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HccaenoBanue TeMepaTypHoro moJjisi ra3oBo3aylIHoro njiaMeHu
Yacrtp 1. MeToa nupoMeTprH TOHKOH HUTH

Onucan memoo nupomempuu MOHKOU HUMU, NPeoCmasiaowull MoOupuKkayuo memooa
OMHOCUMENbHOU APKOCMHOU NUpoMempul, Oisl OUAZHOCMUKU MeMNepamypHo20 NoJis 2a30-
8030VUIHbIX nAaMeH. Paccuumarnvl 0CHO8HbIE Xapakmepucmuky memooa: pabouuii OUandaszoH,
YY8CMBUMENbHOCMb, UHEPYUOHHOCTb U NOZPEULHOCHTD.

["a30BO3yI1IHBIE TUIAMEHA IIMPOKO MCIOJIB3YIOTCS B COBPEMEHHBIX TEXHOJOTH-
YECKUX Mpolleccax, TaKUX Kak TEPMHUYECKash CBapKa M pe3Ka METAJJIOB, HAHECEHUE
TEPMOCTOMKHUX MOKPBITUM, a TAKXKE Ta30IUIAMECHHBIN CUHTE3 HAHOOKCHUIIOB [1]. Ak-
TUBHO DPa3palaThIBAIOTCSI HOBBIE THUIIBI BBICOKOTEMIIEPATYPHBIX T'OPEJIOYHBIX YCT-
poiicTB. B TO ke Bpemsi BOCTpeOOBaHbI AHEprocoOeperaroie Hu3KoTeMIepaTypHbIe
MH(}paKpacHblE U KAaTaJUTUYECKUE TOPEJIKK. Y COBEPILIEHCTBOBAHUE CIIOCOOOB CHKU-
raHMs TOIJIMBA TPeOyeT pa3BUTUS COBPEMEHHBIX METOJIOB JMAarHOCTHKHU IJIAMEH, B
TOM YHUCJIE pacHpeesieHus: Temneparypsl no ¢akeny. I[losBieHHe HOBBIX UCTOYHH-
KOB M IPUEMHUKOB M3JTyUYEHUS MO3BOJIWIN PE3KO YBEJINYUTh OBICTPOAECHCTBHE U MH-
(OpMaTUBHOCTH ONTHYECKUX METO/IOB UCCIIEIOBAHUS OBICTPOIPOTEKAIOLIUX MPOLIEC-
coB. CoBpeMeHHbIE JUarHOCTUYECKHUE KOMIUIEKCHI 0a3upyroTCs Ha MIMPOKOM HCIIOJb-
30BaHUU KOMIIBIOTEPHOM TEXHUKH, YTO MO3BOJISET MOJy4yaTh U 00padaTbiBaTh OOJIb-
IIM€ MACCUBBI JAHHBIX B PEKUME PEAIBHOIO BPEMEHU.

Kak n3BecTHO, I1aMeHa SIBIISIOTCS HECTALIMOHAPHBIMU CUCTEMAMU U XapaKTepH-
3YIOTCSI HAJIMYMEM 3HAUYUTEIBHBIX TPAJUEHTOB TEMIIEPATYp U KOHLIEHTPALUN KOMIIO-
HEHTOB. Tak KaK MOTOKH TEIUla U KOMIIOHEHTOB 3aBUCAT OT IPOU3BOJHBIX, TO UCCIIE-
JIOBaHUS CTPYKTYPHI IJIAMEHH TPEOYIOT TIOCTATOYHO TOYHBIX U3MEPEHHM C BHICOKUM
IPOCTPAHCTBEHHBIM U BPEMEHHBIM pa3penieHueM [2].

