX
MOTyT 6bITb Pa3/IMYHbIMUM 1 BKOYATb UCMO/b30BaHME 3KPaHOB U NPUGOPOB AN U3MEPEHUS
TemnepaTtypbl CneLnanbHOM KOHCTPYKL MK, BKIOYAs MCNOJIb30BaHME NCKYCCTBEHHOM
BEHTUIALMN.

OpHako Npu NCNoab30BaHNM NCKYCCTBEHHOM BEHTUIALMK CnedyeT cO61t04aTb OCTOPOXKHOCTD,
Tak Kak Ha TepMOMETP MOXeT nonacTb Bnara. Bo Bpems ocagkos, MOPOCK 1 TyMaHa
oCaXk[ieHne Bnarn B Co4eTaHMmM C UCnapeHnemM MOXeT NPUBOAUTL K aHOMasIbHbIM MOKa3aHUAM.
B ny6nukaumum Sparks (1970) npnBoaunTca 0630p METOA0B U3MEPEHMS TemMnepaTypbl,
NPUroAHbIX 4719 ONepaTUBHOro NpuMeHeHus. [pumepom nepefoBoON NPaKTUKN pa3MeLLeHns
TEPMOMETPOB ABNAIOTCA «TPUXAbI Ay6IMPOBaHHbIe» BEHTUAMpPYeMble AaT4mkn (Diamond
etal., 2013).

2.1.4.1 O6wue npuHYyuUNbI U3MepeHuli

M3mepeHus TemnepaTtypbl NnpeaMeTa MY BeLLeCTBa MOXHO pa3Zie/InTb Ha KOHTaKTHbIe
M 6eCKOHTAKTHbIE.

Mpu KOHTaKTHON TEPMOMETPUM TEPMOMETP NomeLLaeTca B PU3NYECKNIN KOHTAKT C NPeaMeToM,
1 B naeane (Mpun TepMoAnNHaMMYECKOM PaBHOBECUN) OH AOCTUIaeT TOM e TemMnepaTypbl, 4TO

W npeameT, 1, TakuM obpa3om, TeMnepaTypy NpeaMeTa MOXHO onpeaeNnTb Mo Temnepatype
caMoro TepMomMeTpa. B kavyecTBe npuHUMNa AeNCTBMSA TEPMOMETPa MOXHO MCMOAb30BaTh
nto60oe CBONCTBO BelLleCTBa, 3aBMCALLLee OT TemnepaTypbl. Hanbonee LIMPOKO NCMOMb3yeMbIMU
B METEOPOJIOrMYECKNX TEPMOMETPax CBONCTBaMU ABASIOTCSA U3MEHEHME INEeKTPUYECKOro
COMPOTMBJIEHNS METAJINIOB C TEMNepPaTypol 1 TeENN0BOE paclUMpPeHne XUaKoCTeln

1 TBEpAbIX Te.

B kayecTBe NPUGOPOB A9 U3MEPEHNS TeMnepaTypbl PpEKOMEHAYyeTCs No/1b30BaTbCA
anekTpmuyeckumu TepmomeTpamu. OHuM yxe npruobpenn 60/bLLYI0 MONYASAPHOCTb

B METEOPOJIOrNN A5 U3MEPEHUNS TeMnepaTypbl U UMeIOT NOTeHLWan AN aBToOMaTUYeCckmx

N HenpepbIBHbIX M3MePeHMit. Halle Bcero NPUHLMNOM U3MEPEHUNS CYXUT 3aBUCUMOCTb
Temnepartypbl OT 31eKTPUYECKOro CONPOTUBIEHNS MeTanna. Tepmonapbl peako UCMOo/b3yloTCs
B CMCTEMAx METeopPO/IorM4yeckoro HabnoaeHns. B ocHoBy nx paboTbl MONOXEH MPUHLLAM
«3hpekta Cubeka», KOTOPLIN CO3AaeT HanNpsxXeHWe, 3aBMCALLEee OT TeMnepaTypbl.

MpuHLMN TENI0BOro pacllMpeHns MeTaan0B NCMONb3yeTCs B MEXaHNYeCKux Tepmorpadax

¢ bMMeTanAnYyecknMun gaTimkamm nnm gatymkamm ¢ Tpybkon bypaona. 3tm npubopel
MCNOb3yOTCA TOrAa, Koraa He Tak BaXkHa TOYHOCTb, HO HEO6XOAMMO OTC/IeXMBaATb TEHAEHLUN.
OHM cunTaloTCa yCTapeBLINMUN 1 AOKHbI 6blTb 3aMEHEHbI Ha anbTepHaTUBHbIE BapUaHTbl, €C/n
3TO BO3MOXHO.

Bonbluas pasHOCTb MeXAy TEMI0BbIM PacLLMPEHMNEM XUAKOCTEN 1 CTeKNa UCNOb3yeTCs

B XXMAKOCTHbIX CTEK/IAHHbBIX TepMOMeTpax. Ha NpoTAXeHNN MHOIMX BEKOB A1 U3SMepeHns
TemnepaTtypbl B TaKMX yCTPONCTBAX UCMO/b30BANNCh PTYTb AU cNUPT. CTeKNAHHbIE PTYTHbIE
TepMOMETpbI, MCnonb3yemble B AnanasoHe ot -30 °C go 50 °C, 66111 LWMPOKO pacnpoCTpaHeHbl
paHee, HO 60/1bLIEe HE PEKOMEHAYIOTCA. YUnTbiBas MMHaMaTCKyt0 KOHBEHLMIO O PTYTH

(cm. 2.1.4.5), HMIC pekomeHayeTca NPUHATb HaAjexallme Mepbl A1 CKOPenLuen 3aMmeHbl
CTEK/IAHHbIX PTYTHbIX TEPMOMETPOB Ha COBPEMEHHbIE a/lbTePHATUBbI.

B 6eCKOHTaKTHON TepMOMETPUUN AN15 OLLEHKM TemnepaTypbl UCMOJb3yeTCs TENI0BOE N3NYHeHMeE,
ncnyckaemoe noBepxHocCTblo npeameTta. O6bIYHO 3TO U3yYeHne Hanbonee MHTEHCUBHO

B IK nnn mukposonHoBoi o6nactu anekTpomarHntHoro cnektpa. Kpome Toro, Temnepartypy
BO3/Jyxa B 06/71aCTV NPOCTPaHCTBa MOXHO 13MepAaTb 6e3 pr3n4eCcKoro KOHTakTa nyTem
onpejenieHns xapakTepuCcTUK nepeaaydn 3ByKOBbIX, y/IbTPa3BYyKOBbIX UM 3NEKTPOMarHUTHbIX
BOJIH Yepe3 Bo3ayx (WMO, 2002a). beckoHTakTHble TEPMOMETPbI HE H4aCcTO MPUMEHSIOTCSA

AN METEOPOIOrMYEeCKMUX U3MEPEHMIA, HO MOTYT AaBaTb NPenUMyLLLECTBA NPU HEKOTOPbIX
cneunanm3MpoBaHHbIX BUAAX MPUMEHEHUS.
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3Ha4nTeNbHbI 06bEM NCC/Ie0BaHNI HanpaB/ieH Ha pa3paboTky 6e€CKOHTaKTHbIX METOA0B
n3MepeHuna TeMnepaTypbl BO3ayxa. YbTpa3ByKOBble aHEMOMETPbI AAtoT NapamMeTp noj
Ha3BaHMEM «aKyCTuyeckas TemnepaTtypa», KOTOPbI MOXEeT OTC/IeXunBaTb konebaHns
TemnepaTtypbl BO34yxa co ckopocTbio A0 100 nokasaHui B cekyHAy. Takue GbiCTpble
N3MepeHUs NonesHbl 415 oLeHKM Tenosoro notoka (Schotanus et al., 1983), Ho nx obLwas
TOYHOCTb HeBblcoka (Richiardone et al., 2002). bbinn paspaboTaHbl 1 Apyrue akyCcTU4eckmne
n ontuyeckne metoabl (Hanpumep, Underwood et al., 2017), Ho oHU Noka He NoAXOASAT ANs
onepaTMBHOW METPOIOTUMN.

TepMomeprl, noka3biBaloUWne TeKyLlee 3Ha4eHne temnepatypbl, 4aCTo Ha3biBaloT 06bI4YHbIMU
TEPMOMETPaMM, a yKa3biBalol e SKCTpEMaJibHbl€ 3HAYE€HNA TEMNEPATYPbI 3a HeKOTOprVI
NPOMEXYTOK BpEMEHUN — MaKCUMaJIbHbIMU NM60 MUHUMaNbHbIMU TepMoMeTpamMn. Ecnn
M3IMepeHmne tTemnepaTtypbl NPOMU3BOAUTCA C MOMOLUBIO /TEKTPUHECKNX TEPMOMETPOB,
MaKCnMa/ibHaa U MMHUMaJibHaAa TeMNepaTtypa MOXeET ObITb onpeaeneHa Ha oCHOBe
M3MEPEHHbIX aHHbIX B TOM CJly4ae, eC/n obecnevyeHa HenpepbiBHasA 3arnnMcb 1 40CTaTO4YHanA
4acCToTa M3MepeHVIVI. HOCKOﬂbe e,Cl,VIHCTBeHHOVI XKNOKOCTbIKO ANA XNOAKOCTHbIX CTEK/IAHHbIX
MaKCUMa/IbHbIX TEPMOMETPOB ABNAAETCA PTYTb, CN1€e4yeT NCMOJ/1Ib30BaTb 3/1IEKTPUYHECKNE
a/lbTéPpHaTUBbLI.

OnuncaHne KOHCTPYKLUMN MprMbopoB 1 nabopaToOpHbIX METOAOB M3MEPEHUS TEMMEpPaTyPbl MOXHO
HaMTW B pa3nnyHbix c6opHukax (Hanpumep, Harrison, 2015; Jones, 1992). lNpu paccmoTpeHun
MeTO0B TEPMOMETPUM, C/IeAyeT yHUTbIBATb, YTO A/19 METEOPOIOrNYECKUX 3a4a4 NPUMEHUMBI
TOJ/IbKO CreLmasbHble TEXHOOMMWN B CBA3M C OFPaHNYeHnAMM, 0O6YC/TOBIEHHBIMU XapaKTePHbIMMU
0CO6EHHOCTSAMM KAMMaTa UaKr OKpY>KatoLen cpeapbl.

21.4.2 O6wue mpe6osaHus K pasmeujeHuro
2.1.4.21 N3mepeHne TeMnepaTtypbl BO3ayxa

[ns nonyyeHns penpeseHTaTUBHbIX Pe3y/ibTaTOB NPU CPaBHEHMM MOKa3aHU TepMoMeTpa

B Pa3/INYHbIX MeCTax U B pasHOe BpeMs Takxke kpalHe HeobxoAMMO CTaHAapTHoe
pacnonoxeHue 6yaku n camoro TepMometpa. lNpu npoBeaeHnM 06bI4HBIX METEOPOJIOTNYECKMX
HabnoaeHn nsmepseMas TeMnepaTypa AO/XKHA OTpaxaTb YC/IOBMS HEHAPYLLUEHHOMO NMOTOKa
BO34yxa Ha BblcoTe mexay 1,25 1 2 M HaJ ypOBHEM 3eM/IN Ha BO3MOXHO 60/bLUeN NaoLwaan,
oKpy>KatoLen ctaHumio. B uensax obecneyeHns conoCTaBUMOCTU U3MEPEHUSA AOJDKHbI
NPOBOANTHCA HAf, €CTECTBEHHOW MOBEPXHOCTBIO 3eMJ/IN, NPEANOYTUTENIbHO Haj TPaBAHbIM
NoKpOBOM. BbicoTa Ha ypOBHEM 3eM/1M yKa3blBaeTCs MOTOMY, YTO B 60/1ee HU3KMX C/I0AX
aTMoccepbl MOTYT CyLLLECTBOBATb 3HaYMUTE/IbHblE BEPTUKAJIbHbIE FPaAMeHTbl TemnepaTypbl,

4YTO MOXET NOBINATb HAa U3MepeHne TemnepaTypbl. CnegosatenbHO, Hanbonee noaxoasuiee
MeCTO A/19 MPOBeAEHNS U3MEPEHNI HAaXOANTCS Ha YPoBHeM 3eMan. OHO A0/IKHO GbiTb
OTKPbITO BO34ENCTBMIO CO/THLLA W BETPA U He 3aC/IOHATLCS AePEBbAMM, 34aHUAMU U APYTUMU
npenaTcTBUAMU. MecTa Ha KPyTOM CKJIOHE MUY B HU3MHE NOABEPXKEHbI BO3AENCTBUIO
HETUMUYHBIX YCTOBUI, U UX cnepyeT niberatb. B 601bLUMX M ManblX rOpoAax MeCTHble
ocobeHHOCTN 60oJ1ee APKO BblpaxXeHbl, YeEM B Ce/IbCKUX paloHax. JaHHble HabnoaeHnn

3a TemnepaTypoi Ha Kpblllax 34aHMU UMEeIOT COMHUTE/IbHY0 TOYHOCTb U LLEHHOCTb BC/IeACTBUE
Ha/IN4Yns NepeMeHHOro BEPTMKaJIbHOro rpajneHTa TeMnepaTtypbl U BANAHUSA CAMOTO 34aHNs

Ha pacnpegeneHue TeMnepaTypbl.

Knaccudurkaums Beibopa MecTa 415 Ha3eMHbIX CTaHLMIA NPU3EMHbIX HaboAeHN

(cm. HacToswmin ToM, aBa 1, npunoxeHue 1.D) npegoctasnset 4ONOJAHUTENIbHOE
MeTO0/I0rM4Yeckoe pykoBOACTBO MO BbIGOPY MecTa 1 pacrnoioXeHNIO TepMOMeTpa B 3TOM MecCTe
AN obecnevyeHns oNTMMalibHOM penpe3eHTaTUBHOCTM.

21.4.2.2 WN3mepeHue Temnepatypbl NO4BbI
Temnepatypa no4Bbl U3MEPAETCA Ha CnedyoLWmx CTaHAapTHbIX ry6uHax: 5, 10, 20, 50

1 100 cM Huxke NOBEPXHOCTU; KPOME NEPEHNC/IEHHbLIX, MOXHO YCTaHaB/IMBaTb TEPMOMETPbI U
Ha Apyrux F}'I)/6I/IHaX (HaanMep, 2 CM). Takune M3MEPEHUA AO0JIXKHbI MPOBOAUTLCA Ha POBHOM
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y4acTKe OroJieHHomn 3eman (pasmMepoM NPUMEPHO 2 M X 2 M), ABAAIOLLNMCSA TUMNYHBIM A5
NoY4Bbl, MO KOTOPOI HeobxoaMMa MHopMauma. ECan 3emnsa nokpbITa CHErom, skenaTeslbHO
NPOU3BOANTb TaKXe N3MePeHNs TeMnepaTypbl CHEXXHOTO NMOKPOBa. TaMm, rae CHer HemnOTHbIN,
€ro MOXHO yAanuTb nepej CHATUEM MOKa3aHWit, a 3aTeM BEPHYTb Ha MeCTO.

Mpu onncaHnn mecta ANS U3MepPeHUs TeMnepaTypbl MOYBbI C/ieAyeT yKa3aTb TUM NOYBbI,
MOYBEHHbI NOKPOB, a Takxe CTerneHb U HanpaB/eHWe YKIIOHa NOBEPXHOCTU 3eMN.

Mo BO3MOXHOCTM HEO6X0AMMO yKa3blBaTb (PM3NYECKME MOCTOAHHbIE MOYBbI, Takue, Kak
06beMHas NJ0OTHOCTb, yAe/bHas TeN0NPOBOAHOCTb M NoneBas Blaroemkoctb. Cneayet
TakXe yKa3blBaTb YPOBEHb rPYHTOBbIX BO/, (MPpW 3aneraHum B npeaenax 5 M ot NOBEPXHOCTH)
N CTPYKTYpPY NOYBbI. DTO BaXHO A1 OL,eHKM NoToka Tensa B no4yse npu YIM.

Ha arpomeTeoponornyecknx CTaHuMaAX XeaTeibHO BECTU HENpPEepPbIBHYIO 3aNncb TemnepaTypbl
Mo4Bbl, @ TaKXe TemnepaTtypbl BO34yXxa Ha Pas/IMyYHbIX yPOBHSAX NPU3EMHOro 1o (OT ypOBHSA
3eMnum o npumepHo 10 M Haj BepxHen rpaHuueli npeobnajaoLeit pacTUTENbHOCTH).

21.4.23 MN3mepeHne MMHUMa/bHBbIX TeMnepaTyp (TPaBOCTOM UM OroJlIeHHas No4Ba)

MuHMManbHaa TeMnepaTypa Bo3yxa B TPaBOCTOE SIB/SIETCS CaMOM HU3KOW TeMnepaTypoW,
KOTOPOW AOCTUTaeT 3a HOYb TEPMOMETP, YCTAHOBJIEHHbIN NOA OTKPbITHIM HEGOM
HenocpeACTBEHHO Haj HU3KOM TpaBol. MUHMMasbHas TemnepaTtypa Bo3ayxa B TpaBoOCToe
[OJIKHA U3MEPATbCS Ha BbICOTE 5 CM Haj, TPaBoOM UM MOBEPXHOCTbIO, XapakTepHOW AN
JaHHOM MEeCTHOCTN.

Ecnan BeOyTCA Ha6}'IIO,CI,eHVIFI MWUHUMaIbHOWN TeMneparypbl NO4YBbI, JINLLIEHHOMN PacTnUTENbHOCTH,
3TN n3MepeHna ciegyet npoBoanTb Ha 5 cm Bblle eCTeCTBEHHOIO YpPOBHA OroJIEHHOW NOYBHI.

Ecnv 3emMns nokpbiTa CHEromM, TepMOMETP C/ieflyeT yCTaHaBAMBaTb HaJ MOBEPXHOCTbIO CHera —
KaK MOXHO 6/11e K MTOBEPXHOCTU CHera, HO Tak, 4YToObl OH He Kacasncs ee. Ha ctaHumax

C YCTOMYMBBIM CHEXXHBIM MOKPOBOM Pa3/IM4HOM BbICOTbl MOXHO MCMOJ/Ib30BaTb NOACTABKM,
No3Bo/AOLWME NOAHMMATb UM ONyCKaTb TEPMOMETPbI C LLE/IbI0 YCTAHOBKM X Ha NPaBUbHOMN
BbICOTE HaZ, MOBEPXHOCTbIO CHera.

2143 UcmouHuku nozpewiHocmeii — obujue 3ameyaHus

norpeLIJHOCTI/I npum nsMepeHnn TemnepaTtypbl MOTYT 6bITb BblI3BaHbI caeayrounMmm npuinHamum:

a) npamMoe n KOCBEHHOE n3jsly4eHne ot pa3/indHbiX MCTOYHNUKOB, HarnpumMmep, CoaHuUa, O6)'IaKOB,
MO4BblI M OKPY>XaoLWnx npeaMeToB U O3ep;

b) norpewHoOCTb HyBCTBUTE/IbHOIO 3/1EMEHTAQ, an6opa N ONA SNEKTPUHECKNX M3MepeHVII7I,
BbIMO/THEHHbIX APYTUMUN TEXHNYECKNMMN YCTpOVICTBaMM B LLEMNOYKE AaHHDbIX;

C) HejocTaTOYHas BEHTUAALMA TepMOMeETpUYeckon 6yakmn (CKopocTb BeTpa MeHee 1 M-c™),
0CO6EHHO B YyCNOBUSAX BbICOKOW CO/THEYHOM paanaunmy;

d) ncuxpomeTpuyeckoe oxJlaxaeHne 1U3-3a BlaxHbIX MOBEPXHOCTEN TEPMOMETPUYECKON
6yaKW U/VNKN faTyrKa;

e) 3arpa3sHeHue gat4nka, HanpuMmep, rpAa3bio, 6pr3FaMI/I MOpCKOVI BOAbl,

f) HenpaBuabHaA 3KCnayaTtalunsa, Hanpumep, npeHe6pe>|<eHV|e HeO6XO,EI,I/IMOCTbIO AOCTUXKEHUA
YCTOﬁHMBOFO PaBHOBECUA NN OLNBKM CHUTBIBAHUSA NMOKA3aHUN Ha6mop,aTeneM.

[MocTosHHas BpeMEHN AaT4HnKa, BpeMsa yCpeaAHEHNA BbIXOAHOIO pe3ybraTta U I'IOTpe6HOCTl/I
B AaHHbIX JO/1XKHbI 6bITb B3aMMHO COI/TaCOBaHHbIMM.
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BOCI'Ipl/Il/IMLIVIBOCTb Pa3/IN4HbIX TUNOB TEMNEPATYPHbIX 4ATYNKOB K Ka>XA0MYy
M3 BblLLENEPEYNCTEHHbIX anKTOpOB Pa3/in4aeTcA, Tak Xxe, Kak U 3Ha4HNMMOCTb 3TUX CbaKTOpOB}
3TN 0COBEHHOCTU paccMaTpunBatoTCA Aasiee B COOTBETCTBYHOLLUX pa3jeiax 3TOMV rnaBbl.

BBUAY BbICOKOW 3HAYUMOCTW NOTPELLHOCTEN, CBA3aHHbIX C U3yYeHNeM, 419 TeMrepaTypPHbIX
n3MepeHuii, B Cneayolmx naparpadgax oHM paccmaTtpusatotcs 6onee noapo6Ho.

lMorpewHoCcT, CBA3aHHbIE C U3/ly4YeHMEM, BO3HMKAIOT U3-3a NPSAMOro HarpeBa TepMomeTpa
3/1eKTPOMArHUTHbIM n3nydyennem (3MMW), kotopoe cBO6OAHO NPOXOAMUT Hepe3 BO3yX.
JddeKT HarpeBa BO3HMKAET Kak B pe3ysibTaTe NpsaMoro o61y4YeHns — 13-3a BUAMMOTO CBeTa,
npoHukatoLero B 6yaky TepMomeTpa, — Tak U B pe3y/sibTaTe TEN/I0BOT0O U3/yHeHns n3-3a
pa3HOCTX TemnepaTyp Mexay TEpMOMETPOM 1 OKpYXKatoLLLen ero cpeaon. lMornowexHne
W3/ly4eHU1s B 3TUX ABYX AManasoHax onpeaenseT Be/IMYMHY pagnauMoOHHON «Harpy3km»

Ha gatyuk. Harpyska onpegensercs MHTEHCMBHOCTBIO M3/lyYeHUS B KaXXA0M Anana3oHe

W N31yYaTeNbHOM CMOCOOHOCTbIO MOBEPXHOCTM AaTyuMKa, KOTOpas 06bIYHO MeHseTCs

B 3aBMCMMOCTU OT AJIMHbI BOJIHbI U31y4eHns. TeM He MeHee, Ten/ioBas Harpyska Bcerga
MUHUMU3NPYETCA 3@ CHET NONMPOBaHHON (TO eCTb 61ecTALLen) NOBEPXHOCTU C HN3KOM
M3yyatoLen CnocobHOCTbIO.

VMi3smMepeHune TemnepaTtypbl BO34yxa C MOMOLLbIO KOHTAKTHbIX 4aT4YNKOB OCO6EHHO YyBCTBUTEIbHO
K paAMaLMOHHON Harpy3Ke 13-3a C1aboro Ten/iIoBOro KOHTakTa Mexay AaT4yMkaMu U BO3yXOM,
0CO6€EHHO NpU MeANeHHOM ABUXEHUN BO3AyXa. TennoBol NOTOK MeXAy TEPMOMETPOM

1 BO3JyXOM xapakTepusyetcs koapduumeHtom Tennonepegaydm h (Cengal and Ghajar, 2014;
Incropera and de Witt, 2011), KOTOpbIi1 3aBUCUT OT CKOPOCTU BO3AyXa, MPOXOAALLErO PAAOM

C TEpPMOMETPOM, U AnameTpa TepMomeTpa. 115 MHOrMX TepMOMETPOB LUAUHAPUYECKOM

nnun cepuyeckoi popmbl NepeHoC Tena BbipaxaeTcs Kak KBaApaTHbI KOPEeHb CKOPOCTU
BO3/yXa pPsiAOM C TepMOMETPOM M 06paTHO NPOMNOpLMOHaneH KBaapaTHOMY KOPHIO AnameTpa
Tepmometpa (Ney et al., 1960; Erell et al., 2005; Harrison, 2015). Taknum o6pa3om, npu no60
CKOPOCTM BO34yXa NOrPeLIHOCTb, CBA3aHHas C M3/ly4aeMOW TeNN0BOMN Harpy3Kom, yMeHbLUINTCS
B [lBa pa3a, eC/in AMameTp AaT4yMka yMeHbLIUTb B YeTbipe pasa.

