MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUen»

PAKETHO-KOCMHYECKOE [TPHBEOPOCTPOEHHE H HHO®OPMAILIHOHHBIE CHCTEMDbI
2016, mom 3, svinyck 2, c. 60-65

_______ CUCTEMHBIN AHAJIU3, YIIPABJIEHUE KOCMUYECKUMH ANIIIAPATAMU,
OBPABOTKA HH®OPMAIIMHU U CUCTEMbI TEJIEMETPUN

YK 681.7.068

NHdopmaiinoHHO-U3MepUTEbHAas CCTeMa MOHUTOPHHTA
U3JeJUU KOCMHUYECKOH TeXHUKU

A.C.IlleBeses!, B. B. Kukor, A. 0. Yianos

Yk.m.n., AO «Hayuno-uccredosamensckutl uncmumym QuU3ULEcKUX usmeperuiis

e-mail: persivald87@gmail.com, inbox@post.su, udaaleksandr@rambler.ru

AnHoranusd. B paGore 060cHOBaH BEIGOP BOJIOKOHHO-ONTHYECKHX CPEACTB M3MEPEHHH NIl U3LeHH KOCMHUECKOH TeXHHKH. YCTaHOB-
JIEHO, 4TO paspaboTaHHast HH(QOPMALMOHHO-U3MEPUTE/IbHASE CHUCTEMA MOHHTOPHHIA OTBeYaeT TPeGOBAHUSIM, NPEIbSIBJISEMBIM K CHCTe-
MaM, SKCILTyaTHPYeMBIM B CIELMabHBIX YCIOBHAX PaKeTHO-KOCMHYECKOH TEXHHKH, U 00bEKTaM Ha3eMHOH KOCMHYeCKOH HH(pacTpyK-
Typbl. Lle/blo SIBJSNOCH HCC/IeOBAHHE BOJIOKOHHO-ONTHUECKOH HH(OPMALUOHHO-U3MEPUTENbHON CHCTEMbl MOHHTOPHHIA Ha NpeaMeT
OmpefiesIeHHs] METPOJIOTHUECKUX XapPaKTePUCTHK U NajbHeHIIell oLeHKH 3(Q(eKTHBHOCTH CUCTEMBI.

PaspaboTanHas H3MepHUTe/IbHAS CHCTEMa CONEPHKHT ONTHUECKHE BOJOKHA C UYBCTBUTEIbHBIMU dJIeMEHTaMH /I U3MepeHUs fedop-
MallK¥ ¥ TeMIIepaTypel B BHIE BOJOKOHHBIX OP3TTOBCKHUX DeEIIETOK, C(POPMHUPOBAHHBIX B CepALEBHHE ONTHUECKUX BOJIOKOH. [TokasaHus
TeMIeparypbl U AepopMalHy ONpefessiiCh CMelleHHeM Pe30HAHCHBIX [JHH BOJH BOJOKOHHBIX OP3ITOBCKHUX PeLIETOK, NMPH MOMOLIH
BCTPOEHHOTO CIIEKTPOaHaIn3aTopa. Pe3ynbTaTbl SKCIepPHUMEHTAIbHBIX HCCeI0BAHME M0KasaaM, 4To 4yBCTBHTebHOCTE BBP cocraBu-
aa 11,2 nm/°C aast nosioxkutesnbHoro auanasona (ot 25 no 300 °C) u 9,1 nm/°C — auist OTpHULATEBHOTO QHAna3oHa TeMIepaTyp
(ot —80 no 25 °C). Hdedpopmaunonusiii kKosdppuunent BBP B puanasone no 1200 mxm/m (0,012¢) cocraBun K = 0,6 + 0,3 [1/ue].
CpaBHeHHe pacyeTHBIX M 3KCIEPHUMEHTAJbHBIX JaHHBIX [10Ka3al0 He3HAYHTesbHble PACXOXKIEHHs, YTO CBHIETENbCTBYET O MPABHJIb-
HOCTH BBIOPAHHOTO KOHCTPYKTHBHO-TEXHOJIOTMYECKOTO pelleHUst U 3(P(eKTHBHOCTH pa3paboTaHHOH MH(OPMaLHOHHO-U3MePUTEeIbHOM
CHCTEMBI.

