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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bBacpengakrtoph
3. . 1., mpodeccop, KP ¥FA akagemuri
N.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pengakxnous ankacs

AbaxanoB T./. mpod. (Kazakctan)

Abumesa 3.C. pod., akagemuk (Kazakcran)
Ara6exoB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaikan)
Bakupor A.B. npod., (KsipreicTan)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpoo., akanemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anuer U.H. poo., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

Ken:xkanues B.K. npod. (Kazakcran)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Peceit)
KypckeeB A.K. mpod., akanemuk (KazakcTtan)
KypuaBoB A.M. nipod., (Peceit)

Meney A.P. mpod., akagemuk (Kazakcran)
MyxamenaxanoB M.A. ipod., kopp.-mymieci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noes C.M. npod., akagemuk (Kazakcran)
MocToaaruii B. mpod., akangemuk (MomoBa)
Pakunmes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. ipo@., kopp.-myteci (KasakcTaH)
CeiitmypaToBa I.10. npod., kopp.-myuieci (Kazakcran)
Crenanen B.I'. npod., (I'epmanms)

Xampepu Jx.J1. npod. (AKILI)

Teiinep M. npod. (I'epmanmst)

«KP ¥T' A Xa6apaapbl. ['eos1orust MeH TEXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Memnmrikrenymi: «Ka3akctan PecyOnuikachiHbH ¥ ATTHIK FRUIBIM akagemrisicby PKb (Anmartsl K. ).

Kazakcran pecryOnvKachiHBIH MoJIeHHET IeH akfapar MHHHUCTPIINiHIH AKHapaT jKOHE MyparaT KOMHUTETIHZE
30.04.2010 k. 6epinren Ne10892-2K mep3imik 6acbUIBIM TipKeyiHEe KOWBLTY Typalibl KYJIiK.

Mep3imuiniri: ®buibiHa 6 per.
Tupaxsr: 300 naHa.

Penaxiusaneig mekerkaiipl: 050010, Anmats K., [lleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical .kz

© Kazakcran PecrryOnukachiHbIH YITTHIK FBUIBIM akaeMusichbl, 2018

Penaxmmsaein  Kazakcran, 050010, Anmarsr K., Kaban6aii 6ateipa kerr., 69a.
mekemkaiiel: K. W. CorOaeB aTeIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

TumnorpadususlH MekeHkaibl: «ApyHa» XK, Anmarsr k., Mypat6aesa kemr., 75.

— 3 —



I'maBHBIH penakToOp
I. 3. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO PEAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHH. HAYK
PenakuuoHHas KONIETr U

AbaxanoB T./l. npod. (Kazaxcran)

Abumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (AzepOaiimkan)
Bakupor A.B. pod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bumum6aes B.K. npod., akanemuk (Kazaxcran)
BykrykoB H.C. mpog., akanemuk (Kazaxcrtan)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. npoo., akanemuk (TamkuKuCcTaH)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

Ken:kanues B.K. npod. (KazaxcTan)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akagemuk (Poccus)
Kypckee A.K. npod., akanemux (Kazaxcran)
KypuaBoB A.M. nipod., (Poccust)

Meaey A.P. npod., akagemuk (Kazaxcran)
MyxamenaxanoB M.A. ipod., ui.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3noeB C.M. nipod., akagemuk (Kazaxcran)
MocToaaruii B. mpod., akagemuk (MomnaoBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CentoB H.C. mpo@., wr.-kopp. (Kazaxcran)
CeiitmypaToBa 2.10. npod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanms)

Xampepu JIx.J1. npod. (CLIA)

Mreiinep M. npod. (I'epmanmst)

«H3BecTusi HAH PK. Cepusi reosioruu 1 TeXHU4ECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemus Hayk PecryOmwmkum
Kazaxcran (r. AnMatsr)

CBHUIETENBCTBO O NIOCTAHOBKE Ha yd4eT IIEPUOANYECKOro IedaTHoro u3fanus B Komurere mHGOpMaLUK U apXUBOB
MunucrepcTBa KyabTypsl 1 uHopmanun Pecriyonnku Kazaxcran Nel0892-K, Boinannoe 30.04.2010 r.