Cwvna pagnauMoHHONM CBA3N MeX Ay TEPMOMETPOM U OKpY>KatoLLen cpefon Hepeako
3aHmxaeTtca. Ing unnnHapuYecknx AaTYnKOB C KOPMYyCOM U3 HepxaBetoLLen ctanm 6yaka,
koTopas Ha 3 °C Tennee Bo3ayxa, npu ckopoctu Betpa 0,1 m-c' gact norpewHoctb ~0,5 °C ana
AaTynka Anametpom 6 MM, Ho Tonbko ~0,2 °C ana gatynka gnametpom 1 mm.

2144 ¥x00 3a npubopamu — ob6uwjue nonoxxkeHus

PaCCMOTpVIM caiepyouime npoueanypbl N0 TEXHNYECKOMY O6C}'Iy)KVIBaHI/IIO I'Ipl/l60p0B1

a) AaTHUKN N UX 3alLTHDbIE 060104KM O0J/IKHbI coAep>XKaTbCa B HACTOTE A1 YMEHbLUEHNA
NnorpewHoCTH, CBs3aHHOW C n3ny4yeHnewm,

b) ecnun ncnonbsytoTca 6yAKN C UCKYCCTBEHHOW BEHTUASALMEN, HEOOXOAUMO PErynsipHO
NPOBEPATb COCTOSHME BEHTUAATOPA, BPYYHYIO UK, NPEANOYTUTENbHO, aBTOMaTUYeCKH;

C)  BCe AaT4MKu TemnepaTypbl U, eC/IM MPUMEHUMO, INeKTPUYeckme nHTepgencol
Heo6X0ANMO perynsapHo kannbposaTtb. B npomexyTkax Mexay kanmbpoBkon cneayet
NPOBOANTbL NPOBEPKM B MOJIEBbIX YC/I0BUSAX;

d) npuwncnonb3oBaHWUK aHanoro-ungpoBbix Npeobpasosateneit (ALLM) nx cneayet
perynsipHo NpoBepsTb C MOMOLLbIO OMUYECKOrO CONPOTUB/IEHUS, 4TOOLI onpeaenunTb,
COOTBETCTBYIOT /1M OHWN NO-NpPeXHemMy TpeboBaHMAM.

|_|0,D,p06HbIe Tpe6OBaHVI$| K O6CJ'I)/)KI/IBaHVI}O Pa3/IM4HbIX TUTNOB OMNCbIBA€MbIX B HaCTOFILLI,eVI rnase
TEPMOMETPOB NPUBOAATCA B COOTBETCTBYOLWUNX pa3aenax.
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21.4.5 Mocnedcmeus Munamamckoii KOH8eHYUU C MOYKU 3peHUs u3MepeHus
memnepamypeol

MwuHamatckas konseHuunsa KOHEN o pTyTu BCTynuna B cuny Bo Bcem mupe B asrycte 2017 roga

1 3anpewaeT Nto60e NPOM3BOACTBO, UMNOPT M IKCNOPT CTEKAAHHBIX PTYTHbIX TEPMOMETPOB
(cM. HacToswmii ToMm, maBsa 1, 1.4.1). B cBA3M € 3T1M 6onbLUe He peKOMeHAyeTCs NPUMEHSATb
CTeK/IiHHblE PTYTHbIE TEPMOMETPbI, U HACTOATE/IbHO MOOLLPAIOTCA HaAaexallmne Mmepbl 415

NX CKOpeWLLIen 3aMeHbl Ha COBPEMEHHbIE a/lbTePHATUBbI. D1eKTPUYecKme TepMOMETPbI
CONPOTUBJIEHNSA NPEACTaBNAIOT CO60 S3KOHOMUYHYIO, TOYHYIO 1 HAaleXHYIO afibTepHaTUBY
CBOWMM OMacCHbIM PTYTHbIM NpeLLecTBEHHNKaM 1 o6ecrnevnBatoT 3Ha4nTe IbHble MPenMyLLecTBa
B M/1aHe XPaHEHWSA AaHHbIX N 0TO6paXkeHNs MHpOPMaL MK B peXMMe peasbHOro BpeMeHMU.

2.2 QNEKTPUYECKUE TEPMOMETPbI
2.2.1 O6lLee onucanue

dnexkTpuyeckme npubopbl NpuobpeTatoT BCe 60bLUYI0 MONYAAPHOCTb B METEOPOIOTUN NP
n3MepeHun Temnepatypbl. OCHOBHOE NX JOCTOMHCTBO 3ak/1t04aeTCs B TOM, YTO BbIXOAHOM
CUTHaN MOXHO MCMO/b30BaTh B ANCTAaHLLMOHHOW MHAMKALLMK, 3aNNCKU, XPaHEHUN 1 Nepefade
AaHHbIX TeMnepaTypbl. Hanbonee 4acTo NCNONb3YIOTCA Takue YyBCTBUTEIbHbIE 3/1IEMEHTbI, Kak
MNTC, HO TakXe NPUMEHAIOTCA NOYNPOBOAHNKOBbIE TEPMOMETPbI (TEPMUCTOPLI) U TEPMONapsI.

2.21.1 Memannu4yeckue mepmMoMempbsi conpomuesieHus

Bo Bcem meTeoponornyeckom gnanasoHe Temnepatyp ot -80 °C go 60 °C anekTpuyeckoe
CONpOTUBJIEHNE BONbLUMHCTBA YNCTbIX META/IIOB ABASETCS MOYTU IMHENHOM DYHKLMENR
TemnepaTtypbl. XOTS B TEPMOMETPUM MO 6bl NPUMEHSATLCS MHOTME YNCTblE MeTaslbl,

Yallle BCEro A5 3/1eKTPUYECKMX TEPMOMETPOB COMPOTUBIEHMS MCNOb3YeTCs NaTvHa U3-3a
€e NCK/II0UYNTENIbHOM YCTONYMBOCTU K KOPPOo3nn. CBepxyncTas niatnHa 6e3 HanpsixkeHU N’
NCnonb3yeTcs Ans Tak HasbiBaemblx DMNTC, KOTOpble NPUMEHSAOTCA A8 UHTEPMONALUM MeXAY
dukcMpoBaHHbIMU TOYKaMK Npu peanmsaunn MTLL-90 B aTanoHHbIX NnabopaTopusax. OgHako
3TU TEPMOMETPbI C/IULLKOM XPYNKUe, HTOObl MPUMEHSTb X B NMOJIEBbLIX YC/IOBUSAX.

Hanb6onee pacnpoctpaHeHHbI popmat MNTC HasbiBaeTcs Pt100, nockonbKy aatynkum
pa3paboTaHbl Tak, 4To Ux conpoTusieHne R 61m3ko k 100 Om npn 0 °C. B 3Tmx aaTunkax
NCMOJIb3yeTca YyTb MEHEe YNCTas NaaTuHa, U oHM ropasfo 6onee HagexHbl, 4em SIMTC. Kak
npasui0, [ATHUKN COCTOSAT U3 MJIaTUHOBOM NPOBOJIOKM, OOMOTAaHHO BOKPYT KEpaMn4eCKoro
cepaeyvHMKa, U NOMeLLeHbl BHYTPb KOpNyca 13 KepamuKu, CTeksia Man HepXxaBetoLen ctanm
(puc. 2.1 a)). B ka4ecTBe anbTepHaTUBbI, TOHKME NJAaTUHOBbBIE MJIEHKN HAHOCATCA B BUAE
NnabupurHTa Ha kKepamMMYecKyto NOAJIOXKKY, a 3aTeM, Kak NpaBuna0, MOMeLLa0TCA B KOPMyC

13 Hepxagetowen ctanu (puc. 2.1 b)).

a) b) [lopoxka 13 niaTuHbl
O6MOTKa U3 TOHKOW NAaTUHOBOM B BUAe NnabupuHTa
NPOBO/IOKN CTeknsHHbIV nan
aNoOMUHUEBbIN
3aLLUTHBIN KOpNyC

CoeavHUTENbHbIE :' i
nposoga {

AntoMunHuneBsas

AntomuHneBas Tpy6ka SR ” noanoxka
KoHTakTHble nnowaakm

PucyHok 2.1. a) NTC c npoBoa104HOM HaMOTKOW; b) ToHkonIeHo4HbIN MTC



110 PYKOBOACTBO MO METEOPO/IOTMYECKMM NMPUEOPAM W METOAAM HABIOAEHUI. TOM |

B amnanasoHe o1 -80 °C go 60 °C anektpunyeckoe conpotussieHume NTC MmoxeT 6bITb
npeactasaeHo ypaBHeHeM Kannenpapa — BaH [lbto3eHa:

R =Ry (1+di+ B +C(1-100)7) 2.2)

roe t - temnepatypas °C.

Jatyaunkn Pt100 06b14HO XapakTepusyoTcs AOMNYCKOM, B NpeAesiax KOTOPOro OHW COOTBETCTBYIOT
cTtaHgaptaM, Takum kak MK 60751 (DIN EN 60751) unn ACTM E1137. Ana TepmomeTpa, 6113K0
cooTBeTcTBYtOLLEro cneumdpukaumm MK 60751, koadduumentsl Kannengapa — BaH [JbtoseHa
coctaBnaoT R =100 Om, A=3,908 x 102-°C'n B=-5,80 x 107-°C?, a koahpuumneHt C
NpUHMMaeT pa3anyHble 3HadyeHns Bobile 1 Huxke 0 °C. Huxe 0 °C ero 3Ha4yeHune cocTaBnseT
C=4,27x107"2.°C*, a Bblwe 0 °C C B TOYHOCTW PaBEH HY/IO.

ConpotusneHune n 4yBCcTBUTENBHOCTL AaT4ymka Pt100 no ctaHaapTy M3K nokasaHbl
Ha pUCyHke 2.2.

l'|yBCTBl/ITe}'II::HOCTb TEPMOMETPOB Pt100 onuncbiBaeT U3MeHeHNe CONpPOTUBTIEHNA NPU N3IMEHEHUN
TeMNepartypbl n 06bI4YHO 3a4a€eTCA 3Ha4YEeHNEM (aanaa), onpeaendaemMbiM ciegyrowmm o6pa30M:

_ Rioo =R 23
100°C * R, (2.3)
YyBCTBUTENBHOCTb (pUC. 2.2 b)) NpakTU4eckn He 3aBUCUT OT TeMNepaTypbl U COCTaBASIET
0,3952 Om-°C' npu -40 °C, 0,3909 Om-°C' npn 0 °C 10,3863 Om-°C' npun 40 °C, 4To
cocTaBnset Bcero 2,3 % B avana3oHe 80 K. [1ns TepMOMETPOB, COOTBETCTBYIOLLMX CTaHAAPTY
M3K 60751, 370 3Ha4yeHue 6113ko k 3850 x 10¢-°C.

Knaccol gonycka M3K 60751 nnn ACTM E1137 npuseaeHsl B Tabnnue 2.1 n nsobpaxeHsl

Ha pUCyHke 2.3. Takxe BbINYCKAKOTCA 4aTYHNUKN C MEHBLLUUM A0MYCKOM, KOTOprVI 06bIYHO
YKa3blBa€TCAa B BUAE AO0/IN OAHOIO U3 CTaHAApPTOB, MPUBEAEHHbLIX B Ta6;w|u,e 2.1.

a) b)
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PucyHok 2.2. a) ConpoTuB/iieHMe B 3aBUCMMOCTHM OT TeMnepaTypbl Ans aatyuka Pt 100,
cooTBeTcTBYIOWeEro ctaHaapty M3K 60751; b) 4yBcTBUTEIBHOCTL B 3aBUCMMOCTU
oT Temnepartypbl Ans gatymka Pt 100, cooTBetcTBYytOWero ctanaapty M3K 60751

Ta6nuua 2.1. Knaccbl gonycka no M3K 60751 nan ACTM E1137.

M3K 60751 (2008 2.) ACTM ET1137
Knacc ponycka OnpeaenerHune Knacc touHocTun Onpepenexne
FO,3 (cTapubiit knacc B) +(0,3 + 0,005 |t]) B (0,25 +0,0042 |t])
FO,15 (cTapbiin knacc A) +(0,15+ 0,002 |t]) A +(0,13 +0,0017 |t])

MpumevaHue: B cneundukaunn MK cumeon F 0603Ha4aeT TOHKOMAEHOYHBIV AaTYUK U 3aMeHeH Ha cumeon W,
KOTOpbI 0603HavYaeT 4aT4nK C MPOBOIOYHON 06MOTKOM. |[t| 0603Ha4aeT abCoONOTHOE 3Ha4YeHNe TemnepaTypbl
B rpagycax Llenbcusa.
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PucyHnok 2.3. [lnana3soHbl gonyckoB A5 aatunka Pt100, cooTseTcTBylOLLErO
ctaHaapty M3K 60751.

Hanpumep, M3K 60751 gna patunka WO0,3 (cTapbin knacc B) onncbiBaeT gat4mk C NPOBO/IOYHOM
06MOTKOM, KOTOpPbIN cooTBeTCTBYeT kpuBo M3IK 60751 B npeagenax £(0,3 + 0,005¢) °C, v npu
Temnepatype 20 °C gaTynk knacca B 6ynet rapaHTupoBaHHO HaxoauTbea B npeaenax 0,400 °C
oT kpusoi M3K.

YpasHeHue Kannengapa — Ban [lbto3eHa (ypaBHeHue 2.2) He UMeeT NPOCTOro o6paTHOro
ypaBHeHUs, B KOTOPOM TeMnepaTypa 6bli1a 6bl BbipaxkeHa kak hyHKLMsA conpoTusneruns, t(R).
EcTb ABa pelueHns sTori npobnemel. Bo-nepsbix, Ana Temnepatyp Bbiwwe -40 °C unen C

B ypaBHeHun 2.2 cootBeTcTByeT MeHee 4Yem 0,01 °C 1 BO MHOTMX BMAAaX MPakTUYeCKOro
NPYMEHEHNS UM MOXHO pa3yMHO npeHebpedyb. B aTom cnyyae ypasHeHue KanneHpgapa —
BaH [bto3eHa MoOxeT 6bITb annpoKCUMMPOBAHO C/ieaytoLnm o6pa3om:

R =R, (1 T A+ Bt2) (2.4)

bonee TOro, €ero o6paTHa;| BeJINYMHA MOXET 6bITb BbIYNC/IEHA C NOMOLLbKO CTaHAAPTHBbIX

KBaApaTU4HbIX hOpMYy:
poo A A 4By R 2.5)
2B 2B 42 Ry

MorpelHOCTb NPY NCNONb30BaHMM 3TO (POPMY/bl NO-NpexHeMy cocTaBnset MeHee 0,1 °C
npu -80 °C. B kayecTBe asibTepHaTUBbI ypaBHEHME 2.4 MOXHO MCNOJIb30BaTh A5 MONYYeHUs
Ha4a/IbHOWM OLeHKM TeMnepaTypbl, KOTOpas 3aTeM UTepaTUBHO YTOYHAETCA NyTeM MOBTOPHOTO
NCMOb30BaHMA NPSAMOro ypaBHeHNs Ana R.

Mepen kanMbpoOBKOI A9 YCTaHOBKM B METEOPOOTMYecknx ycnosuax gatymikm Pt100 o6bi4HO
«COCTapuBatoTCAa» (NMPON3BOANTENAMMN) NYTEM LIUKINYECKOrO U3MEHEHUS TemnepaTypbl

B npeaenax oT To4ku 3amep3anma go 20 °C. CMbica 3TOI npoueaypbl B TOM, 4TOObI BbISSBUTb
no6ble AedekTbl NPOM3BOACTBA A0 YCTAHOBKM AaT4MKa U CHATb HamnpsxeHne C NPOBOAOB,
KOTOpble BNOC/1eACTBMN 6yayT paboTaTb B NONEBbLIX YC/0BUAX.

2.21.2 Tepmucmopeoi

A pyrnm TMnoM TepMomMeTpa CONPOTUBIEHUNS, KOTOPbI MMEET LUIMPOKOE NCMO/b30BaHMe,
ABNAETCA TEPMUCTOP. XOTA CyLLECTBYIOT TEPMUCTOPbI C NONOXNUTENBbHBIMY TEMMepPaTyPHbIMU
ko3 puruneHTammn ConpoTUBAEHUNS, Yy Hanboee pacnpoCcTpaHeHHOW U ya06HON hopMmbl
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60nbLIne oTpULaTebHble KO3 PULNeHTbl conpoTusneHns. CoctaB TEPMUCTOPOB
npeactaBaseT co60li KOMMepPYeCKyto TaliHy, HO 06bIYHHO OHU U3rOTaBAMBaOTCS

13 NopoLLKoo6pasHbIX OKUCEN MeTaN/IOB B BUAE HEOONbLUNX ANCKOB, 6PYCKOB U/ LLAPUKOB

M 4aCTO MMEIOT CTEK/ISHHOE NOKPbITUE A5 NPeAOTBPALLEHNS XUMUYECKUX peakLMii C BO3YXOM,
0COBEHHO C B/IaXXHbIM.

3aBUCMMOCTb CONpoOTUBEHNSA R TePMUCTOPa OT TeMNepaTypbl KAHECTBEHHO MOXXHO OnncaTtb

cnepyowmm o6pasom:
1 1

rae R, — conpoTvBneHune TepMmcTopa npu abcontoTHom temnepatype T, (B KeNbBMHaXx),

a T — TemnepaTypa TepMUCTOpPa B Ke/ibBMHax. TepMUCTopbl 06bIYHO 0603HavatoTCA

no 3HaveHuto R npu temnepatype 25 °C, 1o ectb T, = 25 + 273,15 = 298,15 K, koTopas
yKasblBaeTCs B KeJibBMHAX. TUMUYHbIE 3HaYeHns cocTasnsoT Ry = 1 kOm u = 4000 K (Hanpumep,
CM. puc. 2.4).

Ectb TPW KNKOYEBbIX OT/INYUA B NOBEAEHNN TEPMUCTOPOB NO CPAaBHEHUIO C AaTHNKaAMU Pt100.

Bo-nepBbix, 3TO BbICOKOE CONPOTUBJIEHNE TEPMUCTOPOB, YaCTO JOCTAaTOYHO BbICOKOE, YTOObI
MOXHO 6b1710 NpeHebpeyb CONPOTUBAEHNEM COEANHUTE/IbHbIX MPOBOAOB. DTO NPaKTUYECKN
HUKOrAa He OTHOCUTCA K AaTymkam Pt100, ons koTopbix Bcerga Heo6xoAMMOo NPOBOANTb
N3MEpPEHMS C MOMOLLLbIO YeTbipex NPOBOAOB.

BTopoe oT/inyme COCTOUT B BbICOKOW 4yBCTBUTENIbHOCTU MO CpaBHEHMIO € AaTymkamu Pt100.
XOTS 3TO ABNSAETCA NPENUMYLLECTBOM NPU N1060N KOHKPETHON TemnepaType, TOT akT, 4To
4yBCTBUTENIbHOCTb M3MEHSETCS C TeMNepaTypoi, npeacTaBaseT co60l TPYAHOCTU U NPUBOANT
K He/IMHEMHOMY NOBEAEHMUIO, @ BECbMa BbICOKUI ANHAMMUYECKNIA Anana3oH AaTYMKOB TaKxKe
co3gaeT npob6aembl npu o6paboTke curHana.

HakoHeL, AaT4MKN MOTYT ObITb O4EHb MaslEHbKMMMU, MOITOMY OHU MOTYT UMETb Manyto
MOCTOSHHYIO BpEMeHU 1 Bbicokne KoadduumneHTsl Tennonepeaayn (Erell et al., 2005). OgHako

100

10

Conpotusnenue (kQ)

0.1

-60 -50 40 -30 -20 -10 0 10 20 30 40 50 60
Temnepatypa (°C)

PucyHok 2.4. 3aBUCMMOCTb CONPOTUBIIEHUS OT TeMNepaTypbl Ans TepMuctopa c R =1 kOm
1 3700 K. (O6paTtute BHMMaHUe, 4TO BepTUKa/ibHasA OCb lorapudmMmuyeckas.)
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y O4eHb MaseHbKNX TEPMUCTOPOB MMeEEeTCA HeA0CTaTOK, KOTOPbIN 3ak/iloYaeTcs B 6o1ee
BbICOKOM 3hpekTe caMOHarpeBaHuns Npu 3aJaHHON HepPrum anccmnaumm, 4yem y 6onee
KPYMHbIX TeEpMOMeTpoB. Takum 06pa3oM, Heo6X0AMMO NMPUHUMaTb MePbI A5 TOTO, HTOObI
noafep>XuBaTb SHEPIUI0 AUCCUNALMU HA HU3KOM YPOBHE.

CnepyeT OTMETUTB, YTO XOTA ypaBHeHMe 2.6 onucbiBaeT obLee noseAeHe TEPMUCTOPOB
M MONE3HO A1 MHTEPNOAALMN Ha HeGONbLLUMX MHTEPBanax TeMnepaTtyp, OHO HeJOCTaTO4YHO
TOYHO, 4TOObl NCMOJIb30BaTb €ro A4J19 MeTEOPONOrn4eckmx uenen. Heckonbko BbipaxxeHuni
obero snaa:

R:Roexp(A+B+C+DJ (2.7)

T 12 713

06bIYHO UCMOMb3YOTCA A1 60/1ee TOYHOro ONncaHuns NoBeAeHNS TEPMUCTOPOB, HYEM
ypaBHeHMe 2.6. HacTHbIl cnyyait ypaBHeHua 2.7, koraa koadduumeHT C paBeH Hy/to, U3BECTEH
Kak ypaBHeHune CreitHxapTta — XapTa. [lns kaxa0ro gat4mka nytem KaamMbpoBKU AONXKHbI ObITb
onpeaeneHsbl KO3 duumeHtsl R, A, B, C (€M MCnonb3ytotca) u D. DKBUBANEHTHLIM 06paTHbLIM
BblpaXkeHMeM A1 TemnepaTypbl ABASETCA C/iefytoLLee:

2 3!
T = A'+B'In[R]+C'In[RJ +D'|n[RJ (2.8)
Ro Ry Ry

roe napameTpbl A', B', C' v D' nonHOCTbIO OTAnYatoTcsa ot napametpos A, B, Cn D
B ypaBHeHunn 2.7. Heo6x04MMO NOMHUTb, 4TO B 060uX ypaBHeHusx 2.7 n 2.8 temnepatypa T
[0NXHa ObITb BbIPaXeHa B Ke/IbBUHaX.

B o6Lem cnyyae obpaTHas bopmyna He Tak TOYHa, Kak npamas, u ec/iv ANa pacyeTa
TemnepaTtypbl UCNO/b3yeTCA KOMMNbIOTEP, TO HaCTO Lienecoob6pasHO NOBTOPATL MPAMYIO
dopmyny (ypaBHeHue 2.7), 4TOObI NONYHUTb NPaBUbHBIN pe3ynbTart. bbino paspaboTaHo
MHOXeCTBO UTEPALMOHHbIX CXeM, KOTOPble 6blI ONTUMU3NPOBaHbI 418 TOYHOCTU N CKOPOCTH,
a HUXe M310XKeH TuNuYHbi noaxod. CornacHo 3Tol npoueaype, CHavana npejnonaraercs,
4TO NpaBu/ibHasa TemnepaTypa HaXOAUTCA B CpeAHel ToUKe AnanasoHa KambpoBKy,

N CONpPOTUBJ/IEHME, COOTBETCTBYIOLLLEE STOMY NPEANON0XEHNIO, PACCHUTBLIBAETCA C NOMOLLbIO
ypaBHeHus 2.7.

Ecnn ato conpoTtuB/ieHne 6onblue M3MEPEHHOTIO, TO AE/Ia€TCA HOBOE NPEANOI0XKEHNE
O TemMneparype B BerHeVI nonoBuHe Anana3oHa Ka)'lVI6pOBKI/I.

Ecnn ato conpoTuB/iEHNE Me€HbLLUE N3MEPEHHOTO, TO A€J/IaeTCA HOBOE NpPeaAno/10KeEHNE
O TemMneparype B HUXHEM NONOBMHE AMana3oHa Ka)'ll/l6pOBKl/I.

Mcxoaa 13 BTOporo npeanonoXeHuns o TemnepaType pacCinTbiBaeTCs HOBOE 3Ha4YeHne
COMPOTUBJIEHNSA, U B 3aBUCMMOCTMN OT BEJIUYNHbI 3TOTO COMPOTUBIEHNSA NO CPABHEHUIO

C U3MepPEHHbIM COMPOTUB/IEHNEM [ieflaeTca TpeTbe NpeanosioxeHne o Temnepartype. [ns
npekpaLleHns npoLecca ntepaLmm AOMXKHbI ObiTb BbINOJIHEHbI KPUTEPUN UTEPaLLUN. Takum
o6pa3om, TemnepaTtypa MOXeT ObITb onpe/esneHa No U3MEPEHHOMY CONPOTUBIEHUNIO

C MCNOJIb30BaHNEM TOJIbKO NPsIMOI hopmynbl 2.7.