KuroueBble cioBa: BOJIOKOHHAsi Op3rroBcKasi pelleTka, WH(POPMAaLMOHHO-U3MepHUTe/bHAs CHCTeMa MOHHTOPHMHIA, HM3MepUTesbHbIH
(DYHKIMOHAJ/BHBIH MOAYJ/b, YyBCTBUTEJIbHOCTD
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Abstract. The purpose of the research was to validate the choice of liber-optic measuring instruments for space technology. It is
shown that the information-measuring system meets the requirements of the system being operated in the special conditions of
rocket and space engineering and of the objects of the ground space infrastructure. In addition, the task was to research the fiber-
optic information-measuring system to determine the metrological characteristics and further evaluation of the system efficiency.

The developed information-measuring system includes a fiber-optic strain and temperature sensors.

The sensing tip of the fiber forms fiber bragg gratings (FBG). The temperature and strain readings are obtained by measuring
the shift of the resonance FBG wavelength by the built-in spectrum analyzer. The results of the study showed that the sensitivity
of the FBG was 11,2 pm/°C for the positive range (from 25 to 300 °C) and 9,1 pm/°C — for the negative temperature range
(from —80 to 25 °C). The deformation ratio of FBG in the range up to 1200us (0,012¢) was K = 0,6 0,3 [1/ue]. The comparison
of the calculated and experimental data showed minor discrepancy between the predicted and experimental values, which confirms
the correctness of the constructive decision and system efficiency of the developed information-measurement system.

Keywords: fiber Bragg grating, information-measuring system for monitoring, measuring cell, sensitivity
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BBenenue

OnpeneneHyie U3MeHEHHH, MPOUCXOASANIMX BHYT-
pPH TEXHHUECKH CJIOKHBIX OOBEKTOB, MpPENCTaBJISET
UHTepec NI pasJiMuHbIX obJactedl TexHuku. Cpenn
BOJIOKOHHO-ONITHYECKUX HM3MEPUTEJbHBIX CHCTEM Ofl-
HUMU U3 HauboJsiee PaACrpOCTPaHEHHBIX THIIOB SIBJIS-
I0TCSI CHCTEMBl Ha OCHOBe JNATUHWKOB C OP3rTOBCKUMH
pelleTKaMHu.

Jlatuuky ¢ 6pATTOBCKUMHU pellleTKaMH, KaK U Mpo-
yie BOJIOKOHHO-onTHYeckue gatuuku (BOJI), oGaana-
10T PSIIOM MPEUMYIIEeCTB, KOTOPbIe BBITOJHO OTJAHYAIOT
MUX OT JaT4YMKOB, MOCTPOEHHBIX Ha APYrUX (puU3Hde-
cKkux npuHnunax. OCHOBHBIMM U3 HUX SIBJSIOTCS: Ma-
Jlasg Macca W rabapuThl YyBCTBUTEJbHBIX 3JIEMEHTOB,
00yC/IOBIeHHBIE MaJbIM JHAMETPOM CaMOr'o ONTHYe-
ckoro BosiHOBoZa (~100 MKM); BBICOKasi HaAeXKHOCThb
U BOCIPOU3BOJHMMOCTb H3MepPeHHH, 06YyCJOBJIeHHbIE
CTaOUNBHOCTBIO UCMOJb3YEMbIX METONOB PErHUCTpaliu
OMTHUYECKOTO H3JIyueHHs, B TOM YHCJe MpPUMEHEHH-
eM CIMeKTpaJibHbIX MeTOJOB; BhICOKAs ToyKapobesomnac-
HOCTb, OOYCJIOBJIEHHAs] OTCYTCTBHEM B KOHCTPYKIIH-
SIX UYBCTBHUTEJbHBIX 3JEMEHTOB 3JEKTPHUUECKHUX TO-
KOB M HarpeBaeMblX oOJacTed, a TaKxkKe BO3MOXK-
HOCTBIO MCIOJb30BAHHUSI HETOPIOUMX BEIECTB; BHICO-
Kasi 3JIEKTPOU30/IILIMOHHAS TPOYHOCTh — HaIpsiKeHHe
3JIeKTPHUUECKOT0 MPo6osi KBapLEBOro CTeKJa, COCTaB-
asier ~10 kB/mm (20 °C) u ~2,5 kB/mMm (500 °C);
BO3MOXKHOCTb MPOBEJIEHHs] MHOIOTOYEUHBIX W pacripe-
JeJJeHHBIX HM3MepeHW#, B TOM YHCJe C HCI0Jb30Ba-
HUEM CIEKTPaJbHOrO W MPOCTPAHCTBEHHOTO MYJbTH-
MJIEKCHPOBAHUSI UYBCTBUTEJBHBIX 3JIEMEHTOB, Pacro-
JIOXKEHHBIX B OJHOM HJH B HECKOJbKHX ONTHYECKHX
BOJIOKHAX.

