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EKCHEPUMEHTAJIbHI JJOCJIKEHHS 3AJIEJKHOCTI BUMIPIOBAHOI
TEMIIEPATYPHU BIJTl YACTOTHA AHTUCTOKCOBOI KOMIIOHEHTH CIIEKTPA
KOMBIHAIIMHOI'O PO3CIIOBAHHSI CBITJIA JIJISI AL 05

© Kpusenuyx FOpitt, Muxumun Ieop, Ceceda Onee, 2016

Hanionanshuii yHiBepcutet “JIbBiBChKa nomiTexHika”, kadeapa iHpOpMaliiHO-BUMipIOBAIBHUX TEXHOJOTIH,
Byi. C. Bannepu, 12, 79013, JIsBiB, Ykpaina

Al,Oz— nanocmpyxkmyposanuit OpionooucnepcHuil NOPOULOK, AKUI YACMO 6UKOPUCHLOBYEMbCA AK COpOenm 0
OUUWEHHA 600U, 8 MAMEPIATIO3HABCMET, /1A 8U20M061EHHA KOHOencamopie. Ilooano pe3ynvmamu
EeKCRepUMEHMAIbHUX O0CTI0NCEHb CREKMPIE KOMOIHauitino2o poscitoeanns ceimiaa onsa Al,Oz y memnepamypromy
dianasoni 6i0 18 00 70 °C. 3naiioeno exsiganeHmuy 4acmony aHMUCHOKCO80I KOMNOHEHMU CHEeKMPA KOMOIHAUIIHO20
DO3CiI0BAHHA CEIMIA MEMOOOM UEHMPA MAC, MAKOIHC OMPUMAHO AHATIMUYHI 3A71€HCHOCMI eKBIeA1eHMHOT Yacmomu
AHMUCMOKCO60T KOMNOHEHMU CHEKMPA KOMOIHAUITIHO20 PO3Ci06ANHHA ceimaa 6i0 memnepamypu. /locniodriceno
3aneicHicmes NOXUOKU anpoxcumauii 6i0 Kinvkocmi Koegiyicnmie anpoxcumauiiinoi kpueoi. Q6aaoHanusa 0ns
excnepumenmie. nazep v = 632,9 um, cnekmpoananizamop MS 3501i, onmuuna cxema 3 suxopucmanmnsam
8Y3bKOCMY206020 hinompa ma npuzmu. /{ocniodcenns nposoouIu 3a HOPMAIbHUX YMOE.

Knrouoei cnoea. exgieanenmua uacmoma aHmMucmoKco80i KOMROHEHMU CHEKMpPa, CHEKMpPu KOMOIHAYIliH020
po3ciloeanusn ceima.

Ilpeocmasnenslt pe3yiomamol IKCHEPUMEHMATILHBIX UCCIE006AHUIL CHEKMPOB KOMOUHAUUOHHO20 PACCEARUA C6EMA
onsa AlL,Os 6 memnepamyprnom ouanazone om 18 0o 70 °C. Haiioeno IKeUGAIEHMHYIO YACHLOMY AHIMUCIMOKCOBOIL
KOMNOHEHMbl CHeKMPA KOMOUHAUUOHHO20 PACCEAHUA CBEMA MENOOOM UEHMPA MACC, MAKIICE NOTLYYeHbl
ananumuyecKue 3a6UCUMOCHU IKGUBATIEHMHOI YACHOMbl AHMUCMOKCOB0II KOMROHEHMbL CheKmpa
KOMOUHAUUORHO20 pacceanus ceema om memnepamypol. Hcecnedosanst 3a6ucumocms nozpeuwinoCmu annpoKcumMayuu
Om Koau4ecmea KoIgguyuenmos annpoKcumMauuoHHou Kpueoii. Q6opyooeanue 013 IKCHEPUMEH OB,
aazep v = 632,9 um, cnekmpoananuzamop MS 35011, onmuueckas cxema ¢ ucnonvzosanuem y3akononocnozo uibmpa
u npusmsl. Hecneoosanus npooounucs npu HOpMAaibHbIX YCA08UAX.

