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1. BBEAEHHUE

HM3mepeHue TeMmepaTyphl ykKe JOCTaTOYHO JaBHO
SBJISIETCS BaKHOI TMpoOiaeMoil B HaydyHBIX U IIpU-
KJIaIHBIX ucciaeqoBaHusx. I1osiBieHe BOJOKOHHO-
ontudeckux natuynkoB (BOJ) mist uamMepeHust TeM-
nepaTrypbl OTHOCIT K KoHIYy 70-x—Havaimy 80-X TT.
MmeHHO Torma, Bo BpeMsl OypHOIro pa3BUTUSI TeJie-
KOMMYHMKAIIMOHHBIX TEXHOJIOTU, CKJIaIbIBACTCS
aJIEMEHTHasi 0a3a TaKuX YCTPOMCTB, KaK IIOJIYIIPO-
BOJIHUKOBBIC JIa3epHbIE AUOMBI, padoTaollue IIpu
KOMHATHOI TeMIIepaType, IPUEMHUKNA ONTUYECKOTO
W3JIYyYeHMsI, pa3BEeTBUTEIN, MYJIbTUIUIEKCOPHEI U Op.
B HayyHOIi nMTepaType TOSIBISIIOTCSI KOHLIEMLIUU
MIpYMeHEHUSI CEHCOPOB HOBoro tuma. Hauanu co3ma-
BaTbhCS JAaTYNKN U3MEPEHUS TEMIIEPaTypPhl: TOUCUHBIE
[1, 2], Ha ocHOBe BOJIOKOHHBIX MHTEPGHEPOMETPOB U
BOJIOKOHHBIX Op3ITOBCKUX pelIeToK [3], a TakxKe Ip.
OTH MaTIMKM HaxXOOWJIM IIPMMEHEHHME, HaIIpuMep,
MpY UBMEPEHUM TeMIepaTypbl B arpECCUBHBIX Cpe-
JIaX, HO X UCIOJIb30BaH1Ee ObLIO 3aTPaTHO IO CPaB-
HEHMIO C TpagulIMOHHBIMHU. Bce 3TO majmo TOT4oK
Pa3BUTUIO UAEU MYJbTUIJIEKCUPOBAHMUSI CEHCOPOB B
OIHY BOJIOKOHHYIO JIMHUIO Y MCIIOJIb30BaHUS OMHOTO
OMNPOCHOIO YCTPOMCTBA, UYTO IIO3BOJIMJIO CHU3WUTh

1 MexxnyHaponHasi KoHdepeHuus: “OnTtuyeckasi pehJeKTOMeT-
pusi, MeTposiorusi U ceHcopuka 2023”, Poccus, [lepmb, 24—26
mas 2023 r. (International conference “Optical Reflectometry,
Metrology & Sensing 2023”, Russia, Perm, 24—26, May 2023).
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CTOMMOCTb OTHOI Touku m3MmepeHus ([4]). B koHie
70-x—Havasie 80-x IT. HaYMHaAIOT (HOPMUPOBATHCS
MPEANOChIKU CO3MaHMUs NAaTYMKOB HOBOIO THIMA —
pachpeneleHHbIX JaTYMKOB, KOTOPHBIE TakKXKe ITOMd-
pazaelisiioTCs Ha HECKOJIbKO BUIOB B 3aBUCUMOCTH OT
THIIA OJIE3HOTO CUTHAJIA Y METONA U3MEPEHUS.

B 1982 r. A. Xaprorom u /. IIsitHoM ObLI TIpOAE-
MOHCTPUPOBAH pPaCHpele/IeHHbI OaT4WK, B KOTO-
POM MCITIOJIb30BaJIOCh BOJIOKHO C XXKUIKOI CepaieBU-
HOM, OIpamInBaeMoe METOIOM peIEKTOMETPUU BO
BpeMeHHOM obGnactu [5, 6]. B 1985 r. JIx. JakuH
onyOJIMKOBaJI MEPBhIC SKCIIEPUMEHTAJIBHBIC PE3yIb-
TaThbl MO CO3NAHUIO PACHPEIEIEHHOIO BOJOKOHHO-
onTuyeckoro aatuymka temneparypsl (BOAT) Ha oc-
HOBe paccessHUsI PamaHa ¢ UCIIOJIb30BaHUEM METOIA
pedIIeKTOMETPUM BO BpeMeHHoi1 oboractu [7]. IToss-
JISTIIOTCSI TIEPBbIE UCCIIETOBaHUS pacIipeaeIe HHbIX BO-
JIOKOHHBIX JAaTYMKOB Ha OCHOBE paccessHuss MaH-
nenpmiTaMa— bprnmiosHa [8] 1 Ha OCHOBe paccesTHUS
Panes [6]. Takum o6pazoMm, B 80-€ rT HaYMHAIOT op-
MUPOBAThCS MPEACTaBICHUS 00 00JIACTIX UCIIOIb30-
BaHMsI BOJIOKOHHBIX JaTYMKOB HOBBIX TUIIOB U TIPEII-
IMPUMHUMAIOTCA IIEPBLIC MOIIBITKN UX KOMMEpIIaJIn-
3alUN.