TpaauuoHHbie METOABI TUPOMETPUH TUTAMEH (MeToJl oOpaileHus: ay0riera Ha-
TPHsI, METOJI OTHOCUTEJIbHBIX WHTEHCUBHOCTEH CHEKTPAJIbHBIX JIMHUWA, KOHTAKTHBIE
METO/Ibl) SIBISIIOTCS TPYAOEMKHMMH, HE OTJIMYAIOTCS OBICTPOJIEWCTBHEM M BBICOKUM
MIPOCTPAHCTBEHHBIM pa3pelieHneM. B nocnegnue roapl ajs UCCIe0BaHUs TeMIepa-
TYPHBIX TOJIEW Ta30BO3AYIIHBIX TUIAMEH HCIOJIb3YEeTCs] METOJ MUPOMETPUU TOHKOU
Hutu TFP (thin-filament pyrometry) [3], ocHOBaHHBIN Ha perucTpalydu TEIJIOBOIO
U3ITy4YEeHHUs] TOHKOM MHEPTHOM HUTH, MOMEIICHHON B (hakes, ¢ MOMOIIbI0 HU(pPOBOiA
KaMmepbl M MOCJHeAyIoleld KOMIbIOTEPHOU 00paboTkoil n3oOpaxenuil. Hawubonee
HOIXOAIINM U3JTydaTeseM sSBIIIeTCA HUTh Kapouaa kpeMHus SiC, KOTOphI XuMuye-
CKU MHEPTEH U 00J1aJ1aeT CTaOMIbHBIMU CBOMCTBAaMH (BBICOKOM M3J1y4aTeIbHOW CIO-
COOHOCTBIO M XOpOIIEH MEXaHUUECKON IPOYHOCTHIO) IIPU BBICOKUX TeMIleparypax. B
KauyecTBE PENEPHOI TOUKHU aBTOPHI padOThI [3] HCMONB30BaAIM 3HAUEHUE JIOKAJIbHON
TeMIEepaTypbl B Haubosee ropsiuei 30He (hakena, U3MEPEHHOE C MOMOIIBIO TEPMO-
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Puc. 1. Cxema sxcnepumenmansvroi ycmanosku: 1 — eopenxka bynzena; 2 — kac-
cema c keapyegvimu Humamu, 3 — unmepgepenyuonnvlii purvmp, 4 — yugposas
Kamepa,; 5 — Komnvlomep.

napel. MHOrAa mpeamosiararT, 4TO B 30HE MAKCHMAaJbHOTO HAarpeBa TeMIlepaTypa
dakena mocturaet aaradaTHIeCKOro 3HAYCHUS.

MeTtox OTHOCHUTE/ILHON SIPKOCTHOI mupoMeTpuu. Pa3paboTaHHbII HAMH Me-
TOJl OTHOCUTEIILHOU SIPKOCTHOU MUPOMETPUU [4] OTIMYaeTCsl OT OMUCAHHBIX B JIUTE-
patype moaudukaruii Mmeroga TFP Tem, 4To B kKadecTBe TOUKHM OTCUETA MCIOIL3YeT-
Csl 3HAYEHUE SIPKOCTHOM TEMIIEPATYPBI, ONPEAEIEHHOE ¢ MOMOLIBIO IPKOCTHOIO IH-
pomerpa tuna [Ipomuas M1 nnm D01168. B kauecTBe U3mydaresnss Mbl HCIIOJIb30BAIN
TOHKHE KBapLeBble HUTH. V3ilydyeHrne HUTH B Y3KOM crieKTpaibHOM uHTepBaie (0.77
MKM) perucTpupoBaiu nudposoi kamepor tuna Canon 350D.

Pacrnipenenenue teMiepaTyphbl Mo JuiiHe HUTH T(X) paccuuThIiBaiu 1o Gopmyiie

1 I I o

- = 4+ v
T(xy) T, C [S(xy)

rae T(x,y) — apKocTHasi TeMIiepatrypa B IPOU3BOJIbHOM Touke X, K;

T — sspKOCTHasi TeMIiepaTypa B PUKCUPOBAHHOM TOUKE (Xy,))) HUTU, U3MEPEHHAS SIp-

KOCTHBIM mupomeTpoM, K; Sy u S(x,y) — curnaibl Matpuibl B COOTBETCTBYIOIIUX

TOYKaxX M300pakeHUs, OTH.€/1.; A — paboyasi AJIMHA BOJHBI CBETOPMIBTPA, MKM.
CxeMa 3KCIepMMEHTAIbHOM YCTAaHOBKH MPUBEEHA HA pUC. 1.

