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INDRODUCTION 
 

The topic relevance and elaboration degree. Nowadays, many 
industries, including the fuel and energy complex have a great 
importance in providing and developing the economic stability of our 
country. Increasing the economic efficiency of this area is achieved 
not only by improving the quality of exploitation of existing resources, 
the commissioning of new fields, but also by the industrial and 
environmental safety and reliability of existing infrastructure. That is 
why, there is a need to monitor, assess, forecast and optimize for the 
condition of gas – oil transportation pipelines.  

Modern monitoring systems of underground gas – oil  pipelines 
take into account to perform the following functions: 
          -technical diagnostics of the pipeline;  
          -plan–elevation of condition of pipline and monitorinparameters 
which is characterizing the elevation and hydrogeological conditions.  
          The main issues which is solved by using monitoring systems 
are following. 
          - Detection of violations of the technical condition of the 
pipeline;  
          - Carrying out regular monitoring of pipeline areas laid in zones 
of complex geological conditions; 
          - Assessment of the impact of active processes in the subsoil on 
the stress-strain state of the pipeline 
          - Identification of corrosion hazard zones of high seismically 
active zones, floods and salinization areas; 
          - To perform diagnostic researches, etc. 
          However, because of the existing pipeline monitoring systems 
operate only during pipeline operation and are based primarily on 
contact-type primary gauges, they are not considered suitable for 
initial pipeline design, site monitoring and selection of optimal routes 
based on monitoring results. 
          Thus, the creation of universal monitoring systems based on not 
only contact-type primary measuring transducers, but also aerial 
surveillance, remote sensing technology, laser scanners, which can 
perform both pipeline design and control functions during operation, 
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and provide their production and environmental safety on a new basis 
is proposed as a topical issue.  
 Object and subject of the research: Main pipelines, results 
of geoecological measurements in the land areas where the pipelines 
pass, analytical statements of the dependence of corrosion losses on 
the specific parameters of the soil, as well as spectral indices of the 
assessment of the soil condition parameters were taken as the research 
object of the dissertation work. 
The subject of the research consists of the methods of conducting 
diagnostics and geoecological measurements of pipelines, the 
detection of integral indicators of the detection of leaks in pipes, the 
development of the methods of determining the volume of spectral 
measurements for monitoring and the optimal drawing route of pipes. 
         The purpose and objectives of the research. The main purpose 
of the dissertation is to develop the scientific and methodological basis 
for the creation of a universal monitoring system for geoecological 
measurements, control and evaluation of the pipeline and the area 
where it passes through during the design and operation of main gas – 
oil pipelines.  