2.21.3 Tepmonapeoi

Od ekt 3eebeka onuckiBaeT ABNEHME, NPU KOTOPOM rpagueHT TeMnepaTypbl B MeTanne
NPMBOAUT K MOABAEHMNIO CONYTCTBYIOLLLErO 31EKTPUYECKOro nons. BennymHa conytcTeytoLLero
31eKTPUYEeCKOro Nois BCcerga NponopLmnoHanbHa rpagueHTy TemnepaTypebl, HO 3aBUCUT

oT ko3 puumeHTa 3eebeka, 0bycnoBneHHoro matepuanom u temnepatypoi (Nicholas and
White, 1993; Bentley, 1998). Tak, npoBon0Ka U3 4YUCTOro MmaTepuasa B rpajueHTe TeMnepaTypbl
CaMonpoun3BO/bLHO NpUobpeTaeT Hanps>KeHMe Ha KOHLLaX, BE/In4MHa KOTOPOro paBHa
MHTerpaabHOMy HanpsxeHuto 3eebeka BAOJIb MPOBOIOKU.
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a) b)

) ) «Topaunit>  «Xonoghsiit» &
«XONOAHbIN» cnam AT, o cnan cnai éi' ¢

ATy,
TepmonanpsxeHne

Mposonoka 1
[posonoka 2

PucyHok 2.5. Npwu rpaaueHTte Temnepatypsl (a) Hanps>xeHue reHepupyeTcs (b) no Bcen
ANMHe 060MX NPOBOAOB.

Tepmonapa (pVIC. 25) M3roTaB/IMBAETCA U3 ABYX MPOBOAOB U3 pa3HblX MaTepPKMaioB

C pa3HbiMKn KanJqJVILI,VIeHTaMVI 3ee6e|<a, coeANHEHHbIX Ha OAHOM KOHL,e — TaK Ha3biIBA€EMOM
«ropsa4em crnae». O6bI4HO OTKPbITbl€ KOHLbI CMaeB NMNOAK/II04YaloTCA K KJ1EMMaM BOJIbTMETpPa
BbICOKOIo pa3peLleHuns.

TepMoHanpsxeHne TepMonapbl reHepMpPyeTCa HenPepPbIBHO NO BCel A/IMHE NPOBOA0B. MOXHO
cyYnTaTh, YTO KaxAblli NPOBOJ B TepMOnape UCNbITbIBAET NOC/1e40BAaTEIbHOCTb HEGONbLLMX
nsmeHeHumn Temnepatypsl, AT, (puc. 2.5 a)). MNpu kaxaoit HeGonbloW pasHoCT Temnepatyp AT,
BO3HMKaeT HanpsxeHue AV nponopumnoHanbHoe AT, 1 ko3 duunenTy 3eebeka, S,
06yC/10B/IEHHOMY MaTepuanom 1 Temnepatypoli (puc. 2.5 b)). TepmoHanpskeHne, usmMepeHHoe
Ha OTKPBITbIX KOHLLaX TepMonap, NPONOPLMOHaNbHO Pa3HOCTM TeMnepaTyp Mexay OTKPbITbIMU
KOHL,aMW MPOBONOKN 1 CNaeM TepMOMnapbl, Aaxe eC/IN Ha Cnae He reHepupyeTCs Hanps>XeHue.
O6paTtnTe BHUMaHNE, YTO TEPMUHbBI «FOPAYUIA» N «XONOAHbIV» CMail COBEPLLUEHHO YC/IOBHbI, TaK
Kak TepMonapbl MOTyT U3MePATb TeMnepaTtypy Aaxe Toraa, Korga «ropsa4min cna» xonogHee
«XONOAHOrO cnas».

BaxxHo NOAYEPKHYTb, HTO TEPMOHANPAXEHNE reHepnpyeTcs no BCEN OHe NpoBO4OB
TepMOnapbl N 4HTO HaAMpPAXEHNE HE TEHEPUPYETCA Ha CaMOM Cnae — TaM, rae UsMepAaeTcs
TeMmnepartypa. Cnan TepMonapbl NPOCTO COEAUNHAET ABa NMpPoBO4a TEPMONapbl BMECTE N MOXET
ObITb noJjiy4eH nyTemMm CBapku niun cnamku AOBYX MPOBOJIOK. HEO6XO,CI,I/IMO TO/NbKO CO34aTb
OO0CTAaTO4YHO MPOYHOE 3/1EKTPU4HECKoe coeanHeHne mexxay npoBOJ/IOKaMu.

MpoBoaa TepMonapbl MOXHO MPOBECTU OYEHb Y3KO, a Cnaun cAeflaTb O4eHb MasleHbKNMU,

4yTo ob6ecneymBaeT TPU NOTEHLMAJbHBIX MPenMyLLecTBa. Bo-nepBbix, MOXHO U3roTOBUTb
Tepmonapsbl, BpeMs OTK/IMKa KOTOPbIX B BO3Ayxe 6yAeT 3Ha4NTe/IbHO MeHbLLE OAHOM CEKYHAbI.
Bo-BTOpbIX, Manbii pasMep Takxe yny4dlaeT Tenoo6mMeH C BO34yXOM, YTO MPUBOANT

K MEHbLUMM MOrpeLlHOoCTAM npun 061y4eHnn Tepmonapsl (Bugbee et al., 1996). HakoHed,
CHuxaeTca 3¢peKT TENJONPOBOAHOCTM BAOJIb NPOBOAOB TEPMOMNapbl.

Tepmonapbl U3roTaBAMBaOTCA NGO U3 «MPOCTbIX MeTa10B» (06bIYHO CMJIaBbl MEAN NN
HuKens), NM6o n3 «6naropoHbix MeTann0B» (06bIYHO CMaBbl NAATUHBI, POAUSA AN 30/10Ta).

B MeTeoponornyecknx npMMeHeHnsax UCNosib3oBaHne TepMonap 13 61aropoAHbIX MeTal/IoB

He faeT npenmyLLecTs. Tepmonapbl 06bIYHO NprobpeTatoTca B BUAE FOTOBOrO U34enuns C ABYyMS
npoBoAaMu, NnpeaBapuTeIbHO BbIOPaHHbIMU U3 CTaHAAPTHbIX KOMOMHALMI CNIaBOB, KOTOPbIEe
nMetoT 6ykBeHHOe 0603Ha4veHe.

B meTeoponornyeckux npuMeHeHnax Hanbonee 4acTo UCMO/b3YOTCA CaeaytoLme TUnbl
no knaccudukaumm MK 60584-1:2013:

- Tnn K: nsrotasnmeaercsa u3 AOBYX HUKENNEBbLIX CMJ1aBOB — XPOMEJIA U a/llOMeNA;
- T™n ]I MN3roTaB/INBAETCA U3 XKeNE3a N KOHCTaHTaHa (Meﬂ,HO-HVIKeJ'IeBbIVI CI'I}'IaB);

- Tnn T: n3rotaBamMBaeTcsa U3 Mean U KOHCTaHTaHa.
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B meTeoponormnyeckom grnanasoHe Temnepartyp UCnosb3oBaHne TOro Wian A4pyroro tmna

He faeT 0cobbix npenMyLecTs. Tun K aBnsercsa Hanbonee pacnpoCTpaHeHHbIM, U NPK
Temnepatype 20 °C oH Npon3BoANT cUrHan npnéansntensHo 40 mkB °C. Tun | nmeet 4y Tb
601ee BbICOKYIO HyYBCTBUTENbHOCTb (Npnban3ntenbHo 50 MkB °C'), HO YacTb U3 YNCTOrO Xenesa
NnoTeHLMasbHO NOABEPXEHa KOPPO3UM NPU AANTEIbHOM BO3AeACTBUM. Tun T nmeeT Takyto xe
4yBCTBUTENbHOCTb, Kak 1 TMN K, HO MegHas NpoBONOKa UMEET BbICOKYIO TENI0NPOBOAHOCTb, YTO
MOXeT NPUBECTM K OLLMOKAM NPU HEKOTOPbIX 06CTOATENbCTBAX.

Ta6}'II/ILI,bI 3aBUCMMOCTU TEPMOHAaNPAXeHnA oT TeMnepatypbl 4NA CTaHAAPTHLIX TUMOB TEpMOMNap
MOXHO MOJly4unTb y npomsso,u,menel‘/’l M B OpraHax no ctaHAapTuU3aLnn.

2.2.2 Mopsapok npoBeaeHUsi USMEPEHUN
2.2.21 nekmpuyeckue mepMomempbol CONPOMuUE/IeHUs

3}'IeKTpVI'~IeCKl/Ie TEPMOMETPLI CONPOTUBIEHNA MOTYT NOAKJ/TIO4ATbCA K pa3/1IM4HbIM
INNEKTPUHECKNM UIMEPUTE/IbHBIM LENMAM. MCTOpMLIECKVI C/1OXKUNNOCb TakK, 4TO MHOIMe BapuaHThl
MOCTOBbIX CXEM A1 N3MePEHNA CONPOTUBNIEHNA NCMOJIb30OBA/INCb Kak B pPaBHOBECHOM, Tak

M B HEpPaBHOBECHOM BUAE. B Takmnx cxemax ogHo M3MEPEHNE HaNPAXKEHNA NN TOKa NMO3BOJIAET
CpaBHUTb HEN3BECTHOE CONPOTUB/IEHNE TEPMOMETPA C U3BECTHBIMU 3TAa/IOHHBIMU PE3NCTOPaMn,
HE 3aBUCALLNMU OT TEMIEPATYPBbI.

OTAnYHoe paspelueHne 1 IMHENHOCTb COBPeMeHHbIx ALLI, a Takxe n3meputenbHbIN KOMNOHEHT
B BO/IbTMETPax U My/ibTUMETpax NO3BOJISOT MCNO/1b30BaThb a/iTepHaTMBHbIE NOAXOAbI.
Heun3BecTHOe conpoTuBieHNe TEPMOMETPa OLLEHMBAETCA NO pe3y/ibTaTam ABYX MU3MEPEHN;
n3MepeHue Toka, MpoTeKaloLLLEero Yyepes AaTYnK TemnepaTypbl; U USMepPeHME HanpsXXeHns

Ha JaTyuMKe TemnepaTypbl. 9TO NO3BOSAET U3MepPATb conpoTuBaeHne okono 100 Om

C MOrPEeLHOCTbIO BCErO B HECKO/IbKO MOM.

Heobxoanmo Takxe y4mTbiBaTb CONPOTUBJIEHME MPOBOAOB, COeAMNHSAOLWMX AaT4ymk ¢ ALLTM.
OG6bIYHO 3/1eKTPUYECKOE CONPOTMB/IEHME TaKUX MPOBOAOB COCTaB/SeT HECKOIbKO AeCATbIX
poneri oMa Ha meTp. Ans patynka Pt100 gononHutenbHoe conpoTtusnexme B 0,39 Om
akBMBaneHTHo owmnbke B 1 °C. NMosTomy ana gat4mkos Pt100 Heo6x0AMMO NPOBOANTD
N3MEpPEHMS C MOMOLLLbIO HYeTbIPEXNPOBOAHON KOHMUrypaLmn, B KOTOPOK AOMNONHUTE/IbHAsA Napa
NpoBOAOB onpeaenser HanpseHue (puc. 2.6).

MorpelHocTb TepMUCTOpPa, 06yCNOBAEHHAA COeANHUTE/IbHBIMU NPOBOAAMMU, CUIbHO
KonebneTcs B 3aBMCMMOCTM OT TemnepaTypsbl, HO, Kak MPaBuIo, OHa ropas3fo MeHee
3HaymTeNbHa, YeM ans paatyvkos Pt100. Ans natumka c R =1 kOm n temneparypon = 3700 K,
nokasaHHoro Ha puc. 2.4, npu -20 °C conpoTnsneHune gat4mka coctasnset 9,08 kOw,

a YyBCTBUTENbHOCTb -542 OM °C, T.e. usmMeHeHue coctasnset 6,0 % °C’, B To BpeMs Kak

npu 20 °C conpoTtuBnieHune aatynka coctasnset 1,24 kOM, a 4yBCTBUTENbHOCTb -55 OMm °C7,
T.e. U3MeHeHue cocTasnseT 4,4 % °C'. Takum obpasom, npu -20 °C gononHnTebHOE
conpotusnenue 0,39 Om skBMBaneHTHo norpewHoctn 8 0,0007 °C, a npn 20 °C —
norpewHoctn B 0,007 °C, 4TO BO MHOTMX C/IyHasx MOXHO CYMTATb HE3HAYUTEbHbIM.

Oatunmk Pt 100
Tok ~1 MA

OmmeTp /7

108,01 Om é O M3mepeHune HanpsxeHus
0 O
\--__

PucyHok 2.6. YeTbipexnpoBoAHas cxeMa A8 CHATbIBaHMSA NoKa3aHun gatymka Pt100
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YT06bl COXPaHUTb NPEMMYLLLECTBA TEPMUCTOPOB, TaKne Kak 6bICTPbIN OTK/IMK U BbICOKUI
ko3 puUMeHT Tennonepeaayn, Ho 3bexaTtb HeOCTaTKOB BbICOKOTO ANHAMUYECKOrOo
AnanasoHa U MEHSAIOLLLENCA YYBCTBUTENbHOCTW, TEPMUCTOPBI YaCTO UCMO/b3YIOTCA B CXEMaxX
«NnHeapusaumm». CyulectsyeT 60/bLLIOE KOIMYECTBO TaKMX CXEM, HO Camas NpocTas U3 HUX
COCTOMT U3 NapannenbHoro noctosaHHoro pesucrtopa (White, 2015, 2017).

2222 Tepmonapeoi

NcTopuryeckn TepmMonapbl MCNOb30Ba/INCh B CaMblX Pa3/INYHbIX KOHUIypauusax, B KOTOPbIX
OTKPbITbl€ KOHLLbl TEPMOMapbl — TaK Ha3blBA€MbII «XOJIOAHbIN Can» — HY>XHO 6blJI0 NOrpyKaTtb
B Tatowwmin nea (puc. 2.7 a)). 3atem Temnepartypa rops4ero cnas Bbl4ncasnach U3 CTaHAapTHbIX
Tabnuu AN napbl METaNI0B, UCNO/b3yeMbIX B TepMonape. Ha npakTuke nogaepXmsaTtb TOUKY
3amep3aHunsa Heyao6Ho, 1 cernvac 3To JeflaeTcsa KpanHe peako.

BMecTO 3TOro M3mepeHus COOTHOCATCA C TemnepaTypoit kiemm LmMdpoBOro BoibTMETpPa.

B 3ToM MeTOze€, KOTOPLIN Ha3blBAETCA KOMMNEHCALMen X0N04HOro cnas, Heo6XxoANMO N3MepsATb
Temnepartypy kJeMM Bo/ibTMeTpa € nomoLubio Tepmuctopa uam NTC (puc. 2.7 b)). 3atem
paccymTbIBaETCA AOMNOMHUTENIbHOE OXMAAEMOe HanpshkeHne TepMonapbl NPU NCNOJIb30BaHNN
TOYKM 3aMep3aHus, KOTopoe A06aBSeTCAa K U3BMEPEHHOMY HaMpsXkeHUto. 3aTeM 3Ta CymMma
NCnonb3yeTcs A5 onpeaeneHns Temnepartypbl C NTOMOLLbIO MHTEPNOALMY CTaHAAPTHbIX
Tabauu. Npu Ccnosib30BaHMM KOMNEHCALLUM XON0A4HOTO cnas Heob6xoaAnmo cobatoaaTb 0Ccobyto
OCTOPOXHOCTb B6/1M31 CTbIKOB BOJIbTMETPA, rAe Hebo/bllas pa3sHOCTb TeMnepaTtyp Mexay
K1eMMaMM MOXET Bbi3blBaTb Mapa3nTHblE HaNPsAXeHNS.

OO6bIYHO MOKYMNHas TepMonapa UMeeT HeAOCTaTOYHYO AJINHY A1 NOAKAIOYEHUS K BOJIBTMETPY
B M30/IMPOBAHHOM OT BO3eMNCTBMSA OKPYXKaloLLLel cpeabl KOPMyce, 1 4151 3TOFO HYXeH

Tak Ha3blBaeMbI «yAJIMHUTENbHbIN Kabesib». Kak 0TMe4anoch Bbille, TepMOHanpsixeHne
reHepupyeTcsa no BCel AJIMHE TepMonapbl, BKA0Yaa Nto0601M yanMHUTENbHbIN kabeb.
lMockonbky TemnepaTypHble rpagueHTbl B kabene HepeaKko Bbille BCero B6/m3m

OrOpPOXEHHOTO MPOCTPaAHCTBA, rae HaxoauTca o6bopyaoBaHue 419 c6opa AaHHbIX,
TEPMOHaMNpPsXeHUs, reHepupyeMble B ya/IMHUTEIbHOM Kabesie, HaCTO/IbKO e CYLLLeCTBEHHBI,
4YTO N TEPMOHANpPAXeHUs, reHepupyeMble B6JIM3K ropsayero cnad Tepmonapsl. 1o ato npuynHe
TepMonapbl 06bIYHO He BbIOMpPatoT A1 06bIYHOMO METEOPOJIOTMYECKOrO UCMOJIb30BaHMA.

B meTeoponorumn TepmMonapbl MCNOb3YOTCA A1 TEPMOMETPUM B IBYX OCOBbIX CydasX.
Bo-nepBblx, OHN MCMOABL3YIOTCA TOrAA, KOrAa A8 0Co6bix UCCNefoBaTeIbCKMX 3a4au
Heo6Xxo04MM TEPMOMETP C Masio Maccol U O4eHb Masioli NOCTOAHHOM BpeMeHn (CM., HanpuMep,
Bugbee et al., 1996). Bo-BTOpbIX, OHV NPUMEHSAIOTCS A1 M3MEPEHUS HeOONbLUNX Pa3HOCTEN
Temneparyp; 4719 3TOro TepMonapa noAkato4aeTcs BCTPEYHO Kak ABe TepMonapsbl (puc. 2.8 a)).
B TakoW KOHUTypaLunmn nsmepsemoe HanpsxkeHne 4yBCTBUTEbHO TOIbKO K Pa3HOCTU
Temnepartyp AByx cnaeB. «<TepMo3anekTpuyeckas 6atapes» npeacrasnser co6oi MoamdukaLmio

a) b)
«lopsaunii» cnan «lopsaynii» cnai

KomneHcupytoLwmii TfepMomeTp
«X0/104HOro» cnasa
|

0,803 mB

PucyHok 2.7. Cxembl AN CHATbIBAHUS NOKa3aHM TepMonapbl: a) O4HO U3 HECKO/IbKUX
TPaAULLMOHHbIX TPUCNOCO6/1eHNIA, B KOTOPOM XOJIOAHBIM CNal Norpy>kaeTcs B TalOLWMiA nen;
b) coBpemeHHbI BapuaHT, B KOTOPOM TepMUCTOp uan TepmomeTp Pt100 nsmepser
TemmnepaTypy «X0J/IO4HOro cnas».
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a) T b) T,
1
BonbtmeTtp BonbtmeTp
: ooos
0,803 mB 0,803 mB
3 G o
T, T

PucyHok 2.8. cnonb3oBaHue Tepmonapsbl B auddepeHunanbHOM pexume:
a) anddepeHuman mexay AByMs cnasamu; b) TepmoanekTpuyeckas 6atapes

anddepeHumanbHon Tepmonapsbl (puc. 2.8 b)) n coctomT 13 60/1bLLOTO KOANYecTBa
anddepeHLmanbHbiXx TepMmonap, COeMHeHHbIX Noc/ieA0BaTeNbHO. BoixogHOe HanpsaKeHne

oT TepmobaTtapen 13 N cnaes B N pa3 npesbilLaeT BbIXOAHOE HanpsXXeHne oT 04HOM TepMonapsl,
a ans 10 cnaes oHo MoxeT Npubanxkatbcs k 400 MkB-°C'. 2To No3BONSAET C BbICOKUM
pa3spelleHnem onpeaensaTb O4eHb Masible Pa3HOCTU TemnepaTyp, HanNnpuMep, Takme, KoTopble
BO3HMKAIOT B NMpaHOMeTpe.

223 PasmeujeHne  ycTaHOBKa

O6wwme Tpeb6oBaHUA K PpasMELLEHUIO N YCTaHOBKE TEPMOMETPOB OonncaHbl B pasgene 2.1.4.2.
[ononHuTenbHble TpeboBaHMA BKIIKOYAIOT CeayloLlee:

a) M3MepeHue IKCTPeMasbHbIX TemnepaTyp: eCn 3NEeKTPUYECKUA TEPMOMETP COEANHUTD
C HenpepbIBHO AeNCTBYIOLLLE CUCTEMOM 3aMMUCK AaHHbIX, TO MakCUMasbHble
N MUHMMalbHble TepMOMeTpbl 60/bLUE He NOTPebytoTCs;

b) wun3MepeHue npusemMHbIx Temnepatyp (MUMHMMAaJbHbI TEPMOMETP ANS U3MepeHUs
Temnepartypbl OrONE€HHON MOYBbI UM TPABOCTOA): NO CBOUM paAnaLMOHHbIM CBOMCTBaM
3neKTpruYeckre TepMOMETPbI OTINHAIOTCA OT XUAKOCTHBIX CTEK/IAHHBIX TEPMOMETPOB.
dneKTpUYeckme TEPMOMETPbI, yCTaHOBJ/IEHHbIE /19 U3MEPEHNS MUHMMaNbHOWN
TemnepaTtypbl BO3Ayxa B TpaBoCTOe (MM Ha APYroi NOBepXHOCTH), byayT 3anmcbiBaTb
3Ha4YeHMs TemnepaTtyp, OT/IMYHbIE OT MOKa3aHWM, yCTaHOBEHHbIX TakMM e 06pa3om
06blYHbIX TEPMOMETPOB. DTN Pa3/INYUA MOXKHO CBECTU K MUHUMYMY NOCPEACTBOM
YCTaHOBKMW 3/1€KTPUYECKOro TepMOMETPa B CTEK/IAHHOM 3aLLMTHON OnpaBe Toro e
AnameTpa, YTO 1 3aMeHseMble TEPMOMETPbI;

C) M3MepeHMe TemnepaTypbl MOYBbI: 31EKTPUYECKME TEPMOMETPbI MOMELLLAIOTCS B IATYHHbIE
onpasbl U MOrpyXatoTca Ha Heo6xoAUMYO MyOUHY B HEHapPYLUEHHbI BEPTUKaJIbHbIN
C/I0OM MOY4BbI, MOJIyYEHHBI B pe3ynbTaTte NPOXOAKN OTKPbITbIM CMOCO60M. DneKkTpruyeckme
coeIMHeHMs NMOMeLLatoT B N1aCTUKOBble TPYOKU, Npoxoasiune B Lypde, KOTopblli 3aTeM
3aMoJIHAT TakuM 06pa3oM, YTOObl MO BO3MOXKHOCTM BOCCTAHOBUTb MepBOHaYasbHbI C10M
MOYBbI U €€ APEeHaXKHble XapaKTEPUCTUKM.

2.2.4 NCTOYHUKMU OINGKM

2.241 nekmpuyeckue mepMomempbol CONPOMUE/IeHUs

OCHOBHbIMU UCTOYHUKAMM I'IOFpeLIJHOCTeVI npun n3mMepeHnn TeMnepatypbl 31EKTPNHECKNMUA
TEpMOMETpPpaMn CONPOTUBJTIEHNA ABNAKOTCA:

a) CamoHarpeBaHuVe 3/1eMeHTa TEpMOMETPa;

b) HeaeKBaTHadA KOMNeHcauunsa CoOonpoTmB/1€HNA BbIBOAOB;
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C) HeadeKBaTHada KoMneHcaunma HEeJIMHENHOCTH AaTtyunka nian o6pa6aTb|Ba|ou.|,ero an6opa;
d) pe3kne NSMEHEHNA KOHTAKTHOIO COMPOTUB/IEHUA NMPU NEPEKTHOYEHUN.

CamoHarpeBaHue NpoONCXOAUT BCI1EACTBMUE TOTO, YTO NPU MPOXOXKAEHNN TOKA Yepes3 I1eMeHT
CONPOTUBJIEHNSA OH HarpeBaeTCs 1, CnefoBaTebHO, TemnepaTypa 3/ieMeHTa TepMoMeTpa
CTaHOBUTCA Bbllle, YeM TemnepaTypa okpyxatoLen cpeabl. [pu Toke B 1 MA (10 MA) B faT4mke
Pt100 Harpes coctaBnset npnbansntensHo 0,1 mBt (10 MBT). 115 natymka anamMeTpom 6 Mm

n annHoi 30 MM npu ckopocTh BeTpa 1 M-C' k03pULMeHT Tenonepeaaymn cocTaBuT
npu6ansnTtenpHo 40 Btm2-K', a pe3ynbTupytolmin Harpes gatyiunka coctasut ot 0,004 K go 0,4 K.