Knrwouessle cnosa: Ixkeusanenmnasn wacmoma anmucmoKco8oii KOMHOHEHMbl CHeKmpa, CHeKMPbl KOMOUHAUUOHHO20
pacceanusn ceema.

On the basis of Raman known at present are two ways to measure temperature. The first and most more common
method of measuring temperature by Raman intensity is dependent stokes and antistokes Raman component. This
method is relatively smple to implement, since change with temperature integrated area antistokes and stokes
component. This method of temperature measurement by Raman has good sensitivity and accuracy, but has several
significant drawbacks. The main drawback isa methodological error that occurs as a result of determining the area of
integrated antistokes and Stokes components. Spectrophotometer to measure consistently first Stokes then antistokes
component of Raman spectroscopy, the measurement time of stokes components of the object and is heated by laser
heating antistokes componentsthat it leadsto error. Another way isto measure the frequency shift Raman. To measure
the temperature shift frequency Raman enough to determine just antistokes component Raman spectroscopy. To
measure the temperature shift frequency Raman frequency is not appropriate to use a spectrophotometer and spectrum
analyser. The peculiarity of the spectrum analyser isthat it measures only antistokes component, and the full range of a
whole, not just a stepping stone that can reduce the methodological error. Also unconditional significant advantage of
this method within the temperature measurement by Raman is speed. By comparison when measuring the temperature
integrated area ratio of the maximum speed is 13 seconds, and the Raman shift frequency of 1 second. By reducing the
measurement time is reduced further methodological error caused by heating of the object studied laser. Therefore,
based on this method conducted research described in the article. The results of experimental studies Raman
spectroscopy for Al203 in the temperature range of 18 to 70 °C. Each point temperature for 10 implementations derived
components range antistokes Raman method of centre of mass calculated value equivalent frequency components
antistokes Raman spectroscopy, and the average value of the equivalent frequency components antistokes range and
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uncertainty determine an equivalent frequency components antistokes. Analytical dependences equivalent frequency
components antistokes Raman spectrum of temperature. The dependence of error of approximation of the number of
coefficients approximating curve for each of the objects, and certainly the best number of factors. Equipment using
experiments were conducted: laser v = 632,9 nm spectrum analyser MS 3501i, optical circuit using a narrow band filter
and prism, studies were conducted under normal conditions.
Key words: equivalent frequency spectrum components antistokes, Raman spectrum.

Beryn. V gianasoni Temmepatyp Bix 18 °C 1o 70 °C i3
kpokoM 1 °C 11 KOXKHOI TeMIepaTypy BUMIPIOBAIIH 1eCSTh
pearmizaiiii CriekTpa aHTHCTOKCOBOI KOMIIOHEHTH KOMOiHa-
itinoro poscitoBanus ceitia (KPC) mmst Al,Os. V koxHiit
TEMIIepaTypHiil TOUll Ul JECSATH OTPUMaHMX peaizarii
CIIEKTpa METOJIOM IIEHTpa MacC PO3PaxOBYBAIH 3HAUCHHSI
eKBIBAJICHTHOI YACTOTH AHTHCTOKCOBOI KOMITOHEHTH CITICKT-
pa (EHAKC), a takox ycepenHene 3HauenHs EUAKC Ta
HerneBHicTh Bi3HaueHHst EUAKC KPC.