UyscTBuTe bHBIM 3jieMeHTOM BOJl, Ha ocHoBe
KOTOPBIX TOCTPOeHa pa3paboTaHHast MH(OPMAIIMOHHO-
U3MepHUTe/bHAsh CUCTeMa, SIBJISIeTCs BOJOKOHHAs Opar-
roBckasi peuerka (BBP). Ona cdopmupoBana Ha or-
THYECKOM BOJIOKHE W HMMeeT JIJIMHY BCEro HecKOJbKO
MHJIUMETPOB. Takue pa3Mepsl oueHb ONH3KH K pas-
MepaM TOYeUuHBIX NAaTUHUKOB, OMHAKO €CJM MacCHB 1aT-
ynkoB ¢ BBP c¢opmupoBaH Ha pasHbIX IJAMHAX BOJH
U JIeMONYJUPOBAH CHCTEMOH C BpPEMEHHBIM paseJe-
HHeM, 00llee KOJMUYECTBO TaKUX NATUUKOB Ha OJHOM
BOJIOKHE OTPaHWUYEHO JIHIb LIUPUHOH CreKTpa HUCTOY-
HUKa W TIpUeMHHKa H3JydeHHs. Ha omHOM BOJIOKHE
MO2KeT ObITb C(OPMHPOBAHO 10 COTHH UYYBCTBHUTEJb-

HBIX 3JieMeHTOB ¢ BBP, Heob6xomiuMbIX IJi moCTpoe-
HUS paclpefieleHHOH CUCTeMBbl, NTpeHa3HaueHHO! A1
U3MepeHUs Kak jaedopMauuii, Tak U TeMmrepaTyp.

[IpakTHueckr He cyllecTByeT HH ONHOTO OObek-
Ta KOHTPOJI WJU MPOU3BOACTBEHHOrO Mpolecca, Ko-
TOPBIH HE HUCHBITBIBAJA Obl BO3AeHCTBHe Aedopmalu-
OHHBIX W TeMIlepaTypHbIX Harpy3ok. B 3Tol cBsA3u
paspaboTaHHas cUCTeMa 0COOEHHO BaxKHA U aKTyaJsb-
Ha B 00GJIaCTH MOHHUTOPHWHIA H3JAENUH KOCMHUECKON
TEXHUKH.

IIpunuun padboTsl nNpeodpa3oBaTesei
c BbBP

B pamkax pa6orsi OKP B OAO «HHUHDHU>» Be-
neTcs paspaboTKa pacrpenesieHHbIX MHKPOONTO3JEK-
TPOMeXaHHUYECKUX H3MEepHUTEeJIbHBIX U (PYHKLUOHAJNb-
HBbIX MOJYJied, oOecreunBaOLIMX U3MepeHHe TeMIepa-
TYpBl U deopMaluy 02a30BbIX HeCYLIUX KOHCTPYKLHH
U3JleNIUH PaKeTHO-KOCMUYECKOW TeXHUKU U 0OBEKTOB
HazeMHOH KocMHuueckod uHppacTpykTypsl (MPMOT
u UOMOL).