ConpoTtusneHune coeAnNHUTEIbHbIX NPOBOAOB BHOCUT NOrPELLHOCTb B MOKa3aHMUA TepMOMeTpa.
DTa NorpeLHoCcTb CTaHOBUTCA 60Jiee 3Ha4MTeNbHOM NPK ANIMHHBIX NPOBOAAX, HaNpuMep, Koraa
TEPMOMETPbI CONPOTMBIEHNSA PACMONOXKEHBI HA HEKOTOPOM PACCTOSAHUN OT U3MEPUTE/IbHOTO
npubopa; pasnyHble NOrPeLLIHOCTM BO3HUKAIOT TakXe NPy U3MEHeHUM TemnepaTtypbl kabens.
[na yMeHbLUeHNA NOrpeLHOCTeNn HaCTOATE/IbHO PEKOMEeHAYeTC NCMONb30BaTbh U3MEPEHNS

C NOMOLLbIO YeTbIpexnpoBoAHbIX TepmomeTpos Pt100.

Hu anekTpmnyecknii TepMomMeTp CONPOTUBAEHNS, HU TEPMUCTOP He OTBeYatoT TpeboBaHUAM
JINHEMNHOCTU BO pacllMpPEeHHOM Auana3oHe niMepsembix TeMnepaTyp. Ecav ansa anektpuyeckmnx
TEPMOMETPOB CONPOTUB/IEHNSA BbIXOAHOM CUIHA/T MOXHO CHMUTaTb NPUGAMKEHHO INHENHBIM
AN OrpaHNYeHHOro Anana3oHa, To 418 TEPMUCTOPOB HEO6X0AMMO NpeayCMOoTpeThb
COOTBETCTBYIOLLYIO KOMMEHCaLNIo Taknux HennHenHoctel (White, 2016).

Mo Mepe CTapeHns nepekmoanenel‘/’l MOTYT BO3HUKHYTb pe€3Kne MsMeHeHNA KOHTaKTHOro
CONPOTUBJIEHNA NPU NEPEKTHOYEHNN. MN3meHeHNs MOTYyT BapbnpOBaTb 1 MOTYT OCTaTbCA
HE€3aMe4Y€HHbIMU, €C/IN HE MPOBOANTL PErysisspHblie NOBEPKU CUCTEMbI (CM. pa3aen 225)

2.24.2 Tepmonapeoi

OcHoBHas HeonpeaeneHHOCTb, BO3HMKalOLW,as Npu UCMoAb30BaHMUM TepMonap, CBsi3aHa

C pacnpegeneHHbIM XxapakTepoM reHepaLnumn TepMoHanpsxeHns. Kak nokasaHo Ha pucyHke 2.5,
n3MepsieMoe HanpsXkeHne reHepupyeTcs No BCel A/IMHe TepMonapbl BMeCTe C ee
YANVHUTENbHBIMM NpoBoAamu. [115 3TOro coctas CrnJjiaBa TOHKUX NPOBOJIOK JO/KEH ObITb
KpaviHe 0o4HOPOAHbBIM. Kpome Toro, 3aTem Tepmonapy Heo6xoANMO 0TKaIMbpoBaTh C y4eToM
TemnepaTypHblX rpajMeHTOB, KOTOPbIM OHa OyAeT NnoABepraTbCs B NpoLecce IKCNayaTaLnm.

Kpome TOro, BTOprM4HOE n3MepeHune TemnepaTypbl, UCNOab3yeMoe A1 KOMMeHcaLmnm
XO/04HOrO Cnas, BHOCUT HEM3BECTHYIO NOrPELLHOCTb, OCHOBAHHYIO Ha OKPYXatoLlen cpeae
ALLTT B BONBTMETPE MK cncTeme c6opa AaHHbIX.

ﬂ,)’lﬂ METEOPOJ/IOTNHECKNX YCTAaHOBOK Heu,enecoo6pa3Ho NpoOBOAUTb HaA1eXallyto Ka}'ll/l6pOBKy,
a 3quJeKTI/IBHOCTb KOMMEeHCaUunn Xxo1o04HOro cnas HeJib3a OUEHUTb 6e3 ,CI,OI'IO)'IHI/ITe)'IbHOf;I
VIHCIZ)OpMaLI,VIVI. Mo atnum npnirMHaM He peKOMEHAYETCA NPUMEHATb TEpMONapbl AN1A

B CTaHAAPTHbLIX METEOPO/IOTNHECKUX MTPUMEHEHUAX.

2.2.5 CpaBHeHMe u KaMGpoBKa
2.2.51 nekmpuyeckue mepMomempbol CONPOMUE/IeHUs

Heob6xoanmo perynspHo nposoAnTb KanMBpPOBKY TEPMOMETPOB B 1a60PaTOPHbIX yCI0BUAX
B MOBEPOYHbIX JabopaTopusx, MeroLunx akkpeantaunio MCO/M3IK 17025. TepmomeTpsl
cnepyeT CpaBHMBATb C 3TA/IOHHBIMU TEPMOMETPaMM, YTO OObIYHO OCYLLECTBSETCA

B MepemeLlBaemMon XnAKom BaHHe, KaMepe MCKYCCTBEHHOTO K/IMMaTa Man Cyxo67104HOM
kanmbpatope B He06X04MMOM AnanasoHe Temnepatyp. JononHuTtenbHaa nHgopmaums
npueoaunTca B 2.6.
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lMockonbky n3mepuTenbHbIN NPUOOP SABASETCA COCTABHOM YaCTbiO 3/IEKTPUYECKOTO
TepMoMmeTpa, TO ero rpalyMpoBky Heo6x0ANMO NPOBEPUTb, 3aMEHNB TEPMOMETP
CONPOTUBJIEHNSA MPELMU3NOHHBIM OTKaIMOPOBaHHbIM 3Ta/IOHOM CONMPOTUB/IEHNI N yCTaHaB/IMBas
COMpPOTUBJIEHMSA, SKBUBAIEHTHbIE NpUpalleHnam Temnepatypbl (Hanpumep, 10 K) B npeaenax
paboyero Anana3oHa temnepaTtypsbl. [lorpelwHocTb B 110601 ToYke He Ao/kHa npesbiwaTth 0,1 K.
OG6bI4HO 3Ta paboTa BbIMOHAETCA CNELNAIMCTOM TEXHUYECKOM CTyXObl.

2252 Tepmonapeoi

[na KannbpoBKM U NPOBEPKN TepMonap Heo6x0AMMO NOALEPXKMBATb FOPSYME U XONOAHbIE
cnav Npv TOYHO U3BECTHbIX TeMMepaTypax U U3MEHATb rpaZieHT Mex Ay 3STUMU TeMnepaTypamu
[N OLLeHKM HeoHOopoAHOCTU ko3 duuneHTa 3eebeka. Cnocobbl U cpecTBa U3IMEPEHUS,
HeobxoaMMble AN NPOBeAeHUs 3TOM PaboTbl, O4eHb cneundUyHbl 1 34eCb He NPUBOASATCS
(Bentley, 1998; Nicholas and White, 1993; ASTM, 1993).

2.2.6 MonpaBku

I'IpM N3rOTOBJIEHNU SNEKTPUYHECKNE TEPMOMETPLI 40/1>)KHbI COMPOBOXAAaTbCA OAHUM
n3 cneayrounx LOKyMeHTOB:

a) nacnopT C yka3aHnem Aarthbl, I'IO,EI,TBep)K,CI,aIOLLI,VIVI COOTBETCTBUE ONnpeaeNeHHOMY CTaHAapPTy,

b) cBMAeTenbCTBO O MOBepKe C yKka3aHWeM AaTbl MOBEPKU U 3HAYEHMN pakTUHeCKOro
CONPOTUBJIEHNA UK TeMnepaTypbl (C UCNO/Ib30BaHNEM CTaHAAPTHLIX MapamMeTpoB
Kannenpapa — BaH [lbto3zeHa M3K) B penepHbix ToUYKax AMana3oHa TeMneparyp.

DT 3HaYeHMA CONPOTMBEHUS/TeMNepaTyp AO/IXKHbBI NCNONb30BATLCA A1 MPOBEPKMU
NOorpeLHoCT! n3MepuTeIbHOro Npubopa nnn nHtepderica cMcTemsl 40 1 BO BpeMA
pa6oTbl. 3Ha4YeHNe OTKJIOHEHMS CONPOTUBIEHUS OT HOMUHAILHOTO O6bIYHO HE AOKHO
npesbillaTh 3KBMBAJIEHTHYIO eMy TeMnepaTypHyto norpewwHocTts 0,1-0,2 K.

Mocne kaxaon kannbposkmn ana aatymka Pt100 6yaet chopmmpoBaHa TabanL,a 3HaYeHU
conpotussienuns, R, npu 3agaHHbix Temnepatypax T,. ITv 3Ha4€HUS MOXHO UCMO/b30BaThb

Ans coctassieHns Tabanubl nonpasok (AR, unn AT) Anst NCNONb30BaHMSA C TEDMOMETPOM.

Ha ocHOBe 3TVX AaHHbIX KaIMOPOBKN MOXKHO NPOBEPATb COOTBETCTBME KOHKPETHOMY CTaHAapTy
(Hanpumep, M2K 60751), knaccy nam gnanasoHy gonyckos. OgHako, 4To6bl MPaBUJIbHO OLEHUTb
COOTBETCTBME B Mpejesiax Anana3oHa Aonycka, Noab30BaTe N AOKHbI 4OMOTHUTEbHO
YUUTbIBATb B/IMSHME NOrPELIHOCTU U3MEPEHWs, U, CBA3aHHOTO C Kanmbposkon. Cneayet
paccMOTpeTb TpU cayyas:

- B nepsom c/iyyae nonpaska + 1, MOJIHOCTbIO NONaAaET B ANAna3oH COOTBETCTBMSA. B 3TOM
cnyvae TepMOMETP MOXeT ObITb MPU3HaH COOTBETCTBYIOLLNM cneumdukaumnn. B stom
cnyyYae TepMOMETP MOXKHO BEPHYTb B 9KCM/lyaTaL IO U BLIYNCAATL €ro Temnepartypy
no ctaHgapTHow kpueoit MOK 60751 co ctanHaapTHbIMKU k03 duumeHTamm KanneHpapa —
BaHn [bto3eHa. [1ns npumepa Ha pucyHke 2.9 Tak Npon30onAeT npu NOrpeLHocTu
u,=0,05°C.

- Bo BTOopoM c/iy4ae nonpaska +* 1., BOO6LLEe He NonajaeT B Anana3oH COOTBETCTBUS.
TepMomeTp MoXeT 6biTb MPU3HAH HECOOTBETCTBYOLWMM cneundukaunm. B sTom cnyyae
TEPMOMETP HeJib3d BEPHYTb B IKCMN/yaTaluto, a 4aT4nk obbl4HO BbiGpacbiBaeTCs.

- B TpeTbem cnyyae nonpaska + 1, NepPeKPbLIBAET AMana3oH COOTBETCTBUSA, TakK YTO
NPUCYTCTBYET 3Ha4YNTEIbHasA BEPOATHOCTb TOTO, YTO AAaTYMK HE COOTBETCTBYeT
TpeboBaHuMAM. B 3TOM ciyvae ganbHelillne AeNCTBUSA 3aBUCAT OT CTENeHU NepekpbiBaHms.
Ecnu, no oueHke, BEPOATHOCTb HECOOTBETCTBMSA A4OCTAaTOYHO Masia, TEPMOMETP MOXeT 6biTb
BO3BpALLLEH B 3KCMyaTaLmio, a ero TemnepaTtypa onpejeneHa no CTaHAapTHOM KPUBOW
M3K 60751 co ctaHpaapTHbIMU ko3 PpuruneHTammn Kannengapa — Ban [Jbto3eHa. Ans
npumepa Ha pucyHke 2.9 Tak nponsonaet npu norpewHoctn u, = 0,15 °C.
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a) b)
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PucyHok 2.9. CxeMbl NpUMEHEHUS NONPaBOK, MOJIy4Y€HHbIX Ha OCHOBE AaHHbIX Ka/IM6POBKMU:
a) ctyneH4artas; b) nuHeHas

O6paT|/|Te BHUMaHWME, 4HTO COOTBETCTBUE NJTN HECOOTBETCTBMNE MOXET 3aBUCETb
oT KOIB(beI/ILI,I/IEHTa OXBaTa, NPpUNNCbIBA€MOro NOrpewHoCcTn.

B npocTeiiein cxeMe, B KOTOPOM NPUMEHSIOTCA MONPaBKK, MpeanoiaraeTcs, 4To MoNpasBKu
npv onpeaesieHHON TeMnepaType NPUMEHSAIOTCA KO BCEM TemnepaTypam, KOTOpble HaxoaaTcA
6711Ke K 3TOM TOYKe Ka/IMOPOBKK, HeM K 11060 Apyroi ToHke KaIMbpoBku. Takum obpasom,
TemnepaTtypa onpeaensercs No CONPOTUBAEHMIO C MOMOLLLbIO CTaHAAPTHOM KPUBOWM, a 3aTeMm
pobasnsgeTtca nonpaska. Hegoctatok 3ToM cxembl (puc. 2.9 a)) 3akat04aercs B TOM, 4TO

Ha KPUBO 3aBMCMMOCTU TemnepaTypbl OT CONPOTUB/IEHNSA NOCEPEANHE MeX Ay ToYKamMu
KannbpoBKM BO3HMKAET pa3pblB.

JIvneHas nHTepnonauma yny4yaeTt NpocTyto cxemy nonpasok (puc. 2.9 b)). Nonpaska,
npuMeHsaemMas K KOHKPETHOMY U3MEPEHUIO, PaCCHNTLIBAETCS NyTeM JIMHENHOW MHTEPNONAL MK
MeX/y nonpaskamu 13 To4ek KanMbpOoBKU BblLle 1 HMXe BbiIOpaHHON TeMnepartypbl.
MpenMyLLLeCcTBO 3TOrO MeTOAa COCTOUT B MONYYEHUM HENPEPBLIBHOW KPUBOI 3aBUCUMOCTU
TemnepaTtypbl OT CONPOTUB/IEHNS.

Bonee cnoxHas o6paboTka AaHHbIX 3aK/104AETCSA B UCNOJIb30BAHUN STUX AaHHbIX 415 CO34aHUS
nonb3oBaTesbCkux NnapameTpos KanneHgapa — BaH [bto3eHa 4151 KOHKPETHOro TepMOMeTpa.
Jta npoueaypa onuncaHa B (Nicholas and White, 1993).

227 O6cnyxuBaHue

PerynspHble NpoBepKn B yCOBUAX SKCMNyaTaL MW AOSIXKHbI BbIABAATb JIl0ObIe MU3MEHEHUS

B rpagyvpoBske cucteMbl. OHU MOTYT ObITb Bbi3BaHbl U3MEHEHUAMM D/TEKTPUYECKNX
XapakTepPUCTUK TEPMOMETPa CO BpEMEHEM, CTapeHMeM 31eKTpUYeckmx kabenen nnm nx
COoeMHEHN, N3MEeHEHNEM KOHTaKTHOrO CONPOTMB/IEH NS NepektodaTeneit Uan 3NeKTpUYeckmx
XapakTepUCTUK N3MepuUTebHOro 060pyAoBaHuA. [Jn1g TOYHOro onpeaeeHns NCTOYHMKA Taknx
NOrpeLHOCTEN N NX KOPPEKTUPOBKK TpebyeTcs cneumansbHoe 060pyaoBaHNe 1 obyyeHue, 1 3Ty
paboTy fO0/KEH BINONHATL TONbKO COTPYAHUK MO TEXHNYECKOMY 06CYXKUBAHUIO N PEMOHTY.
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23 XXNAKOCTHbLIE CTEK/IAHHbIE TEPMOMETPbI

PTyTHblE CTEKNSAHHbIE TEPMOMETPbI NOYHMIN LLMPOKOE PACNPOCTPAHEHME, HO MOC/IE MPUHATUSA
MuHamatckoi KoHBeHUUKM 0 pTyTh (cM. 2.1.4.5) oHuM 6onblue He pekoMeHaytoTca. HMTIC
pekomMeHayeTCs NPUHATb Haaexalle Mepbl /15 3aMeHbl PTYTHbIX CTEK/IAHHbIX TEPMOMETPOB
Ha COBpeMeHHbIe a/lbTepHaTUBbI (Hanpumep, 31eKTpUYeckme TepMOMETPbI CONMPOTUBAEHNS).
YuuTbiBas 10, Kak pa3BrBasiaCb TEPMOMETPMSA B MPOLLIOM U OCTaTOYHOE UCMOb30BaHme
PTYTHbIX CTEK/IAHHBIX TEPMOMETPOB, C/IeAYIOLLNN TEKCT TakXKe OTHOCUTCA U K PTYTHbIM
CTeK/IAHHBIM TEPMOMeETPaM.

2.3.1 O6u e NoNoKEeHUs

[ns 06bl4HBIX Hab/IlOAEHWI 3@ TEMNEPaTY POV BO3AyXa, BKJIOYAs MaKCMMasbHYO

1 MUHUMasIbHYIO TeMMepaTypy, a Takxe TeMnepaTypy CMOYeHHOro TepMOMETPa, BCe ellle
LLIMPOKO MCMOMb3YIOTCS XKUAKOCTHbIE CTEK/ISIHHbIE TepMOMeTPbI. [prHLMN paboTbl Takmx
TEPMOMETPOB OCHOBAH Ha Pa3/IMYHOM TEPMUYECKOM PaCLUMPEHUN YNCTOM KUAKOCTH

N CTEKNISAHHOTO pe3epByapa. Kanunnsp npeacraensiet coboi Tpy6Ky, TOHKUN BHY TPEHHWUI
KaHan KOTOPOW COeAMHEH C pe3epByapoM TEPMOMETPA; pe3epByap NOIHOCTbIO 3amno/HeH
TEPMOMETPUYECKON XUAKOCTbIO, @ Kanuansp — /IMLIb 4YaCTUYHO NPU BCEX U3MEPSEMbIX
TemnepaTypax. C u3MeHeHneM o6bema XUAKOCTU B pe3epByape MeHSeTCs U BbicoTa CToNbMKa
XUAKOCTU B Kanunnspe. Mpu rpagypoBKe Takoro TepMOMeTPa C MCNoJIb30BaHUEM 3TaJIOHHOTO
TepMOMeTpa LLKala HAaHOCMTCA IM60 HENOCPEACTBEHHO Ha Kanuansap, M60 Ha OTAE/bHYIO
NAaCTUHKY, NPOYHO NPUKPENIEHHYIO K Kanuanspy.

VMcnonb3oBaHue TOM UM MHOW XUAKOCTU onpeAenseTcs Heo6xoAnMbIM AnanasoHoM
n3MepeHna TemnepaTypsbl; PTyTb? NPUMEHANACH A5 U3MEPEHUS TeMnepaTyp, NPEBbILLAIOLLNX
ee Touky 3amep3aHua (-38,9 °C), Toraa kak Ansa nsmepeHns 6onee HU3KNX TeMnepaTtyp
NCNOJb3yeTCcsa STUMOBLIV CNNPT UAK APYTUe YNCTble OpraHndeckme xnakoctn. Crekno 4onxHo
6bITb O6bIYHbLIM U/ 6OPOCUINKATHBIM, KOTOPbIE AOMYCKAIOTCA K MPUMEHEHMIO B TEPMOMETPax.
[.ns TOro 4to6bl YNy4yLLNTL NPOBOANMOCTL TEM/1a OT CTEKASHHOIO pe3epByapa TepMoMeTpa

K ero coAep>KMMOMy, CTEHKM pe3epByapa AeNatoT Kak MOXHO TOHbLLE C y4eTOM NpakTU4eckmx
COOBpPaXeHNN COXpaHEHN AOCTAaTOMHOM NPOYHOCTN. bonee y3knin BHyTpeHHUI KaHan
Kanunnapa obecne4ynsaeT n 6osee 6bICTPOE NepeMeLLeHNEe XNAKOCTU B HEM MPU 3a4aHHOM
N3MEHEeHUM TeMnepaTtypbl, HO NPV 3TOM YMeHbLLaeTcs pabo4mnii AuanasoH U3mMepeHus
TemnepaTtypbl TepMOMeTpa Npu PUKCMPOBaHHON ANvHe kanunaspa. MNepep rpagyvpoBKoi
TepMOMeTpbl HEO6X0AMMO NOABEPTHYTb TepMudeckor obpaboTtke (065u1ry), 4ToObl CBECTH

K MMHUMYMY Me/l/IEHHO NpoTeKaloLLe N3MeHeHNs, CBSA3aHHble CO CTapeHMeM CTeka.

CyLLecTBYIOT YeTbipe OCHOBHbIX TUMa KOHCTPYKLMN METEOPOJIOTMYECKMX TEPMOMETPOB:!
a) TepMOMETp B 3aLLUTHOM 060JI0YKE CO LUKaI0M, HaHECEHHOM Ha Kanuansape TEpMOMETPa;

b) TepmomeTp B 3aWMTHOM 060/104Ke CO LLKa0N, HAHECEHHOW Ha NIAaCTUHKE U3 MOSIOYHOTO
CTekna, NPUKPENIEHHON K TEPMOMETPY BHY TP 3aLLNThI;

C) TepmomeTp 6e3 3alMTHOM 060JI04KM CO LUKANOM Ha Kanuanspe u NpuKpenneHHbIn
K MeTanan4veckow, haphopoBo AN fepeBAHHOM onpaBe 06paTHON LM POBOW
LUKasie CTOPOHOW;

d) TepmomeTp 6€3 3aMTHOM 060104KN CO LLIKASIOM, HAHECEHHON Ha Kanuanspe.

Kannnnapbl HEKOTOPbIX TEPMOMETPOB CHabXeHbl IMH3aMU 415 yBe/IMYEeHUA n3obpaxeHuns
ctonbuka XMakocTu.

2 PexomeHpaL My OTHOCUTENbHO 6€30MacHOro UCMO/b30BaHUA PTYTU NPUBeAEHbI B 4acTu |, rasa 3, 3.2.7.

MwuHamatckas koHBeHUMs o pTyTn Mporpammbl OOH no okpyxatoLeli cpeae BCTynuna B cuny B oktabpe 2013 r. n
OKaXeT 3Ha4yMTe/IbHOE B/IAHME Ha MCNOJIb30BaHMe PTYTU A1 METEOPOIOTNYECKUX MPUMEHEHWIA.
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Tunel (@) n (b) uMetoT To NpenmMyLLecTBo Nepes Tunamu (c) n (d), 4To KX LWKabl NPeAoXpPaHeHbl
oT cTUpaHus. Y TepmoMeTpoB Tuna (c) 1 (d) wkanbl, BEPOATHO, BpPEMS OT BpeMEHU NpUaeTCs
noakpawmsatb. OQHaKo Takme TepMOMETPbI 1erye caenatb, Yem TepMomeTpbl TUnoB. (a) u (b).
Tunel (@) 1 (d) UMelOT NPENMYLLECTBO, 3aK/H0YatoLLEeeCs B TOM, YTO OHU MeHee NoABepPKeHbl
norpeLHoCcTam BcaeacTemne napannakca (cm. pasgen 2.3.4). B ny6nvkaunn YnpasneHus

no usgaHuio opurumnanbHbix LOKyMeHTOB Ee Koponesckoro Bennvectsa/Meteoponornyeckoro
6topo (1980) npueeaeH 0630p TEPMOMETPOB, NPeAHa3Ha4Y€HHbIX 4/19 UCNONb30BaHNA

B METEOPOJIONMYECKOM AeATENIbHOCTU.

B nto6om Tune 3auinTa nau onpasa A0/1>)KHa UMETb Mayto TEM/10EMKOCTb, T. €. HE A0J1>XKHa
ObITb HYpe3MepHo FpOMO3,CI,KOI\/’I. B 10 xe BpemMsa OHa AO0JI>XKHa ObITb AOCTAaTO4YHO I'IpOHHOVI, 4TOObI
BblAEPXNBATb HArpy3ku, NCMbITbIBA€EMbIE MPU SKCMJ1yaTalln 1 NnepeBo3Kax.

ﬂ,)’lﬂ PTYTHbBIX CTEK/IAHHbBIX TEPMOMETPOB, ocob6eHHO MaKCMa/lbHbIX, Ba>XXHO, YTOObI BakKyyM Ha/
CTON6UKOM pTYTHN 6b11 6/IM30K K naeaabHOMY. Bce TEPMOMETPHbI, 3@ NCKJTIOHEHNEM TEPMOMETPOB
O3 USMEPEHUA TeEMNEpPaTypbl NOYBbI, AOJIXKHbI TpagaynpoBaTbCA NMPU NMOJIHOM NOTPy>XEeHUN.
Tpe6OBaHI/I$I KTEpMOMETpPaAM, NpegHasHa4€HHbIM A1 pa3/INYHbIX Ll,e)'lel\/'I, paccMaTpunBatoTCA

B COOTBETCTBYHOLLNX pa3aesiax HUxXe.