[TepuoguvaHOCTH: 6 pa3 B TO1
Tupax: 300 sx3eMIUTSIPOB

Anpec pegakuuu: 050010, r. Anmarsl, yi. Llleuenko, 28, xom. 219, 220, Ttem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecny6mmkn Kazaxcran, 2018

Anpec pegakunn:  Kazaxctan, 050010, r. Anmarter, yin. Ka6an0Oait 6aTeipa, 69a.
Wuctutyt reonorndeckux Hayk um. K. M. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kenzhaliyev B.K. prof. (Kazakhstan)
Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278 https://doi.org/10.32014/2018.2518-170X.19
Volume 5, Number 431 (2018), 133 — 140

UDC 53.087.92
Khabai Anar', Zhi Wang’, M. K. Baktybaev'

'Kazakh National Technical Research University named after K. I. Satpaev, Almaty, Kazakhstan,
*Zhejiang University, China.
E-mail: anar_kh@mail.ru, murat.baktybayev@gmail.com, wangzhi@jiipc.zju.edu.cn

ANALYSIS OF THE SENSOR OF TEMPERATURE AND
HUMIDITY MEASUREMENT BASED ON THE OPTICAL FIBER

Abstract. The intracavity sensitivity to humidity based on the optical fibers of the Fabry-Perot interferometer
(FPI) was demonstrated by means of experiment. There was described the mechanism of tactile sensitivity of lasers
and their parameters of sensitivity. There was also performed an analysis of fibers deformation depending on the
temperature of the reverse reflection effect of fiber Bragg grating (FBG). Based on results of these analyses, there
was offered the operational principle of optical fiber sensor, which measures the humidity and temperature.

Keywords: temperature and humidity sensor,Fabry—Perot interferometer, Fiber Bragg Grating,relative humi-
dity, Single mode fiber.

Introduction. Humidity and temperature monitoring play a very important role in many technical
and scientific fields such as chemistry, biology, meteorology, electronics, cars, plants, and production of
microelectronics.

Nowadays, there are many digital sensors that use physical principles.

At the present time, there are sensors that measure the humidity and temperature in the unit [1-4]. The
humidity and temperature sensor based on optical fibers have such qualities as high sensitivity, fast
response, small in volume and electro-magnetic interference.

Different types ofsensors based on crystal fiber used to determine humidity [5-8]. Methods for
measuring the temperature of optical fibers were shown.[10]. Measuring system based on sensitivity of
optic fiber Bragg grating (OFBG) [10-13], Fabry-Perot interferometers (FPI) [14, 15], homogeneous
optical fibers [16] were discussed in publications.

The consumption of Agarose gel is low and has good results in preparation and calculation. There-
fore, it is often used for comparative humidity [17]. To improve the sensitivity of optical fibers, they are
made of hygroscopic materials. For example, agarose gelgraphene oxide, polyvinyl alcohol, Si0,, WS2,
and so on. In recent years, fiber-optic sensors based on intracavity sensing of optical fiberhave been
investigated extensively because they can enhance the visibility of the resonant peak in the spectrum and
narrow the 3 dB bandwidth [18-20].

In this article, given are experimental results of humidity that are based on fiber — optical analysis
(FPI) with the range of 25 to 90 % as well as methods to determine temperature by reverse reflection of
spectra on the basis of temperature dependence and optical fiber (Bragg grating).

1. Principle of the sensor’s operation. Principle of thesensor’s operation is based on two main
sensitivities. First, it isdetermined by humidity sensitivity which is based on Fabry-Perot interferometer
method. Second, determined optical fiber Bragg grating reflection effect of the strain change by
temperature.

1.1. Spectrum reverses reflection effect of the optical Fiber Bragg Grating. It is called the Bragg
wavelength (Ag), and located in the middle of the waves which is the lumen of the filter to achieve the
light spectrum that can satisfy the requirements of Bragg [3].
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The value (Ag) of these gratings in the most sensing temperature applications can be expressed as
Ao = 2. ANy ()

where A is the spatial period of the Bragg grating, and 1,5ris the effectivereverse refractive index of the
optical single mode fiber. These two parameters are the function of strain and temperature.Optical Fiber
Bragg Grating sensors (sensors shown in figure 2) are popular for detecting temperature strains. The
Bragg wavelength shift (AAB) induced by either a strain(e) or temperature change (AT) is expressed by the
following equation:

2em(1-PR)-e+[(1-P)-a+¢]-AT )

Whererespectively, P, is the photoelastic constant, a is the thermal expansion coefficient, and & is the
thermo optic coefficient of the opticalsingle mode fiber.

When the When the
temperature decrease temperature increase
A— £ — -
)\[nm]
AB1 BO AB1 >
A1 NO A2
.m". (cnmmng Je) (( nonnnn| )
— —

Figure 1 — The image shows the lengths and the spatial periods of the gratings as well
as the Bragg wavelengths at three different temperature values

Regarding the temperature monitoring, it is performed by using a commercial FBG sensor coated by
acrylate, which is sensitive to this parameter as shown in Equations (1) and (2).