To achieve this goal, the following tasks were set and solved 
within this thesis paper: 
          1. The improvement of the geo-ecological measurements in the 
territories of gas – oil terminals and pipelines of Azerbaijan and 
development of lidar-thermal measurement methods for periodic 
monitoring of the pipeline. 
          2. The development of a time period model for corrosion 
monitoring of underground pipelines which depend on the physical 
properties of the soil and determination of the optimal temperature 
regime to minimize corrosion losses. 
          3. Solving the problem of optimizing of the founding out the 
relationship between the degree of corrosion of the pipeline and the 
specific resistance of the soil, temperature and electrical conductivity. 
          4. Use of an integrated model of the semivariogram, which 
allows to measure corrosion in the elevation zones of the pipeline, 
classification of soil corrosion aggression on the basis of measured 
values of specific resistance. 
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          5. The improvement of new spectral index consisting of a 
combination of Landsat ETM + satellite measurements and a method 
for determining the required number of spectrometric measurements 
in the monitoring of oil-covered lands.  
          6. Using of a diagnostic method that allows to determine the 
location of leaks in underground gas pipelines based on the new 
measurement signal.  
          7. Determination of the analytical expression of the thickness 
and diameter of the pipe wall, which is considered resistant to impact, 
depending on the tensile stress and the solution of the problem of 
optimizing the minimum value of the compressive stress. 
          8. The using of an integrated indicator of the exposure of the 
pipeline to landslides and the peak value of soil acceleration along the 
entire route and a method for determining the optimal laying route. 
          Research methods. Elements of atmospheric and soil physics, 
metal corrosion theory, remote spectral probing, spectral properties of 
gases, methods reflecting physical and chemical laws of seismology 
were used to solve the problems of the dissertation. The theoretical 
implementation of these methods was carried out according to the 
main provisions of mathematical analysis, integral and differential 
calculation methods, the theory of variational optimization. 
          The main provisions submitted for defense.  
          1.  Method of geoecological measurements in the areas where 
pipelines and gas – oil terminals are located and a model for 
determining the optimal time period of corrosion monitoring. 
          2. The lidar-thermal sounding method of the control of 
underground main pipelines is the optimal expression of the 
relationship between the flight height and the initial ground voltage, 
which provides the reduction of the measurement error. 
          3.  Analytical expression of the corrosion losses in the pipeline 
which depends on the specific parameters of the soil and furthermore, 
the regularity of changes in the specific resistance of the soil, which 
provides the minimization of these losses. 
          4. Optimal integrated model of the semivariogram, which 
allows to measure the variability of the specific resistance of the soil 
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in the elevation zones, and the procedure for classifying soils for 
corrosion aggression. 
          5.  Graphical-analytical method for determining the volume of 
necessary spectral measurements which is required for monitoring oil-
covered lands, and a new spectral index for assessing the condition of 
different soil types. 
          6.  Determining of the location of leaks from underground gas 
pipelines which is based on the method of the new signature. 
          7.  Integral indicator of the exposure of the pipeline to the peak 
value of soil acceleration in the seismically active zone and on slopes 
with different steepness, and the method of determining the optimal 
laying route. 
          8.  Analytical expression of the relationship between the outer 
diameter of the pipe and the wall thickness, which provides the 
minimum value of the compressive stress as a result of possible 
mechanical effects. 
          Scientific novelty of the researches.   
          1.  For the first time, the methods for improving geoecological 
measurements, relevant control procedures, corrosion monitoring 
period, taking into account the functional characteristics of gas – oil 
terminals and pipelines in Azerbaijan, have been proposed. 
          2. The method of lidar-thermal remote sensing, the optimal 
relationship between the flight height of the sensor carriers and the 
initial ground voltage has been determined to reduce errors in 
determining the position and geometric coordinates of the 
underground pipeline. 
          3. A new expression was obtained to determine the dependence 
of the underground pipeline corrosion losses on regime parameters 
such as temperature, pH, soil resistance, and the condition of inversion 
of soil temperature was found to be necessary to minimize corrosion 
losses over time. 
          4.  To determine the degree of integrated soil corrosion, a new 
indicator which consists of integral of the product of the specific 
resistance which is related to the soil multiply with the length of the 
pipeline was proposed, and a constraint condition was established to 
ensure the smooth operation of the pipeline. 
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          5. A new mathematical expression for the condition that 
corrosion can reach a maximum is obtained on the basis of a linear 
model of the decrease in electrical conductivity with increasing soil 
temperature. 
          6. For the initial time, an averaged integrated model of a 
semivariogram has been proposed to measure the specific resistance 
of the soil during the construction of a pipeline in high-altitude areas, 
and the possibility of demonstration this model as a mathematical 
polynomial has been informed. 
          7.  A new method based on the inverse relationship between the 
concentration of methane and oxygen and the optimal function of the 
distance between the measurement points has been proposed in order 
to determine the location of gas leaks from the pipeline. 
          8.  A new approach based on the inverse relationship between 
the steepness of the slopes and the peak value of the accelerations in 
the selection of the pipeline route has been proposed, and an optimal 
design methodology has been used, taking into account possible 
mechanical effects. 
          Theoretical and practical significance of the research.  
          1. Lidar-thermal remote sensing method with optimal selection 
of on-board measurement system mode parameters allows to increase 
the accuracy of determining the coordinates of underground pipelines, 
which is especially important for periodic monitoring over large areas. 
          2. Analytical expression of values which is related to corrosion 
losses of the pipeline, integrated soil corrosion index, pipeline model 
characterizing the degree of corrosion in different zones, mathematical 
dependencies between different factors affecting the intensity of 
corrosion. can be used successfully in the development of foundations. 
          3. Optimal averaged integrated semivariogram synthesized on 
the basis of the Gaussian model allows to determine the specific 
resistance of soils in high-altitude areas, which is not only important 
in the research of soil corrosion in difficult terrain, off-road conditions, 
but also cost-effective in terms of economy.   
          4.  The proposed new spectral index for assessing the condition 
parameters of land plots, graphical-analytical method for determining 
the volume of spectral measurements will allow developing more 
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accurate indication models for the classification of soil types and oil-
contaminated areas degraded by anthropogenic factors and natural 
processes. 
          5.  Ensuring the inverse relationship between the steepness of 
the slopes and the peak value of the accelerations in landslide zones, 
the optimal functional relationship between the diameter of the pipe 
and the wall thickness, and furthermore, taking into account possible 
mechanical effects for the design methodology which is used for 
decreasing of the risk exposure in breaking and dissection contribute 
to ideal and perform with cost-effective way which have a special 
practical significance in the presentation. 
          Approbation and implementation. The main results of the 
dissertation were reported and discussed at the meeting of United 
Scientific – Technical Council of NASA and the following 
international conferences:  
           1. XII International scientific-practical conference "Actual 
problems of ecology and labor protection", Russia, Kursk, May 20, 
2020. 
           2.  Information systems and technologies: achievements and 
perspectives. International Scientific Conference. Sumgait State 
University, July 9-10, 2020. 
  3. Proceedings of the International Conference. International 
Journal of Advanced Studies in Computer Engineering. St. Louis, 
Missouri, USA, April 2022, №1.   
           The main results of the thesis have been recommended by the 
experts who is used in the assessment of the condition of the pipeline 
route in the Oil Pipeline Department of the State Oil Company of 
Azerbaijan Republic, in the corrosion monitoring of terminal areas (act 
of application dated October 1, 2021 is attached to the thesis paper). 
           Name of the organization of the thesis paper performance. 
The dissertation was carried out at the Institute of Ecology of the 
National Aerospace Agency of the Ministry of Defense Industry of 
Azerbaijan Republic. 
            The total volume of the thesis paper, taking into account 
the volumes of individual structural sections. The dissertation was 
written in accordance with the requirements set by the Higher 
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Attestation Commission under the President of the Republic of 
Azerbaijan.The introduction consists of 17140 characters, I chapter of 
38800 characters, II chapter of 32000 characters, III chapter of 33286 
characters, IV chapter of 41966 characters. The total volume of the 
dissertation is 163192 characters. 
 

