ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACBHI

YJITTBIK FbIJIbIM AKAJAEMUACBIHBIH
K. W. CornaeB ateiaaarsl Kazak YITTHIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPLI

N3BECTUA NEWS

HAILIMOHAJIbHON AKAJIEMHU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HalfmOHATBHEIN UCCIIeIOBATEIbCKUI Kazakh national research technical university

texHnyeckuil ynusepcuteT uM. K. M. CarnaeBa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

6 (438)

NOVEMBER - DECEMBER 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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MEASUREMENT OF THE VEER AND ROTATION
OF AN OPTICAL FIBRE USING A BRAGG GRATING

Abstract. There is presented a method for measuring the angle of rotation and twisting using a periodic incline
of tilted fibre Bragg grating (TFBG) with an inclination angle of 6° recorded in a single-mode optical fibre. It was
shown that when the sensor rotates through 180°, the transmittance changes from 0.5 to 0.84 at a wavelength of
1541.2 nm. As a result of measurements, it was found that the highest sensitivity can be obtained for angles from 30
to 70° concerning the necessary orientation. A change in the transmission spectrum occurs for cladding modes that
change their intensity with a difference in the polarization of light propagation through the grating. The same design
can be used to measure the angle of rotation. The possibility of obtaining a TFBG rotary device at an edge of 200 °
with a length of more than 10 mm has been proved. It allows controlling both the angle of rotation and the twisting
of the optical fibre using the manufactured TFBG.

Key words: sensors, fiber optic Bragg gratings, torsion measurement, rotation measurement.

Introduction. The optical measurement of physical quantities in mechanical systems and structures
is gaining increasing commercial importance in various industries. Rotation and twisting are very often
measured by mechanical supplies. Fibre-optic methods for measuring these values have several significant
advantages, such as resistance to environmental influences, the relatively simple placement of sensors on
the estimated structures and the possibility of simultaneous measurements in many places. In recent years,
veer and rotation sensors have been intensively developed to research new fibre-optic sensor solutions
[10, 12].

The first work in the field of fibre-optic rotation sensors appeared in the late 1980s. There are many
optical methods for measuring rotation and twisting [1]. Recently, inclined the fibre Bragg gratings
(TFBG) [2-4] have been very popular in measuring rotation and other quantities. These gratings use the
property of the effect of the polarization of the introduced light — by which are meant the state of
polarization (SOP) — on the spectrum of the shell regime. This is because the TFBG structure inhibits the
cylindrical symmetry of the optical fibre [5]. TFBG offers all the benefits of standard FBG technologies,
such as ease of manufacture and small size. An additional advantage of inclined FBG is a large number of
cladding modes visible in a relatively narrow spectral range.

This article describes the use of a single optical fibre generated by an inclined periodic structure for
measuring the angle of rotation and twisting of an optical fiber. To perform and analyze rotation and
twisting measurements, it is necessary to fix a periodic structure in which the modulation planes of the
refractive index are set at a certain angle concerning the normal axis of the optical fibre. Figure 1 shows
the actual dimensions of the structure created in this way.

The structure shown in figure 1 was obtained using a laser using the phase mask method, which
ensures the propagation of light in such a way that the grid planes are located at an angle = 6° to the
normal axis of the fibre. SMF-28 single-mode fibre was previously photosensitized in a hydrogen
atmosphere at a pressure of 190 bar and a temperature of 20 °C for ten days. After recording, the grid had
a total length of 10 mm.
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125 um

8.2 um

Figure 1 — Dimensions and characteristics of the created design TFBG, used as a rotation and rotation sensor

The structure thus created was then subjected to spectral tests. Figure 2 shows the transmission
spectrum of the designed structure. As we can see, it has several resonances for waves shorter than the
Bragg wavelength. As can be seen, the maximum height of the minima coming from the shells falls on
wavelengths in the region of 1540 nm. This wavelength range, as shown in figure 2, was chosen as a
measurement of the angle of veer and angle of rotation. The most significant dynamics of changes was
also obtained in this area, in particular, minima from mantle regimes, as well as changes in the rotation
and bending of the TFBG structure.
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Figure 2 — Transmission spectrum of the created structure. (The core resonance and several mode shell resonances are marked
on the characteristics. The wavelength range selected for analysis was marked by a darkened vertical rectangle)

Since it is known that a TFBG fibre responds to changes in the polarization angle of the light inlet
into such a fibre [9, 11], this article will show differences in the spectral response of such a system to
changes in its rotation and torsion angles.