2311 O6bIYyHbIe (CMAHYUOHHbIE) mepMoMempbl

PaHee NPUMeHSANINCb OYEHb TOYHbIE PTYTHbIE CTEKNSHHbIE TEPMOMETpPSI. [leneHune ero wkasnbl
cootBetcTByeT 0,2 Knnmn 0,5 K, a wkana ero ANNHHee, 4YeM y APYTUX METEOPOIOTMYECKNX
TEPMOMETPOB.

OGbIYHbBI TEPMOMETP pa3MeLLaeTcsa B METeOpoaornyeckon byake c rem, 4tobbl nsbexarb
norpeLHocTel 3a cHeT paamaunmn. TepmoMeTp ycTaHaB/IMBaeTCa Ha NOACTaBke B BePTUKa/bHOM
NosIoXeHUU pe3epByapoM BHU3. PesepByap Ao/KeH UMeTb (hopMy LMAMHAPa Uan cdepsl.

Mapa 06bI4YHBIX TEPMOMETPOB MOXET MCMNOJ/Ib30BaTbCS B KA4eCTBE NCUXPOMETPA, €C/IN OAUH
N3 HUX 06epPHYT TKaHbto (CMOYEHHbIN TepMOMeETP)® (CM. HAaCTOALLMIA TOM, rnaBa 4, 4.3).

23.1.2 MakcumanvHbie mepmoMempoi

B kayecTBe MakCMManbHOro TepMoOMeTpa PeKOMEHA0BaI0Ch CMONb30BaTh PTYTHBIN
CTEKNSHHbI TEPMOMETP, UMEIOLLINI Cy>KeHNE BHYTPEHHEero KaHana Tpyoku Mexay pe3epByapoM
N OCHOBaHMEM LUKasbl. DTO CyXeHWNe He AaeT PTYTHOMY CTONOMKY CMeLLLaTbCs BHU3 NMpu
NOHWXeHUN TemnepaTtypbl. TepMOMETpP, OAHAKO, MOXKHO BO3BPATUTb B UCXOHOE COCTOAHMNE —
HabnoaaTeNb AO/IXKEH KPENKO Aep>KaTb ero pe3epByapoM BHU3 U CTPAXMBATL 4,0 Tex NOp, Noka
PTYTHBIN CTONGUK He coeanHUTCA. MakCMManbHbIi TEPMOMETP CnefyeT yCTaHaBAMBaTb NOA
YrnoM NPUMEPHO ABa rpajyca k ropu3oHTaau, Npuy4emM pesepayap A0/KeH OblTb HaKNOHEH
BHM3 415 TOrO, YTO6bI PTYTHbIN CTONGUK MPOXOANA CY>KEHNE He NOA AEACTBMEM CUbI TAXKECTU.
XenatenbHo, 4TOGbI B BEPXHEN YacTW Kanuaaspa BHYTPEHHUIM KaHan MMen paclumpeHme

AN9 TOro, 4To6bl pa3feNMBLUMIACA Ha YacTU PTYTHbIA CTONOGUK MOXHO Obl/10 1€rKO COeANHUTD
npu cTpsxmBaHum. MoCcKoNbKY eANHCTBEHHOW XXMAKOCTbIO, NOAXOAALLEN AN )KNAKOCTHbIX
CTEKNSAHHbIX MaKCMMasibHblX TEPMOMETPOB, ABNAETCA PTYTb, A1 U3IMEPEHUSA MaKCMMabHOM
Temnepartypbl c/ieyeT UCMO/b30BaTb d/1eKTPUYECKNE albTepHaTUBLI (CM. 2.2).

2313 MunumanvHele mepmMomempbol

Yo KacaeTcs MMHMMaIbHbIX TEPMOMETPOB, TO Hanbosee pacnpoCcTpaHeHHbIM TUMOM Takoro
TepMoOMeTpa ABASeTCA CMMPTOBON TEPMOMETP C TEMHBIM CTEKASAHHBIM LUTU(TOM ANNHOMN
0KOJI0 2 CM, MOTPY>KEHHbIM B CNUPT. Tak Kak HEKOTOPOE KOMYECTBO BO3/yXxa OcTaeTcs B Tpy6bke
CNUPTOBOTO TEPMOMETPA, B BEPXHEM €€ KOHLLe 0/IKHO ObITb MPeAyCMOTPEHO pacluMpeHne
[AOCTaTOUHbIX pa3MepoB A/19 TOro, 4To6bl NpMbOpP CMOT BbiAep>KMBaTb TemnepaTypy 50 °C

3 I'Io,qpo6Hoe onncaHne CMO4Y€HHbIX TEPMOMETPOB NpMUBEAEHO B HAacToALLLEM TOME, I/laBa 4.
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WK Bbille 6e3 nospe>|<,u,eHm7|. MuHnManbHble TEPMOMETPbI AO0J/IXKHbI YCTaHAB/INBATbCA TaKUM
xe o6pa30M, KakK 1 MaKCMaJibHbl€ TEPMOMETPbLI — B MOYTU TOPU3OHTA/IbHOM MOJTOXEHUN.

B MMHMManbHbIX TEPMOMETPAX MOXHO NCMNOJ/Ib30BATb Pa3/1In4HbI€ XXNAKOCTU, TaAKNE, Kak
3TU/IOBbIN CnnpT, NEHTAH N TONYO/. Ba)KHO, 4TOObI XKXNOKOCTb 6bl/1a Kak MOXHO HYMnuie, Tak Kak
NPUCYTCTBUNE HEKOTOPbIX I'IpVIMeCGVI yBe€NNYNBAET TEHAEHLNIO XXNAKOCTU K MOSINMMEPU3aumnn

nog BO3,CI,GI7ICTBVI€M CB€Ta, 4TO C T€é4eHNeM BpeMeHU NMNpmBOAUT K U3SMEHEHUIO rPalypPOBKU.
Hanpmmep, npun NCnosib3oBaHMM 3TUJTIOBOTO CNUpPTa I'IOC)'Ie,CI,HI/IVI HE AO0J/IKEH CoAep>XKaTb aleTOHa.

MuHMManbHble TEPMOMETPbI UCMO/b3YIOTCA TakXXe 415 U3SMEPEHUA MUHUMa/lbHOW TemnepaTypbl
BO3A4yxa B TpaBocToe (cMm. 2.1.4.2.3).

2314 MoyeeHHble mepMomempbol

[Ana nimepeHnsa tTemnepaTypbl NOYBbI Ha y6uHax 4o 20 CM LWMPOKO NMPUMEHSANNCH PTYTHbIE
TepPMOMETPbI, KanMANSPbl KOTOPbIX U30THYTbl NOA NPAMBIM UIN APYTUM YITIOM HUXe
HaMMeHbLUen OTMETKM LKasbl. PesepByap TepMomMeTpa NOrpyskaeTcs B 3eMJ1t0 Ha Tpebyemyio
rny6uHy TakMm 06pa3om, 4TOo6bl CHATME MOKa3aHMN OCYLLECTB/IANOCH 6€3 U3IMEeHeHNA
NonoxeHUs TepMoMeTpa. Takme TEpMOMETPbI FPaayMpyoTCsa NPY NOFPY>XKeHUU A0 TOW IyOuHbI,
Ha KOTOPOW N3MepseTCcs TemnepaTypa No4Bbl. Tak Kak ocTasibHas YacTb TEpMOMETpPa HaxoAMTCA
noj, BO34eNCTBMEM TeMMepaTypbl BO3AyXa, B KOHLE Kanuaaapa AOKHO 6bITb MpeayCMOTPEHO
paclinmpeHme Ha ciay4an yBennyeHns obbema pTyTu.

[ns nsmepeHunsa TemnepaTypbl Ha ry6uHax, npesbiwatowx 20 cmM, pekoMeHA0BanocCh
MCMONb30BaTb PTYTHbIE CTEKNSHHbIE TEPMOMETPSbI, 3aK/II04YEHHbIE B AePEBSAHHbIE, CTEKSAHHbIE
nnM60 nnacTMaccoBble OMpaBsbl; pe3epByapbl TakMx TEPMOMETPOB 6bl/IN MOKPbLITbI BOCKOM UK
oKpalleHbl MeTa/lINYeCckol Kpackol. TepMOMEeTpbI B OMpaBe NOMeLLLaloT B TOHKOCTEHHble
MeTannnyeckme IM60 NaacTMaccoBble TPYOKM 1 MOTPysKatoT B 3eMJIIO Ha HY>KHYIO Ty6uHY.

B ycnoBMsAx X0ONOAHOMo K/iMMaTa BblCOTa Haf3eMHOM HacTu TPyOKU AOMKHa ObITh BbiLLe
Han60/bLUEN BbICOTbI CHEXXHOTMO NMOKPOBa.

BepTukanbHble MeTananyeckmne TpyOGKM He MCMNOb3YIOTCA MPU U3MEPEHUMN AHEBHOTO KosiebaHns
TemnepaTtypbl MO4YBbl, 0COOEHHO 3aCyLLINBOMN, Tak Kak pacyeTbl ee TEMI0BbIX CBOMCTB Ha OCHOBE
3TUX U3MEPEHNIN MOTYT ObITb HENPABW/IbHBIMU, MOTOMY HTO Takune TPyOKM OyayT CNyXUTb

B Ka4eCTBe NPOBOAHMKOB TeMaa C 3eMHOI MOBEPXHOCTM.

bonbwaa noctosHHas BpeMeHN, O6yC)'IOBerHHa$| NOBbILLEHHOWN TEMN/10EMKOCTbIO, MO3BOJIAET NMPU
BblHUMaHUN TEPMOMETpPa U3 Tp)/6KVI, B KOTOPYIO OH BCTaBJIEH, COXPAaHATb NOKa3aHNA BO BpPpEMA
CHATUA OTCHETOB

Ecnn 3emns NOKPbITa CHETroOM, TO pEKOMEHAYETCA BO3BEeAEeHNE He60bLIOro noMocCTa,
Pacnon0XeHHOT 0 NapaanesibHO paay TEpMOMETPOB AJ14 TOrO, YTOObI Ha6ﬂ}0ﬂ,aTeﬂb Mor
I'Ipl/l6}'ll/I3I/ITbCFI K TepMOMETPaM, HE HapyLlada CHEXXHOIo NokpoBa. ST0T NOMOCT AO0J1XKEH ObITb
CMPOEKTUPOBAH TakKM o6pa30M, 4TO6bl HACTU/T MOXHO 6bIN10 )/6VIpaTb B MPOMEXYTKax Mexay
Ha6)'|l0,£l,eHI/I$IMI/I, HE€ HapyLlasa CHEXHOro nokpoBa.

23.2 Mopspox npoBefeHNs USMepeHUN
2.3.21 CHssmue nokasaHuii 06bIYHLIX MepMoOMempos

[nsa Toro 4to6bl 36eXaTb UIMEHEHWI TEeMNepaTypbl U3-3a NPUCYTCTBUSA HabnoaaTens,
nokasaHus TepMoMeTpa c/ieflyeT CHUMaTb Kak MOXHO 6bicTpee. Tak Kak MEHUCK XNAKOCTU NN
WTM@T U LWKaNa TepMOMETPa He HaXoAATCS B OHOM NJI0CKOCTH, cneayeT 6biTb BHUMATEIbHbIM
BO n3bexaHune olIN60K BCAeACTBME Napasiakca. DTO NPOUCXOAMUT, eC/n rna3 HabnoaaTtens

He HaXOAMUTCA Ha IMHUK, NepNeHANKYNSAPHON K Kanuansapy TepMoMeTpa U NpoxoasLlein yepes
MEHUCK Uan WTUdT TepMoMeTpa. Tak Kak LiKasibl TEPMOMETPOB 06bIYHO HE UMEIOT Ae/TIeHUN
MeHee OJHOI NATOW rpajyca, CHATME NoKa3aHU C TOYHOCTbIO 0 OHOW AeCATON rpajyca,

4TO ABNSETCS BaXKHbIM /11 ICUXPOMETPUM, HEO6XOAMMO NPOU3BOANTL Ha rnas. Ecnu nmetotcs
LWIKaNOBble MONPaBKKU, TO UX HY>XHO BBOAMUTb B MOKa3aHMs. YCTaHaBAMBaTb MU CHUMaTb NOKa3aHus
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MaKCMMa/1bHbIX U MUHUMaAJ/IbHbIX TEPDMOMETPOB C/ieayeT, Nno Kpal\/'IHel‘/’I Mepe, ABa pa3a B A€Hb.
Mx noka3aHus Ha40 NOCTOSAHHO CpaBHUBATb C MOKa3aHNAMU O6bIYHbIX TEPMOMETPOB 414 TOTO,
4TOObI )/6e,CI,VITbC$I B OTCYTCTBUU CEPbE3HbIX HOFPEUJHOCTGVI.

23.2.2 U3MepeHue MUHUMabHOII MmeMnepamypbol 6030yxXa 6 mpasocmoe

TemnepaTypy U3mepsaioT MMHUMa/lbHbIM TEPMOMETPOM Takoro Tuna, KOTopblii onucax

B pa3gene 2.3.1.3. TepMomeTp C/iefyeT yCTaHaB/MBaTb Ha COOTBETCTBYIOLLMX NOACTaBKax

Tak, 4TO6bl Yro/l ero Hak/IoHa K FOPM30HTaNM COCTaBAA NPUMEPHO 2°, NpuUYeM pe3epByap
[OJIKeH 6bITb HMXKe Kanuaaapa TEpMOMeTpa; TEPMOMETP A0/KEH HAXOAUTLCA Ha BbicoTe 50 Mm
Haj 3em/en.

O6bI4HO TEPMOMETP YCTaHaBAMBAIOT B NOC/eAHWI Yac HabNoAeHWIA Nepe 3ax0A0M COMHLA,

a MokasaHus CHMMalOT Ha clieaytoLee yTpo. B TeyeHne gHA npubop xpaHUTCA B 6yake uam

B nomeleHnn. OfHaKko Ha CTaHLMAX, rae HabnloaaTeNb He paboTaeT B Nepuo/ 3axofa Co/HLa,
NPUXOANTCA OCTaBNASATb TEPMOMETP MOA, OTKPbITbIM HEO6OM Ha BeCb AeHb. [1pn 3HaunTeNnbHOM
COJIHEYHOW pagmnaLmmn 3TO MOXeT NPUBECTU K ANCTUANALUM CNUPTa U COOPY ero B BepxHe
4acTu kanuanapa TepMomMeTpa. 70T IPHeEKT MOXKHO CBECTU K MUHUMYMY, MOMECTUB YePHbIN
MeTaNInYeCcknin 3KkpaH, 06BePHYTbIN Xx10N4aTobyMaxHbIM JIOCKYTOM, Haj, pe3epByapom
TepMOMeTpa; TakoW 3KpaH nornoLiaet 60/blle pagnalmm u, ciefoBaTenbHoO, AocTUraeT 6onee
BbICOKOW TemnepaTypebl, 4emM cam TepmomeTp. Takum o6pa3oM, HebosbLLOE KONMYECTBO Napa
6yneT KOHAEHCMPOBATLCA B BEPXHEN YacTu Kanuaaspa Haj, CToIbMKoM cnmpTa.

233 PasmeuwieHne n yctTaHoBKa TEpMOMETPOB

Kak 06bl4HblE, TaK M MaKCUMasibHble 1 MUHMMa/lbHble TEPMOMETPbI BCerga nomeLlatoT

B MCUXpPOMeTpUrYeckyto 6yaKy, Kak 3To onmcaHo B pasgene 2.2.3. SkCTpeMasbHble TEpMOMETPbI
yCTaHaB/MBAOT Ha COOTBETCTBYIOLLMX MOACTaBKax Tak, YTOObl yroa Ux Hak/loHa K rOPU30oHTanu
COCTaB/IAN NPUMEPHO 2°, Mpu4em pesepsyapbl 4OKHbI ObITb HUXKE Kanuaspa TepMmomeTpa.
Bbi6bOp MecTa 1 yCTaHOBKA MUHMMaslbHbIX TEPMOMETPOB 4151 U3MepPeHus TemnepaTypbl BO3Ayxa
B TPaBOCTOE onucaHbl B pasgene 2.1.4.2.3n2.3.2.2.

234 UcTtouHukKN norpeumocreﬁ HKNAKOCTHDBIX CTEKJ/IAHHBIX TEPMOMETPOB

K 4Ny OCHOBHbIX MCTOYHUKOB I'IOFpeLIJHOCTeVI, XapaKTEPHbIX A4NA BCEX XNAKOCTHbIX
CTEKNIAHHbIX TEPMOMETPOB, OTHOCATCA C/eaAyrouine:

a) MOrpeLHoCTM ynpyrocTuy;
b) norpelwHocTy, Bbi3biBaeMble KanNnUANSAPHON TPyOKON TepMOMETPa;
C) MOrpeLHoCTM Napasnnakca u rpybbie olMOKN Npu CHATUM NOKa3aHUi;

d) wn3MeHeHus ob6bema pesepByapa TepMOMeTPa NoJ BO34eNCTBMEM BHELLHErO UK
BHYTPEHHEro AaB/eHus,;

€)  KanunNspHOCTL;

f)  owwnbkun B AeneHnn n rpagypoBKe LLKabl;

g) pa3nuyHoe paclunpeHue XUAKOCTU U CTek/1a B pacCMaTpMBaeMoOM AnanasoHe.

Tpw nocnegHve NOrpeLHOCTU MOTYT ObITb CBeAleHbl K MUHUMYMY U3roTOBUTENEM U BK/IIOYEHbI
B MONpaBkK, BBOANMBIE K HabtoAaeMblM BeMinHam. OnpeaeneHHOro BHMMaHus Tpebyiot

nepBble TPU NMOTrPeLLHOCTA. nOFpeLIJHOCTb (d) 06bIYHO He MMeeT MecTa npun Ncnosb3oBaHnn
TEPMOMETPOB B METEOPO/IOTNYECKUX LLeNAax.
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2.3.4.1 MozpewHocmu ynpyzocmu

CyluecTByeT fiBa BUAa NOrpeLlHOCTEN yNnpyroctu: ob6patumble u HeobpaTumsble. NepBble
MMEeLIOT 3HaYeHMe NNLLb NMPU BO3AENCTBMU Ha TEPMOMETP TeMnepaTtyp LUMPOKOro AMana3oHa
B TeYeHMe KOPOTKOro NpoMeskyTka BpeMeHU. Taknm ob6pa3om, eCnv TepMOMETpP noBepsaeTcs
npu TemnepaTtype KUNeHns BoAbl, a Hepe3 KOPOTKNIN NPOMeXKYyTOK BpEMEHN Npu TemnepaTtype
3amep3aHund BOAbI, TO ero nokasaHusa 6yayT CHavana HeCKObKO HUXKe MPaBUIbHOM OTMETKM,
a 3aTeM Temnepartypa MeA eHHO NOAHUMETCS 0 Hee. DTa MOrpeLIHOCTb 3aBUCUT OT KayecTBa
MCNoNb3yeMOoro B TepMoMeTpe cTeka 1 MoxeT gocturate 1 K, Ho npu ncnonb3oBaHum
BbICOKOKA4YeCTBEHHOTIO CTeK/1a OHa A0/KHa cocTaBnATb Anwwb 0,03 K, npu 3ToM oHa MoxeT
NPOMNOPLMOHaNbHO YMeHbLLATLCS NPY MEHbLUUX AMana3oHax TeMnepaTyp. ITo ABNeHue

He MMeeT 3HaYeHNA /15 METEOPOJIOrMYECKNX U3MEPEHNIA, 38 NCKIOYEHNEM BO3MOXHOM
oLWNGKN NPU Hava bHOW rpajynpoBKe.

HeobpaTnMble U3MeHeHMS MOTYT UMeTb 60/bluee 3Ha4yeHne. Pe3epByap TepMoOMeTpa UMeeT
TEHAEHLMIO CO BpEMEHEM YMEHbLLATLCA B 06BbeME, YTO NPUBOANT K MOBbILLEHWNIO HY1€BOM
oTMeTkn. Hanbonblune nsmeHeHUs NponCcxoasT B TeYeHNe NepBOro roga, nocse 4yero

TeMMbl U3MEHEHWI NOCTeNEeHHO NoHmXKatoTcA. CTeneHb 3TUX U3MEHEHWNI MOXHO COKPaTUTb
nocpeAcTBOM Ten0Bo 06paboTkn pesepByapa TepMOMeTPa 1 UCMOb30BaHUa 6onee
noaxoasiuero ctekna. Ho gaxe npu ncnonb3oBaHUM BbICOKOKaY€CTBEHHOTO CTeK/1a 3TO
N3MeHeHne MOoXeT NepBOHavabHO cocTaBasaTb nopsaaka 0,01 KB roa. Ana obecneyeHns TOUHbIX
nokasaHuii, 0co6eHHO Npu paboTe C MHCNEKTOPCKMMU WU KOHTPOJIbHBIMU TEPMOMETPaMM,
cnepyeTt NnepuoanYeckn NPoBePsATb HY/1eBYIO OTMETKY U MPOU3BOAUTL HEOOX0AMMbIe
KOPPEKTUPOBKMU.

2342 MozpeuwHocmu, évi3bieaeMble KanUWIAPHOIU mpy6koii mepMoMempa

TepMoMeTp, UCNONb3yeMbI A5 U3MEPEHUS TeMnepaTypbl BO34yxa, 06bIYHO MONHOCTbIO
HaxoAMTCA B BO3AyLUHON cpeAe Npuban3nTebHO OANHAKOBOM TeMnepaTypbl, a ero
rpafynpoBka Npon3BOAMUTCS MPU NOrpPy>XKeHNN TepMoMeTpa NOJTHOCTBIO UM 10 BEPXHEN
OTMEeTKM XNAKOCTHOro cTonbuka (T. e. rpafyMpoBKa Npu MOJHOM UAN HaCTUHHOM MOTPY>XKEHUM).
Ecnn Takoi TepMoOMeETp MCMONb3yeTCa ANs onpeaeneHns TemnepaTtypbl cpeapl, He TpebyoLuen
MOJTHOrO NOTpy>KeEHNsA TepMOMETpPa, TO AeNCTBUTeNbHasA TeMnepaTypa TpyOkn oTanyaercs

OT TemnepaTtypbl pe3epByapa, 4To NPUBOAMUT K MOTPELLUHOCTH.

Mpu NpUMeHeHNN B METEOPOTIOMMHYECKUNX LLe/IAX BEPOSITHEE BCEro 3TO MOXET MPOU30NTH NpU
npoBepke rpagynpoBKM 0O6bIYHOrO TEpMOMeETpPa B COCYAE CXKUAKOCTbIO, TeMnepaTypa KOToOpoi
3Ha4YMTEeNbHO OT/INYAETCA OT TeMNepaTypbl OKPYyKaloLLLEN Cpeabl, U MPU NOrpyXKeHNN TONbKO
pe3epByapa UAN HUXHEN HYaCcTu KanuansapHom Tpyoku.

2343 Owu6ku napannakca u zpy6oie owu6KU NpuU CHAMUU NOKA3aHu i

Ecnm npu cHATMM Noka3aHW TepMOMETPa CMOTPETb Ha HEro B NJI0CKOCTU, KOTopast

He nepneHAnKYNspHa K KanuanspHon Tpybke TepMoMeTpa, TO BO3HMKaeT oLunbKa napannakca.
OTa owmnbKa HaXoAUTCA B MPAMON 3aBUCUMOCTM OT TO/LLMHBI KaNUANASPHOM TPyOKM TepMomeTpa
W BENIMYMHBI yIa Mexay (pakTU4eckoin 1 NpaBuibHON TNHUAMW BU3NPOBaHUS. OLWMGKM MOXKHO
n3bexaTb NLLb NPU OYEeHb TLLLATEIbHOM CHATUM Noka3aHuii. MNpu paboTe ¢ BepTUKaibHO
pacnonoxeHHbIMY B METEOPOIOrNYECKON ByiKke CTEKNSHHBIMU PTYTHBIMW TEPMOMETPaMM a3
HabnoaaTena Ao/IKeH HaXOANTLCS Ha TOPU30HTAIbHOW JIMHUW, MPOXOAALLEN Yepe3 BEPXHIO
TOYKY PTYTHOro CTon6MKa.