Kiaccnueckne 37eKTpOHHBIE TeMIlepaTypHBIe
CEHCOpHBI (TepMOIlapbl, TEPMHUCTOPBI, TEPMOMETPHI
CONPOTUBJICHUSI) MMEIOT XOPOIIO OTCIIEXUBAEMYIO
HWCTOPUIO CBOETO PAa3BUTHUS U aKTUBHO ITPUMEHSTIOTCS
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B MIPOMBINIJIEHHBIX TIPOEKTaX, Ipubdopax, B IOBCE-
IHEeBHOM Xm3HU. OOHAKO OHM MMEIOT HEIOCTATKH,
CBSI3aHHBIE C YYBCTBUTEIHLHOCTHIO K JIEKTPOMArHuT-
HbIM ITOMeXaM, HEOOXOIUMOCTbIO OOeCIIeUeHUSI dJIeK-
TpUUECKOro nmutaHus u ap. CTOUT TaKKe OTMETUTD,
YTO MPU MCHOJb30BAaHUU KJIACCUUYECKUX TEPMOMET-
PHUYECKUX TATINKOB OUCHB CJIOXKHO 1 SKOHOMHUYECKHU
Hea(hHEKTUBHO OpraHU30BaTh U3MEPEHUS IPOMUIIS
TeMITepaTyphl Ha OOJIBIINX PACCTOSHUSIX.

B xon1ie 90-X T KpynHbIe SHEPreTuYecKue KoM-
MaHUM ObLJIM 3aMHTEPECOBaHbl B pacHpenesieHHbIX
JlaTYMKax TeMIIEPaTypbl U MCIIOAb30BAIU UX JUISI MO-
HUTOpPUHTA 3JeKTpoceTell. B 2TO BpeMsi Ha pbIHKE
ycTpoiicTB nossisiorcss BOJI Ha ocHOBe paccesiHUs
Pamana ot mpousBoguteneii u3 Snonuu (“Hitachi
Cable”, “Fujikura”, “Furukawa”, “Sumitimo Elec-
tric”, “Toshiba”) n Benukoopuranuu (“York Sensors
Ltd.”). ITo3mHee TexHOJOIUS paclpeneIeHHON Tep-
MOMETPUHU Hayajla UCIOJIb30BaTbCsl B MOHUTOPUHTE
He(TIHBIX CKBaXKWH, U PHIHOK MOTIOJHWJICS YCTPOii-
CTBaMU OT KPYITHBIX HE(PTEra3oBbIX CEPBUCHBIX KOM-
nmaHuii, Takux kak: “Halliburton”, “Schlumberger”
(CIIA), “Weatherford” (IlIBeiiliapusi), a Takxke OT
MOSBUBIIIMXCS HOBBIX KoMTIaHMit: “Silixa”, “Sensor-
net”, “Optasense” (Benukoopuranus), “LIOS Tech-
nology”, “AP Sensing” (I'epmanus), “Bandweaver
Technologies (KHP).

Hcnonb3oBanune BO/I B IpOMBIIIIIEHHOCTH TIOJTY-
YaeT pacTtpoCTpaHEHHWE B CBSI3W C Pa3BUTHEM aBTO-
MaTU3UPOBAHHBIX CUCTEM KOHTPOJIS 1 YIIPaBICHMUS,
pa3paboTKoif MU BHEAPEHUEM HOBBIX TEXHOJIOTUYE-
cKkux mpoiieccoB [9]. BojokoHHO-OMNTHYECKUE AaT-
YUKU B CPaBHEHUM C DJIEKTPUYECKUMM JaTUNKaAMU
TeMITepaTypbl IMEIOT SIBHBIE TTPEUMYIIIECTBA: BEICOKYIO
YYBCTBUTEITLHOCTD, IITMPOKHIT TMHAMWICCKUI THUara-
30H, KOMITAKTHOCTh, HAIEXKXHOCTb M IOJTOBEYHOCTD.
INMepsonavaibHo BOJl mpuMeHSIITUCh B CUTyallUsIX, B
KOTOPBIX 2JIEKTPUYECKUE YCTPOMCTBA BOOOIIEC HETb3sT
MCTIOJIb30BaTh, HAIIPUMED, B arpeCCUBHOI cpefe, Mpu
BBICOKHX TeMIIEpaTypax U B YCIIOBUSIX JIEKTPOMArHUT-
HBIX TIOMEX, a TakXke TPU KOHTPOJE TIPOTSKEHHBIX
00BEKTOB, KOTHa pa3MellleHrne OOJIBIIOTO KOJHUJe-
CTBa JMEKTPUICCKUX TOYCTHBIX TaTYMKOB CTAHOBUT-
cs1 9KOHOMHMYECKH HeIleIecO00pa3HbBIM.