KoHncTpykuus, metoasl popMUpoBaHUs W 6a30Bble
MPUHLMUIBI PabOThl BOJIOKOHHBIX OP3TTOBCKUX PELIeTOK
omucanbl B [1-3]. Haubosiee BaxkHOE CBOHCTBO BOJIO-
KOHHBIX OP3ITOBCKMX PeLIeTOK — Y3KOIMOJOCHOEe OTpa-
JKeHHe ONTHYEeCKOro M3J/yueHHs,, OTHOCUTe/IbHAsl CIIeK-
TpasibHas IIMPHHA KOTOPOTO MOXKeT cocTaBasaTh 1070
1 MeHblie. M3mydeHue, pacnpocTpaHsiolieecs 1Mo ONTH-
4YeCKOMY BOJIOKHY, MOXKHO INPeNCTaBUTb B BUIEe KOMOU-
HallMK ero COOCTBEHHBIX MOJ: HAMpaBJ/sieMbIX U H3JY-
yare/bHbIX. B OTCyTCTBHE BO3MYILIEHHH B ONTHUECKOM
BOJIOKHE MOJIbl paclpocTpaHsioTcs 6e3 B3auMoAeHCTBHUS
ApPYyT C APYTOM.

Crpykrypa BDP BuiGupaercs takum ob6pasowm,
yTOOBl 00ecrneyuTb HeoOXOAUMOEe pPe30HAHCHOE B3au-
MoJeHCcTBHE MeXK1y BbIOPAHHBIMH MOJAMH OMTOBOJIOK-
Ha. BaaumoneiicTBHe MOZ B OMTOBOJIOKHE OOBIUHO OIH-
CbIBaeTCsl C TOMOIIbIO TEOPHUH CBSI3aHHBIX Mon [2],
B paMKax KOTOpOH MpeiroJsaraercs, 4To Ha OIpe-
IeJleHHOH MAJIMHE BOJHBl TOJBKO [B€ MOIBI YIOBJE-
TBOPSIIOT YCJIOBUIO (ha30BOTO CUHXPOHM3Ma M MO-
ryT 3(p(eKTUBHO NepenaBaTh APYr APYTry 3SHEPTHIO.
BoJsiokoHHbBle Op3rroBcKHe pelleTKH CBS3bIBAKOT OC-
HOBHYIO MOJIY OINTOBOJIOKHA C MOJOH, pacrnpocTpaHsio-
11efcsl B MPOTHBOIOJOXKHOM HalpaBjeHUH. J[Be MOnbl
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B3aUMOJEHUCTBYIOT Ha OJHOPOJHON pelleTKe 1oKa3arte-
JiS TIpEJIOMJIEHHS, TO €CTh Ha CTPYKType, B KOTOPOH
roKasaresib MpeJoMJeHHUs MepUoJUUeCcK! H3MeHseTcsl
C MOCTOSIHHBIM MEePUOLOM A, ecJid BBIMIOJTHSETCS YCJIO0-
BHe (ha30BOr0 CHHXPOHHU3Ma

By — 1 = 2w N/A, (1)

rie 31 u (9 — NOCTOSIHHBIE PAclpOCTpaHEHHUs pac-
cMaTpUBaeMbIX Mol, N — Liesioe UHCJ/I0, XapaKTepHU3y-
[olllee MOPsJOK, B KOTOPOM peasin3yeTcsl MexMOI0BOe
B3auMozielicTBre. [locTosiHHAsT pacrpocTpaHeHHst Mo-
bl BBIPAXKAETCsl COOTHOILIEHHEM

Bi = 2mnly/ A, 2)

rie niy — 5((eKTUBHBI [0Ka3aTelb MPEJOMIEHHS
- MOJbl, A — JJIMHA BOJIHBl B BaKyyMe.

Ha puc. 1 npuBeneHbl THIBI MEXMOIOBOH CBS3U
nisi N = 1. 1o BepTHKa/ bHOM OCU OT/I0KEH (P HEKTHB-
HBIH Mokasaresb npesnomJseHuss mon OB, mpuuem 7o,
N U Next — I0Ka3aTeaH IMpeJoMJIeHHs CepALeBHHbI,
000JIOUKH U BHELIHeH cpefbl cO0TBeTCTBeHHO. [Tosoxku-
TeJIbHOE U OTPHIIATe/NbHOE HalpaBJeHUs BEPTHKAIbHON
OCH XapaKTepH3YIOT MOJbl ONTHYECKOTO BOJIOKHA, pac-
MPOCTPAHSIOLIMECS 110 OTHOLIEHHIO K HCXOAHOH OCHOB-
Hoii monme HE|; B mpsimom u oGpaTHOM HampaB/eHHSX.
CxeMaTH4ecKH MOKa3aHbl AWCTIEPCHOHHbIE KPUBBIE MJISI
MOJL CePALEBUHBI (Next < MNeff < MNeo) U 000JOUKU
(Next < Neff < N¢). 3aITPUXOBaHHASA 00J1aCTb OTBeYa-
eT uaaydarejbHblM MogaM OB. [TyHKTHPHBIMU JHUHUS-
My | 1 2 moKasaHel 3HaYeHHs NS — A/A 1715 pereTox
¢ ManbiM Agg < | MKM U GosbIIUM (IJIMHHOMEPHUOA-
Hble BOJIOKOHHbIe perieTkH) Appg > 100 MKM mepuo-
JlaMH COOTBETCTBEHHO (ngf — 3(p(heKTHBHbII NoKasa-
TeJb TPeJIOMJIEHUs] OCHOBHOH MOJIBI).