Ownbkn Npu CHATUM NOKa3aHUM, KPOMe TOro, MOryT 6biTb 06YC/10B/IEHBI MPUCYTCTBUEM
HabntofaTtenen, B KaKOM-TO Mepe HapyLlaloLWMx COCTOsHME OKpYXatoLein cpeabl. [lostomy
Heob6xoAnMo, 4TO6bI HabtoAaTeNn 3a MakCMMalbHO KOPOTKOE BpeMs CHSAMM NoKa3aHus

C TOYHOCTbIO 0 AecATblX Aosien rpaayca. [py6bie onMbKM NPy CHATUM NOKa3aHWM COCTaBASAIOT
06b14HO 1°, 5° namn 10°. Takmx owMb60K MOXHO n3bexarb, ecin HabatogaTenn nepenpoBepsoT
AecATble 40NV Fpajyca U Lesible 3Ha4eHns Nocae CHATUSA NoKasaHum.
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2.3.4.4 Mozpewnocmu, oGycnoesneHHbIe pa3NUYHLIM pacuiupeHuem

KoadpuruneHT o6bemHoro pacumpenns ptytm paseH 1,82 - 10-* K™, a gnsa 6onbLueit 4actu
cTekos oH konebnetca ot 1,0 - 103 o 3,0 - 1073 K. KoadppuuneHT paclumpeHmnsa ctekna, Takum
06pa3om, ABAeTCA 3Ha4MMbIM KOMIMOHEHTOM U He MOXET He MPUHUMaTbCS B pacyeT. Mockonbky
HW KO3 DULMEHT 06BEMHOI0 pacLlUMPeEHNs PTYTU U CTEKA, HX NJoLaAb MONepeYHoro
ceYyeHUs OTBEPCTUA KaNUINAPHON TPYOKU He ABNAIOTCA aBCONOTHO HEM3MEHHbBIMUN B Npeaenax
NCNOb3yeMbIX ANana3oHOB TemMnepaTyp 1 AIMHbI KaNnUANAPHON TPY6KU, LieHa Ae/IeHNs LKanbl
KanunnsapHom Tpy6ky BapbupyeT B 3aBUCMMOCTUN OT TOTO UMW MHOTO yYacTka KanuanspHom
TPy6KM, MO3ITOMY U3rOTOBUTE/b JO/IKEH FPafypoBaTb TEPMOMETP MO 3Ta/IOHHOMY TEPMOMETPY
[0 Ha4ana ero Ncnosib3oBaHus.

2345 MozpewHocmu cnupmoesIx mepMoMempoe

KoapdpurumeHT paclumpeHns xnakocTen, MCNoab3yeMblx B CMUPTOBLIX TEpMOMETpaXx,
3Ha4YNTE/IbHO BbiLle, YeM KO3 PULNEHT paclUMpPeHUs PTYTH, a TOYKa UX 3aMep3aHus
3Ha4yMTeNbHO HMXe (3TMNoBbIN cNUpT 3amep3aeT npu -115 °C). CnnpT ncnonb3yeTtcs

B MMHMMaIbHbIX TEPMOMETpPax NOTOMY, YTO OH 6ecuBeTeH U nmeeT 601ee BbICOKUI
K03(pPULNEHT paclUMPEHUs, HTO NO3BOJISIET UCMO/b30BaTh KaNUANSPHYO TPY6KY C 601bLUINM
oTBepcTneM. CnMpTOBble TEPMOMETPbI MEHEE TOYHbIE, YEM PTYTHblE TEPMOMETPbI TOM Xe
CTOMMOCTM U KavecTBa. Kpome o6 Mx HeAO0CTaTKOB, MPUCYLLNX BCEM XUAKOCTHBIM CTEKISHHBIM
TepMoOMeTpaM, CNMPTOBbIE TEPMOMETPbI UMEIOT CBOU, MPUCYLLME TO/IbKO UM HeAOCTaTKu:

a) aare3va CnmpTa Ha CTeKJ1e: B OT/INYNE OT PTYTU, OPpraHnYeCckne >XnaKkoctum 06bI4YHO
cMa4dnBalkoT CTEKJIO. Cﬂe,ﬂ,OBaTeﬂbHO, B C/1y4Hae pe3KOoro nageHuna reMmnepartypbl
onpeaeneHHoe KOJIMYECTBO XXNAKOCTU MOXET OCTaTbCA Ha CTEHKAX Kalwuinfapa, Bbi3biBas
3TUM NOHUXEHME MoKa3zaHUN TEPMOMETPa. Ecnn TepMOMETP NoABELLEH BEPTUKA/IbHO, TO
NOCTENEHHO XXNAKOCTb CTEKAET B HUXKHIOKO HaCTb Kanunaspa,

b)  pa3pbiB cTON6UKA XNAKOCTU: B BEPXHEWN YaCTW KaNnuNAapHON Tpy6GKM TepMoMeTpa
B pe3y/ibTaTe UCNnapeHusa 1 KOHAEHCaL MmN 4acTo 06pasytoTcs KaneabKu XXUAKOCTH.
OHM MOTyT COEANHUTBLCA C OCHOBHBLIM CTO/IBMKOM, O[HAaKO B NepMo OT Hayana 3Toro
npoLecca 1 ;0 MOMEHTa ero 06HapyXeHUs MOryT BO3HUKHYTb OLLIMOKN. Pa3pbis
CToNI6MKa 4acTo NPOMNCXOAUT Takxe NPy TPaHCNOPTUPOBKe. DTy OLWNOKY COKpaLLLatoT
B MpoLecce Npomn3BOACTBa 3a CHET 3anavBaHNsa TepMOMeTPpa MNP CamblX HU3KUX 3HAYEHUAX
Temnepartypbl, KOraa B Kanuisipe COAepPXMUTCA MakCMMasibHOe KOJINYeCTBO BO3AyXa;

C) MeANEeHHO NpoTeKaLwne NSMEHEHNA B XXNOAKOCTU: OPraHn4Yeckme XnakocTtun 06bIYHO
MMEKOT TEHAEHUNMIO K No/IMepu3aLmm c Te4HeHnem BpemMeHn n noa BO3,CI,€VICTBVI€M CBE€Ta,
4TO NPpUBOAUT K MOCTEMNEHHOMY COKpPaLLEHUIO obbema XKNOKOCTW. anIC)/TCTBVIe npmmeceVl
YCKOpAEeT 3TOT npouecc; B 4aCTHOCTU, Ha/In4ne aueToHa B 3TUJIOBOM CNUPTE UMEET BE€CbMa
nary6Hb|e nocneactems. B 3TO CBA3N noAroTtoBKa XMAKOCTU A4 TEPMOMETPOB Tpe6yeT
ocobon TWATE/IbHOCTWU. Kpome TOro, cnoJib3oBaHne Kpachenel‘/’l A4 nogKkpawimnBaHUA
KNOKOCTU C LENbIO YTyHLLEHNA €€ 3PUTEJIbHOTO BOCNPUATUA NOBbLILLAET BO3MOXHOCTb
BO3HUKHOBEHWA 3TOIO AB/1IEHUA.

BOI'IpOCbI COKpalieHns OLIJVI6OK, CBA3aHHbIX C pa3pbiBOM cTtonbuka XKNOKOCTU, a TaKXKe yxXoaa
3a CMUPTOBbIMU TEPMOMETPAMU, paCcCMaTPUBAKOTCA B 3TOWV rnaBe HUXe.

2.3.5 CpaBHeHMe U KaIMOGpPOBKa B 1aGOpPaTOPHbIX YC/IOBUAX U B YC/IOBUAX
3KCcnayaTayum
2.3.5.1 Kanu6poeka e na6opamopHbix ycnosusax

Kannb6posky TepMOMeTpOB B 1abOPaToOPHbIX YCIOBUAX AOKHBI MPOBOANTL akKKpeAUTOBaHHbIE
cornacHo NCO/M3K 17025 noepouHblie nabopaTopun. 119 XMAKOCTHbIX CTEKNAHHbIX
TEPMOMETPOB CJieflyeT UCMOJ1b30BaTb KOHTENHEP, HANO/IHEHHbIN XNAKOCTbIO, B KOTOPOM
MOXHO noaaepxXusaTb t06YI0 XenaeMyto TemnepaTtypy B Heob6xoaumbix npegenax. CKopocTb
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M3MEHEHNA TEMMNEpPATYPbl BHYTPU XNAKOCTU HE A0J/I>KHA NMPEBbILLAaTb pEKOMEHAYEMbIE NPEAEbI,
a Ka)'lVI6pOBOLIHbIe I'Ipl/l60pb| AO0J1KHbI ObITb CHAabXeHbI cpeacrtBamMum gnga nepemMeriBaHns
XKNOKOCTU. DTaNloHHblEe KOHTPOJIbHbIE TEPDMOMETPbI N Kanm6pye|v|b|e TEPMOMETPHLI,
nogBeLleHHble B KOHTel\/’IHepe, He O0J/1KHbl KaCaTbCA €ro CTeHOK.

Heob6xoanmMo npoBecTn 4OCTaTO4YHOE KOJINYECTBO U3MEPEHUI, C TeM YTOObI O6bITb YBEPEHHbBIM,
4YTO Heo6X0AMMble KOPPEKTUPOBKM COOTBETCTBYIOT XapakTepuUCTMKam TepMoMeTpa

B HOPMaJ/IbHbIX YC/IOBUSX, KOrAa owmn6Kkmn, 06yCcnoBNeHHbIE MHTEPNOAALMEN, B TIOO0M
NPOMEXYTOYHOM TOYKE HE MPEBbILLAIOT HecucTemaTMyeckme norpewHocTn (cM. Tom V, rnaea 4
HacTosLwero PykoBOACTBa).

2.3.5.2 lMpoeepka e noneeswvix ycnosuax

Bo Bcex »KMAKOCTHbIX CTEK/ISAHHBIX TEPMOMETPax NPONCXOAMNT NOCTENEHHOE U3MEHEHME
HyneBol oTMeTKN. [10 3TOM NpUYNHe xenaTe/ibHO MPOBEPATb UX Yepe3 peryapHble MHTEPBabl
BpemMeHM — 06blYHO OAMH pa3 B ABa roga. [Jo Havana npouecca NpoBepKn Ux cedyeT OCTaBUTb
B BEPTUKANbHOM MOMOXEHUN NPU KOMHATHOM TeMnepaType He MeHee YeM Ha 24 4yaca.

TemnepaTypy 3amep3aHunsa MOXHO NPOBEPUTb, HaNOJIHMB cocyA [lbloapa u3Menb4eHHbIM
NbOM U3 AUCTUNNNPOBAHHOM BOALI 1 AONMBasA ANCTUAIMPOBaHHY10 BoAy. B npocTpaHcTBe
Mexay KycoykaMu fibfia 1 Mexay SIbAOM U IHOM COCy/Aa He JOMKHO 6biTb BO3ayxa. YPOBEHb
BOAbl fO/KEH 6bITb Ha 2 CM HUXKE MOBEPXHOCTU NbAa. [lns onpeaeneHnsa TOYKM 3aMep3aHma
60/1bLLUMHCTBA TEPMOMETPOB MOXHO UCMO/b30BaTb 06bIYHBIV TepMoC. TepMOMeTpbI cieayeT
pa3meLyaTtb TakuM o6pa3om, 4ToObl BO3MOXHO MeHbLLas 4acTb CToNIOMKa PTYTU AN cnupTa
BO3BbILLIA/IACk HaAo NbAoM. [epes cHATUEM NOKa3aHWi TepMOMETpa ClieayeT caenatb

no mMeHbLuel Mepe 15-MUHYTHYIO nay3y A5 TOro, 4To6bl AaTb BO3MOXHOCTb TEPMOMETPY
NPUHATbL TemnepaTypy TaloLero Abaa. Kaxabii TepMomMeTp crieayeT ABUTaThb B3aj 1 BNepes
B 3TOW CMECU U HEMeAJIEHHO CHMMAaTb MoKa3aHMa C TOYHOCTbIO A0 AECATON A0 AeNeHns
wkanbl. Mocnegytolme nokasaHna ciefyet CHUMaTb Yepes 5-MUHYTHbIe MHTEPBaJibl BPEMEHM,
a 3aTeM paccymuTaTb UX CpeHee 3Ha4YeHue.

OcTtanbHble TOYKWN B AMana3oHe TemnepaTtyp MOXHO OonpeaennTb No MEPEHOCHOMY 3TaJIOHY Uaun
WHCMEeKUWOHHOMY TepmoMeTpy. CriegyeT caenatb CpaBHEHUE 3Ta/IOHHOrO TEPMOMETPa U O4HOIO
WY HECKOJ/TbKUX MPOBEPSAEMbIX TEPMOMETPOB NOCPEACTBOM MOTPYXEHUA NX B INYyO6OKNIA

cocyp ¢ Bogown. Kak npasuio, nyywe paboTtatb B NOMeLLEHNM, 0COBEHHO B CO/IHEYHYIO MOTOAY,

a Hauny4lume pesynbTaTbl NOYy4alOTCsA B TOM Cy4vae, eC/in TemnepaTtypa BoAbl COOTBETCTBYET
Temnepartype OkpyxatoLel cpeabl nan 6m3ka K Hel.

Kaxabii TepMOMETP CPaBHUBAIOT C 3TA/IOHHBIM, @ TEPMOMETPbI OAHOIO TMNa MOXHO CPaBHUBATb
apyr c gpyrom. lNpu ka>x0oM CpaBHEHUN TEPMOMETPbI CnedyeT pa3mellaTtb Tak, 4ToObl UX
pe3epByapsbl 6bI/IV MO BO3IMOXHOCTM 6MXe APYT K APYrY, ABUraTb UX B BOAE B3a/ U BNepef,

B TeyeHne 1 MUHYTbI, @ 3aTeM CHUMAaTb NoKa3aHus. TepmoMeTpbl C/ieayeT pacnonaratb Takum
06pa3om, 4TO6bl MOXHO 6bIJI0 CHMMaTb NOKa3aHUs, He N3MeHSAA Iy6uHbI NOrPyXeHus,

npuv 3TOM pe3epByapbl TEPMOMETPOB J0/XKHbI 6bITb MOrPY>KEHbI B BOAY Kak MOXHO ry6xe.
BONbLINHCTBO METEOPOIOrNYECKUX TEPMOMETPOB KanbpytoTcs B 1a6OpaTOPHbIX YCI0BUAX MPU
MOJIHOM NOTPYyXeHUM, OAHAKO KOPPEKTUPOBKA 3@ CHET HEMOJIHOrO NOrPY>XXEHUS KanuInapHOM
TPY6KM AO/IKHA ObITb HE3HAYMTENBHOW NPY YC/I0BUM, HTO Pa3HOCTb TemnepaTyp BOAbI

1 BO3/yXa cocTaBnseT He 6onee 5 K. HacTo npu pacnosioxeHnn pesepsyapos TePMOMETPOB

Ha OANMHAKOBOWN ry6uHe BepxHne OTMETKM CTONOMKOB PTyT (MNU APYroN XNAKOCTI)

B 3Ta/IOHHOM 1 NOBEPSEMOM TePMOMEeTPax HaxoAATCA AOBOJIbLHO AaseKo APYr OT Apyra. B Takux
cnyyasx cnefyet NnposiBUTb 0COBYIO TLLATE/IbHOCTb BO n3bexaHue olwnbok napasniiakca.

CpaBHeHus cneayeT caenatb NO MeHbLUEN Mepe TPpU pasa 415 KaxAol napbl TepMOMeTpoB. [l
KaXk[10i Cepun CpaBHEHUI CpefHee 3HaYyeHne pasHOCTN Mexay NoKa3aHMAMN TEPMOMETPOB

He O/IXHO NpeBbIllaTh onpeAeneHHble NOrPeLHOCT, yKa3aHHble B HacTosLeM ToMe, rasa 1,
npunoxexne T.A.

[ToyBeHHbIE TEPMOMETPbI MOXXHO NMPOBEPATb TAKNM XKe CI'IOCO6OM, HO nx cnefyet oCtaBNiATb
B BOAE HE MEHEE 30 MUHYT CTEM, 4TOObI MNOKPbITbIE BOCKOM pe3epByapbl TEPMOMETPOB NPUHATN
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TemnepaTtypy BoAbl. bo/bluas NOCTOsAHHasA BpeMeHn NOYBEHHOIO TepMOMeETpa 3aTpyaHseT
npoBefeHne Ka4eCTBEHHOW NPOBEPKM, €C/IM HEBO3MOXHO NOAAEPXKMBaATb MOCTOSAHHYIO
TemnepaTtypy BoAbl. ECnv nposepka npoBoAnTCA TWLaTeNbHO B BOAE, TeMMepaTypa KOTopoi
n3meHsetcs He 6onee yem Ha 1 K B TedeHune 30 MUHYT, TO pa3HOCTb MeX /1y NOBEPAEMbIM
TEPMOMETPOM 1 CKOPPEKTUPOBAHHBIM MOKa3aHMeM 3Ta/IOHHOrO TepMOMETPa He JO/KHa
npesbiwats 0,25 K.

2.3.6 MonpaBku

Mpwn n3rotToBNEHUN TEPMOMETPbI, MAEHTUDULUPYEMbIE NO CEPUAHOMY HOMEPY, LLOMKHbI
6bITb CHabXeHbl NGO cepTUPUKATOM C yKazaHUEM AaTbl U3rOTOBEHUS, NOATBEPXKAAIOLLLUM
CoOTBETCTBME TPeBOBAHUSAM K MOrPELLHOCTU U3MEPEHUIA, N CepTUPMKATOM MOBEPKU

C yka3aHueM JaTbl M MOMNPaBoK, KOTOPble C/ieflyeT NPUMEHSTb K NOKa3aHUAM A5 NoaydYeHus
TpebyeMon TOHHOCTU.

Ecnun norpeliHocTy B BbiGpaHHbIX TOYKax B AMana3oHe nokasaHuii TepMOMeTpoB (Hanpumep,

0 °C, 10 °C, 20 °C) He npeBbiwatoT £0,05 K, TO HET HEO6XOAMMOCTM B MONPaBKax, U TePMOMETPbI
MOTYT MCNO/b30BaTbCs B KAYECTBE CTAHLLMOHHbIX TEPMOMETPOB, yCTaHaB/IMBAEMbIX

B €CTECTBEHHO BEHTUIMPYEMbIX OyAKax, a Takxke B Ka4eCTBe MakCMMasbHbIX, MUHUMA/IbHbIX,
NOYBEHHbIX TEPMOMETPOB 1 TEPMOMETPOB /151 U3MEPEHUS MUHMMaNbHOW TemnepaTypbl

B TpaBocToe. Ecnu norpewHocTn B Bbi6paHHbIX TOUKax cocTaBnstoT 6onee 0,05 K, Habntogatenb
[ON1KeH 6bITb CHabXeH Tabnnuet NoNpaBokK K MOKa3aHUAM, a Takxke YeTKUMWU UHCTPYKLUAMU

0 TOM, Kak 3TW NonpaBku NPUMEHSTb.

CepTVIq)VIKaTaMVI AO/1XKHbI 6bITb CHabXeHbI cneayrouine TepMOMETPbI:
a) 014 UCNOJ/1b30BaHUA B BEHTUINPYEMbBIX MCUXPOMETPaAx;
b) 014 NCNOJ/1b30BaHUA B Ka4e€CTBE NEPEHOCHbIX 3Ta/IOHOB CPAaBHEHUSA;

C)  ANS NCNO/Mb30BaHMA B Ka4eCTBe 3Ta/IOHHbIX TEPMOMETPOB A9 KaAnbpPOoBKM
B 1a60OPaTOPHbLIX YC/TOBUSAX;

d) 014 UCNOJ1b30BaHUA B CNeLUMa/IbHbIX LENAX, AN1A KOTOPbIX MTPUMEHEHUE
nonpasok o60CHOBaHoO.

ﬂ,)’lﬂ NCUXPOMETPUHECKUX Ll,e}'lel\/'l cnenyert Bbl6|/|paTb ABa WOEHTUYHbLIX TEpPMOMETpPA.

237 O6cnyxxuBaHue
2.3.71 Paspeie cmon6uka >xudkocmu

Hanb6onee 4acTo BCTpevaloLLMMCs HELOCTaTKOM SIB/ISETCS Pa3pblB CTONGMKA XUAKOCTH,
0CO6€eHHO BO BpeMS TPaHCMOPTUPOBKU. DTO Yalle C/1y4aeTcs CO CMUMPTOBbIMU (MUHMMabHbIMW)
TepmomeTpamu. Apyrumun npobnemamu, xapakTepHbIMU /191 STUX TEPMOMETPOB, SABASIOTCS
ajresus cnupTa Ha cTekae n obpa3oBaHue Kanenek CnupTa 3a cHeT AUCTUNNSALUN B Kanuanspe.

Pa3pbiB cTON6MKA KMAKOCTN OOBIYHO MOXHO TMKBUANPOBATb, lep>ka TEPMOMETP pe3epByapoMm
BHM3 U CNerka NoCTyknBas UM O Nanblibl PyKW WK Kakoli-nmbo npeaMeT, 3/1aCTUYHBIA 1

He CNMLIKOM TBepAbINA. MNocTyKkMBaHNe Heo6Xx0ANMO NPOAO/IKATb B TEe4EHNE HEKOTOPOTo
BpemeHU (B Te4eHne 5 MUHYT, eC/In 3TO He06X0AMMO), a 3aTeM NOABECUTL TEPMOMETP, NTM60
NMOCTaBUTb €ro BepTUKaIbHO B NOAXOAALLMIA KOHTEIHEP pe3epByapOM BHM3 NO KpaliHel mepe
Ha Yac, An15 TOro 4To6bl AaTb BO3IMOXHOCTb CNPTY, NPUIMMLLEMY K CTEHKE CTeKNa, CTeYb BHU3
K OCHOBHOMY CTON6MKY. ECn noao6HbIN MeToA He MPUHOCUT ycnexa, To 6onee 3hPeKTUBHbBIM
MeTOZI0OM ABNSAETCSA OXNaXKAeHWe pe3epByapa B XO/I04HOM CMeCU ibJia U COIN NPU COXPaHEHUU
BEPXHeN YacTn kanunnspa B Tenne. Toraa XMAKoCTb OyaeT Me/IeHHO BO3BPaLLaTbCs

K OCHOBHOI YacTu cTonbuka. Kpome TOro, pesepsyap TepMoOMeTpa MOXHO MOMECTUTb B COCYA,
C Tenn0l BOAOW 1, Aepxka TePMOMETP BEPTUKAJIbHO, OAHOBPEMEHHO MNOCTYKMBaTb UK
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CTPSAXUBATb BOAY C Kanuaaspa Ao Tex Nop, Noka BEPXHASA 4acTb CTON6UKa CNUPTa He AOCTUTHET
paclMpeHHOM BEpXHEeN YacTu kanunnsapa. DTMM MeToA0M caeayeT Nob30BaTbCs C 0CO60M
OCTOPOXHOCTbIO, Tak Kak CyLLeCTByeT pUCK pacTpeckuBaHMUa TepMOMeTpa, eC/iv CNUpPT nonagaet
B pacLUMpeHune Kanuansapa.

2.3.7.2 Heyemkocmo wikanoi

[pyrnm HeJOCTaTKOM XMAKOCTHbIX CTEK/ISIHHBIX TEPMOMETPOB, He CHabXeHHbIX hyTaspamu,
ABNSETCA TO, HTO CO BPEMEHEM LUKaNa CTAaHOBUTCA HEYETKOM. DTO MOXKHO MCNPaBUTb Ha CTaHL MK,
noTepes LWKaay TEMHbIM IMTOrpacn4ecknm IM60o YepHbIM rpacnTOBLIM KapaHAaLLOM.

2.3.8 be3onacHOCTb

PTyTb, KOTOpas 4Yalle BCEro MCMo/b30Banach B XUAKOCTHbIX CTEK/IAHHbBIX TEPMOMETpaXx,
ABNSETCA AA0BUTOM U MOXET BbI3BaTb OTPAB/eHNE NMPWU NPOrnaTbiBaHUN WU BAbIXaHUN ee
napos. Ecin TepmomeTp pasbuT, a kanenbkn pTyTU He yaaeHbl, TO CYLLEeCTBYeT ONacHOCTb
AN 3[0pOBbs, 0COBEHHO B 3aKpbITbiX MOMeLLleHnsx. bonee noagpo6Haa nHgopmaums

0 Mepax NpeAoCTOPOXHOCTU MPU UCNOb30BaHUN PTYTU NPUBOAMTCS B HAaCTOALLEM TOMe,
rnaea 3, npunoxeHue 3.A. CyLLeCTBYIOT Takxe OrpaHuyeHuns Npu TPaHCNOPTUPOBKE PTYTHbIX
CTEKNSHHbIX TEPMOMETPOB CaMO/IETOM UM 0COBblE MePbI MPEAOCTOPOXHOCTU, KOTOPbIE
cnepyet NpeAnpUHATL ANA NPefoTBPaLLeHnsa yTedkn pTyTH B C/lyHae NoJIOMKM TepMoMeTpa.
3a KoHCynbTaunel ciegyeT o6patUTbCA B aAMUHUCTPALLMIO COOTBETCTBYIOLLLEN MHCTaHLUM UK
nepeBo3yuKa.