BonokoHHO-onTHYECKME TAaTYNKU B Pa3HBIX KOH-
¢durypalmsax HaluM IIpUMEHEHNE B CIICOYIOIINX OT-
pacisgx: TOPHOTOOBIBArOIICH, ITpoMbBIIIIeHHOMH [10],
He(PTSIHOI 1 Ta30BO, TMAPOIHEPTETUKE, CTPOUTEITb-
cTBe, aBMaluu U KocMmoce [11]. OgHo n3 MHOTOYMC-
JIeHHBbIX puMeHeHUl BOJl B cTpouTeabCcTBE — He-
pa3pylIaloIIUii KOHTPOJIb COCTOSHUSI KPYITHBIX CO-
OpYXEHUI, IIOOBEPXEHHBIX PE3KUM WN3MEHEHUSIM
temrepatypsl [ 12]. Ucnonp3oBanue BO/I mmo3BosisieT
OCYIIECTBISITh MOHUTOPUHT TeMIIepaTyphbl HECYIIINX
KOHCTPYKIIMI C IIEJIbIO CBOEBPEMEHHOTO IIpeayIpe-
XKIESHUS BO3MOXHBIX pa3pylieHuii [13].
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2. PACHPE,HF:J'IEHHI)IIU/I BOJIOKOHHO-
OITTUYECKHNU JATUUK TEMIIEPATYPbI
HA OCHOBE PACCEAHUA PAMAHA

OIHUM M3 pacHpOCTPaHEHHBIX TUIIOB BOJOKOH-
HBIX CHUCTeM sBisieTcsl pacrnpeneieHHbiii BOIT,
MPUHLMIO pabOThl KOTOPOTO OCHOBAaH Ha aHaJu3e
KOMITOHEHT KOMOWHAIIMOHHOTO pacCesiHUSI CBETa B
OINTUYECKOM BOJIOKHE. MH(DOpMaLus o Temiieparype
y4acTKa BOJIOKHA MOXET ObITh MOJyuyeHa U3 OTHOIIIE-
HUSI THTEHCUBHOCTEM paccesTHUSI CTOKCOBOI U aHTH-
CTOKCOBOU KOMIOHEHT HA 3TOM YYaCTKE C UCITOJIb30-
BaHMEM METO/la OINTUYECKOU pedIeKTOMETpUN BO
BpeMEHHOI o6iacTu. Peructprupyemble ONTUYECKU-
MU TIpUEMHUKAMU WHTEHCUBHOCTA [ KOMITOHEHT
paccestHUS BIOJIb CECHCOPHOTO BOJIOKHA C KOOPIWHA-
Tolt z 1 TemnepaTypoil 7 MOXHO BbIPa3UTh COOTHO-
MIEHUSIMU'

Lier (2,T) = Poc—nr[eXp(hAV/ (KT (2))) = 1] " Myer

X exp —I(oco () + Olyer (1)) du |,

L (2,T) = BEH1= exp(-hav/ (kT (€3))) RIS

x exp| —| (g (u) + tc, (u)) dt |,

rie P, — NuKoBask MOLIHOCTb MMIIYJIbCA 30HAUPOBA-
HMS; ¢ — CKOPOCTb CBETA B BaAKYyyM€; T — JJIUTEJIbHOCTD
30HAUPYIOLLETO UMITYJIbCA; 71 — KOG MULIMEHT MoKa3a-
TeJISl IPEJOMJIEHUS B BOJIOKHE; O, Olyrs Oloy — KOB(D-
(brLMeHTHI 3aTyXaHWs Ha 30HIUPYIOLLEH, AaHTUCTOKCO-
BOI M CTOKCOBOW IUIMHAX BOJIH COOTBETCTBEHHO; Ma¢rs
Ner — KO3DOULIUEHTBI CEYeHUsI 0OPATHOTO paccesiHUS
JUISI  AQHTUCTOKCOBOII U  CTOKCOBOIl KOMIIOHEHT;

[1 —exp(=hAv/ (KT))]" u [exp(hAv/ (kT))-1]" —
ko3 dunmeHTs bo3ze—DitHImTEliHA pacipeaeIeHUs
IUIOTHOCTEN BEPOSITHOCTET (POHOHOB IJ1ST CTOKCOBOM
U aHTUCTOKCOBOI KOMITOHEHT pacCesiHUsI COOTBET-
CTBEHHO; & — mocTtosiHHas Inanka; Av ~ 13.2 TI —
yacToTa BO30OYXXAAIOIIEro U3JIydeHUsl; K — MOCTOSTH-
Has bonbiMaHa; 7' — aGcooTHaAs TeMIIepaTypa.

OTHOILIIEHVe MHTEHCUBHOCTEM CTOKCOBOI M aH-
THUCTOKCOBOM KOMIIOHEHT PACCESIHUS C yUeTOM 3aTy-
XaHUS B ONITUYECKOM BOJIOKHE BBIPA3STCS KaK:

ICT (Z’T) VCT

Z

X exp —.[ (Otoer (4) — 0ty (1)) du

__hcAv
kT (z)

4
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4
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Oo6praHO B pacnpeneneHHBIT BOJT Ha ocHoBe
KOMOWHALIMOHHOIO paccessHUsI NO0aBJISIOT Y4acTOK
OMNOPHOTO BOJIOKHA MEXAY YYBCTBUTEILHBIM BOJIOK-
HOM (JTMHEIHOM YacThlO) M MOAYJIEM CIIEKTPAITbLHOTO
IeMyabTUILIeKcopa. OMOpPHBIA yd4acTOK UMEET W3-
BECTHYIO TeMrmepaTypy (Jinbo cTabMInu3upyeTcs, -
60 M3MepSIETCST), YTO MO3BOJSIET CKOMIICHCUPOBATh
BIIMSIHUE psiia TOTCHLMAILHO M3MEHSIEMBIX I1apa-
METPOB CUCTeEMbI. OMOPHBIIA y4aCcTOK MIpacT BaxkK-
HYIO POJIb B BBIUMCIICHUU TeMIIePaTyphl BIOJb BOJIO-
KOHHO JIMHUU Y UCTIOJIb3YeTCS IJIsI HOpMaJIu3aluu
CUTHAJIOB OT YYBCTBUTEILHOIO BOJIOKHA U OT OIIOP-
HOTO y4acTKa.