During the measurements, the optical fibre rotated and twisted (figure 3a). In the case of rotation,
both ends of the fibre with the recorded TFBG element turned at the same angle, which led to the rotation
of the entire fibre. The length of the TFBG element was LTFBG = 10 mm, and the length of the optical
fibre between the right-hand rotating end of the fibre and the TFBG element was 15 mm.
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Figure 3 — Tuning and measurement method:
a) rotation, b) twisting, of the optical fiber in which the TFBG structure was recorded

In the case of twisted fibre optic cables, a 10 mm TFBG element is placed directly on the rigidly
fixed end of the optical fibre. The distance between the TFBG and the rotating end of the fibre was 30 mm.
A single-mode fibre SMF-28 with a diameter of 10.4 um, a core diameter of 8.2 um, a sheath diameter of
125 pm and a coating diameter of 242 um was used. The length of the SMF-28 was 1 m. In both cases,
linearly polarized light of a known polarization plane was inserted into the fibre. There was used a light
source of SLD luminescent diode with a maximum power of 2.5 mW, a central wavelength of 1550 nm
and a passband of 90 nm. The measurement was carried out at a source current of 200 mA and a tempe-
rature of 20 °C. The polarization of light was determined and controlled using additional optical elements.
In the first case (figure 3a), both ends of the fibre were rotated using the precision shaft of the Thorlabs
HFROO07 optical fibre through the same angle with an accuracy of two degrees.

The rotation of the fibre caused changes in the energy distribution between the individual mode shells
in the TFBG structure. Energy changes were observed using a Yokogawa AQ63370D optical spectrum
analyzer. The spectral resolution of the analyzer was 0.02 nm. The optical spectrum was measured in the
range from 1490 to 1600 nm. In the second case (figure 3b), the measurements looked similar, but the dif-
ference was that only one end of the optical fibre was rotated, which led to the twisting of the optical fibre
and TFBG stored in it.

The idea of the measuring system is shown in figure 4. The light from the luminescent diode was
directed through the lens (O1) to the polarizer and to the half-wave plate (A/2), to let incident light pass,
controlling only its polarity. Then, through the lens (O2), the light was directed to a single-mode optical
fibre with TFBG stored on it. The light was connected between the fibres and the lenses using the X, y, z
manipulators from ThorlabsInc. Both reference points (1 and 2) were used to call and control the rotation
and twisting of the optical fibre using the TFBG sensor. The signal was measured after passing through

o1 P

02
| |J BA 186[osa

Figure 4 — Rotation angle and measuring system of rotation and rotation
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the entire system using an optical spectrum analyzer (OSA). In all measurements, a TFBG grid with an
angle 6 = 6°, was used; measurements were carried out at a stabilized ambient temperature of 20 ° C and a
current SLD of 200.8 mA.

Analysis of the possibility of measuring rotation using inclined periodic structures. The made
TFBG structure was subjected to spectral tests in the system, as shown in Figure 4. As a result of changing
the angle of rotation of the TFBG fibre, the transmission spectral characteristics were obtained — figure 5
for various fibre orientations.

x10”
The area of greatest change in optical power

caused by the rotation of the TFBG
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Figure 5 — There is a change in transmitted optical power after passing through TFBG (6 °) at multiple angles of rotation

For a grating with an angle 8 = 6° the area of the most extensive transmission changes caused by the
rotation of the structure is from 1536 to 1548 nm (figure 5). As a result of preliminary measurements of
the transmission spectrum, the wavelength range corresponding to the mode shell was chosen.
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Figure 6 — Change in TFBG transmission characteristics for rotation angles from 0 to 100°

Figure 6 shows the changes in optical power after passing through the TFBG structure with the
selected region of the mode chosen shell for further measurements. A preliminary analysis of the spectral
characteristics showed the TFBG response to the rotation, which manifests itself in a change in the
amplitude of the minima coming from the mode shells at a length of 1542 nm, as well as a difference in
the wavelength corresponding to the minima for the mode shells in this wavelength region.