1.2. Based on the Fabry-Perot, interferometer is sensitive to humidity. The scheme of the humidity-
sensitive FPI diagram is shown in figure 2. Bragg Grating is placed on Optic single mode fiber and its
cross-section covered with a half-reflective film, which continues with vacuum cavity of the FPI. A
silicone diaphragm covers the vacuum cavity of the FPI. In figure 2 the silicon diaphragm deposited with
Agarose. There are two reflective surfaces which are front and back of the vacuum cavity, whose length
defined as h. Due to occurrence of interference between these two surfaces, light reflects. Because of the
thickness of the silicon diaphragm on the Agarose gel, both are much less than the length of the vacuum
cavity. Agarose gel has been seen as one reflective surface in the theoretical model. Therefore, the total
reflected electric fields E,. of the FPI. The FPI can have the reflected electric field of two pages as follows.

E, = E)[\/R, + (1 —a)(1 — Ry)] 3)

where Ej is the input electric field, a is the transmission loss factors. R; and R, are the reflection coef-
ficients of the two reflective surfaces. @pp; is the round-trip propagation phase shift, which can be given
by

4mh
Prp = % )
Therefore, the peak wavelength of the mth order is given by
2h
A = Py (5)
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where m is an integer. We can derive the free spectral range, and the wavelength spacing between the two
adjacent dips can be expressed as

adg =2 (6)
Total reflection spectra I(L) of the FPIis sensitive to humidity can be described as
f(1) = 5—0 * A+ Bcos(2gpg) 7)
Where
A=Ry+(1—a)’(1 —Ry)?Ry, B =2\/R;R,(1 —a)(1 —Ry) (8)
According to Frenel formula, the reflection coefficient of the agarose gel can be written as
Ry = (27 ©

na+1

where nyis the refractive index of the Agarose. When the refractive index of Agarose changes, the reflec-
tance at the second surface will change.Because the refractive index of agarose is sensitive to ambient
humidity [15].FPI can used to determine the humidity content of the wavelength I (1) below.

f@) = Ry + (1= (1= ROPGEED? + 2R - (1 = Ry) (G252) cos o) (10)

Hepg+1

humidity-sensitive agarose gel

Half-reflective film

\

Temperature-sensitive coated material \\ |

/ =

h Vacuum cavity

Bragg Grating

Figure 2 — The scheme of fiber-optic sensor for measuring the temperature and humidity

2. Preparation of experimental equipment and analysis of results. The experimental setup of the
sensitive humidity based on FPI definesthe fiber Bragg grating sensitivitythat depends on the tempe-
rature.Spectrum wavelength from optical fibrous source of the laser is 1500 nm. The gain medium of the
fiber laser is the Erbium-doped fiber with the length of 3 meters. In the fiber ring cavity, there is an
isolator, which controls unidirectional flow. The sensors are inserted in the fiber laser by a circulator and
the transmission optical fiber (TOF, Thorlabs,). Vacuum cavity of FPI serves as a wavelength selective
filter and is used as the sensing head for humidity detection. Optical spectrum analyzer (OSA,
YOKOGAWA, AQ6370, spectral resolution 0.02 nm) connects the three output spectrum. There are two
spectrum values alternately analyzed,where firstspectrum reverses reflection effect of the optical Fiber
Bragg Grating and second when the ambient humidity of the sensing head changes the power reflection of
the FPI.
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Fiber Laser
Optical Source 1550nm

1 Circularor

@Lf
Optical Spectrum Analyzer Sensors

3

Figure 3 — Experimental setup;
Fiber optic laser light source, optical circulator, sensor, computer for results analysis, optical spectrometeranalyzer

In the fabrication of the Fabry-Perot interferometer, the production of the silicon diaphragm employs
mature micro-electromechanical system fabrication techniques, which provide capability of batch-
production and we have reported that in [24]. The thickness of the silicon diaphragm is about 10 um with
dimension 2.5%2.5 mm. The two reflecting surfaces areat the center in a vacuum environment.Then, the
2% Agarose gel deposited on the silicon diaphragm by a pipette.Agarose gel is prepared by dissolving the
agarose powder in distilled water in the beaker. In the deposition process, the thickness of the Agarose is
about 1 pum.

In order to obtain the optimized SNR of the proposed humidity sensor, the sensor fabrication should
ensure the spectral overlap between the peak in the spectrum of the FPI. In the experiments, the gain peak
at about 1500 nm is selected for the intracavity sensing. The peak wavelength and the wavelength spacing
of the FPI can be designed by changing the / length of the FP cavity. When the ambient humidity is
35 %RH, the reflection spectrum of the FPI is measured as in Fig. 4In the reflection spectrum of the
Fabry-Perot interferometer, the peak with maximum intensity is at about 1530 nm and the reflection loss is
-12.2 dB. The wavelength of the FPI is 15.5 nm.