N3nyuenue ot kBapueBbix HUTEH (nuametp 150 mxm, amrnHa 10 cM), pacnoyioKEHHbBIX

TOPU30HTAIBHO C IAroM 1 ¢M, perucTpupoOBaIOCh B Y3KOM CIIEKTPATILHOM MHTEPBAJIe

¢ momonibio uppoBoit kamepsl. Ha puc. 2 npuBoautcs gororpadusi KBapLeBbIX HH-

Tel B (hakese, HarpeThIX /10 CBEYCHUSI.

OcHoBHBIE XapakTepHCTHMKHM MeToAa. [Ipu wuccnegoBaHMM — TEPMHUYECKOM
CTPYKTYpPBI I'a30BO31YIIHOTO (paKesa NepBOCTENEHHOE 3HAUEHUE UMEIOT CIIEAYIOIINE
XapaKTEPUCTUKU JKCIEPUMEHTAIBHOIO METOJA: UAINa30H PErUCTPUPYEMBIX TEMIIE-
paTyp, IPOCTPAHCTBEHHOE Pa3peIllieHHe U MHEPLUUOHHOCTb. Tak Kak TeMnepaTypHoOe
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Puc.2. Hz00padiceHue Hazpemvlx K8apyesvlx HUMell 8 2a308030VULHOM ¢hakerne.

noJyie Qakena XapakTepu3yeTcs 3HAUMTEIbHBIMU IepernajamMu TeMIeparyp, HeoOXo-
IUMO 00€CTIeYUTh MaKCUMaJIbHBI MHTEPBAJl PETUCTPUPYEMBIX OJHOBPEMEHHO TEM-
neparyp. Onenka paboyero nuanazoHa pazpaboTaHHOTO METOJa MoKa3aia, YTo TeM-
NepaTypHBI IHANA30H CYIIECTBEHHO 3aBUCUT OT 3HAYEHUS APKOCTHOM TEMIIEpaTyphl
B penepHou Touke — 7.

[Ipennonoxum, 4To U3MEPEHHOE 3HaYeHUE 1( OTBEUAET CPEHEMY YPOBHIO CHT-
Hajia MaTpulbl, TOo €cThb Sy = 0.5-Sp.x = 2048 (pa3psaaHocTh MaTpuilbl HUPPOBOM Ka-
Mepbl paBHa 12 Out/kaHal), U A U3MEPEHUI MCMOIb30BaH MOJHBIA MHTEPBAI JIH-
HeiiHocTn MaTpuipl: 20 < § < 3686. Torma coorBeTcTByIomUE BEpXHSA (7),,) U
HUXHSAA (7,,;,) TPAHULBI JUaNa30HA U3MEPEHUS SPKOCTHON TEMIIEpaTypbl MOXHO OIl-
peaenutsb u3 popmysisl Buna:

1o 0s, ] o
T. T, C, |,

rae A= 0.77 mxMm, C, = 1.438:104 mxm-K

B Tabnuiie npuBeaeHbI TPAHUIIBI AUMANIa30HA PETUCTPUPYEMBIX TEMIEPATYP T s
T,in, @ TaKXKE OTHOCUTEbHASA HIUpUHA pabodero auanazoHa (7,.-T,)/Ty B 3aBUCH-
MOCTH OT 3HAYEHHMS PENIEPHON TemMnepaTypsl 1.

UyBCTBUTEJIBHOCTh METO/Ia OLIEHUBAJIACH M0 cileAyomei hopmye:
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Tabnuua. Ilpeoenvt usmepenus memnepamypol Tyax, Tyin,
OMHOCUMENbHASL WUPUHA pabOYeco UHMEPBAld U YY8CMBUMEbHOCHb
8 3asucumocmu om memnepamypul Tj.