TemriepaTypa OIOpPHOTrO ydyacTKa BOJOKHA M3Me-
psgeTcd ¢ TOMOIIBI COBMEIEHHOTO C HUM 3JIEKTPU-
YeCKOTO JaTyhKa TeMIlepaTyphbl, OoHa HeoOXxoauma
JUIST TIPOBENIEHUSI pacyeTa 3HayeHMsI TeMIIepaTyphbl
BIOJb CEHCOPHOIO BOJIOKHA IO pedraeKTorpaMmMam
o0paTHOro paccesTHUS.

Hns xondpurypauuu pacnpegeiieHHoro BOIT c

OTIOPHBIM YYaCTKOM C U3BECTHOM TeMIiepaTypoii 7,
HeoOxomnuMo HopMmupoBath R(7) Ha 3HavYeHHE

R(T,), B pe3yibTaTe NOJIYYUM:

R(T(2) _ [ heAv( 1 _ 1
R(T,,) k \T,, T(z)

X exp —I (Qtyer (#) — Oy (1)) dut |,

Zon

R (T (2)) =

rae 7, — TemMIiepaTypa OIIOPHOTO BOJIOKHA; 7, — KO-
OopIvHATa KOHIIA OTTOPHON KaTYIIIKU C BOJIOKHOM.

Hanee, Hopmupyst R(z,7) Ha 3HadeHUe R, (Zo,

T,.), BbIpa3uM Ttemneparypy. Takum oOpasoM, ¢op-
MYyJia OJisi BBIYMCICHUA TEpMOIpaMMbl UMECT CIICY-
IOLLUIA BUI;

1
R(z,T)

L B _ R(zT) i b
T, Y(ln(&n (Zom Ton)j HhoR =)+ C]

rne C — Oe3pa3MepHbI KaauOpOBOYHBIN KO3hduU-
uueHT; Ao, M~! — KO3(PULMEHT, yYUTHIBAIOLIMIA
nuddepeHIMaIbHOE 3aTyxaHUe MeEXIy CUTHaJaMu
CTOKCOBOM M aHTUCTOKCOBOI COCTaBJISIIOIIMX B 00-
k
heAv’
POBOYHBINA KO3(DUIMEHT, YUYUTHIBAIOIIUNA CIBUT
JUTMHBI BOJIHBI PACCESTHHOTO U3JTyYeHUSI OTHOCUTEb-
HO JUTMHBI BOJIHBI 30HAMPYIOIIETO U3TyYeHUS.

TemnepaTypa BOOAb JUHEWHON 4YacTW ceHcCopa
pacnpeneiaeHHoro BOAT BerumcisieTcs 1mo pediiek-
TOorpaMmMaM KOMOMHAlIMOHHOTO paccesiHUsI CBETa U B
o011eM ciiyyae 3aBUCUT OT Koa(dduimeHTa 3aTyxa-
HUS ¥ TeMIIEpaTypbl OMIOPHOTO yYyacTKa ONITUYECKOTO
BosiokHa. KoaddunneHT 3aryxaHust TMHEHHOI Ja-

T(z) =

paTHOPACCESTHHOM CHUTHAJIE; Y = K — xanmm6-
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CTH BOJIOKHA MMeeT ITOCTOSSHHOE 3HAaUYeHUe, OIIpee-
JisieMoe B Mpollecce KaJuOpOBKU pacrnpeneIeHHOro
BO/IT, Torna kak TemriepaTypa OIOPHOIO y4acTKa OIl-
THYECKOTO BOJIOKHA JOJDKHA M3MEPSTHCS MPU KAXKIOM
MOoJIy4eHUM pedIeKTorpaMM OOpaTHOTO PaCCesTHUS.
K orropHOMY y4acTKy HpeIbsBIIsSIOTCS TpeOOBaHUS I10
ero 3¢p¢GeKTUBHOM IIMHE, PACIIOJIOKECHUIO OTHOCH-
TEJILHO 2JIEMEHTOB C TEIJIOBBIICICHUEM U YUETY BIIUSI-
HUS BHEIIIHEN TeMIlepaTyphl Ha IOBTOPSIEMOCTh M3Me-
penmit pacnpeneiaeaHoro BOAT. Ongaako B ITOTHOM
MEpe BOIIPOC BIUSHUSA QIYKTyalluii OIIOPHOTIO
y4acTKa Ha IIOBTOPSIEMOCTh U ITOTPEITHOCTh U3Mepe-
HUII TeMIIepaTypbl C IOMOIIBIO PaCIpeaeIEHHOTO
BOJT mano nsyueH [ 14, 15].