Buknanx ocnoBHoro marepianxy. Ha puc. 1, a nogaHo
crekTpu aHTUcTokcoBOi KommoHenTn KPC mus Al,Os 3a
temnepatypu 38 °C, Bigmosimmi 3uauenns EYUAKC KPC,
sIKi pO3paxoBaHi METOJOM IIEHTpa Mac, Ta YCEpeIHCHE
snauenHs EYAKC KPC (puc. 1, 6). Takox y Tabmuii
MOJJAHO PE3YIbTaTH MOCTIKeHHSA 3anexHocti EUAKC

1

KPC Big Temmeparypu Ta HENEBHOCTI BU3HAYCHHS
cepeanboro 3HaueHHI EYAKC KPC 3a excriepuMeHTaIbHO
OTPUMaHUMH CHEKTPaMHU aHTHCTOKCOBOI koMnoHeHTH KPC
st Al,Oz 3 kpokom 3 °C.

3a pesyabraTaMH AOCTiIKEHb (OUB. TAONHUIO) He-
neBHicTh Bu3HaueHHs 3HaueHb EYAKC KPC y miama3oni
temmnepatyp Bix 18 °C 1o 70 °C s Al,O; He mepesuye
0,068 cm™. BpaxoByioun 3HaueHHs TemmepaTypu T Ta
cepenni 3HadeHHss EHAKC KPC m, (auB. Tabmuitio), oTpu-
MaJy IHTepHOJsIiiHE PIBHAHHSA, SIKE OIUCYE 3aJEHKHICTh
EYAKC KPC Big temnepaTyp:

V=A+BT+CT?+DT3+ET4+FT°, (1)
ne A=452994, cv®, B= 10,81, en™/°C, C= 0,38, em/(°C)?,
D=-2,0410° cvY/(°C)®, E= 256107, en/(°C),

F= —1,1910° en™/(°C)®, v — EYAKC KPC, ex™, T —
Temnepartypa, °C.
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Puc. 1. Pesynomamu docnioxcenns cnexkmpie KPC ons A ,Os: a — cnexmpu anmucmorcogoi komnonenmu KPC
3a memnepamypu 38 °C; 6 — 6ionosioni suavenns E4AKC KPC ma ycepednene snavenns E4AKC KPC

Fig. 1. Research results Raman spectra for Al,O5: @ — Raman spectra anti stokes components of the temperature 38 °C;
6 — respective values Raman shift and Raman the average value Raman shift
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Ha puc. 2 nogano 3anexuicte EHAKC KPC Bix tem-
nepatypu gias  Al,O; Ta  KpuBy,
iHTepronAmiiauM piBHAHHIM (1).

mo0yIoBaHy 3a

AbGconrorHa  moxuOka — ampokcumanii  CTaHOBUTH
0,012 °C, BigHocHa moxuGka — 0.00031 %. BpaxoByioum
Bupa3s (1), abcomoTHa moxubka pozpaxynky EHAKC KPC

32 IHTEPIOJALIHHAM PIBHAHHSIM OIMCY€ETHCS BUPA30M:
Dv=(BT +2CT +3DT2+4ET3+5FT4)DT. (2)
3 ypaxyBaHHsIM 3 (2) abCOMOTHA MOXUOKA PO3PAXYHKY

3HAYCHHS TEMIIEPATypU OIIMCYEThLCSI BUPA30OM.

Dv
DT = > 3 T
BT +2CT +3DT“ +4ET” +5FT

[NepeiinoBmy BiJg aOCOMIOTHUX 3HA4YE€Hb IMOXUOKH [0

3

BiI[HOCHI/IX, OTPUMAEMO:

v, vl 46004
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2 3 4 5
4o DV _ BT+2CT +23DT ;4ET4+5FT5>dT_ @
V. A+BT+CT2+DT3+ET*+FT

TOAI
qT = A+BT +CT2+DT3+ET*+FT®
BT +2CT2 +3DT3 +4ET* +5FT°>

(5)

SIkmio mepeiTH Bi MOXHMOOK O HEMEBHOCTEH, BHUpPa3
(5) maTume BUIIIAM:

_|A+BT+CT*+DT*+ET*+FT°| ©)