MAIN RESULTS OF THE DISSERTATION WORK 
            The introduction substantiates the relevance of the topic, 
forms the goals and main objectives of the study, outlines the novelty, 
practical value and implementation of the results obtained. 
            The first chapter of the dissertation is devoted to the issues of 
optimal organization of geo-ecological measurements in the 
monitoring system used in the construction and operation of 
underground gas – oil  pipelines. First of all, the main functions of the 
complex geological process monitoring system in the construction of 
main pipelines developed jointly by the Russian Transoil Society and 
the Bauman Higher Technical School were studied, the type of the 
measurements has been analyzed and some shortcomings in the 
methodological approaches have been improved. After that devices of 
geo-ecological measurements, control methods and procedures which 
are essential to be carried out during the operation of the Dubandi and 
Sangachal terminals and the pipelines they serve in the territory of 
Azerbaijan has been determined. Soil corrosion potential, hydrological 
processes, natural-destructive events have been researched as the main 
factors in the geo-ecological monitoring of the pipelines, and for this 
purpose the laser and infrared measurement methods of remote 
sensing used in world practice have been explained. 
            Taking into account the what are mentioned above, to calculate 
the depth of corrosion which has been got as a result of previous 
experimental studies1 

                                       373,0
00 5,0 tkP ⋅=                                         (1) 

dependence has been investigated 
           where P0 – the ratio of the maximum corrosion depth to the 
average value of the maximum corrosion depths under certain  
conditions characterizing the condition of the soil,  k0 – the   
experimental value of a quantity that depends on the physical 
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properties of the soil, t – is when the maximum corrosion depth is 
recorded. At the mentioned dependency, due to the characteristics of 
the geographical areas are not taken into account, a model has been 
proposed to determine the optimal time period for corrosion 
monitoring. Because of this, that is assumed that the general 
heterogeneity of the soil in the area where the pipeline is laid as the 
main factor. For this, the area in question is divided into n number of  
i ( ni ,1= )  fields, and it is assumed that { }ikk =  it is a regular set, so 

0;; 01 ==∆∆+= − kconstkkkk ii  the condition is satisfied. In this 
case, the average value of the maximum corrosion depth is defined as 
follows. 

                                              n
n

i
ior tk

n
P ⋅= ∑

=1

1
                                   (2) 

Since the lifespan of the individual parts of the pipeline is not the same, 
the problem of finding )(kft = the optimal function that provides the 
minimum value of Por was considered. To do this, the expression in 
the continuous variant (2) within the constraint condition 

                                         ∫⋅=
max

0max
. )(1 k

n
kor dkkf

k
P                (3)         

_____________________ 
1 Soil corrosivity analysis. http://www.corrosionsurvey.co.kr/viewer/pdf/n_02.pdf 

presented as and F purpose of optimization is designed functionally: 
 

∫ ∫
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           where λ is lagrange multipiler. Thus, the function f (k), which 
maximizes the function F, is found by the method of variation 
optimization as follows:  
 

http://www.corrosionsurvey.co.kr/viewer/pdf/n_02.pdf
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         Thus, it has been determined that the period of periodic 
monitoring should be smaller than the period determined by 
expression (4) and the corrosion depth should not be allowed to reach 
its maximum. 
         Then, in that chapter, the issue of optimizing the periodic 
monitoring of oil penetration into the soil from the pipeline as a result 
of the accident has been considered. First of all, the maximum depth 
of penetration of oil products in different types of soils, the amount of 
evaporation, the storage capacity of the soil, etc. the average depth of 
oil penetration into the studied, water-saturated soil  has been 
determined as follows. 

( )[ ]1515ln 3231413242
2

31
2 aaaaaaaaaaTTaatDor −++⋅+⋅⋅−+⋅= (5) 

           where a1, a2, a3, a4 are the volume of actively spilled oil, being 
the technological constant characterized by the ambient temperature, 
the area of the oil pond on the ground, the viscosity of the liquid, the 
storage capacity of the soil, t is the time period. It is also shown that 
this condition is satisfied in order for the expression (5) to receive a 
minimum value depending on the ambient temperature T as  follows: 

                                      
42

424132 15
aa

aaaaaaTopt
−+

=                        (6) 

Furthermore, the potential accuracy of lidar and thermal control of the 
route through the underground pipelines has been considered. 
Similarly, the rise in soil level under the influence of stress was 
estimated by the Fredlund and Paxorco formula: 
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           where Sh is rising surface level, m; h is the thickness of the soil 
on the pipeline; CS is initial value of soil swelling coefficient; P is the 
current voltage of the ground. In this regard, such an issue which is 
related to  optimal )(0 hP ϕ=  dependence has been to propose so that   
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reaches a minimum.   
           The zone through which the pipeline passes is accepted 
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; because it is geotechnically homogeneous. 

By using conditions of Euler – Lagrange equation 
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the optimization problem is solved and the value ( ) 2
max

2
h
Chh =ϕ  that 

minimizes F is obtained. That is why, it is shown that in a 
geotechnically homogeneous environment, the depth of the pipe 
should be proportional to P0, and it is really possible to reduce the 
errors caused by hydro mechanical processes. 