3. ODKCITEPUMEHTAJIBHOE
WCCIEJOBAHUE BIUAHUSA ®AYKTYALIUN
TEMIIEPATYPbI OITOPHOI'O YYACTKA
HA TTOTPEIIHOCTb USMEPEHUA
PACITPEAEJIEHHBIM JATYNMKOM
TEMIIEPATYPbI

K koHCTpyKIIMM OIIOPHOIO ydacTKa pacIlipeine-
sneHHoro BOT, kak ObLI0 cKa3aHO BHIIIE, TPEIbsIB-
JIsieTcss Majio TpeboBaHuii. KaTymika ¢ BOJIOKHOM
(mmuHOIi, He MeHee 4eM B 10 pas mpeBhILIalonIeil MH-
TepBaJj BbIOOpKU [15]) pa3meliieHa HEIOCPEeICTBEHHO
BHYTPU IpubOpa, TeMIIEpaTypa BOJIOKHA U3MEPSICTCS
TOYEYHBIM JIEKTPUYECCKUM JATIMKOM TeMIIepaTypHhl.
Jlas ompeneneHHOCTH, Aajiee OyaeM Ha3bIBaTh IO-
JIOOHYI0 KOHCTPYKIIMIO OIIOPHOM KAaTyIIKU TEPMO-
CTaTOM C ITAaCCUBHON CTaOMIM3anueil TeMnepaTyphl.
Yaie Bcero TakoBOI SBJsSETCS CILIaiic-KacceTa ¢
YJIOXXEHHBIM B Hee KOJIbLIAMU OIITUYECKUM BOJIOK-
HOM. To4edHBII 31EKTPUUECKUN TaTIMK TeMIIepaTy-
PBI KPETIUTCS ¢ 00eCIeYeHUEM HEIOCPEICTBEHHOIO
KOHTaKTa C ONTUYECKUM BOJIOKHOM. Takasi cucrema
o0JlamaeT OYEeBMAHBIMM MPEUMYIIECTBAaMU IO IIPO-
CTOTE, OTHAKO U3MEPEHUE TeMIIepaTyphl C MAJIOH IO~
TPEITHOCTHIO Y BBICOKOM ITOBTOPSIEMOCTBIO IIPEIbSIB-
JISIET 0COOBIe TPeOOBaHMS K KOHCTPYKIIUU 3TOTO y3-
Ja. ONopHy10 KaTyllKy TepMocTaTa ¢ ITaCCMBHOM
TEIUIOBOI cTabMIM3alleil B 3TOM cliydae HeOOXOIM -
MO M30JIMPOBAaTh OT BIMSHUS BHELIHUX TeMIIEpaTyp
(HampuMep, C TIOMOIIbIO MaTepPUaIOB OOJILIION TeTl-
JIOEMKOCTH ), OMHAKO CO30aHNe CTAOMIILHOTO 10 TeM-
nepaType OIOPHOIO yJyacTKa ONTUYECKOrO BOJIOKHA
ropazno 3¢p@PeKTUBHEE PEIIUT MPOoOIeMy KOPPEKT-
HOT'0 U3MEPEHUS TEMITEPATYPHIL.

Jlasg co3maHmns TepMocTaTa ¢ aKTUBHOM TETIOBOM
crabwin3alyeii HeoOXOOUMM MCTOYHMK Harpena u
3(PEeKTUBHBINM MEeXaHU3M MOMACPKAHUS 3aJaHHOTO
peXxuMa ¢ MUHMMAJIbHBIMU OTKJIOHEeHUSIMU. OCHOB-
HbIM MaTepuaJioM MpPU U3TOTOBJICHUN TepMOCTaTa C
AKTUBHOI TEIUIOBOM CTaOWIM3alvel NOKeH OBITh
Marepuaia C OOJIbIIOI TEIUIOEMKOCTHIO M XOPOIIO
MoaIaroIMiics MexaHudeckoil oopabotke. Hamu B
JIaHHOI paboTe ObLI UCIIOJIb30BaH CIUIAB aTIOMUHUS

16.
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Puc. 1. BHelmHuit BUa: a — OCHOBaHMSI TEpMOCTaTa, MoKa3aHa HaMOTKa IMPOBOJIOKM M3 KOHCTaHTaHa 0e3 YCTaHOBJIECHHOIO
KOJIbIIa C BOJIOKHOM; 6 — TepMOCTaTa ¢ akTUBHOI cTabun3alueil TeMiepaTyphbl B coope.

B xauecTBe MCTOUHMKA HArpeBa MCIIOJIb30BaaCh
MPOBOJIOKA M3 KOHCTaHTaHA — TEPMOCTaOMIBHOTO
cruiaBa Ha ocHoBe Meau (Cu) (okojio 59%) ¢ mobas-
koit Hukens (Ni) (39—41%) n mapranua (Mn) (1—
2%). I1poBoJioKa M3 KOHCTaHTaHa OblJla HAMOTaHa Ha
HWIMHAP Koproyca TepmMocTara (puc. la), BHU3Y KO-
TOPOTO BBIMOJHEH Ma3 IJIsi YCTAaHOBKU KOJIblla U3
amroMyHUS /116 ¢ HAMOTaHHBIM B OIWH CJIOM OITHYE-
CKMM BOJIOKHOM JJIMHOM nopsiaka 50 M. TepMuueckuit
KOHTaKT UWJIMHAPUIECKOI TTOBEPXHOCTH BHYTPEHHETO
a3a v KOJIbIla 00eCIIeUnBaIICS TETIOPOBOISIIIEH TTac-
TOI, YTO TO3BOJISUIO YIIYYIIUThL TeIvlonepenady oOT
BHEILIHEN Iperolleid HaMOTKMU.

st perynipoBaHMsl pexXrMa HarpeBa v nmoajaep-
KaHWUS TeMIlepaTyphl ¢ 3aJaHHON TOYHOCTBIO OBLI
WICTIONB30BAaH MPOITOPIIMOHATEHO-UHTETPATbHO-IUD-
depeHanbHblii peryasitop (ITUI-perynstop) ¢ 00-
paTHOI CBI3BIO TI0 TeMIIepaType, KOTOPBIN peain30-
BaH C TOMOIIBIO MPOrPpaMMUPYEMOTO MUKPOKOH-
TpoJuiepa.