To 1000 | 1200 | 1400 1300 | 2000 | 2400 | 2800 | 3000
T 1032 | 1247 | 1465 1908 | 2134 | 2596 | 3071 | 3313
Toin 802 | 926 | 1040 1246 1339 1506 | 1656 | 1724
% 0.205 | 0268 | 0304 036 | 0398 | 0454 | 0505 | 0.53
ST.K 01 | 016 02 04 0.42 0.6 0.9 1

of A-T dS

LMT 8 ()

T C S

rae 05 — CpelHeKBaAPaTUYHOE OTKJIIOHEHUE CUTHAJIAa MAaTPHUIlbl, KOTOPOE 3aBUCUT OT
3Ha4YeHUs YyBCTBUTENIBbHOCTH 1O [SO u Temneparypsl maTpuilsl. B ycnoBusax skcne-
pumenTa 0S5 = 5. Jlyig cpenHero 3HaueHus curnana marpuiisl (S, = 2048), cooTBeTCT-
BEHHO, UMEEM:

or =1.8-107".

T

Takum oOpa3om, JaHHBIM METOJT 0OECIIEUUBAET JOCTATOYHO BHICOKYIO UYBCTBU-
TeNbHOCTh. B Tabnuile mpuBeAeHBI pacueTHbIE XapakTEPUCTHUKU MeToja. OTMETHM,
YTO MAKCUMAJIBHBI OTHOCUTEIbHBIN UHTEPBAJ PETUCTPUPYEMBIX SIPKOCTHBIX TEMIIE-
paTyp COOTBETCTBYET MAKCUMaJIbHOMY 3HAU€HUIO pernepHoi temmepatypsl 1) =3000
K.

Tak kak mamMs B oOIIeM ciIydae sSIBJISETCS] HECTAI[MOHAPHON CUCTEMO, IJIst KOp-
PEKTHOM TUArHOCTUKH TpeOyeTcs Mayas MHEPIMOHHOCTh U3MEPUTEIHHON CXEMBbI.
OlneHKa NOCTOSTHHOM BPEMEHHM JlaTyMKa TeMIepaTypbl HA OCHOBE TOHKOM KBapIlIeBOIl
HUTH ObLTa BBHITIOJIHEHA 1O clieaytomen Gpopmyre [S]:

m-c

= , 4
Y+ +J27dy cpL ®)

re m — Macca HUTH, ) — YyJeJIbHas TEIUIONPOBOAHOCTh MaTepuana (kKBapua), d —
JUaMEeTp HUTH, ¢ — TEIUIOEMKOCTh ra3a, p — INIOTHOCTh ra3a, L — CKOPOCTh rasa oT-
HOCHUTEJIBHO HUTH.

B namewm ciygae pazmepst HuUTH d =100 MkM, L=10 cM, 1715 mpoayKToB cropa-
HUSI CTEXMOMETPUUECKOH MpomaH-Bo3aymHoOH cMech ¢ = 1.2 Jx/rK, p=1.2-10"
r/cM’, ¥ MBI mMeeM T ~ 107 ¢, creoBaTeabHO GBICTPOACICTBIE METOa OrPAHUUYCHO
BpEMEHEM 3KCIIO3HIMI ¥ PaBHO mpuMepHo 107~ c.

T

Meroanueckasi morpelmiHOCTL MeToAa. bbuta paccunTaHa mMeToauyecKkas Io-
IPELIHOCTh METOJIa, KOTOpas paBHA pPa3HOCTU JIOKAJIbHOW TEMIIEpaTypbl T'a30BOM
(a3pl ¥ TemnepaTypbl HUTU BCJIEICTBUE TEIUIONOTEPh H3IYyUYEHUEM C IIOBEPXHOCTH
HUTH 110 cleayouei popmyiie:
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Puc.3. Pasnocmv medncoy 10KANbHOU mMeMnepamypoll 2aza u memnepamypou
Humu 6 3asucumocmu om memnepamypol Humu: 1) d = 100 mxm; 2) d = 20
mrm (€ =0,7).