[lepecedeHusi KpUBBIX C AWCMEPCHOHHBIMHU KpH-
BBIMM PA3JIMUYHBIX MOJ 3afaloT IJHHBl BOJH, Ha KO-
TOPBIX BBITIOJNIHSETCS YCJ0BHE (PA30BOr0 CHHXPOHHU3-
ma (1)

3)

CBoficTBa 3TOro OTpaxKeHHsl 3aBHUCAT OT Mapa-
MeTpoB pemieTkd. s OOHOPOALHOH peleTKH [IJH-
Hbl L Ko3((uuueHT oTpaxkeHHs R Ha pe30HaHCHOH
IJTUHE BOJIHBI Agg BbIpaxaercs kak R = thQ(IiB(}L),
rae Kpg = TANmedNBG/ABG — KOI(DPHUIHEHT CBSI3H,
ANpod aMIJIUTyIa MOLYJSLHH B TEPBOM TMOPSIA-
Ke passoxkeHus (opMmbl WITpUxa B psin Pypbe, yactb

co

Next

—TNext [P

—Te]

—Neo

Puc. 1. luarpamma, 1eMOHCTPUPYIOL1As BBIOJHEHHE YCJIO-
BUS (PA30BOr0 CHHXPOHM3MA Mexay OCHOBHOH momod HE
(LPo1) ¥ npyrumu MojaMu ONTHYECKOTO BOJOKHA

MOLIHOCTH OCHOBHOH MOJBI, KOTOpasi pacrnpocTpaHs-
eTcsl 110 CepAlieBHHE ONTOBOJIOKHA paauyca a, Ee., —
aMIIJIUTya JeKTPHUUECKOro I0JIsi OCHOBHOH MOJIBI.
3aBUCUMOCTb GPIrTOBCKOH IJIMHBI BOJHBI OT Tepe-
nana temnepatypbl AT MoxKeT ObITh 3amHcaHa B BUJE:

AMpg = Apg (¢ + ) AT, (4)

oT
ent (0,55 - 1076 °C™1); ¢ = (l) (@) — TepMOOMNTH-

roe o = (i) (ﬂ) — 3TO TepMHUUeCKHUH Ko3(hPuuu-

n oT
yeckuit Kospduupent (8,6-107% °C~1) rna kpapuepoit
CepILIEBUHBI ONTOBOJIOKHA C JIETHPOBAHHEM TepMaHHEM.
JInsi omHOBPEMEHHOro u3MepeHus aedopMalyy,
MPU YCJOBHH, 4YTO TeMIepaTypHble KO3 (PHIHEHTHI
IJIsl HUX CYIIECTBEHHO OTJMYaloTCs APYyr OT Apyra,

CUCTeMa ypaBHEHHUH
KOI KOI o
c T de 7 de (5)
K»® K% )\dT T

MMeeT OT/IHYHBIN OT Hyssi perepmunanT (det(K) # 0)
M MOXKET OBbITb pellleHa aHaJUTHYECKH OTHOCHTEJbHO

de v dT:
de S
(ir) -7

dAgg/ Mg
dXg6/ Xeg

L (@Apa/Neg

(6)
36/ Ngg
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Puc. 2. CrpyKkrypHas cxemMa UH(OPMALMOHHO-U3MEPUTEBbHOH CHCTEMBI