109 - —— FP sensor
/ —— Fiber laser sensor
o 30
E —
E E
2 Q
13] e
(7] 10 ©
& 2
g |- - E_
§ 1 Space wavelength: 15.5nm ”i
= ~3 4-50 5
& 40 SNR~30dB o)
Central wavelength:1530.27nm
3dB bandwidth~0.05nm
\E 4 -60
50 4
N T M T
1520 1530 1540 1550 1560 1570

Wavelnegth(nm)

Figure 4 — The spectra of theFabry-Perot interferometers and corresponding optical fiber
when the ambient relative humidity is 35 %
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Based on the FPI method, the relative humidity range is 20-98% RH. As the ambient humidity chan-
ges, the output spectra of the optical fiber laser is measured as shown in figure 5(a). Output power of the
optical fiber laser increases from -36.78 to -22.61 dBm as the ambient humidity changes from 25 to
95 %RH with the resolution of 10 %RH. Accordingly, the signal-to-noise ratio increased from 30 to 45 dB
and the transmittance was 3 dB, which was lower by 0.5 nm. The humidity sensitivity is measured to be
0.202 dB/%RH. It shows the sensor has a good linear response. The practice showed a good outline of the
sensor. So, as the relative humidity of the environment has changed from 20 to 90%., The agglomerate
breakdown index is measured from 1.45 to 1.48 [23].

(a)

-20

Power increasing |

BB
o o

o
o
Power(dBm)

-60
-70
2
&0 ;:‘F
B s sditlsh e 7 77
RN 2 ety # M o o £
.*‘m«ﬂﬂn«m"‘*” =
N sttt / 77 &
L0 T
Q_‘ZJ

1530 1535 1540 -

Wavelength(nm)

1520 1525

b}

Figure 5 — The change in the optical fiber laser output spectrum when the ambient humidity varies from 20 to 90 %RH

Approximate response time of the sensor is as fast as of 72 ms. The recovery time is about 357 ms,
which depends on the time of the humid air removed from the sensor. Input and remove time taken into
consideration, the real response time and recovery time are shorter than the measured time.

Cross-sensitivity of the sensor is the laser spectrum of the fiber at any temperature. As the tempe-
rature increases from 25 to 45 °C, the release wavelength of the optical fiber laser sensor has a red shift
from 1530.19 to 1530.64 nm and the output power decreases from -36.64 to -37.12 dBm. A low
temperature cross sensitivity is receive as -0.025 dB/°C and 0.024 nm/°C.

(a) 0.010 153094 @ Emission wavelength @ Output power - -36.3
] 75%RH = = Linear fit = = Linear fit
~153064 & = - q,»"". 1-36.6
0.008 £ W= =9 .
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Figure 6 — (a) Sensor response time of the sensor (b) Temperature cross-sensitivity of the fiber sensor,
output spectra of the fiber laser as the ambient temperature increases from 25 to 44 °C
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Output stability is an important parameter for internalfiber laser sensors, which limits their
applications [14]. For the stability analysis of the fiber sensor, emission wavelength and output power has
been measured over 180 minutes by fixed the humidity at 65 and 95 %RH, respectively. The optical fiber
laser output spectrum is perspective shown in figure 7 (a) and 7 (b).Wavelength and power stability are
analyzed in figure 7 (c). The standard diversions of wavelength and power fluctuation are 0.101 nm and
0.129 dBm respectively at 65 %RH, and the standard deviations are 0.046 nm and 0.137 dBm respectively
at 95 %RH. It demonstrates that the sensor shows a good repeatability for its humidity response and the
fluctuation of measured humidity value which is less than £2 percentage RH.
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Figure 7 — The output spectrum of the optical fiber laser sensorby fixing the ambient relative humidity
at (a) 65 %RH and (b) 95 %RH of the measured values measured in 180 minutes, and (c) the wavelength and power stability.
In response to the above results, we can control the temperature changes by determining the wavelengths
of the fibrous fluid from wire mesh lattice sensitive to the temperature stages

Conclusion. In summary,based on the FPI method, theoretical substantiations were made and the
results of the experiment on the sensitivity to humidity of agarose reflections were summed up. Also, a
mathematical equation of optical fiber Bragg grating reflection effect of the strain change by temperature
was created. We have suggested that the temperature can be determined on the basis of the reverse
reflection spectrum according to the results, mentioned in the articles [10-13].