24 MEXAHUYECKUE TEPMOTPA®bDI
2.4.1 O6u e NoNoKEeHUs

BumeTannunyeckme Tepmorpadbl 1 Tepmorpadbl € Tpy6Koit bypaoHa senatotcs npubopamm,
KOTOpble BCE elLlle LUIMPOKO MPUMEHSIOTCS BCIeACTBUE NX OTHOCUTE/IbHON AeLleBU3HbI,
HaAeXHOCTM 1 nopTaTUBHOCTU. O4HAKO NX HENerko NPUCnocobuTb ANd ANCTaHLLMOHHOW Nan
3N1eKTPOHHOM perncTpaunn. B coctas Takmx Tepmorpacdos BXOAUT BPaLLLaloLLMIACA TEHTOYHBIN
MexaHu13M, 06bIYHbIN AN TPYNMbI KNacCMyeckmx camonuclies. B uenom Tepmorpadbl AOMXKHbI
paboTaTb B Anana3oHe npumepHo 60 K nnn gaxe 80 K, ecnv oHn MCNob3yoTcs B yC0BUAX
KOHTMHEHTabHOTrOo KMMara. TpebyeTcs Takas LieHa AeNeHuns LWKasbl, YToOObl MOXHO 6bi10 63
TPyAa NPOM3BOAUTbL CHUTbIBaHME 3HaYeHUI TeMnepaTypbl C NOrpelHocTbio He 6onee 0,2 K

Ha neHTe cpefHero pa3Mepa. [1n5 BbINO/IHEHNA 3TOro TpeboBaHma cnefyeT NpeaycMoTpeTb
BO3MOXHOCTb NepeyCTaHOBKW Hy/IeBOI OTMETKM Nprnbopa B 3aBUCMMOCTUN OT CE30Ha.
MakcrMasnbHas norpeLHocTb TepMorpada He fosmkHa npesbiwaTh 1 K.

2.41.1 bumemannuyeckuii mepmozpadg

B 6umeTtannnyeckoM Tepmorpadbe ABMKEHWE 3aMMCbiBalOLLLETO Mepa peryampyercs 3a cyet
N3MeHeHNs KPUBU3HbI BUMeTaNINYeCcKon NAaCTUHKN UKW MPY>XKMHbI, OAWNH KOHEL, KOTOPOW
KECTKO CKpernJieH C KPOHLUTENHOM, YKpernieHHbIM Ha kopnyce. JJo/mkHO 6biTb NpeyCMOTPEHO
perynMpoBoYHOe yCTPONCTBO A5 TOro, HTOObl NPU HEO6XOAMMOCTN MOXHO ObI/10 MEHATb
HyneBylo OTMeTKy npunbopa. Kpome Toro, B nprubope A0MKHO 6bITb NPefyCMOTPEHO U3MEHeHNe
LieHbl fleIeHNs LWKasibl 33 CHeT PeryIMpoBKN AIMHbBI pblYara, NepeaatoLlero ABuxeHne
61MeTanINYeckom NIacTUHKK Nepy; PerynmpoBky AOMKEH MPOU3BOAUTbL MePCOHas, UMeIoLL NI
Ha 3To pa3pelueHune. bBumeTanIn4ecknin 3N1eMeHT HY>KHO COOTBETCTBYIOLLIUM 06pa3om
npefoxpaHnTb OT KOPPO3UK; 3TO NyYLLie BCErO cAenaTb 3a CHET MOKPLITUA U3 MeN, HUKeNS
nnM60o xpoma, XoTs A1 HEKOTOPbIX TUMOB K/IMMaTa A0CTaTOYHbIM, BEPOSATHO, AB/SETCS MOKPbITHE
nakoMm. Mpn6op nmMeeT NOCTOAHHYIO BPEMEHM OKONO 25 C NpU CKOPOCTU BeTpa 5 M-c™.
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2.4.1.2 Tepmozpadgp c mpy6koii BypdoHa

Mo cBoeMy yCTpOMCTBY NpMGOP B LLEJIOM NOX0X Ha Npnbop brmeTaninyeckoro Tmna,

HO TemnepaTypHbI AaTYnK nMeeT POPMY U3OrHYTON MeTannn4eckoi Tpy6KmM NI0CKoro
NIMNTUYECKOTO CeYEeHMS, HaNnO/IHEHHOW cnupToMm. Tpy6ka bypaoHa MeHee 4yBCTBUTE/bHA,
yeM 6MMeTa/INYECKNI INEMEHT, M 06bIYHO TpebyeT HaMYMA PbIYaXXHOIO MeXaHM3Ma yCuneHus
[AN5 TOro, 4YTo6bl MOyYUTb HEOOXOAMMYIO LIeHY AeneHns Wwkanbl. [pnbop nmeeT TMNUYHYIO
NOCTOSIHHYO BPEMEHMU, PaBHYIO MPUMEPHO 6 C MPU CKOPOCTN BeTpa 5 M .

2.4.2 Mopspox npoBefeHNs USMepeHUN

[nsa ynydweHus paspellatoLlein cnocobHocTy Tepmorpadbl B pa3iMiHOe BpeMs rofa 4acto
HacTpavBalOTCA Ha OAMH UIN ABa Pa3HbiX AManasoHa C NpYMeHeHNeM COOTBETCTBYIOLLMX
neHT. ToyHas Aata nepexofa C O4HOMO KOMMJIeKTa JIEHT Ha Apyron 6yaeT N3MeHATbCA

B 3aBMCMMOCTU OT YC/I0BUIM MecToHaxoxaeHnsa. OaHaKko Npu oCyLL,eCTBAeHNM 3TOro

nepexopa npnbop TpebyeTcsa oTperympoBsaTtb. PerynnpoBka AO/KHA MPOM3BOAUTLCA 1M6O0

B MeTeoposiormyeckom 6yake B 061a4HbIi BETPEHbIN Ae€Hb NPW MPaKTUYeCKN MOCTOSHHOMN
Temnepatype, 1M60 B NOMELLEHUN C MOCTOSSHHOM TemnepaTypoi. Perynnposka npon3BoamTCA
NnocpeacTBOM OTNYyCKaHMS BMHTA, C MOMOLLbIO KOTOPOFO pblyar nepa KpenuTcs K ero CTEPXHIO,
W yCTaHOBJ/IEHMA pblyara nepa B NPaBW/IbHOE MOJIOXKEHME C NOC/IeAYIOLLUM 3aTArMBaHNEM BUHTA.
Mpunbop ocTaBAAOT 4O NOBTOPHOW MPOBEPKMU U Aa/IbHENLLNX PETYIMPOBOK, KOTOPbIE MOTYT
noTpe6oBaTbCs.

243 PasmeuieHme n yctTaHoBKa

STV Npnbopbl AOMKHBI YCTaHAaBIMBATbLCA B 60/1bLLINX MCUXPOMETpUYecknx byakax (Hanpumep,
B MeTeoposiornyeckom 6yake CTMBEHCOHa C BHyTPEHHEN M3MEPUTENIbHOM KaMepon pa3mMepomMm
450 x 700 x 400 mm).

2.44 MUcTouyHMKM norpeliHocTen

TpeHMe ABnAeTCca OCHOBHbIM UCTOYHUKOM I'IOFpeLIJHOCTeVI MeXaHun3Ma TepM0rpacba. OLI,HOVI
M3 MPUYNH TPEHUA ABNAETCA NJ10Xasd ULEHTPOBKaA Cnpaiv N0 OTHOLEHUIO K CTEP>KHIO. Ecnan
HE€ YyCTaHOBUTb Cnnpa’sib TOYHO, TO OHa ﬂ,eVICTByeT KakK MOLLHasA Npy>XwnHa, a Npu XKECTKOM
3aKpenaeHnn oHa npmxnmaet OCHOBHOWM CTE€pP>KeHb K OAHOVI CTOpPOHE NOALLUNMHNKOB.

B COBPEMEHHDbIX I'Ipl/l60an 3TO HE AO0J/IXKHO BbI3blBaTb CEPbE3HbIX npo6neM. TpeHVIe Mexay
nepom n JIEHTO MOXHO CBECTU K MUHNMYMY NOCPeaCTBOM COOTBeTCTB)/IOLLI,eVI PeryanpoBku
nogBecku pa6o'-|ero MeXaHun3Ma.

2.4.5 CpaBHeHMe u KaMGpoBKa
2.4.5.1 Kanu6poeka e na6opamopHbix ycnosusax

CyliecTByeT Ba OCHOBHbIX MeTOAa 1abopaTOpPHON KaNIMOBPOBKM BUMETANANYECKUX
TepmorpadoB. VIx MOXXHO NPOBePSATb, yCTAHOBMB HEMOABUXHO B COOTBETCTBYIOLL,EE MOJIOXKEHWE
1 MOMeCTUB 6UMeTaNINYeCcKniA S1eMEHT B BOASAHYI0 BaHHY. MOXHO Tak>e NoOMeCTUTb
TepMorpad B NOBEPOYHYIO KaMepy MPOMBILLIEHHOrO TUNa, CHAGXEHHY0 MeXaHU3MOM
KOHTPO/15 TeMnepaTypbl BO34yXa, BEHTUISATOPOM U 3Ta/IOHHbIM TEDMOMETPOM.

CpaBHeHUs cieayeT caenatb NpW ABYX 3HaYEHUAX TeMnepaTypbl U, NCXOAA U3 3TOTO, MOXHO
BbIABUTb MU3MEHEHUA HY/IEBOI OTMETKM Ha JieHTe. PerynmpoBka LwKasbl AO/XKHA NPOBOANTHCS
nepcoHaaoM, UMEIOLLMM Ha 3TO pa3peLleHmne, U TONbKO C YHeTOM NMOMOXEHWNN MHCTPYKLUK
n3rotosutens npubopa.
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2.4.5.2 CpaeHeHue 6 yc/08uax skcnayamayuu

lNMocTtosHHas BpeMeHn npubopa MoxeT 6bITb paBHa INLLb NOJIOBNUHE NOCTOAHHOM BPEMEHMU
06bI4YHOTO PTYTHOIO TEPMOMETpPA, MO3TOMY MOKa3aHMs Cyxoro TepMoMeTpa u Tepmorpada

B OnpejeneHHoe Bpems He OyayT coBnajaTb, Aaxe ec/in npubop paboTaeT npekpacHo. Jlyyie
BCEro Npomn3BecTn NPOBepPKy NokasaHU Nnpnbopa B TOT EHb 1 B TO BPeMS, KOorga TemnepaTypa
NoYTM NOCTOAAHHA (06bIYHO 06/1a4HbIN, BETPEHBIN AEHb); MOXHO TakXe CPaBHUTb MUHUMaslbHble
nokasaHus 3anuceri Tepmorpada c nokasaHUsMM MUHUMa bHOIO TEPMOMETPA, YCTaHOB/IEHHOTO
B TOM e 6yake. 3aTeM MOXHO MPou3BecTy Ntobyto He06X0AMMYIO PEryINpPOBKY NOCPEACTBOM
yCTaHOBOYHOIO BUHTa.

2.4.6 MonpaBku

Tepmorpadbl 06bI4HO He cHabxkatoTca cepTudgmrkaToM nonpasok. Eciv B pesynbrate npoBepok
Ha CTaHL MM BbISABAAIOTCA NOrPELLIHOCTM, MPEBbILIaloL e AOMYyCTUMbIE, U OHU He MOTYT ObITb
yCTpaHeHbl Ha MecCTe, NPUGOP A0/KEH ObiTb BO3BPALLLEH B COOTBETCTBYIOLLLYIO MOBEPOYHYIO
nabopatopuio 419 PEMOHTa U MOBTOPHON NOBEPKMU.

24.7 O6cnyxuBaHue

TekyLee o6cnyxnBaHMe BKIOYaeT B ce651 NPOBEPKY BHELLIHErO COCTOSHUSA, CBOOOAHOr0

X0Aa MOALUMMHMKOB, YI/1a Hak/IOHa 3aMMCbiBalOLLEro pblyara, yCTaHOBKM Nepa 1 yrna

Mexay pblHaramMmmn yCUAeHUs 1 3anncK, a Takxke NpoBepKy HaCTPOIMKM 4aCOBOrO MeXaHn3Ma,
BpaLuatoLero 6apabaH c neHToi. Takme NpoBepKun AOMKHbBI NPOBOAUTLCA B COOTBETCTBUN

C pekoMeHaaumammn nrotoeutens. Co cnmpanbio cnegyet obpallaTbCsa OCTOPOXHO

BO M36exaHne MexaH14eCckoro nNoBpexAeHNs 1 cogepxatb ee B YnctoTe. [NoawnMnHmnkn

0CU J0/KHbBI COAEPXKATLCA B YACTOTE, YMEPEHHO CMa3blBaTbCsA HaCOBLIM MaC/10M Yepes
onpeeneHHble MPOMeXyTkn BpemeHu. Nprnbop oveHb NPOCTON B MEXaHNYECKOM OTHOLLIEHUN,
1, NOCKONbKY NPeAyCMOTPEHHbIE MPeAOCTOPOXHOCTN HaMpasaeHbl Ha CBeAeHNE K MUHUMYMY
TPEHMA 1 Ha NpeAoXpaHeHne OT KOPPO3UM, OH JO/KEH XOPOLLIO paboTaTb.

2.5 PAOAVNALUNOHHDLIE 3ALLLUTDI

PagvaLMoHHas 3alumMTa Uam 3KpaH AO/KHbI 6bITb CNPOEKTUPOBaHbI TaKMM 06pa3oMm, 4To6b
o6ecneynTb OroOPOXEHHOE NPOCTPAHCTBO, MMeloLLLee paBHOMEPHYIO TemrepaTypy, KoTopas
ABnsnacb 6bl TaKOM Xe, Kak TemrnepaTypa OKpy>atoLLero Bo3ayxa. 3alimTa J0/KHa MOAHOCTbIO
OKPY>aTb TEPMOMETPbI Y UCK/IOYaTb BO3MOXHOCTb BO3AEMCTBUS Ha HUX TEMJIOBOTO MU3/TyYeHUs,
0CaAKOB U APYIUX SIBJIEHUI, KOTOPbIE MOTYT NMOB/AUATL HAa U3MEPEHHeE.

DKpaHbl C NPUHYANTENbHON BEHTUAALMEN, MPU UCNOb30BAHNMN KOTOPbIX BO3JYX HanpaBaseTcs
Ha 371eMeHT TepMOMETpPa C NMOMOLLLbIO BEHTUAATOPA, MOTYT MOMOYb YMEHbLUNTb NOrPELLHOCTH
N3MepeHuns B TeX Clyvasnx, KOraa MUKPOKIMMAT BHY TPU OFOPOXeHHOro NPOCTpaHCTBa
OTKJIOHAETCA OT MMKPOK/IMMaTa OKpY>KatoLLieil BO3AYLLHOW Macchbl. Takoe OTK/IOHeHWe
Hanboee BE/IMKO MPW 04eHb HU3KOW CKOPOCTU ecTecTBeHHOro BeTpa (< 1 mc ™). Mpwu
NCMOb30BAHUN NPUHYANTENBHON BEHTUNALMUN ClefyeT NPUHATb Mepbl, 4TOObl NPefoTBPaTUThb
oCaxxieHne a3po30/eit 1 kanesb JOXAA Ha AaTHMK TeMnepaTypbl, NOA BO3AENCTBUEM KOTOPbIX
Temnepartypa, nokasblBaeMas AaT4nMKkoMm, MOHMXKaAEeTCA 0 TeMnepaTypbl, NOKa3biBaeMoW
CMOYeHHbIM TepmomeTpoM. CpeacTBa paAnaLMOHHON 3aLUNTbl C MPUHYANTENBHO BEHTUAALMNEN
[AOMKHBI UMETb YeTKUIA MHANKATOP COCTOAHMSA (hakTU4eCcKoro pexxunuma paboTbl BEHTUASTOpa
HenocpeACTBEHHO Ha 3KpaHe WM Ha KOHTPOIMPYIOLLLEM YCTPOKiCTBe NGO Ha pernctpatope
AaHHbIX, 4YTOObI NPEAO0CTaBUTb BO3MOXHOCTb 06C/Y>KMBaIOLLLEMY TEXHUYECKOMY NepCcoHany
NPoBepPATb NPaBUIbHOCTb PabOTbl BEHTMASTOPA C MOMOLLbIO BU3YyaslbHOro KOHTpons. Kpome
TOro, CBeAleHNs 0 COCTOAHUN pexkuMa paboTbl BEHTUAATOPA M NPEANOYTUTENIbHO O HYacToTe ero
BpaLLLEeHNs JOKHbI COAEPXKATLCA B BBIXOAHbBIX AAaHHbIX 414 Liesiell aBTOMaTU4eCKoro KOHTPOAS.
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B kavecTBe MaTepumana Ana 3alntbl NOAXOAUT HeOKVIC)'IFIIOLI.I,VII7ICFI MeTann CTwartesibHO
OTI'IOJ'IVIpOBaHHOI7I NOBEPXHOCTbIO, TAK Kak OH o6na,u,aeT BbICOKOW 0Tpa>|<aTean017|
CNOCOBHOCTbIO U HU3KOWM TEMIOEMKOCTbIO. TemM He MeHee, LLNPOKO NUCNOJ1b3YHTCA NMN/1aCTUKOBbLIE
MaTtepuabl C HU3KOWM TEN/1I0NPOBOAHOCTbLIO B CBA3U C HEC/TOXKHbBIMU Tpe6OBaHVI$|MVI K nNX
TEXHN4YeCKOMY o6cny>|<|/|Baano. Ecnn cnctema ocHoBaHa Ha npuvHuune eCTeCTBEHHOM
BEHTUNALUNN, TO B ob6s3aTeIbHOM nopagke cneayet Takxke Mcnojib3oBaTb MaTepua C HU3KOWM
TEN/1I0NPOBOAHOCTbLIO.

SdhekTMBHOCTb pabOoThl 3aLLUTLI (PearnpoBaHne Ha BO3AeNCTBUE N MUKPOKINMATUYECKNE
cpakTopbl, BeAyLLMe K HexenaTelbHbIM MOrPELIHOCTAM U3MePEHMNS) 3aBUCUT, IMaBHbIM 06pa3oMm,
OT ee KOHCTPYKLMW, B KOTOPO Heo6xoAMMO obecneymnTb Kak 3aLluTy oT paanaumm, Tak

M [OCTaTOYHbIN ypoBeHb BeHTUAauMn. C Tex Nop, Kak Ha4anu npon3BOAUTbL METEOPOIOTMYeckmne
n3MepeHus Temneparypebl, 6blIV NPeAN0XeHbl CaMble PpasHble TUMbl KOHCTPY KLU 3aLLUThI.
Mocne Toro, kak TemnepaTypy cTanm namepatb ¢ noMoLbio AMC, pasHoobpasne KOHCTPYKL I
3Ha4MTenbHo Bo3pocno (cM. WMO, 1998a). N3-3a pa3nnuunii B cneumndmrke npUMEHeHNN’,
cTeneHm aBTOMaTM3aL MM U KIMMATUYECKUX YCI0BUAX, TPYAHO peKOMeHA0BaTb OAMH
KOHKPETHbIN TUN KOHCTPYKLIMKN, NOAXOAALMIA ANA NPOBEAEHUSA U3MEPEHMI NO BCEMY MUPY.
XopoLunii 0630p KOHCTPYKLMIA U 3D PeKTUBHOCTU X (DYHKLLMOHUPOBaHUSA NPUBEAEH

B ny6ankaunm WMO (1972). Pe3ynbtaTtbl B3aMMHbIX CPAaBHEHWI 3aLLLUT TEPMOMETPOB OMMUCaHbI

B ny6nunkaumnsax Andersson and Mattison (1991), Sparks (2001), WMO (1998b; 1998¢; 1998d;
2000a; 2000b; 2002b; 2002¢; 2002d) v B nybnukaunmn Zanghi (1987).

B cooTBeTCTBUM C MexXAyHapoAHbIM cTaHAapToMm (ISO/DIS 17714) onpepenstorca Hanbonee
COOTBETCTBYIOLLME TPE6OBAHMAM TUMbI 3aLLUT 1 ONUCLIBAIOTCA METO/bl OLLEHKN 1 CPaBHEHUS
3 PpekTnBHOCTM nx pyHKUMOHUpPOoBaHUs (1SO, 2007).

Mockonbky paanaLMOHHas 3aLiMTa MOXeT 06eCneyYnTb 3HaYNTENbHbIV BKaZ, B 0OLLYIO OLLEHKY
NOrpeLIHOCT! U3MePEHN TeMMepaTypbl, HEO6XOAMMO OLLEHUTb U paccymTaTb BAUSHUE
pPa3nnyHbIX METEOPOJIOTNYECKUX CUTYaL Ui (HanpuMep, BOCXO/ COJTHLLA MOC/Ie SCHOM HouM,
MOPO3Hbl€ Y30Pbl UM CHET BHYTPU U CHapPyXW, KOHAEHCAT BHYTPU U CHaPYXW, BAUSHUE
XUOKNX 0CaZIKOB).

2.5.1 XKantosuiinbie 6yakn

B 601bLUIMHCTBE PA3/INYHbIX TUMOB XaN03MNHON 6YAKN NCNOJb3YeTCA MPUHLMM €CTECTBEHHOM
BeHTUNAUMN. CTeHbl Takon 6yAKN AOMKHBI UMETb ABOWHbIE Xaslto3K, a Noa AO/KEH ObITb cAeNnaH
13 AOCOK, NAYyLIMX ycTynaMmn. Mo>xxHO HanTu 1 Apyrune TUMnbl KOHCTPYKLMIA, OTBEYAIOLMX
BblLLeyKa3aHHbIM Tpeb6oBaHMAM. Kpbilla Ao1kHa 6bITb ABYXCIONHOM C BEHTUANPYEMbIM
BO3/YyLUHbIM MPOCTPAHCTBOM Mexay C/IoaMU. B yCnoBmusx xonoaHoro kanMmara ns-3a BbICOKOM
oTpaxaTeslbHOM cnoco6HOCTM cHera (A0 88 %) 6yaka AO/MKHA UMeTb ABOWHON non. B 1o xe
BpeMs NOJ AO/IKEH JIErKO ONYyCKaTbCs MO0 HAKIOHATLCA C TeM, YTOObI MOXHO 6bIJ10 yAanuTb
CHer, NonasLLUWi1 BHYTPb BO BPEMS MeTeN.

PasMepbl 1 KOHCTPYKLMSA 6YAKN AONXKHbI 6bITb TAKMMU, 4TO6bI 06ecneyvnTb Kak MOXHO 6osee
HU3KYIO TEMI0OEMKOCTb, @ TakXKe A0CTaTO4HOEe NPOCTPAHCTBO Mexay Npubéopamu un cTeHamu.
MNMocnepgHee Tpe6oBaHMeE NCKITIOYAET BCAKYIO BEPOATHOCTb HEMOCPEACTBEHHOIO KOHTaKTa
4yBCTBUTEJIbHbIX 3/IEMEHTOB TEPMOMETPa CO CTeEHaMM 1 NpruobpeTaeT 0Cobyto Ba>KHOCTb

B TPOMMKax, rae CoNHeYHas paanaLnmsa MOXeT HarpeTb CTeHbI 10 TaKOW CTENEHM, YTO Bbl30BET
3aMeTHbIN TeMnepaTypHbI rpaaneHT B 6yake. Cnenyet nsberatb Takxke HEMOCPEACTBEHHOIO
KOHTaKTa MexAy 4yBCTBUTE/IbHbIMY 3/1EMEeHTamMm1 1 KpenaeHnem TepMmomeTpa. byaka goskHa
6bITb BblKpaLleHa BHYTPU 1 CHapy>kKu 6e10 HErMrpoCKONMYHOM KPaCKOM.