Further studies were carried out in the area of 1542 nm, measuring the shifts of the minima of the
spectral characteristics and amplitude changes of the mode shells (figure 7). The TFBG transmittance
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Figure 7 — TFBG rotation effect: a) a difference in the mode amplitude for the selected wavelength,
b) a shift in the minimum corresponding to a specific mode in the envelope

changes for a given wavelength are shown in figure 7a. This figure also shows the transmittance measu-
rement points for TFBG (6 °). Figure 7b shows the phenomenon of a shift in the spectrum of the shell
mode due to the rotation of the TFBG structure. For practical reasons, this bias is most measured merely
by detecting extreme shifts in transmission characteristics. Figure 7b also shows the minimum measu-
rement region of the spectral transmission characteristics.

Figure 8 shows the results of spectral measurements of TFBG fibres rotated from 0 to 80 degrees.
The direction of rotation corresponded to the designation in the drawing and was called in work by the so-
called right rotation (P).

The part of the spectral range corresponding to the minimum value for small wavelengths (minimum
left) is called the S-shaped mode in the literature. The minimum amount indicated on the right is most
often stated in the documentation as a P-shaped mode[6-8].As can be seen, the rotation of the fibre optic

turn right 3
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Figure 8 — Transfer characteristics of the fabricated TFBG structure, measured for various rotation angles (P)
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cable with TFBG causes a change in the excitation level of the left (S) and right (P) modes propagating in
the structure. This is caused by a difference in the coefficient of adhesion between the individual modes.
This effect can be used to determine the angle of rotation, for example, by measuring the power value for
a given wavelength. For this, a wavelength of 1542.2 nm was chosen (figure 7a), for which a significant
change in power occurs due to the rotation of the fiber. This wavelength can be used for indirect
measurements of the angle of rotation. According to figure 7a, for the starting position, the transmittance
takes a value below 0.5. Rotating the structure by 80 ° increases the transmittance for the selected wave-
length even up to 0.85. Moreover, in these ranges of rotation of the fibre, a minimal change in the trans-
mission characteristics is noticeable(fig.76 and figure 8). The wavelength corresponding to the minimum
transmission for the fibre in the reference position (veer angle is 0) is 1542.025 nm and moves as the veer
angle increases in the direction of short waves to 1541.94 nm at a veer angle of 80.

The obtained spectral characteristics also have regions where the power value does not change (or
changes insignificantly) during rotation. Individual modes exchange energy, but the power value for
wavelengths, for example, 1541.975 nm (figure 8), varies very little. Any change in the power value for
these wavelengths is the result of a change in temperature. If the temperature changes during the measu-
rement, the whole spectrum shifts, which leads to a shift in power for these specific wavelengths. This
phenomenon is called the temperature effect, which should be taken into account in spectral measurements
of TFBG under conditions of a variable angle of polarization of light.

Conclusion. In this article, we demonstrate the possibility of measuring the degree of rotation and
twisting of an optical fibre using a TFBG structure recorded on it with an inclination angle of 6°. It was
shown that when the sensor rotates through 180°, the transmittance changes from 0.5 to 0.84 at a
wavelength of 1541.2 nm. It is proved that the highest sensitivity can be obtained in the central part of the
processing characteristics, for angles from 30 to 70°. It has been shown that the same design can also be
used to measure the angle of rotation. TFBG responds to twisting along a 200° cable with a length of
10 mm (from 100 to +100°) by changing the transmittance in the range from 0.39 to 0.89 at a wavelength
of 1541.4 nm. This allows controlling both the veer angle and the twisting of the optical fibre using the
inscribed TFBG.

Cangyram Opaszanuena!, Baanaemap Boitunk?,
Myo6apak SIkyoosa', Byaoya Ounrap?

' Anmatel DHepreTuka sxoHe Gaiianbic yHuBepcuTeTi, Anmarsl, Kazakcran,
2JIs06IMH TEXHOJIOTHAIBIK, yHUBEpCUTeTi, [Tombia,
3M. TempImmaes aTeiHAars Kazak Kounik jxoHe KOMMYHHKAIMSIIAp aKaaeMusichl, Anmarel, Kazakcran