TepMmocTat ¢ aKTUBHOM cTabWIM3aleid TeMepa-
TYpbI B cOOpe KaK COCTaBHOM y3eJl pacnpeneieHHOTo
BO/IT nmoxka3san Ha puc. 10.

OIHUMHU U3 CaMbIX BaXKHBIX XapaKTePUCTUK Tep-
MOCTaTa ¢ aKTUBHOI CTaOMIM3alUeid SIBJISIFOTCS TETl-
JIoBasi CTaOMJIBHOCTh W BpeMsI BEIXOIIa Ha paboumii
pexuM. Bpems Brixoma Ha pa®ouymii pexkuM BcCelt
npubopHoii yactu pacnpenesieHHoro BOIT omnpene-
JISIETCSI MAKCUMaJIbHBIM BpeMEHEM BbIX0OJa Ha pabo-
YU peKMM eTro COCTaBHBIX y310B. Ha puc. 2 mipen-
cTaBJieH TpaduK 3aBUCUMOCTHU TeMIIepaTypbl OTop-
HOT'O ONTUYECKOTO BOJOKHA OT BpeMeHU. CornacHo
rpaduKy, BpeMs BBIXOAa OT HadyaJbHOM KOMHATHOM
TeMIIepaTypbl Ha CTAOMJIBHBIN peXXrM TOAAePKaHUS
temrrepatypbl 70°C ommopHOro y4acTkKa OIITUYECKOTO
BOJIOKHA COCTAaBIISIET B CpeTHEM OKOJIO 40 MUH.

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 5

HccnenoBanack TemjoBas CTaOMJIBHOCTb pa3pa-
6ora"HHoro tepmocrara. Ilocie Beixoma I /I-pery-
JIITOpa Ha peXXUM IoaaepKaHus TeMmiiepatrypsl 70°C
ObUIM 3aIlMcaHbl C 4YacToToi nuckperusamuu 1 I
3HAYEHUS JaTYMKa TeMIlepaTyphl (ILIATUHOBBIMA Tep-
MOMETp COIpoTuBJieHus kiacca A). Ha puc. 2 ipen-
CTaBJIeHbl pe3yJbTaThl U3MepeHusl. TeroBasi cTa-
OMJIBHOCTh TepMOCTAaTa C aKTUBHOII cTabmin3anuei
3a yac u3MepeHuii coctaBuiaa nopsiaka =0.04°C.

bb110 TpOBEIEHO IKCEPUMEHTAIBHOE UCCIEN0-
BaHUe BJIUSHUS QIYyKTyaluii TeMrepaTypbl OTIOPHO-
ro ydyacTka ONTHYECKOIO BOJIOKHA Ha aO0COJIOTHYIO
MOTPEIIHOCTh U3MEPEHUS TeMIIEpaTyphbl pacnpee-
JeHHbiM BOJIT. CpaBHUBaIUCh METPOJOrMYECKUE
XapaKTepUCTUKU ABYyX pacrpeneieHHbx BOAT (o
cXeMe Ha puc. 3) ¢ aKTUBHBIM T€PMOCTAaTUPOBAaHUEM
OIMOPHOIO yJyacTKa MpY Pa3HbIX TETLUIOBbIX CTaOWIb-
HocTax Temneparypbl: £0.04°C (BbicoKas cTabUJIb-
HocTh) U +0.5°C (Hu3Kast cTabUIbHOCTL). M3mepe-
HUS TPOBOIUINCH HE3aBUCHUMO APYT OT apyra. [Topsi-
IIOK TIPOBEIEHMUSI U3MEPEHUIl BKIIOYaJl pacuer
a0COJIIOTHOH MOTPEIIHOCTA U3MEPEHUS TeMIlepaTy-
pbl pacnipeaeaeHHbIM BOIAT o151 Tpex 3HaueHu it Bpe-
MeHU yepenHeHus: 3, 10 1 60 MUH — IIpU TpeX TeMIIe-
patypax: —50, +50 u +120°C.

s pactipenaenenHoro BOAT ¢ HU3Ko TeIoBoit
CTaOMJIBHOCTBIO OIIOPHOTO YYacTKa ObLIa MPOBEAcHA
cepusg u3 20 M3MEpeHU C MPOMOTKUTEITBHOCTHIO
KaXXJI0ro usMepeHust 3 MuH. B TeueHre KaxXmoro us-
MepeHUsI 3aUChIBANIMCh ¢ YacToToi 1.3 Il 3HaueHUs
TeMIIEpaTyphl OIOPHOIO Y4YacTKa OITUYECKOTO BO-
JIOKHAa, YTO MO3BOJINJIO HAaO10AaTh (hJIyKTyalluu TeM-
neparypbl. Ipaduk 3aBUCMMOCTY TeMIEpaTyphl OT
BpeMeHU I TepBbIX msatu (13 20) u3mMepeHuii pac-
npeaeaeHHbIM BOJT nokasan Ha puc. 4. CornacHo
rpaduKy, B OTIOEIbHBIX H3MEPEHUSIX W3MEHEHUE
TeMIIEpPATyphl OIOPHOIO Y4YacTKa OITUYECKOrOo BO-
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Temnepartypa, °C
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Puc. 2. I'paduk 3aBUCHMOCTH TEMIIEpATYPhl OITOPHOTO YYaCTKa ONTUYECKOIO BOJIOKHA OT BpeMeHU. I1oka3aH BbIXOI TEPMO-
craTta Ha pabouuii pexxum. Ha BcTaBkax: pe3ysabTaT M3MEpeHUs TeTUIOBOM CTaOMJIBHOCTU B HadaJsle Mpoliecca CTabuIn3ainum