I'IpM ,EI,BOVIHbIX CTE€HAX BO34yX MeXAy HUMWU CNTYXKUT A1 YMEHbLUEHNA KO/In4eCTBa Tera,
KOTOpPOE B MPOTUBHOM CJly4ae noctynano 6bl 3a cHeT TenonpoBoaHOCTU OT BHELUHEN CTEHBbI
BHYTPb 6y,CI,KVI, 0cob6eHHO npu 3HAYNUTENIbHOMN COTHEYHOMN pagnarnn. I'IpM BETPE BO34yX MeXAy
CT€eHaMWN HENPEPbIBHO MEHAETCA N MOCTYN/IEHNE Te€MNJia OT BHELWHNUX CTEH BHYTPb 6y,EI,KVI euie
CnibHee yMeHbLUaeTCA.
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Csob6ogHas umMpKkynauusa sosayxa B 6yake cnocob6CTByeT TOMY, 4TO TeMnepaTypa BHyTPEHHeN
CTeHbl MEHAETCA B COOTBETCTBUMN C U3MEHEHUSAMM TeMNepaTypbl OKPY>KatoLLLero so3ayxa. Takmum
06pa3om, yMeHblLUIaeTCa BANsSHME BHyTPEHHEel CTeHbl Ha TeMnepaTtypy TepmomeTtpa. Kpome
TOro, cBo6oAHas LMpKynaumnsa Bo3ayxa BHyTpu 6yaku cnocob6CTBYeT TOMY, YTO TEpMOMETP
6bICTpee pearMpyeT Ha U3MEHEHUs TemnepaTypbl OKPYXatoLLLero Bo3ayxa, 4em B yC/I0BUAX
TO/IbKO paanaLmoHHoro obmeHa. OgHako BO34yX, LMPKYAUpPYOLWNnin B 6yake, onpeaeneHHoe
BpeMs KOHTaKTUPYeT C BHELLHMMW CTEHaMK 1 NO3TOMY ero Temnepartypa MOXeT OTam4aTbCs
OT TemnepaTypbl BO3Ayxa, OKpy>KatoLero 6yaky. 3Tn OT/IMYNA CTAaHOBATCA 3aMeTHbIMU, KOrAa
BeTep c/1ab, a TemnepaTypa BHELUHel CTeHbl 3Ha4MTe/IbHO OT/INYAETCS OT TeMnepaTtypbl
OoKpy>atoLero Bosayxa. Takum o6pa3om, MOXHO OXxuaaTb, 4TO TeMnepaTtypa Bo3ayxa B byake
AHEM MPU CUJIbHOM CO/THEYHOM CUSAHUN 1 cnabom BeTpe ByaeT Bbille NCTUHHOM TemnepaTypbl
BO3/yXa, & B ACHYIO TUXYIO HOYb — HECKOJIbKO HUXeE, NPUYEM B IKCTPEMasbHbIX CyYasnx
norpewHocTn MoryT gocturatb 2,5 n -0,5 K cootseTcTBeHHO. [loNoIHUTEIbHbIE NOTPELLUHOCTH
MOTyT 6bITb Bbl3BaHbl OX/TXKAEHNEM 3a CHET UCNAapeHUs C MOKPOM NOBEPXHOCTU ByaKK

nocne goxad. Bce aTn pakTopbl 0KasbliBaloT BAUSAHWE W Ha MOKa3aHWA Apyrux npubopos,
HaxoaAaLmxca B 6yake, Taknx, Kak rTMrpomMeTpbl, UCNapUTean N T. N.

norpeLIJHOCTI/I, BO3HUKaoWwmMe scneacreme M3MEHEHWNI eCTECTBEHHOM BEHTUNALUNN, MOXHO
YMEHbLLNTL, €C/IN YCTAaHOBUTbL B 6y,cu<e COOTBETCTBYHOLLNM o6pa30M CMPOEKTUPOBAHHYIO
cncTtemy I'Ipl/IHy,CI,VITe}'IbHOI\/'I BEHTUALUUNN, KOTOpPAs obecne4ymBaet NOCTOAHHYIO N ONpeAe/IEHHYIO
CKOPOCTb BEHTU/INPOBAaHUA, NO KpaVIHeVI Mepe nNpun MasiblX CKOPOCTAX BETPaA. Cne,qyeT O6paTI/ITb
ocoboe BHMMaHMe Ha KOHCTPYKLUIO TAKNX CNCTEM CTEM, 4YTOObI TEMO OT BEHTUNIATOPA NN
OPYyroro 3neKTpnu4eckoro ABuUraTesia He B/INA/10 Ha TEMINeEpaTypy B 6y,q|<e.

B uenom HEO6XO,CI,I/IMa b O4Ha ABEPb Npn yC10BUU, 4HTO 6y,u,|<a pacnosoxeHa Takum
o6pa30M, 4YTO COJ/IHUE HE CBETUT Ha TEPMOMETPLI, KOr4a ABE€Pb OTKPbITa BO BPEMA Ha6}'IIOLI,eHVIﬂ.
B Tponukax HeO6XO,CI,l/IMbI ABe ABEPU, UCNOJIb3yeMbIE€ B pa3/INdHbIE Nepunoabl roja. B NONAPHbIX
pa|7|0Hax (rp,e COJ/THLUE CBETUT NO4 HN3KNM yrn0M) TakKXe cieqyeT NPpUHATb MEpPbI MO 3alinTe
BHYTpeHHeVI H4acTtun 6y,CI,KI/I OT NMPAMbIX COJTHEYHbIX nyqeﬁ; caenatb 3TO MOXKHO C MOMOLbHO
3aT€EHEHUA NN NCMOJIb30BAaHWA 3KPaHa, 3aKpen1€eHHOro Takum o6pa30M, 4YTOObl €r0 MOXHO
6bl1710 noBopavmBaTb NO4 COOTBETCTBYHOLLMM YI/IOM B TO BPEMSA, KOr4a ABEPb OTKPbITa A4
CHSATUA NOKa3aHWUN.

XoTs 601bLINHCTBO OYA0K BCE eLLe N3roTaBAMBaETCA U3 AepeBa, HEKOTOPble NoCneHue
MoO/e/n, BbIMOJHEHHbIE C MPUMEHEHMEM NIACTUKOBbIX MaTepmanoB, UMetoT 6onee

3 (PeKTUBHYIO0 pagMaLMOHHYI0 3aLnTy 6i1arofaps ycoBepLUIEHCTBOBAHMIO XKaJsllo3u,
obecneynBatoLLnx 601ee MHTEHCMBHYIO LUPKYNALUio Bo3ayxa. B niobom cnyyvae 6yaka

M NOACTaBKa AO/KHbI ObITb CAeNaHbl U3 TBEPAbIX MaTEPUaOB U HEMOABWXHO 3aKpenaeHbl

C TakUM pac4eToMm, YTo6bl CBECTU K MUHUMYMY MOTPELUHOCTU MaKCUMabHbIX U MUHUMabHbIX
TEPMOMETPOB, Bbi3blBaeMble BETPOBOW BMOpaLmeit. B Tex MmecTax, rae Henb3s MOAHOCTbIO
n36aBUTbCSA OT BETPOBOI BUGPaLIMKN, PEKOMEHAYEeTCS UCMNOb30BaTbh KPOHLUTENHbI TMOKOro
KpenneHnusa. 3emns noa 6yAKoON AoMKHA UMeTb TPaBSHOE NMOKPbLITUE, a B TeX MecTax, rae Tpasa
He pacTeT, — eCTeCTBEHHOE NOKPbITUE, XapakTePHOE A5 JaHHOTO paoHa.

Byaka foMXHa coaepKaThCs B YACTOTE U PErysipHO NepekpallnBaTbCs; BO MHOTUX palioHax
[0CTaTOYHO NPOBOAUTL NOKPACKy OAMH pas3 B iBa rosa, HO B paioHax, NOABEPXKEHHbIX
aTMoCepHOMY 3arps3HeHnto, He06X0AMMO AenaTb 3T, N0 KpaiHel Mepe, OAUH pas B roj,.

2.5.2 Apyrue UCKYCCTBEHHO BEHTU/IMpPpyEMbI€ cpeAcTBa 3allUThbl

OCHOBHOI anbTepPHaTMBOM YCTAHOBKOM TepPMOMETpPa B >ato3ninHoN Byake C eCTECTBEHHON NN
WCKYCCTBEHHOW BEHTUIALMEN ABNAETCSA 3allMTa pe3epByapa TepMoMeTpa OT NPSIMON CONHEYHO
pagvaunmn AByMS KOHLEHTPUYECKUMU UWMAVHAPaMU U CO34aHMe NoToKa BO34yXa, MPOXOAsLLEero
(co ckopocTbio Mexay 2,51 10 m-c') mexay HUMM 1 obTekatoLLero pesepsyap TepmomeTpa.
Takoli TMN yCTaHOBKM 06bIYeH ANs acNUpPaLMOHHbIX MCUXPOMETPOB (CM. HaCTOSILLUIA TOM,

rnasa 4). B npuHumne, 3awmnta fonxHa 6biTb U3rOTOB/IEHA U3 TEPMOU3O0SALUOHHOTO

MaTepuana, xoTs B nCUXpoMeTpe ACMaHa LWNTKKU cienaHbl U3 YUCTO OTMONMPOBAHHOIO MeTasa
[AN51 TOro, 4YT06bl YMEHbLUNTb KOMMYECTBO MOTMIOLLAEMON UMW CONHEYHOM paanaunn. Mpu
N3MEePEHUAX BHYTPEHHUI LLNTOK NOAAEPXKUBAETCS B CONPUKOCHOBEHUM C MOTOKOM BO3A4YyXa,
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nepemMeLllarmMmca BOKpYr HEro C Takmm pac4eTom, 4YTOb6bI €ro TemMmnepartrypa u, cy1ieoBaTeJibHO,
TeMnepartypa TepMOMeETpPa MO ABJIATbCA MaKCMMaJ/IbHbIM I'IpVI6)'IVI)KeHI/IeM KTemMneparype
BO3yXa. |_|O,CI,06HbIe LLWNTKN 06bI4YHO KpPenAaTca Takum o6pa30M, 4YTOObl UX OCU UMENU
BEPTUKA/IbHOE MNOJIOXEHUE. KonunyectBo N31y4eHna, NnoCTtynarowero 4epe3 oCHOBaHME Taknx
LLLMTKOB OT 3€MJ/1N, HEBEJIMKO N MOXET 6bITb YMEHBbLLIEHO 3a CHET 3HAYUTEJIbHOIO yAJIMHEHUA
LUINTKOB HMXKE pe3epByapa TEpPMOMETpPaA. Korga NCKYCCTBEHHAA BEHTUNALNA obecne4ynBaercs
CMOMOLLBIO NTEKTPUHECKOTO BEHTUNATOPA, CNeAyeT NPUHATb MepPbl 4714 TOTO, 4YTOObI
npeaoTBpaTuUTb NOCTYIMJIEHUNE TE€MJ1a OT MOTOPaA U BEHTUNATOPA K TEPMOMETPaM.

B KOHCTpyKLMK 3TanoHHOro ncnxpomeTpa BMO ocoboe 3HavyeHre npuaaeTcs BNSHUIO
pagvaumn n NCNOMb30BaHUIO NCKYCCTBEHHON BEHTUASALMUM, @ TakxKe 3KPaHMPOBAHUIO C LLE/bIO
noaJepXaHus 3nemeHTa TepMOMeTpa B paBHOBECUM C UCTUHHOWM TeMMepaTypor Bo3ayxa

(c™m. vacTb |, rnasa 4).

2.6 OBECNMEYEHUE NPOC/IEXXUBAEMOCTU U KAJINBPOBKA

HaunoHanbHas MmeTeoponormyeckas unv gpyras akkpeamrosaHHas nosepoyHas nabopartopus
[AOMXHbI UMETb B KavecTBe pabo4ero aTanoHa BblICOKOKadecTBeHHbIN [1TC, COOTBETCTBYOLLNIA
HaLMOHanbHOMY 1 MexayHapoaHomy 3TanoHam (WMO, 2010). BoicokokayeCTBeHHbIl

MNTC moxeT npeactaBnatb co6on MNTC nam IMTC. SMTC gonXKHbI NPOC/IEXNBATLCS

[0 HaLMOHaNbHOTO U MeXAYHapOAHOro YpOBHS NyTeM BHeELLUHeN KaIMbpOBKM MO BbIGPaHHbIM
penepHbiM To4kam (cM. Tabnuuy B npunoxeHun). Mockonbky MNTC npeactaBasioT

co601i COBpeMeHHble TEPMOMETPbI C CAMOW HU3KOWM MOrpPeLLIHOCTbIO, A/151 MPOBEeAEHNS
nabopartopHbIx npoLeayp Heo6xo4MMO AONONAHUTEIbHOE NabopaTopHoe 060pyaOBaHMe
(M3MepuTeNbHBIN MOCT, 3Ta/IOHHbIE PE3MCTOPLI U T. A1.) 1 MeTOoAbl, o6ecrneynBsatoLLne
Haumay4llee NCnosb3oBaHne BO3IMOXHOCTel npmnbopa. PabotocnocobHocTb M TC MOXHO
nepnoamnyeckn NpoBepaTb B Kamepe TPONHOM TOYKUN BOAbI. TpOMHas To4ka BOAbl MOXeT
BOCNPOM3BOAUTLCA B Kamepe TPOMHOM TOUYKM BoAbl C norpettHocTbio 1-1074 K. MTC

[AOJIXKHbI NPOCAEXNBATLCA A0 HALLMOHAJ/IbHOIO 1 MeXAYHapOAHOro YPOBHSA MyTeM BHELLHEN
CpaBHUTE/IbHON KanMBPOBKN B MHTEPECYIOLLLEM MeTeopoiormieckom gmnanasone. MTC nan
MNTC ncnone3ytotcsa B nabopatopuax kanmbpoBkn 419 pacNpOCTPaHeHM 3Ha4eHnin Ha paboune
3TasoHbl U/MNK Kanubpyemble NPUGOPLI, 06bIYHO C MOMOLLLbIO CPaBHUTE/IBHOW KannbpoBKMU.
Bce nabopatopHoe o60pyaoBaHNe, NCMOJIb3yeMoe B NpoLiecce KanMbpoBKU, BHOCUT BKAA,

B MOrPELLUHOCTb U3MEPEHUI U AOIKHO npocaexnsatbcsa 4o C/ B COOTBETCTBMM CO CTpaTernem
npocnexXmBaeMocTu (CM. HacToAaL M Tom, rasa 1, npunoxexne 1.B).

CpaBHuTeNIbHasA KannbpoBKa 06bIYHO BbINOHAETCA NYyTEM U3MEPEHUS 3TaSIOHHOIo CTaHAapTa

N CONPOTUB/IEHMS WU HaNpPsXeHUs kanmbpyemoro npnubopa npu BO3AeNCTBUM CTabU/IbHOMN
TemnepaTypbl BO BCEM MHTEPECYIOLLLEM TeMMnepaTypPHOM AunanasoHe. o cytun, TpebyeTcs yeTbipe
TUNa UHCTPYMEHTOB:

- KOHTPOJIbHbIV 3TA/I0H;

- cuctemMa c60pa AaHHbIX 415 KOHTPOJIbHOIO 3Ta/IOHa;

- cuctema cbopa AaHHbIx Ans kanmbpyemoro npnbopa;

- NCTOYHMK CTabWIbHON TeMnepaTtypbl.

MNepen ncnonb3oBaHMEM KOHTPO/bHbIN 3TasIOH CefyeT NPOBEPUTb B TOUKE 3amep3aHns

VAN TPOMHOM TO4Ke BOAbI, YTOObI y6eauTbCs, 4TO C MOMEeHTa npeblayLielt KambpoBku
npubopa conpoTUBAEHNE CYLLLECTBEHHO HE M3MEHMNOCH. BHeLlHAS kannbpoBka KOHTPOJIbHOIO
3Ta/noHa AO/IKHA NPOBOANTLCA C MHTEPBasaMu, 3aBUCALLLUMM OT HaCTOTbl UCMOJIb30BaHUA

1 TeMnepaTypHOro gnanasoHa. Heo6xoaMMO NPUMeEHATb BHYTPEHHME npoueaypbl o6ecnevyeHums

KavecTBa (M36bITOYHbIE NPOBEPKUN CTABUIBHOCTH).

Mpwn kannbpoBke TepMOMeTpa CONPOTMBAEHUSA NO KOHTPOJIbHOMY INTC nan IMNTC TexHnYeckune
TpeboBaHMA K CYNTBIBAIOLLLUM YCTPONCTBaM 6yayT O4MHAKOBbI Kak A1 KaImbpyemblx Npnbopos,
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Tak 1 419 KOHTPOJIbHOrO TepMomeTpa. [1pu HaAMYMM CMCTEMbI MyIbTUNNEKCUPOBAHNSA OAHO
YCTPOWCTBO CYNTBIBAHMS OObIMHO MOXET MCMOJIb30BaThCA A5 06enx cMcTemM. 3TO BO3MOXHO

B TOM C/lyYae, eC/In yCTPOMCTBO CYUTbIBAHWSA NPeAHa3HavYeHo A1 KaJIM6poBKU TemnepaTtypbl
(a He TONbKO A4/19 N3MepeHns TeMnepaTypbl) N UMeeT MepeMeHHble HaCTPOIKK (TOK, Bpems

n Tak ganee). OQHaKo ecn CHUTbIBAtOLLLEE YCTPOMCTBO He NpeAHa3Ha4yeHo A4 KanmbpoBKn
TemnepaTypbl U/UAN OTCYTCTBYET CUCTEMA NePEKIOYEeHUSs, TO NOTpebyeTcs ABa CYNTbIBAIOLLNX
ycTponcTtea nnmn 6onee. Hannyywue pesynbraTel 6yayT NOJyyYeHbl MPU NCMOb30BAHUN
CYUTBIBAIOLLLMX YCTPOWMCTB, CNeumanbHO NpeAHa3HavYeHHbIX 418 KaAMbpoBKN TEPMOMETPOB.

B otHoweHun MTC n SMNTC Heo6Xx0AUMO y4nTbIBaTb ABa BaXKHbIX MOMEHTA:

- ybepunTechb, YTO CYUTBIBAIOLLLEE YCTPOMCTBO UMEET AMana3oH CONPOTUB/EHMS,
COOTBETCTBYOLL M 3TaIOHHOMY TEPMOMETPY U KannbpyemMbiM npubopam, 4719 KOTOPbIX
OHO NpefHasHayeHo. MHOrne coBpeMeHHble YCTPOMCTBa A1 CHATUA NoKa3aHui
TepMOMeTpOB pa3paboTaHbl TaknM 06pa3om, 4TOObl OXBaTbiBaTb 3TOT MHTEPBA
B €/JMHOM AManasoHe;

- y6eaunTtech, 4TO B CHUTBIBAIOLLEM YCTPOMCTBE MCMNOJIb3yeTCs Haa exXallnii ToK
WNCTOYHMKA. HenpaBuabHbIN TOK MCTOYHMKA NPUBEAET K Hpe3MEPHOMY CamOpa3orpeBsy
W HenpaBuW/IbHOM KannbpoBke.

Bo BpeMs kanMbpoBKN TEPMOMETPbI MOMELLLAIOTCS B TEMN/IOHOCUTESIb B UCTOYHMKE TEMMepaTypbl.
TennoHocUMTENEeM MOXET C/TYXXKUTb NepeMeLlnBaeMas XUAKoCTb, MeTaaInyecknin 610k nim
BO3A4yX. Tenj1oHOCMTeNb NOAAEP)KMBAET MOCTOSHHYIO M PaBHOMEPHYIO TeMMepaTypHYo

cpeay, 4TO NO3BONSET CPaBHUBATb NOKa3aHUs TECTUPYEMOro TepMOMeTpa C NokKa3aHUsAMU
60nee To4HOro TepMoMeTpa. KanmbpoBOUHY0 BaHHY MW KaMepy Hesb3s CYUTaTb MOSHOCTbIO
cTabunbHOWM BO BPEMEHWN N OAHOPOAHOM NO BCeMy 06beMY, 0CO6eHHO Koraa kanmbpoBka
TemnepaTypbl NyTeM CPaBHEHUS NPOBOANTCS MPU CaMblX MaslblX MOTPELUHOCTAX. DTO

06bI4HO NpeacTaBaseT cCOO60M 3HaYNTEbHbIV BKAaZ B OOLLYIO NOrPeLIHOCTb NpoLeaypsbl
KannbpoBku. [1ns yMeHbLUEHMS 3TOrO BK/1laAa B MOrPELIHOCTb B Ka/IMOPOBOYHbIX BAHHAX MOXHO
NCNonb30BaTh BbipaBHUBatoLWMe 610KU. Pa3mep Takoro 6/10Kka onpeaensieTcs pasMepom BaHHbI.

MorpelHOCTb M3MepeHNs Npu KaMbpoBke TEPMOMeETPa 3aBUCUT OT UCMOb3yeMOro
mMeToAa KannbpoBKM, BK1afa B MOrPeLUHOCTb 3Ta/I0HOB, XapakTePUCTUK MCMONb3yeMOro
n3MepuTebHOro 060pPyA0BaHMA U XapakTepUCTUK kannbpyemoro npubopa.

B uenom, nHTepBanbl Mexay kaanbpoBKkamun 3aBUCAT OT YCNOBUIA SKCTyaTaunn. Mockonbky
pa3nnyHble yCTPOMCTBA AN U3MePEHUA TeMnepaTypbl MOTYT UCMO/b30BaTbCA B CaMblX
pa3HbIX YCNOBUAX, HE BCeraa MOXHO YCTaHOBUTbL TOYHbIe MHTePBasibl KannbpoBkK. B Takmx
cnyvasx Heo6XxoAMMO UMETb faHHble (HanpuMep, pe3yibTaTbl PeryisapHbIX NPOBEPOK
«Mexay kannbpoBkamm»), 4TO6bl NPOAEMOHCTPUPOBATL, HTO NHTEPBabl KaIMOGPOBKY
Bbl6paHbl TakMM 06pa3oM, 4To6bl kannbpoBka MPOBOAUAACH A0 3HAYUTENBHOTO U3MEHEHUS
KannbpOoBOYHbIX MONPABOK.



MPUNOXEHME. ONPEAEJEHUE PENEPHBIX TOYEK 3
MEXAYHAPOOHO TEMMEPATYPHOM LWKAJIbI, MTPUHATOMN
B 1990 roay

PenepHble Toukn MTLL-90, npeacTaBnsioLme MHTEPEC A1 METEOPOIOTUYECKUX U3MEPEHWUA,
npuBeAeHbl B TabsMLLe HUXeE.

CranpapTHbIi METOA MHTEPNONALMN PENEPHbIX TOYEK 3aK/1H04aeTCA B MCNOb30BaHNN
popmyn, NpUMeHseMbIX 415 YCTAHOBEHMSA CBA3M MeX/y NoKa3aHWUAMM 3TaIOHHbIX MPUG0pPOoB
1 3Ha4eHnin MTLLU-90 (BIPM, 1990). 3TanoHHbIM NpM60OPOM, MPUMEHSIEMBIM B AMana3oHe

0T -259,34 °C no 961,78 °C, asnsaetca INTC.

AnbTepHaTMBHLIM NPaKTU4eCKMM MeToAoM annpokcumaumm MTLU-90 npu kannbposke MTC
(onpeaenenune R, A, Bn C, cM. ypaBHeHVE HUXE) ABISETCA NONyYeHME JaHHbIX O 3aBUCUMOCTM
conpoTus/ieHne-TemnepaTypa nyTemM cpaBHeHuMs C rpagymposBaHHbiM SMTC npu pasanyHbix
TemnepaTtypax B AnanasoHe, NnpeACcTaBAAIOLWEM MHTEPEC, @ NOTOM BbIGOP NOJIMHOMA A5
JaHHbIX C MOMOLLbIO METOAa HAMMEHbLLMX KBaApaToB.

Ces3b mexay conpotusnenunem MNTC, npoxoaawero kaimbpoBKy, U TemnepaTypor,
N3MEpPEHHOM C NCNO/Ib30BAHNEM 3Ta/IOHHOIO TEPMOMETPA, ONMUCHIBAETCA C MOMOLLbIO
ypaBHeHUs nHTepnonaumn. YpasHeHnvne Kannengapa —Ban [lbto3eHa B o6wiem 1 Lenom
NpU3HaeTCa B Ka4eCTBe YpaBHEHUSA MHTepnoaaumu ansa npombiwneHHbix MTC (onpeaeneHo
B MDK 60751 (2008)), a He ansa IMTC:

R =Ro(1+di+ B +C(1-100))

rae R — conpotvBaeHune N1aTMHOBOW NPOBOMIOKK NPV Temneparype t, R, — ee conpoTuBaeHne
npu 0 °C (Temnepatypa TasgHua nbaa), aA, Bu C(C=0anat>0 °C) — KOHCTaHTbI, KOTOpPble
Noay4atoT, UCNONb3ysa METOA HaMMEHbLUNX KBaJApaTOB Ha OCHOBAHMWN AaHHbIX, MOYyY€EHHbIX

BO Bpems KannbpoBKu.

OnpepeneHue penepHbix Touek no MTLL-90 B MmeTeoposiornyeckom AnanasoHe

lpucsoerHoe 3Ha4eHue MTLL

CocmosHue pasHosecus

K °C
PaBHOBecHe Mexay TBEPAOW, XNAKON 1 NnapoobpasHoi paszamu 83,8058 -189,344 2
aproHa (TpoliHas To4ka aproHa)
PaBHOBecue Mexay TBepAOW, XNAKON 1 napoobpasHoi pazamm 234,3156 -38,834 4
PTYyTU (TPOIHaa To4Ka PTyTL)
PaBHOBecue Mexay TBepAOW, XNAKON 1 napoobpasHoi hazammn BOAbI 273,1600 0,01
(TpoWiHas To4ka BoAbl)
PaBHOBecKne Mexay TBepAOWM U XnaKon asamm ranams 302,914 6 29,764 6
(To4ka 3aMep3aHUsA ranans)
PaBHOBecKe mexay TBePAON 1 XNAKON hasaMmn UHANS 429,748 5 156,598 5

(Touka 3amep3aHnsa UHANA)
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