The analysis of the optimal placement depth of the pipe in a 
homogeneous environment shows that the sufficient condition for 
satisfying the possible necessary condition of the optimality of the 
above solution is true for each of the points ht1 and ht2. But for the 

)(02 hP ψ= function, this condition is satisfied only at the point ht2. 
Thus, it can be considered that the proposed solution is a condition for 
the minimum integral value of the swelling of the soil layer above the 
underground pipeline. 
           The second chapter of the thesis paper the issue of measuring 
soil corrosion in the monitoring system of main underground gas – oil 
pipelines is considered. Based on Wenner's "four-pin" method used in 
the world, the concentration of moisture and salt ions in the formation 
of soil corrosion potential is presented as the main indicators of soil 
specific resistance. 
           Taking these into account, the calculations proposed by other 
authors2  were based on the following expression of the dependence 
of soil electrical conductivity (σ) on its water content (θ), electrical  
conductivity of dry soil (σs) and mud content (σw).  
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( ) swba σσθθσ ++= 2 ;       a, b = const              (8) 

For this purpose, the known ( )м
мspH σ152,0403,5 −=  

relationship between soil pH and electrical conductivity at a depth of 
0.45 m was taken into account and a methodology for determining the 
main parameters for corrosion protection of the pipeline was proposed: 
           1. Calculation of electrical conductivity (8) by giving different 
values (σ) of soil volume to water composition (θ). 
           2. By taking into account (8) dependency expression, 

( )[ ]swbapH σσθθ ++⋅−= 2310152,0403,5  
the calculation of value of formula. 
           3. As a result of corrosion, by taking into account the 
dependence of weight loss of metal (W) from duration of action (t) and 
also from pH, the expression is calculated as follows(A = const; d1, d2, 
a, b = const). 

[ ][ ]( )[ ] tbaddAW sw ⋅++⋅−+−= σσθθ )(10152,0403,5 23
21       (9) 

            4. By taking into account sw σσθ ,,  indicators, if the function 
of ( )tθθ =  exists then calculation of the extremum of a function.  
__________ 
2 Grandjean G. From geophysical parameters to soil characteristics / G.Grandjean, 
I.Cousin, M.Seger [et. al.] // Report № BRGM/FP&-DIGISOIL-D2.1. p. 52. 

 

     ( )( )[ ]dtttbaddAWF
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      5. The determination of expression (8) as 

[ ] tkkAW ⋅++= θθ 5
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where the parameters A0 = A · K1; K4 = K2 · σw; K5 = K3 · σw; K1, 
K2, K3 are quantities determined by linear combinations of d1, d2 and 
σs.  
          Thus, it is shown that tmax - tmin, which characterizes the 
average value of corrosion losses over time 

( )( ) ( )∫ ∫
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takes a minimum value within the condition mentioned above, so 
corrosion losses are minimized when there is a feedback between the 
volume composition of the soil and the time period. Here λ is lagrange 
multipilier. 
           In addition to second chapter The impact of specific soil 
resistance on corrosion in the pipeline area has been considered. First 
and foremost, the main factors ensuring the normal operation of the 
pipeline were investigated, and it was shown that the specific 
resistance depends on the amount, chemical composition, porosity, 
permeability, temperature and type of water in the soil. A new 
integrated indicator has been proposed, taking into account the 
increase in the specific corrosion resistance of the soil as the main 
factor, and the conditions for achieving the extremum have been 
determined. For this purpose, a known relationship3 

2383,0ln014,0 +−= ρZ  between the degree of corrosion (Z) and the 
specific resistance (ρ) of the soil was used and taking into account the 

multifactorial dependence of ρ  constC
R

CdRR ==∫ ;)(
max

0

ρ  the 

condition was accepted. Where R is  
is a geometric coordinate taken at any azimuth angle. Thus, an integral 
indicator of corrosion is proposed as  
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and the problem of unconditional optimization presented as follows. 

            [ ]∫ ∫ 










−++−=

R R
CdRRdRRRZ

max max

0 0
1 )(2383,0)(ln014,0 ρλρ      (11) 

 (11) shows that the maximum of the objective function is achieved  
by the 2

max/2)( RCRR =ρ  solution, so this dependence is not allowed to 
be compensated for the normal operation of the pipeline. 
           This chapter also examines the main factors that shape the 
corrosion potential of the soil (pH, sulfate and chloride content, 
temperature, porosity, specific electrical resistance, geometric grain 
size, etc.) and determines the optimal relationship of soil specific 
resistance to temperature. As the acidity of the soil increases, the 
possibility of corrosion increases, the corrosiveness of the soil is 
determined by its specific resistance, and as the specific resistance of 
the soil increases, its corrosiveness potential weakens, it was 
considered not so appropriate to measure the specific resistance of the 
soil along the route along the length of the pipelines. With this, it was 
taken into account that such interventions lead to the formation of 
macro-corrosion cores on the metal pipe walls, on the other hand, the 
specific resistance of the soil has a complex dependence on 
temperature, on the one hand, as the temperature increases, the 
mobility of the salt ions in the soil increases, and on the other hand, 
the conductivity of the soil increases. as the temperature increases, 
3 Lim K.S. The relationship between soil resistivity and corrosion growth in tropical 
region / K.S. Lim, Y. Nordin, R.O.Siti [et. al.] // 13 july 2013, Vol.   
 the water in the pores of the soil, which plays the role of an electrolyte, 
evaporates, so the resistance of the soil increases as the main factor. 
Decreased soil permeability as a result of water evaporation in the first 
approach 