= V-
|BT +2CT?+3DT® +4ET* +5FT°|

Ha puc. 3

HABENEHO 3aJIeKHICTh HEIEBHOCTI

BU3HAYCHHA TEMIICpATypHu Bi)l HEIEBHOCTI 3HaXOKCHHA

€KBIBAJIEHTHOI YaCTOTH AaHTHUCTOKCOBOI KOMIIOHEHTH

cnextpa KPC.
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Puc. 2. 3anexcnicmo 3cyey E4AKC KPC 6i0 memnepamypu ons Al,03

Fig. 2. Dependence Raman shift of temperaturefor Al,O;
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Puc. 3. 3anexcnicmo nenesnocmi 6usHayeHHs memMnepamypu
610 nenesnocmi snaxoovcenns EYAKC KPC ons Al,O3

Fig. 3. Dependency uncertainty of determining the temperature
of uncertainty Raman shift for Al,Os
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BucHoBkH. VY cTaTTi 37iHCHEHO OIPAIFOBAHHS EKCIIe-
PHMEHTAJIBHO OTPUMAaHUX CIEKTPiB KOMOIHAIIIHOrO po3cito-
BaHHS CBITJIa, BU3HAUECHO 3HAYEHHS EKBIBAJIEHTHOI 4acTOTH
aHTHCTOKCOBOI ~ KOMIIOHEHTH  CIEKTpa
PO3CitoBaHH CBIT/Ia 3a pi3HUX TemrepaTyp. OTprUMaHoO 3a5Iex-
HOCTI EKBIBAJIEHTHOI YacTOTH AHTHUCTOKCOBOI KOMITOHEHTH
CrieKTpa
TEMITEpPaTypy Ta HEMEBHICTh BU3HAYCHHS CEpPE/HIX 3HAYCHD

KOMOIHAIITHOrO

KOMOIHAIIITHOrO ~ pO3CiIOBaHHs  CBITJIA  Bif
€KBIBaJICHTHOI 4aCTOTH aHTHUCTOKCOBOI KOMITOHEHTHU CIIEKTpa
st AlOs. OneprxaHo iHTepHONSIiiiHe PIBHAHHS 3aJI€KHOCTI
€KBIBaJICHTHOI 4aCTOTH aHTHUCTOKCOBOI KOMITOHEHTHU CIIEKTpa
KOMOIHAIIIHOrO PpO3CIIOBaHHS CBITJIA BiJ TeMIIEpPaTypH.
Takok OTpUMaHO 3aJeKHICTh HENEBHOCTI BH3HAYEHHS
TeMIIepaTypH BiJl HETIEBHOCTI BU3HAUEHHS €KBIBAJICHTHOI Yac-
TOTH AHTHCTOKCOBOI KOMITOHEHTH CIEKTpa KOMOIHAI[iHOrO
po3citoBaHHS cBiTiIa. BoHa macTs 3Mory 3a MeBHOI HEIIEBHOCTI
BUMIpIOBaHHS TEMIIEpaTypH BU3HAYMTH BHMOTH JIO HEIIEeB-
HOCTI BHMIPIOBaHHS YacTOTH 3CYBY €KBIBAJIEHTHOI YacTOTH
AHTUCTOKCOBOI KOMIIOHEHTH CIIEKTpa KOMOIHAINHHOrO po3-
CiFOBaHHS CBiTJIa 200 32 OTPHMAHOIO HETICBHICTIO BU3HAYCHHS
3CyBY
KOMITOHEHTH CIIeKTpa KOMOIHAIIHOrO pO3CiIOBAaHHS CBITIA

YacTOTH eKBIBAJICHTHOI YaCTOTH AaHTHCTOKCOBOL
PO3paxyBaTH HETICBHICTh BUMIPIOBAHHS TEMITEPATYPH.
PobOora BHKOHaHa 3a AepkOromKeTHO Temoro MOH

VYxpainu 0113U003188.
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