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Abstract

Laser sensing methods have been used since the 60s, and since the 90s this method has reached a
new level along with the reduction in the cost of the element base, and the development of computer
technology and software. Currently, the laser sensing method has been recognized as one of the most
modern active methods of remote sensing of environment. KA-14 LIDAR (Light Detection and Ranging)
developed at the National Academy of Aviation was successfully tested for the detection of oil pollution,
and based on the analysis of fluorescence spectra of detected oil spills, distinctive features were observed
between the spectra of oil samples extracted in the zones of the Absheron Peninsula. To create a database
based on the spectra of various oil samples belonging to various Oil-Gas-Production Companies (OGPC),
the KA-14 LIDAR calibration process was carried out, and the fluorescence spectra of the mentioned
samples were measured using the calibrated KA-14 LIDAR. Author would like to note that the database
based on these results can be used to determine the ownership of an identified oil leakage in the Absheron
Peninsula.
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Xiilasa

Lazer zondlama tisullar1 60-c1 illordon baglayaraq istifado olunmaga baslamis vo 90-c1 illordan etibaran bu
iisul element bazasimin ucuzlasmasi, hesablama texnikasinin va program tominatinin inkisafi ilo birlikda yeni bir
Saviyyoys yiiksoldi. Hazirda lazer zondlama iisulu atraf miihitin on miasir aktiv moasafadon zondlanma iisullarindan
biridir. Milli Aviasiya Akademiyasinda iglonib hazirlanmig KA-14 LIDAR-1 (Light Detection and Ranging) neft
girklonmolorinin agkarlanmasinda ugurla smaqdan Kkegirilmis vo agkarlanan neft sizintilarmin fliioressensiya
spektrlorinin analizi osasinda Abseron yarimadasinin miixtalif zonalarinda ¢ixarilan neft niimunslorinin spektrlori
arasinda forglondirici xiisusiyyatlor miisahide olunmusdur. Miixtolif NQCI-na moxsus neft niimunolorinin spektrlori
osasinda verilonlor bazasinin yaradilmast moqsadi ilo KA-14 LIDAR-nin kalibrovka prosesi hoyata kegirilmis vo
kalibrovka edilmis KA-14 LIDAR-1 vasitosi ilo s6zii gedon niimunolorin fliioressensiya spektrlori 6l¢iilmiisdiir. Qeyd
etmok istordik ki, bu spektrlor osasinda yaradilacaq verilonlor bazasi askarlanan neft sizintilarinin Abseron
yarimadasinin hansi zonasina aid olmasinin miiayyanlagdirilmasinds istifads edils bilar.

Acar sozlar: lazer zondlama, LIDAR, fliioressensiya, neft ¢irklonmalori.
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AHHOTaLUA

B crarse paccmaTpuBaeTcs METOJ JIA3€pPHOTO 30HIUPOBAHUS — OAWH M3 CAMBIX COBPEMEHHBIX AKTHBHBIX Me-
TOJIOB JIMCTAHIIIOHHOTO 30HMPOBAHMs OKpYXatomiel cpenbl. Pazpaborannsiii B HannonansHo# akajieMun aBHaliiu
KA-14 LIDAR (Light Detection and Ranging) Obu1 ycriemHo HCTIBITaH IpH OOHAPY)KEHUN HETSHBIX 3arps3HEHUH.
Ha ocHoBe anannza criekTpoB (hIyopecleHIIMN OOHapyXEHHBIX yTeueK He(pTH HaOII0Jamich OTIIMYUTEIbHBIE 0CO-
OEHHOCTH MEXIy CIEKTpaMH 00pa3loB He(TH, NOOBIBAEMON B PAa3IMYHBIX 30HaX AIIIEPOHCKOrO IOJIYyOCTPOBA.
C nenbio co3nanus 0a3bl JaHHBIX HA OCHOBE CIIEKTPOB 00pas3loB HE(TH, MPUHAUISKAINX Pa3IndYHBIM HedTera3o-
JOOBIBAIOIIMM KOMITaHHsIM, ObUT npoBezieH npornecc kanubpoBku KA-14 LIDAR, u ¢ momoisio yctpoiictBa Obuin
M3MEPEHBI CHEKTPHI (IIyOpeceHIINN OTACTBHBIX 00pa3noB. basa maHHBIX, KOTOpas OyAeT co3JaHa Ha OCHOBE THX
JOKYMEHTOB, MOKET OBITh HCIIOJIB30BaHA JUIA ONPENCICHUS TOT0, K KAKOH KOMIIaHWM ATIIIEPOHCKOTO MOIyOCTPOBa
OTHOCHTCS BBISIBIICHHAsI yTe€4Ka HEPTH.

KuioueBble ciioBa:  ja3epHoe 3oHaupoBanue, LIDAR, dnyopecuennus, HeQTIHBIC 3arpsi3HEHS.
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Introduction