                       ( ) ( )[ ]2731250 −−= TkCt σσ                        (12) 
linear model was used. Here σt is reduced value of conductivity due to 
evaporation; σ(250C) is the value of this indicator at a temperature of 
250C; k is the coefficient of proportionality. Similarly known4  
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The multi-criteria objective of the optimization problem using the 
exponential model is a functional was compiled as follows. 
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298
11exp 21 −−+






















 −−= Tk

TR
AF αα            (14) 

where α1+α2=1; A is conduction activation energy; R is universal gas 
constant; T is the value of the temperature represented in kelvin. The 

transcendental equation 
A
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298
11exp

α
α  has been 

obtained within the condition dF / dT = 0 and the maximum condition 
of the extremum has been received as A / T <2 by calculating d2F / 
dT2.  
           Thus, it is shown that when the condition under consideration 
is met, the target F receives the maximum value of the function, so, 
depending on the temperature, the corrosion reaches the highest level. 
           The second chapter also examines the possibility of 
opportunities of predicting soil corrosion by space setups, the 
possibility of determining the degree of soil corrosion in the study area 
by knowing the average daily radiation at the surface and the upper 
limit of the atmosphere, the average monthly solar radiation, the 
average monthly hours of daylight hours. 
 
4 Liera F. J. Temperature dependence of the electrical resistivity of water-saturated 
rocks / F. J.Liera, M.Sato, K.Nakatsuka [et. al.]  // Geophysics. 1990. - Vol.54. - p. 
576-585. 

        area by knowing the average daily radiation at the surface and the 
upper limit of the atmosphere, the average monthly solar radiation, the 
average monthly hours of daylight hours.  

  At the end of the chapter, the optimal semivariogram method 
for the research of soil corrosion in high relief zones is explained. First 
of all, the Gaussian model of the semivariogram used to assess the 
spatial distribution of the specific resistance of the soil has been 
investigated, which has showed that the height of the area and the 
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variability of the specific resistance of the soils at altitude have not 
been taken into account. With this in mind, a semivariogram model 
has been proposed and the optimal variant synthesized, allowing to 
make appropriate calculations. The Gaussian model of the 
semivariogram is presented as follows: 
 
 

             (15) 
 
 
 

Where C0 = const; ℓ is a distance between points; a is the 
maximum value of that distance; C is is an indicator that characterizes 
the change of γ(ℓ) with the change of the distance between the points. 
In addition, the experimental results of the change in the specific 
resistance of the soil depending on the altitude relative to sea level 
have been used, and in the first approximation  

ρ = ρ0 + kh;   k = const                      (16) 
 

linear dependence is taken as a basis. Taking into account the 
expressions of (15) and (16), a modified version of the Gaussian model 
of the semivariogram is proposed:  

 
           The proposed model allows you to build a semivariogram both 
in the plains when h = 0, and in the elevation zones when h ≠ 0. The 
synthesized optimal integral model is presented as a mathematical 
polynomial. 
           The third chapter is devoted to the development of methods 
for measuring the degree of soil contamination electrical conductivity 
and pipeline diagnostics in the area of underground gas- 
-oil pipelines and their loading terminals.  
           First of all, typical examples of the difference between 
degraded lands and lands where are changed the parameters of 
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condition by oil products as a result of natural factors have been 
shown, the characteristics of non-productive areas covering BP's 
Sangachal terminal and Baku-Ceyhan oil pipeline have been 
investigated. With this in mind, a new spectral index has been 
proposed to differentiate lands degraded by natural-climatic 
conditions from lands degraded by anthropogenic factors and the 
process of urbanization. Firstly, the shortcomings of the known ND 
Ball index (non-productivity index) have been investigated, using 
experimental measurement data to eliminate different results for the 
same soil types  

 
  
 

index has been proposed. Here DN(i) – i = 5,6,7 is the spectral 
measurement data in the corresponding spectral channels. The benefits 
of the proposed index over the ND Ball index are shown on the basis 
of measurement data.  
           Furthermore, in the third chapter, a graph-analytical method for 
estimating the volume of measurements carried out for the research of 
soil pollution in the transport zones of hydrocarbons has been 
developed. The given method is based on the known dependence of 
the degree which has an impact on the amount of oil spilled on the soil 
(x) on the NDVI (Normalized Differential Vegetation Index) index5: 

.3465,0105,0 5 +⋅−= −xNDVI                       (17) 
 

_________________ 
5 Fan X., Liu Y. A global study of  NDVI difference among moderate resolution 
satellite sensors / ISPRS Journal of Photogrammety. – 2016.- 121. - p.177-19 
          Then, a well-known expression of the regression dependence 
between the time elapsed from the moment of oil spill to the moment 
of measurement (t) and NDVI has been used: 

.2073,00003,0 += tNDVI                        (18) 
          Implementation of the method of determining the initial area of 

spilled oil-covered land 
( )5
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5
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23782,0
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based on the known expression of the dependence of the area of the 
spilled oil-covered area (Aax) on the volume of spilled oil (Q, m3), 
initial soil penetration (ki, m3) and relative oil penetration (kr, m3) 
algorithm has been developed (Fig.1). 

 
          The set of operations of the given algorithm is as follows: 
          1. On the basis of remote sensing or proximal sounding data, the 
current value of NDVI for the research area is determined. 
          2. Based on the known regression dependence, the time interval 
from the moment of oil spill to the moment of measurements is 
determined. 
          3. The relevant regression line is extrapolated to the left until it 
intersects the vertical axis, and NDVI is calculated at that point. 
           