BPI3IT TOPBIH KOJIIAHY APKbBIJIbI
OIITHUKAJIBIK TAJIIIBIKTBIH BYPBIJIYBI MEH AUHAJIYBIH OJIIIEY

AnHoTanus. bip MOmanbl ONTHKAIBIK TAIIIBIKKA OCKITUITEH, 6° OYPHINIKA UITCH MEPHOATHl KOJIOEY TaIIIBIK-
TBHIK ONTHKAJIBIK Bparr TOPBIH KOJIaHa OTBIPHIN TANIIBIKTEI OYPBUTY JKOHE alHATy OYPBINIBIH OJIIICY 9JIICI YCBI-
HeUTFaH. Jlatumk 180° alinanranna, 1541,2 HM TOJIKBIH Y3BIHABIFBIHIA 6TKI3y KodQduuuenti 0,5-ten 0,84-re meiin
e3repeTiHi Oailikanaabpl. OJIIey HOTIDKENIepi OOWBIHINA €H JKOFaphl CE3IMTANABIKTHI KajaraH OarbITKa KaTBHICTHI
30°-man 70°-ka gedinri OypslTap YIIiH ayra OOJaThIHABIFBI aHBIKTAIbI. OTKI3y CIIEKTPiHIH ©3repici TOp apKbUIbI
OTETIH KAPBIKTHIH TOISPU3AIMSICHIHIAFEl ABIPMAIIBUTBIFBIMCH 63 KapKBIHABUIBIFBIH ©3TePTETIH KaOBIK MOJalaphl
YIIiH opbiH anaasl. Coll KyphUTBIMIBI aifHATy OYPHINIBIH OJIIey YIIiH KoJjgaHyra Oonanpl. ¥Y3bIHABIFE 10 MM-1eH
acaterd 200° OyphIIKa OYPBUTATHIH MIEPUOATH KOJIOCY TANIBIKTHIK, ONTHKAIBIK Bparr TOpeIH aimy MYMKIiHIIT JoJel-
neHni. MyHbIH 0opi ci3re OypbuTy OYpBIIIBIH FaHA eMec, COHbIMEH Katap skacanraH [IOBT keMeriMeH ONTHKAIBIK
TAJIIBIKTEI Oypay/pl 0ackapyFra MyMKIHIIK Oepeti.

Tyiiin ce3aep: TaTYUKTED, TANMIBIKTHIK ONTHKAIBIK Bparr Topsl, Oypy/Isl eiiey, aitHa yapl eJIey.
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'Anmarunckuii Yausepcuter Duepretuku u Cesasu, Kazaxcran,
2Tlro6muackuil Texuudeckuii Yausepeutert, [lonbia,
SKaszaxckas akajeMus TPAaHCIOPTa U KoMMyHHKauil uM. M. Teinbinaesa, Anmarsl, Kasaxcran

M3MEPEHHME YI'JIA IIOBOPOTA U BPAINIEHUA OITUYECKOI'O BOJIOKHA
C UCITIOJIb30BAHUEM BEP3I'TOBCKOM PEHIETKH

Annortanus. [IpeacrasieH MeTon U3MEpeHUs yria IMOBOPOTAa M CKPYYHBAHHUS C HCIOJIH30BAHUEM IIEPHOIH-
YEeCKOH HAaKJIOHHON BOJIOKOHHO-ONTHYECKOil pemerku bparra (BOPB) ¢ yrmom HakioHa 6°, 3anucaHHOil B OHOMO-
JIOBOE ONTHYECKOe BOJIOKHO. [loka3aHo, 4To npu BparieHnu garduka Ha 180° ko GHULUEeHT MporyCcKaHus H3MEHsI-
ercs ¢ 0,5 no 0,84 mpu mmHe BonHEI 1541,2 HM. B pesynbrate n3aMepeHui ObUIO YCTAHOBIICHO, YTO HAHOOIBIIYIO
qyBCTBUTEIHHOCTh MOYKHO HOIXY4HTh 7 yriioB oT 30 go 70° mo oTHomeHMIO K 6a30Boil opueHTanun. M3meHenne
CIEKTpa MPOMYCKAHMUS IPOUCXOANT U MOJIOB OOOJIOUKH, KOTOPBIE U3MEHSIOT CBOIO HHTCHCHBHOCTH C U3MCHEHHUEM
MOJISIPU3ALIMN PACTIPOCTPAHEHHS CBETa Yepe3 pemreTKy. Takas ke KOHCTPYKIUS MOKET OBITh HCIIOJIB30BaHA IS
M3MepeHusi yria noBopota. JlokazaHa BO3MOXKHOCTH IOJIy4€HHUs MOBOpOTHoro ycrpoictBa BOPB na yrom 200°
JHOM 6osee 10 MM. DTO MO3BOJISET KOHTPOJIUPOBATh KaK YTOJI ITOBOPOTA, TaK M CKPYyYMBAHHE ONTHYECKOTO BO-
JIOKHA ¢ IoMo1Ibio n3rorosneHroro TFBG.