(cneBa) M mocJie BbIXOMIa Ha peXUM (CIpaBa).
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Puc. 3. Cxema pacnpeeieHHOTroO BOJJOKOHHO-OITUYECKOTO JaTYMKa TeMIIepaTyphl.
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126 YEPHYLKWU u np.
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Puc. 4. BpeMeHHbIe rpadhuKy 3aBUCUMOCTH TeMIIepaTyp OIMOPHOTO YYacTKa ONTUYECKOTO BOJOKHA MTPU MPOBEACHUU MIEPBbIX

AT I/ISMCpeHI/Iﬁ IIPOAOJKUTCIIBHOCTBLIO 3 MUH KaxIoe.

JIOKHA OTHOCHUTEJIBHO Havajla U3BMEPEHUS MOXET CO-
craBisaTh nopsiaka 0.5°C.

[Ipouecc uaMepeHus ¢ MOMOLIBIO pacIpeaeaeH-
Horo BOJIT TtpeOyeT mpoBeneHUsI OOIBIIOrO KOJIM-

Temneparypa, °C
70.6 -
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70.0
69.8
69.6

YecTBa YCPEOHEHWI IS TTOBBIINIEHUS] OTHOIICHUS
curHai/myM. Kpome Toro, [T pacdera pacrpeuelie-
HUS TEMTIEpaTyphl BIOJIb BOJTOKOHHOM JIMHUU TaKKe
HeoOX0oIMMO 3HaHME TeMIIepaTyphbl OTTIOPHOM KaTyIII-

(a)

69.4

Temnepatypa, °C
70.06 -
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70.02

70.00

69.98

1234567 891011121314151617 181920
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(©)

1 234567 89101112131415161718192
Howmep nuzmepenust

Puc. 5. ['pacduku ycpenHeHHBIX 110 KaxkaomMy u3 20 OMMHAKOBBIX IO BpEMEHM U3MEPEeHUIT TeMIIepaTyp OITOPHOTO y4acTKa OIl-
THYECKOTO BOJIOKHA [Is1 pacnpeaeneHHbXx BOAT ¢ Hu3Koii (a) 1 BBICOKOI (0) TEIJIOBBIMU CTAOMILHOCTSIMU OTTIOPHOTO y4acT-

Ka OIITUYECKOro BOJIOKHA.
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Temneparypa, °C

127
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Puc. 6. M3MeHeHue usMepeHHbIX pacipeneiecHHpiMU BOAT TemiiepaTyp y4acTKOB ONTUYSCKOIO BOJIOKHA, IMMOTPYKEHHBIX B
nepeIMBHbIE MPELIM3UOHHbBIC TEPMOCTAThI, OTHOCUTEIBLHO cpenHux Temreparyp —50.49°C (a, 6) u +50.02°C (B, r) 1uist pacrnpe-
neneHHbIXx BOJT ¢ HU3KoOI4 (a, B) ¥ BBICOKOI (0, B) CTAOMJIBHOCTSIMM TEMITEpaTypPhbl OIIOPHBIX Y4aCTKOB.

KM, KOTOopasd OOBIYHO BBIYMCISIETCS Kak CpE€aHAA
TEMIICpaTypa 3a B€Cb HUKII UBMECPCHU . O,Z[HaKO ns3-
MCHCHUE TEMIICPpATYpPhbl KaTYIIIKM B TCUYCHMEC LIMKJIIa
MOKET IMMPUBECTU K BOZHUKHOBCHUIO ITOIPCITHOCTHU
N3MCPCHUA.

Ha puc. 5 npencrasieHbl TpaduKM yCpeTHEHHBIX
1o KaxkaoMy 13 20 oIMHaKOBBIX IO BpEMEHU U3Mepe-
Huii pacrnpenenreHHbIM BOT Temnepatyp omopHOIro
y4acTKa ONTUYECKOro BojokHa. CoIIaCHO PUCYHKY,
mst pacnpeneiienHoro BOAT ¢ HU3KOI TemIoBOM
CTaOMJILHOCTBIO OITOPHOTO YYacTKa OITUYECKOIO BO-
JIOKHA U3MEHEHME TeEMITEPaTypPhl OTHOCUTEIBHO 3a0aH-
Horo 3HaueHust 70°C coctaBuio ~£0.5°C (puc. 5a), a
mist pacupeneiaeHHoro BOAT ¢ BBICOKOI TEIIOBOM
CTaOMIIBHOCTBIO OITOPHOTO yyacTKa ~+0.04°C (puc. 56).