         4. The initial volume of oil spilled (Q) is calculated based on the 
known regression relationship between the volume of spilled oil and 
NDVI. 

 5. The condition of the oil which is spilled to soil is determined 
on the basis of known meteorological data on precipitation. 
          6. The Aax quantity is determined on the basis of formula (19) 
taking into account the calculation results of row 4 and 5. 

Fig 1. The set of operation 
of the algorithm in order to 
determine the initial area of 
land covered with spilled 
oil 
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          Based on the mentioned above, model calculations have been 
performed to determine the oil-covered area, which ki = 1, by accepted 
NDVI = 0.33, and extrapolated NDVI = 0.19 has been obtained. Taking 
into account the given value of ki = 1,2 · 10-14 m2, Q = 416 m3. Based 
on the expression (19), Aax = 2 · 103 = 2000 m2 has been obtained. In 
that case the number of measurements which are required for the 
calculation of NDVI on 100 m2 of land has been obtained N0 = 2 · 
2000/100 = 40.  

          In addition, in that chapter, a new method was proposed, 
based on a new gas leak seal and allowing the pipe to identify leaks. 
In order to eliminate the impact of all kinds of accidental risks, it is 
assumed that most pipes are placed under the ground at a certain depth, 
but in this case, the main gas pipelines are not fully protected from any 
risk of deformation and rupture that may occur as a result of natural 
seismic effects. It was shown that as a result of mechanical effects, 
rupture of pipelines occurs, which leads to the outflow of gas under 
great pressure, filling the pores of the soil cover of the ravine. Such 
events cause a partial pressure drop in the pipeline, and the pipeline 
begins to operate in emergency mode. The proposed method is based 
on a negative correlation between methane and oxygen concentrations 
at the leak site and is used to calculate the   
                                ( )[ ]0exp1

2
xBACO ⋅−−=                            (20) 

of the oxygen concentration (
2OC ) within the soil boundaries which is 

based on the given expression. In the given expression A is the 
maximum concentration of oxygen at a height h0 at the edge of the 
leak, B is an indicator of the exponential curve; x0 is the distance 
between the leakage point and the horizontal projection of the 
measuring point of O2. 
          Then, by using of the known regression relationship 

42 CHO CkEC ⋅−=                                (21) 
between concentrations of oxygen and methane, concentrations of 

methane has been determined  ( )[ ]
k

BxAECCH
0exp1

4

−−−
=  as the 

mentioned formula. In the given expression (21), k is correlation 
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coefficient (k ≠ 0). In the absence of a correlation between CH4 and 
O2, the quantity E is the oxygen concentration. 
          Thereby, in order to optimize the detection of leakage, it has 
been considered that methane would be measured at a distance of x1 
from the projection of the point O, and oxygen at a distance of x0. The 
proposed approach covered three main stages. 
          1. The geometric mean (Z) of 

2OC  and 
4CHC  is calculated as 

follows:  
 ( ) ( ) 2

4

1

2

αα
CHO CCZ ⋅= ;     121 =+αα . 

          2. The connection function between x1 and x0 is included. 
          3. F0 = F1 + λ (F2 - C) The problem of optimization of variation 
is solved. 
          In the mentioned third stage, F0 is the target functional leak 
signature, F1 is the the main purpose of functional optimization, F2 is 
constraint condition, λ is lagrange multiplier, C is constant. It is shown 
that the value at which the objective function reaches the extremum is 
taken as a sign of leakage. 
 ( )[ ][ ] ( )( )[ ] ( )[ ]∫∫ −−
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          At the end of the third chapter, the results of experimental-
model researches of measuring the specific resistance of the soil at 3 
depths are given (Table 1). Taking into account dependence on the 
sign of proximity of the measurements to the pipeline and direction, 
the row of rods was placed in steps of 0.8 m, parallel and perpendicular 
to the pipeline, at a distance of 100 m from the pipeline (Table 2). 
 

Table 1.  Calculated values of specific resistance of soil depending 
on the depth of measurement 

 
 

№  Placement of 
rods 

Depth of 
measurement, 

m 

The result of 
measurement,  

R, Om 

Calculated 
values, ρ, Om·m 

1 North – South 1,0 0,65 2,64 
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1,5 0,70 2,80 
2,0 0,74 2,96 

2 East – West  1,0 0,45 1,80 
1,5 0,64 2,56 
2,0 0,78 3,12 

 
 
 
Table 2.  Results of measuring the specific resistance of the soil at a 

distance of 100 m from the pipeline 
 

Direction towards 
the pipeline a,  m R, Om ρ, Om·sm 

Perpendicular 0,8 4,5 2100 
Paralel 0,8 1,5 710  

 
          Thus, the received values and measurement results showed that 
the specific resistance of the soil in the pipeline zone is 
inhomogeneous. Also, based on the inverse relationship between 
methane and oxygen concentrations, the given method allowed to 
determine the location of methane leakage. 
          The fourth chapter of the thesis paper deals with the design of 
pipelines in the zone of natural-destructive processes and mechanical 
impacts. First of all, based on the experience of different countries, the 
main factors affecting the condition of the pipeline have been studied, 
such as pipe diameter, wall thickness, circular tension, etc. In addition,  