KiroueBble c10Ba: 1aTYNKH, BOJIOKOHHO-ONITHYECKHE OPATTOBBIE PEIICTKH, U3MEPEHNE KPYICHHUS, H3MEpEHHUE
BpalleHus.

Information about authors:

Orazaliyeva Sandugash, Almaty University of Power Engineering and Telecommunications, Kazakhstan;
orazalieva-sandugash@mail.ru; https://orcid.org/0000-0002-2838-1867

Wojcik Waldemar, PhD of informatics and electronics, professor, The Lublin University of Technology,
Poland; https://orcid.org/0000-0002-0843-8053

Yakubova Muborak, Almaty University of Power Engineering and Telecommunications, Kazakhstan

Ongar Bulbul, Kazakh Academy of Transport and Communications, Almaty, Kazakhstan;
Ongar_bulbul@mai.ru; https://orcid.org/0000-0002-8333-8343

REFERENCES

[1] Budinski V., Donlagic, D. (2017). Fiber-Optic Sensors for Measurements of Torsion, Twist and Rotation: A Review //
Sensors. 17(3),443.

[2] Dong X., Zhang, H., Liu, B., Miao, Y. (2011). Tilted fiber Bragg gratings: principle and sensing applications //
Photonic Sensors. 1(1), 6-30.

[3] AlbertJ., Shao L.Y., Caucheteur C. (2013). Tilted fiber Braggg rating sensors // Laser Photonics Rev. 7(1), 83-108.

[4] Guo T, Liu, F., Guan, B.O., Albert, J. (2016). Tilted fiber grating mechanical and biochemical sensors // Opt. Laser
Technol. 78, 19-33.

[5] Caucheteu C., Guo T., Albert J. (2017). Polarization-assisted fiber Bragg grating sensors: Tutorial and review // J.
Lightwave Technol. 35(16), 3311-3322.

[6] Reid D.C.J., Ragdale C.M., Bennion 1., Buus J., Stewart W.J., Phase-shifted Moire grating fibre resonators //
Electronics Letters. 26(1), 10-12(1990). doi: 10.1049/¢1:19900007

[71 Ribaut Clotilde, Loyez Médéric, Larrieu Jean-Charles, Chevineau Samia, Lambert Pierre, Remmelink Myriam,
Wattiez Ruddy, Caucheteur Christophe. Cancer biomarker sensing using packaged plasmonic optical fiber gratings: Towards in
vivo diagnosis // Biosensors and Bioelectronics. 92, 449-456 (2017). doi: 10.1016/j.bios.2016.10.081

[8] Ugale S.P., Mishra V. Formation and characterization of nonuniform long and ultralong period reversible optical fiber
gratings // Optik. 125, 3822-3824 (2014). doi: 10.1016/j.ijle0.2014.01.179

[9] Budinski V., Donlagic D. Fiber-Optic Sensors for Measurements of Torsion, Twist and Rotation: A Review // Sensors.
17(3), 443(2017). doi:10.3390/s17030443

[10] Jiang S., Wang J., Sui Q., Distinguishable circumferential inclined direction tilt sensor based on fiber Bragg grating
with wide measuring range and high accuracy // Optics Communications. 355, 58-63 (2015). doi: 10.1016/j.optcom.2015.05.055

[11] Lu Ch., Cuil., CuiY. Reflection spectra of fiber Bragg gratings with random fluctuations // Optical Fiber Technology.
14, 97-101 (2008). doi:10.1016/j.yofte.2007.09.007.

[12] Zhao Y., Wang Ch., Yin G., Jiang B., Zhou K., Mou Ch., Liu Y., Zhang L., Wang T. Fiber Specklegram Sensor Based
on the Twist-induced Effect in Tilted Two-mode Fiber Bragg Gratings. 2017 Conference on Lasers and Electro-Optics Pacific Rim
(CLEO-PR), 1-3 (2017). doi: 10.1109/CLEOPR.2017.8119080.

— 196 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmiieHus cTaThy 71 MyOJIHUKAIIMK B )KypHaie CMOTPETh Ha caiTe:

www :nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Bepctka /. H. Kankabexogoii

IToanucano B neuats 15.11.2019.
®dopmar 70x881/8. bymara odcernas. [leuars — puzorpad.
19,7 n.. Tupax 300. 3aka3 6.

Hayuonanvnas axademus nayx PK
050010, Armamur, ya. Lllesuenko 28, m. 272-13-19, 272-13-18