Takum obpasom, mpu ucnosb3oBaHuu AByX BBP
(o1 M3MepeHUs TeMIepaTypbl U HedopMalvH) 3ajaa-
Ya CBOAMUTCS K TOMY, YTOOBI CIEKTPasbHBIH OTKJHUK
pelieToK OblJl PAa3JUUYHBIN MPU U3MEHEHHH TeMIepaTy-
pBl WJIM TIPH TIPUJIOKEHHH AedopMauuu (CHJIbl CxKa-
THsI/pacTsKeHHsI), BEJHUHUHY KOTOPOH TpeGyeTcs H3-
MEepHTb.

aKCHepI/IMeHTaJIbeIe HCCJIeJoBaHUuA

CTpyKTypHast cxeMa H3MEpUTEJbHOH CHCTEMBI
MOHHUTOpPHHTA MpeACTaBAeHa Ha pUcC. 2.

McTouyHuK u3syueHus: (GOPMHUPYeT CBETOBOH MOTOK
C IJIMHOH BoJIHBI B nuanazone 1550-1590 HM, KoTopbii
pacrpocTpaHsieTcsi MO ONTOBOJIOKHY. B KadecTBe mpu-
eMHHKAa M3JyueHUs UCTOJb3yeTcs CMeKTPOaHaIU3aTop,
HeOOXOOUMBIA [J11 OTOOpaXKeHUsi W HUCCJed0BaHUS
CTIEKTPOB OTpakeHHsi OPITTOBCKUX MIJHUH BOJH AgG.
M3mepeHue CMEKTPOB OTPa’keHHs] TMPOBOAMJIOCH Ha
OparroBckoi mguHe BosHbl 1550 4+ 0,5 HM (mas usMe-
penust Temnepatypbl) U 1538 + 0,5 Hm (17151 ©3MepeHust
nepopmannu) ¢ kKoadouuueHtom otpaxenus 70 %,
B HOPMaJIbHbIX KJUMATHUECKUX YCJOBHSIX.

[TpoBeneHbl 3KCMEepUMEHTaNbHbBIE HCCJIEI0BaHHS
Ha BO3JeHCTBHE MOBBILIEHHOH TeMmIepaTypbl B UHTEP-

Base oT 25 mo 300 °C, moHM:KEHHOH TeMIepaTypsl
or —80 mo +25°C (puc. 3 u 4). Ilpu Bo3nelicTBUH
MOBBILIIEHHOH U MOHMXKEHHOH TeMIepaTypbl HabJoaa-
eTcsl CMellleHHe OP3TTOBCKOH IJHHBI BOMHBI B CTOPOHY
yBeJHUeHUs U yMeHblIeHHsl COOTBeTcTBeHHO. Harpys-
Ka Takxe MPUBOAUT K CMEIeHHI0 OP3TTOBCKOH /M-
Hbl BOJIHBl M3MEPUTEJbHOr0 (PyHKIHMOHAJBHOI'O OINTH-
4ecKoro MopyJsi aedopManuy.

3asucumoctd ANl = f(Tax) ¥ Agg1 = f(Tmax)
MUMEIOT JIMHEHHBIH XapakTep BO BCeM TeMIepaTypHOM
nuanasone (puc. 3). CornacHo BbIpa)KeHHIO (4) 4yB-
CTBUTeJIbHOCTEL cocTaBuaa 11,9 nm/°C. AHanus skc-
nepuMeHTa bHOH 3aBUCHUMOCTH AgGy = f(Tmax) MOKa-
3ajl, UTO YYBCTBUTEJbHOCTb MOMAYJSl B IOJOXKUTEJb-
HOM nuanasoHe cocrasisger 11,2 nm/°C. Pacxomu-
MOCTb 3KCIEPUMEHTaNbHbIX U PaCUeTHBIX NaHHBIX —
He3HauuTesbHass. Tak ke, Kak W B CJjydae [OBbI-
LIeHHBIX Temmneparyp, 3aBucUMocTH ANl = f(Tinin)
1 Agg1 = f(Tinin) UMEIOT JIMHEHHBIF XapaKTep B OTPHU-
IaTeJbHOM TeMIepaTypHoM nuamnasoHe (puc. 4). Teo-
pPeTHUEeCKH, COTJIaCHO BbIpaxKeHHIO (4), UyBCTBUTEJIb-
HocTb coctaBusia 11,9 mv/°C. AHanus akcrnepuMeH-
TasbHOH 3aBUCHMOCTH U AgGg] = f(Tmin) MOKa3as, 4To
4yBCTBUTENBHOCTb JAaTUHKa B OTPHIlATEJNbHOM [Hara-
30He cocrtasasger 9,1 nm/°C.
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Puc. 3. ®yHKIMOHAMBHAS 3aBUCHMOCTD CMeIeHHs] 6PITTOBCKON JJIHNHBI BOJHEI AApG| OT TeMIIEPATyphl B MOJNOKUTENBHOM