( ) vtw
t
DR σ⋅⋅+














−= 0029,017,1                          (22) 

proposed by other authors6 to calculate the resistance of the pipeline 
to perforation dependence is taken as a basis. In the given formula, t is 
the thickness of the wall of pipeline; D is the outer diameter of the 
pipe; ℓ is the length of the tooth of the excavator which strikes the pipe; 
w is the width of the same tooth; σy is tensile strength. 
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          At the same time to calculate the strength limit that prevents the 
spread of cracks in the pipe wall 

3
1

3
1

2510836,2 tDC nv ⋅⋅⋅⋅= − σ                           (23)  
The Batelle7 formula has been used. In the mentioned expression, Cv 
is the Sharpe ratio of durability against impact; σn is circular tension; 
D is the diameter of the pipe; t is the thickness of the wall of pipe.  
Since the reliability of the pipe decreases as the CV increases, for 
instance, in pipes with high tension and diameter, the probability of  
crack propagation is high. That is why a multi-criteria method for 
determining the wall thickness of the pipe has been proposed.  
In this case, in order to calculate the optimal value of the of thickness 
of pipe wall, the objective function is presented as a scalar coating of 
the criteria k1(t) and k2(t) defined as follows: 

)()()( 22110 tKtKtK ⋅+⋅= ββ ;     β1 + β2 = 1.          (24) 
          where β1 and β2 are weights. 
                   where constD =0 ; 17,12 =a ; Da 0029,03 = ; 

( )wa n += σ4  

  
______________________ 
6 Greenwood R. Pipeline integrity data: management and application // AGA 
Operations Conference. - Dallas, Texas. April 29-May 1. - 2001. 
 
7 Chatain P. An experimental evalution of punctures and dents in transmission 
pipelines // PRC/EPRG Ninth Joint Biennial Technical Meeting on Linepipe 
Research. – Houston. – Texas. - May. 1993. 
          Taking into account the considered values (24), the objective 
function is presented as follows: 

Based on the (22) and (23) expressions, the values of 3
1

11 )( tatK ⋅= ; 

3
1

25
1 10836,2 Da n ⋅⋅⋅= − σ  have been determined. 

ta
t

aaDtK ⋅⋅−−= 4
3

102 )()( .                          (25) 
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         Based on the method of derivation analysis, it has been shown 
that the )(0 tK  function reached a maximum at the value of  

( )

3

241

11

13 







⋅⋅−

⋅
=

aa
t

β
αβ , thus, a method of optimal pipe design has been  

proposed, taking into account the possible mechanical effects. 
 
Furthermore, in the same chapter, the issues of taking into account 
additional impacts in the design of the underground pipeline network 
in seismically hazardous areas have been considered. In this regard, 
the determination of the limit value of compression and tension stops 
in pipe production areas has been investigated. According to these 
researches, when the tensile stress limit εℓ = 2% is assumed, the 
compressive stress (εc) has been designated as the following formulas.         

          0025,05,0 −







′
=

D
t

cε ;  
( )

D
DD

DD
min31 −

⋅−
=′            (27) 

where D is the outer diameter of the pipe; Dmin is the minimum 
diameter; t is the thickness of the wall of pipe. 
         Thus, it was required to find such a )(tfD =  functional 
dependence that at all possible values of t, the integral value of cε  
reaches the extremum. Fo this purpose, the regular set of { }itT = ,  ti 

= ti-1 + +Δt; Δt = const, ni ,1= ; t0 = 0  and  { }jDD = , Dj = Dj-1+ΔD;            

ΔD = const, ni ,1= , D0 = 0 are considered. A constraint condition  
is applied to the discrete function Dj = f (ti). The F1 constraint is 

presented as a conditionally continuous ∫ ==
max

0
1 )(

t

CdttfF . 

         Taking into account the (27) expression, the objective function 
of optimization has been designed as  
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The optimization problem was solved according to the conditions of 
the Euler-Lagrange equation, and when the condition min3D  > D is 
true, it is shown that the objective function F1 has a minimum value, 
so the compression stress cε  reaches a minimum, and the relationship 
between the oval diameter and outer diameter of the pipe is 
determined. 
         Furthermore, in the fourth chhapter, the methodology for laying 
underground pipelines in landslide-prone areas has been described. 
First of all, the damage functions of underground pipelines, taking into 
account the SGS (strong shaking) and GF (cutting and bevelling) 
indicators recommended for use in the United States, have been 
considered: 

319,0
21 223,11;00241,0 PGVkRPGVkR GFSGS ⋅⋅=⋅⋅=     (28) 

         Where RSGS is frequency of recovery from damage due to 
concussion; RGF is is the frequency of recovery from injuries due to 
rupture. The proposed calculations were performed in the following 
sequence, taking into account that the calculations of other scientists 
were defined as ( ) i

i
GFSGS lRRN

ii
⋅+=∑ 8,02,01  which is the expected 

number of leakage and rupture events for sections of the same length 
of pipeline.  
         First of all, the entire length of the pipeline (L) is divided into 
unequal parts 0;,1;; 01 ===∆∆+= − lniconstllll ii , as a result a 
regular set { }ilL =  is formed. Due to the danger of slipping of the parts 
of the pipeline is not homogeneous, ( );ilfPGV =

( )iSGS lfkR ⋅⋅= 00241,01  the functions are designed and taking into 
account the value of ( ) 319,0