A compact humidity-sensitive optical fiber FPI was developed and inserted in a fiber laser for
intracavity humidity sensing. We analyzed the sensing mechanism of the fiber laser sensor and charac-
terized its sensing performance. The relative output power of the fiber laser had a good linear response to
ambient humidity in a wide range from 25 to 90 %RH. In addition, the stability of the sensor was
discussed.

The humidity and temperature sensor based on optical fibers have such qualities as high sensitivity,
fast response, small in volume and electro-magnetic interference.
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Xa6aii Anap', Yxn Ban®, M. K. Bakrbi6aes’

lK. . CorbaeB aTbIHIAFbI Ka3aK2¥ﬂTTbIK TEXHUKAJIBIK 3epTTey yHUBepcutTeT, Anmatsl, Kazakcras,
UYskan3siH yHuBepcuteTi, Kpirai

ONITUKAJIBIK TAJTHIBIK HEI'BIHAE TEMIIEPATYPA MEH
bUIF AJIABIVIBIKTBI OJIIIEUTIH JATYUKTI TAJIJIAY

Annoranus. bliranaputeikka 6atimaneicter @adpu-Ilepor maTepdepomerprepi (PII) HeriziHme ONTHKAIBIK
TANIIBIKTBIH I0TKi CE3IMTaJIBIFEl YCHIHBUIBIN, SKCIIEPUMEHTANIBI TYpAe KopceTunai. Jlazepiik ceHCOpibIK ce3iMTal
MEXaHH3MI )KOHE OHBIH CE3IMTAIABIK KOPCETKIITETI cumaTTanabl. ONTHKAIBIK TAIIIBIKTEI OparT TopiaapsiasiH (THBT)
Oenrini Oip CHEKTIpIiK Kepi MAaFbUIbICTY 3(eKTICiHe Heri3Aein TeMIepaTypara TAIIBIKTBIH 1eQOpMaIUsIIbIK 63re-
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piciH Tanmmay. Ochbl Tanmmaynap HeTi3iHAE TeMIepaTypaMeH BUIFAIIBUIBIKTEI OIpIIiKTE OINIIECHTIH ONTHUKANBIK Ta-
IIBIKTBI JATYUKTIH dKYMBICHIH YCBIHY.

Ty#iin ce3mep: TemrepaTypa MEH BUIFAINBUIBIK eoimeiTiH matank, Pabpu-Ilepor uHTEpdepomeTprepi,
OTHKAaJIBIK TAIIIBIKTEI OPAIT TOPIAPbIHBI, CATbICTHIPMAIbl bUIFAIABUIBIK, bip OaFTThI TANIIBIK.

Xaoaii AHapl, Yku Ban’, M. K. Baktbi6aes’

'Ka3axckoro HALHOHAIPHOTO HCCIIE[OBATEFCKOr0 TEXHHIECKOro yauBepeutera nm. K. M. Carmaesa,
Anmartsl, KazaxcraHn,
2YHI/IBepCI/ITeT Wxonzsn, Kurait

AHAJIN3 JATUYUKA USMEPEHHUSA TEMIIEPATYPBI U BJTAJKHOCTHU
HA OCHOBE OIITUYECKOI'O BOJIOKHA

AHHOTanMs. DKCIEPUMEHTAIBHO NPOAEMOHCTPUPOBAaHA BHYTPHPE3OHATOPHAs YYyBCTBHTEIBHOCTH K BIIAX-
HOCTH Ha OCHOBE ONTUYECKHUX BOJIOKOH HHTephepomeTpoB Dadpu-Ilepo(MPIT). Onrcan MexaHH3M CEHCOPHOI uyB-
CTBUTENBHOCTH JIa3ePOB M X NapaMeTphl 4yBCTBUTEIbHOCTHU. [IpoBesieH aHanu3 u3MeHeHHs Ae(opMalii BOJIOKOH B
3aBHCHMOCTH OT TeMIlepaTypbl Ha 0OpaTHOM OTpaxkaTeJdbHOM d(ddekre BosokoHHOW Oparrosekoii pemerku (BBP).
Ha ocHOBe 3TuX aHAJIM30B MMPEAIOKEHBI IPUHINI PAOOTHI ONTHYECKOTO BOJIOKOHHOTO JIATYMKA, KOTOPBIH U3MEpsIeT
BIIAXXHOCTB U TEMIIEPATYpy.

KitroueBble coBa: IaTyvk TeMIlepaTypsl M BiIaxHOCTH, MHTeppepomerp Padbpu-Ilepo, bparrosckas Boo-
KOHHAsl pelleTKa, OTHOCUTENIbHAs BIa)KHOCTh, OJJHOPOTHOE BOJIOKHO.
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