arara3oHe
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_ 810\\5\ g 15504 10° %
o 720 Z/Z) 1,5503 x 103 =
o =
5 E 630 /g" 1,5502 x 103 3
sz 540 = 1,5501 x 103 =
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g g _A)\_ 450 )i 1,55 x 10 -BECEI =
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é 180 /z 1,5497 x 103 8
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Tmin

Temnepatypa, °C

pI/IC. 4 CDyHKLLI/IOHaJ'IbHaH 3dBUCHUMOCTb CMeLIleHUsA 6p9FFOBCKOI>1 JJIMHBI BOJIHBI A)\BGI OoT TeMHepaTypr B OTpI/IHaTeJ'[bHOM
J1arnasoHe

Hsmepenne pedopmaluu mpencTaBJ/sieT onpese-
JIEHHYIO CJIOKHOCTB, T.K. TpeOyeT BBICOKOH CTaOWUJb-
HOCTH y3J10B (PUKCALUH H3MEPUTEJNbHOH YaCTH OMTH-
YecKoro BOJIOKHA B Ipoliecce M3MepeHuil. Ha puc. 5
MpUBEeHa 3aBUCUMOCTb OTHOCHUTEJbHOTO M3MEHEHHSs
IJIUHBL BOJHBL AAgGe OT NPHUJIOKEHHOH K ONTHYECKO-
MY BOJIOKHY AeopMalluu, U3MepeHHasi IpH HOpMaJb-
HBIX KJIMMaTHUYeCKUX YCJOBHUSIX.

JKcnepuMeHTaNbHOE 3HadeHHe Ko3(duuHeHTa
nepopmaunu K = 0,6 £ 0,3 [1/pe] (Ke = 0,800 +

+ 0,003 [ppm/ue]) npeBbiliaeT 3HaueHue KOIPDHUIIH-
eHTa ne(opMalUH, MOJYUYEHHOrO MPH HUMHTALHOHHOM

MoJeJIupoBaHuu Ke = CM%/)‘BGQ = 0,78 [ppm/pe].
3
BroiBoabl
HccnenoBanusi nokaszanu, 4To (GyHKIUU Tpeod-

pasoBatusl A1 = f(Tmax) ¥ ApG1 = f(Tmin) ume-
10T IMHeHHbIH XapakTep. UyBcTBUTEeIbHOCTE UDMOT
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Puc. 5. 3aBUCUMOCTb OTHOCHUTEJILHOTO H3MEHEeHHUsI GPITTOBCKOU IJIHHBI BOHB ANpgo

coctaBuna 11,2 mm/°C [1Jisl MOJNOXKUTEJILHOTO JUala-
soHa U 9,1 nm/°C — 1151 OTPHUIIATENBHOTO AHMaNa3oHa
tremneparyp. Qasg UPMO/L nedhopmMauroHHBIHA KO3(]-
¢uuuent cocrasua K = 0,6 0,3 [1/pue].

CpaBHeHHeM TMoOKa3aTeJsed, TMOJY4YeHHBIX TMpH
UMHUTALAOHHOM MOJEJHPOBAHUK H 3IKCIEepPUMEHTasb-
HBIX UCCJIEIOBAHUSIX, BhISIBJIEHA UX NTPAKTHUECKAs MOJ-
Hasi CXOAUMOCTb, UTO MOATBepkKAaeT 3(P(PeKTHBHOCTh
paspaboTaHHONH HH(POPMALMOHHO-U3MEPUTEJHHOH CH-
CTEMBI.
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