AT:Tg—T:%G(T“—T;), (5)

rie o — nocrosiHHas Ctedana-bonbiMana; o — KO3QPUIIUEHT TEIJIOOTIAYU; € —
KO3(QQUIMEHT U3Ty4aTe]bHON crocoOHOCTH; 7, — TeMIeparypa CTeHOK peakIMOH-

HOW YCTaHOBKH.
X gNu
o=
d

Xg— KOO(PQUIMEHT TEIIONPOBOAHOCTH BO31yXa; Nu— kodpduument Hyccempra
Nu=0.5; d— nuameTrp NpOBOJIHUKA.

Kaxk BuaHO u3 rpaduka Ha pUCyHKE, 3Ta OTPEITHOCTh HE MaJia U OBICTPO pacTeT
C TEMIIEpaTypoi, MOATOMY €€ HaJ0 00s3aTesIbHO YyUUThIBaTh. KpoMe Toro BennunHa
MOTPEIIHOCTU CYUIECTBEHHO 3aBUCHUT OT AuameTpa HUTU. [loaTomMy /i MOBBIIICHUS
TOYHOCTH M3MEPEHUMN KEJIATEIBbHO UCIOJIb30BaTh HUTh JIOCTATOYHO MaJoro JuaMeT-
pa, B uaease 3To JIobkHa ObITh HUTH SiC, Kak B padote [3].

C nomolIpo OMUCAHHOTO METojla Obljla M3YyYeHO TeMIepaTypHoe moje (akena
ropenku byHsena. OmnpenenieHbl TpaHUIlbl 30H IIJIAMEHHU, YCTAHOBJIEHO, YTO MAaKCH-
MaJIbHas TEMIIEpaTypa JIOCTUTAETCSA B 30HE MPOTYKTOB CTOpPaHMUS.

BoiBoabl. Pa3zpaboran u anmpoOGupoBaH METOJ MUPOMETPUU TOHKOW HUTH IS
pEerucTpaluy TEPMUUECKON CTPYKTYpPbI ra30BO3AYIIHOTO (hakena. MeTon xapakrepu-
3yeTcs BBICOKON YYBCTBHUTEJIBHOCTBIO, HIMPOKMM pa0OYMM HWHTEPBAJIOM, MaJou
MHEPLIMOHHOCTRI0. HeocTatkoM MeTosa sIBIs€TCA 3HaUYUTENbHAs METOAUYECKAs T10-
I'PEIIHOCTh U3MEPEHNN IIPU BBICOKMX TeMIiieparypax. [loaTomy maHHbBIA MeTOH MOJ-
XOJUT Ui UCCIIEOBAHUA HU3KOTEMIEPAaTypHBIX IJIAMEH, TaKUX Kak rjaamsi OyH3e-
HOBCcKOM ropenku. [lpu Temmepatypax, nmpessimaronmx 1700K, nHeoOxomumo wuc-
[0JIb30BaTh B KAYECTBE M3JIy4aTelsi TOHKHE TEPMOCTOMKHE HUTH KapOuJa KpEMHUSL.
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Investigation of gaseous flame thermal structure
1. Thin filament pyrometry method.

SUMMARY
Thin filament pyrometry method for gaseous flames diagnostics was described as modifica-
tion of relative brightness pyrometry. The method main characteristics were estimated. tem-
perature range, sensitivity, time constant, precision.
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JocaigxeHHs TeMIIePATYPHOIO MOJIsl FA30MOBITPSIHOTO (hakeJa.
Yacruna 1. Metoa nipoMeTpii TOHKOI HUTKH.

AHOTAILLA
Onucano memoo nipomempii MOHKOI HUMKU, IKA NPEOCMAsIAe MOOUPIKayito memooy 8io-
HOCHOI scKpagucmoi nipomempii 01 00CNIONCEHHA CMPYKMYpU 2a30N08IMPAHUX NOIYM i8.
Pospaxoeani ocnoeni xapakmepucmuxu memoody: pobouuti dianazoH, Yymausicme, iHepyili-
Hicmb i noxuobxa.
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