Ha puc. 6 mokazaHO M3MeHEHHE HM3MEPEHHBIX
pacnipeneaeHHbiMu BOAT Temneparyp BOOIb y4acT-
KOB OITHUYECKOTO BOJIOKHA, ITOTPYKEHHBIX B Iepe-
JIMBHBIE TTPELIM3MOHHBIE TEPMOCTAThl, OTHOCUTEJILHO
3agaHHbIX TeMmIiiepatyp —50°C (puc. 6a, 66) u +50°C
(puc. 6B, 61). Pe3ynbTaThl M3MepeHUIA HAa TaHHBIX
yJacTKaxX OBLIM HCIIOJb30BaHbLI IIPU pacyeTe II0-
rpemHocTy u3mepeHust B coorsercteuu ¢ TOCT P
59166-2020 “OnTuka n poToHUKA. JaTYNKM TeMIIe-
paTypbl BOJOKOHHO-ONTUYECKUE paclpencicHHEIE.
Mertons! ucripITanmit”. JImarpaMMel Ha puc. 7 TeMOH-
CTPUPYIOT Pe3Y/IbTaThl BEIYMCICHUS OTPEIITHOCTU 13-

IMPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 5

MEpeHUsl TeMIlepaTypbl IBYMs paclpenesICcHHbBIMU
BOIT mnst xaXXmoro U3 morpy>kKeHHBIX B TEPMOCTAThI
Y4aCTKOB ONTUYECKOro BojiokHa npu —50°C (puc. 7a)
n +50°C (puc. 76). I3 quarpaMm cieayer, 4YTo I10-
TPEIIHOCTY U3MEPEHMS TEMIIEPATYPhl pacpeIeicH-
HeIM BOJIT ¢ BBICOKOI TEIUIOBOI CTaOMIBHOCTBLIO
OMNOPHOIO y4acTKa ONTUYECKOIo BOJOKHA OKa3blBa-
10TCs1 00JIee UeM B 4 pa3a HUXKE 10 CPaBHEHUIO C pac-
npeneaeHHbIM BOAT ¢ HU3KOI TeIIOBOI CTaOUJIb-
HOCTBIO OTTOPHOTI'O yYacTKa MPpU OJUHAKOBOM BpeMe-
HU U3MEpEHUSI.

Takum o00pa3oM, HCIIOJIb30BAaHME TEPMUUECKU
CTaOMIU3UPOBAHHOIO YYacTKa ONTUYECKOTO BOJIOK-
Ha YMEHbIIAaeT a0COJIIOTHYIO MTOTrPEeIIHOCTh U3Mepe-
Hus pacrnpeneseHHbiM BOIAT u ynydinaet mosTopsi-
€MOCTbh U3MEpPEHUI, OMHAKO Ba>KHO IIPU 3TOM obec-
MeYruTh MUHUMUBALIMIO (BIAYKTyalluii TeMrepaTrypbl
OINOPHOTO YyYacTKa ONTUYECKOTO BOJIOKHA.

NHOOPMAILINA O BKIIAAE ABTOPOB

A.O. Yepnyuxkuii, K.U. KorieneB — unes uccienoBaHus,
MPOBEIEHNE BSKCMEPUMEHTOB, OOCYXIeHUE Ppe3yJIbTaToB;
T.B. I'punenko, A.A. 2ZKupHOB — 00CyXIIeH1e pe3yJIbTaTOB,
HanucaHue ctate; P.M. XaH — cOopka aKCrieprMeHTaIbHO -
ro cTeHa, poBeneHue usMepenuii; A.b. I1nes — obcyxne-
HUE Pe3yJbTaTOB, KOOPAWHAIIMS NCCIICIOBAHYS.
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YEPHYLIKWH u np.

TemmnepaTypa niepemBHOro TepmoctaTta —50°C

TemnepaTypa niepeuBHOro TepmoctaTa 50°C

1.0 B AT = +0.5°C 1.0 B AT = +0.5°C
A (a) AT = +0.04°C ©) AT = +0.04°C
1)
_% 0.8 0.8
5 0
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= g
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g S04 0.4
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S 0.2 0.2
te)
<

60 MuH
WHuTtepBaibl ycpenHeHUs

3 MUH 10 MuH

10 muH 60 MuH
WuTtepBaibl ycpenHeHUs

3 MUH

Puc. 7. AGcomoTHas MOTPENTHOCTh U3MEPEHUS TeMrepaTypsl pactipeneaeHHbIM BOT mist Tpex pa3TnyHbIX 3HAYEHUI Bpe-
meHu ycpenHeHust (3, 10, 60 MUH) TpW pasHBIX TEIUIOBBIX CTAOMJIBLHOCTSX OIOPHOIO Y4acTKa OITMYECKOrO BOJIOKHA:
AT = £0.04°C — s TepMocTara ¢ BbICOKOU cTabmibHOCTBIO U AT = +£0.5°C — 11 TepMocTara ¢ HU3KOM CTabUIbHOCTBIO.
TTorpelHoCTh paccurTaHa sl ABYX 3HAYEHMI TeMIiepatyp U3 pabouero nuana3zoHa usmepervss PBOIAT: —50°C (a) u +50°C (0).

OMHAHCHUPOBAHUE PABOTHI

PaboTa BrInmoiHeHa 3a cyeT rpaHTa Poccuiickoro Hayu-

Horo ¢onHma Ne 22-79-00225.
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