Rapid and reliable detection of oil
leaks on the water surface is one of the most
important issues in terms of Environmental
Protection in the coastal zones of the seas.
KA-14 LIDAR, developed at the National
Aviation Academy with the financial support
of the State Oil Company of Azerbaijan Re-
public, has been successfully applied in the
detection of oil spills occurring on the surface
of the Caspian Sea and Absheron Peninsula.
The working principle of KA-14 LIDAR is
based on laser-induced fluorescence (LIF) of
oil spots [1-5]. Crude oil is a very broad and
diverse class of substances and complex com-
pounds of hydrocarbons, salts, amines, sulfur
compounds, and metals. It is known that the
main components of crude oil include carbon
(83-87%), hydrogen (11-14%), oxygen (up to
3%), nitrogen (0,1-2%), sulfur (0,05-6%) and
microelements - metals (<0,1%; more com-
mon metals: iron, nickel, copper and vanadi-
um) [6-7]. The basis of fluorescence spectros-
copy applied for oil measurement and identifi-
cation its aromatic compounds and their deriv-
atives, which are the source of fluorescence of
oil. 25 — 75% of the total carbohydrate content
of the oil is made up of aromatic carbohy-
drates, the main of which consists of dual
compounds. These compounds consist of ben-
zene, naphthalene, anthracene, phenanthrene,
fluoranthene, benzpirole, and other polycyclic
aromatic carbohydrates and their derivatives,
as well as porphyrins, which form heavy met-
als. Fluorescence irradiation of crude oils de-
pends on its chemical composition, the con-
centration of fluorophore, and physicochemi-
cal properties of the oil. The fluorescence
spectrum has wavelengths greater than 260
nm, encompassing the ultraviolet and visible

range of light, and is more noticeable in the
spectral range of 270-500 nm [8-10].
Currently, there are 8 OGPC and 4 Joint
ventures located in different zones of Ab-
sheron peninsula in the Republic of Azerbai-
jan. The calibration process of KA-14 LIDAR
and spectra of some samples were presented in
the presented work to measure the fluores-
cence spectra of the oil samples obtained at
the different Oil-Gas Production Companies.

Methodology

The calibration process of KA-14
LIDAR was carried out in the following se-
quence: Laser cooling system checked; The
wavelength of the laser radiation (obtained
from the Collimator and perceived by the tele-
scope) was measured; Energy of laser pulses
IS measured;

Fluorescence spectra have been excited
by the third harmonic’s of the Nd: YAG laser
(A =355nm). Parameters of excitation: the di-
ameter of the laser beam is d=5mm (after col-
limation); pulse frequency f = 20Hz; pulse du-
ration is t = 7ns.

As a reference in the measurements, oil
stain artificially spilled on asphalt was taken
and fluorescence spectra of oil stain were
drawn by KA-14 LIDAR from different dis-
tances. In Figure 1, the results obtained from a
distance of 50m and 120m are presented.

Spectra presented in Fig.1 were used
from an average of 6 files, with 630 pulses in
each.

Figure 2 presents separate integral spec-
tra of oil, oil on asphalt, and asphalt. The spec-
trum of oil was obtained by the method of
separation of the spectrum of oil on asphalt
from the spectrum of oil on asphalt.
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Figure 1 — Fluorescence spectra of oil stain sprinkled
on asphalt from (spectra were detected by KA-14
LIDAR): a) 50m and b) 120m via KA-14 LIDAR
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Figure 2 — Integral spectra of oil stain, oil and asphalt
on asphalt a) 50m and b) 120m distance drawn

The experiment was carried out in the
bright hours of the day on the territory of the
National Aviation Academy. The energy of
the laser was selected as E=10J and E=12],
respectively.

The results of the measurements made
on the basis of calibration correspond to the
results published in modern literature.
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Results

At the next stage, the fluorescence spec-
tra of 7 different samples of oil belonging to
Absheron Peninsula were measured.

Measurements were carried out in labor-
atory conditions, using KA-14 LIDAR in the
following sequence:

- Firstly, background measurements were
made in the closed state of the laser output;

- Secondly, the fluorescence spectrum of
crude oil was measured;

- Finally, the background spectrum was rec-
orded with the removal of the given object
from the fluorescence spectrum.

The signal input time was 120 sec for all
measurements. In Figure 3, fluorescence spec-
tra of oil samples belonging to 7 OGPCs lo-
cated on the Absheron peninsula were investi-
gated.
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Figure 3 — Spectra of 7 different samples of crude oil
belonging to SOCAR OQil-Gas Producing Companies by
KA-14 LIDAR

The main differences between the fluo-
rescence spectra of crude oil samples extracted
from different zones are as follows:

- State of spectrum maximums of radia-
tion;

- Presence of “shoulder” shaped bends
on the sides of short and long waves;

- Width and shape of the irradiation
strip.
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Conclusion

The results of measuerements carried
out by means of calibrated KA-14 LIDAR
confirm that the LIF spectra of crude oil ob-
tained in different zones of the Azerbaijan
Republic are different.

The creation of the database based on
this feature will allow determinaton of which
one of OGPCs belongs this lekage. It should
be noted that currently, work is underway to

measure Raman spectra of crude oil samples
and to include these spectra in the database.
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Abstract

An investigation of non-equilibrium thermodynamics with linear regimes in tribocouplings of brake
devices is carried out using Fourier's laws of thermal conductivity and Fick's effect, as well as the Sora
and Dufour effects in relation to the flow of non-equilibrium processes of diffusion and thermal diffusion
in the surface layers of friction linings. It is shown that there is an increase in the surface-volume tempera-
ture, which contributes to an increase in the volume of exit of endothermic reaction products from the up-
per layer of the polymer lining, as well as an increase in the equilibrium constant, which is accompanied
by the release of heat. In this case, in accordance with the principle of van't Hoff's mobile equilibrium,
elastic-plastic deformation of the microprotrusions of the working surface of the metal friction element
occurs. A change in the degree of dispersity and compactness of the phases that appear in the upper layer
of the polymer lining containing amorphous and vitreous substances significantly affects their chemical
activity. The application of the Onsager reciprocity relation made it possible to determine the quantitative
dependences between the diffusion and thermal diffusion parameters and their coefficients by calculation
and experiment.

Keywords: braking device, friction pair, friction lining, diffusion and thermal diffusion, Onsager reci-
procity relations.
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