2 223,11 iGF lfkR ⋅⋅= ,  

(( ) )( ) ii
i

i llfklfkN 319,0
211 223,118,000241,02,0 ⋅⋅⋅+⋅⋅= ∑    (29) 

 is determined as mentioned above.  
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         In addition, by accepting the constraint condition 

( )∫ ==
max

0

;
l

constCCdllf , objective function  

(( ) ( ) ) ( )
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has been designed and ( ) 1

32

1
3 −

⋅⋅
−

= a

laa
alf λ

has been found in order 

to solve the optimization problem. Thereby, given the value of a3 = 
0.319 and λ = const, the permanent displacement of the soil is directly 
proportional with the quantity l. By calculating the derivative, it is 
shown that the solution of (31) provides the maximum value of the 
function (30). Thus, a methodology has been developed that allows to 
determine the expected number of leaks and cracks by dividing the 
entire length of the pipeline into uneven and non-homogeneous 
sections due to the risk of landslides. Then, taking into account the 
cost of repairing a leak and an rupture events, a methodology for 
calculating the cost of restoration work has been proposed.  
         At the end of the fourth chapter, the issues of protection of main 
pipelines from landslides caused by seismic events have been 
considered. Firstly, the results of the research on the protection of the 
Sangachal terminal have been investigated and 3 factors were 
considered according to the Rapolla method on the risk of landslides: 
geotechnical indicator of the soil – (VS); the steepness of the slope; 
seismic indicator (PGAS). According to this method, the final index of 
landslide (SI) caused by an earthquake has been presented at the 
following expression. 

                                             c
ba SSSSI ⋅

+
=

2
                                (32)        

where Sa is the lithology factor; Sb is the slope coefficient; Sc has a 
relationship 6,004,0 −⋅= βcS  between the seismicity and the vertical 
gradation (β) of the coefficient slope. Given that the Sc value is 
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determined by the maximum intensity, that is why, SI has been 
calculated as  

[ ][ ]65432
1 lg aaPGAaaa

V
aSI s

s

−+⋅







+−= β              (33) 

In the expression which is mentioned above, the values of a are given 
like this a1=0,2045/2; a2=0,1363/2; a3=0,04/2; a4=0,6667/0,36; 

;408,05 =a .8333,06 =a  As a result, a logarithmic relationship was 
obtained between the landslide index and the peak value of soil 
acceleration (33). 
         Thus, taking into account that the peak value of soil acceleration 
gradually decreases as it moves away from the epicenter, a 
methodology for determining the integrated indicator of landslide 
along the route of the pipeline has been developed. For this purpose, 
the regulated set of slope steepness in the direction of seismic wave 
propagation is considered:  

{ };iB β=   ni ,1= ;   ;1 βββ ∆+=+ ii  const=∆β . 
         Taking into account the increase or decrease in the quantity β as 
the pipeline moves away from the epicenter, optimal ( )βfPGAs =  
has been searched. Thereby, there is an optimization function that 
characterizes the integrated value of landslide exposure in a 
continuous form has been designated with the help of the following 
formula. 

( )[ ][ ] βββ
β

daaPGAaaa
V
aSI s

s
65432

1

0
int lg

max

−+⋅







+−= ∫     (34) 

Assuming that there is a linear relationship between β  and PGA, and 

the optimization function within the ( ) ;
max

0

Cdf =∫ ββ
β

 constC =

constraint condition is presented as follows: 
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          A solution that maximizes the functionality (35) found as  

( ) ( )
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         It is shown that the objective function (35) receives the 
maximum value within the solution of expression (36). Thus, a 
methodology for effective protection of the pipeline from landslides 
on the slopes was developed, and a model presentation of the issue 
was given. (36) was recommended which is based on the solution that 
the pipeline should be positioned relative to the projected seismic 
epicenter so that small acceleration peaks were recorded on high-slope 
slopes and high accelerations were recorded on low-slope slopes. All 
of them will serve to simplify measurement procedures in the planning 
of underground pipeline routes and improve relevant systems. 
 
 

KEY CONCLUSIONS  
 

          1. Optimal time periods for monitoring the corrosion condition 
of underground main pipelines and oil penetration into the soil via 
information-measurement systems have been identified, and methods 
for improving geo-ecological measurements have been proposed.  
          2. Based on the lidar-thermal measurement data, the optimal 
relationship between the carrier's flight altidute and the initial ground 
voltage has been determined to reduce the error of the pipeline 
positioning method. 
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          3. Analytical expressions of the relationships between the main 
soil parameters have been obtained to minimize the corrosion losses 
of the pipeline, an integrated model of the semivariogram has been 
proposed, which allows to measure the specific resistance of the soil. 
          4. The problem of selecting the optimal route to provide the slick 
operation of the pipe has been solved by determining the specific 
resistance of the soil on the route and the integrated corrosion index. 
          5. The new index, presented as a fractional combination of 
Landsat ETM + satellite measurements, has made it possible to 
differentiate between oil-covered soil types, that is why, an algorithm 
has been developed to detect leaks. 
          6. A graph-analytical method for determining the volume of 
spectrometric measurements required for monitoring oil-contaminated 
land plots was proposed, and on the basis of measurement results and 
model calculations, the inhomogeneity of the soil in the pipeline zone 
was shown. 
          7. Taking into account the inverse relationship between methane 
and oxygen concentrations, the method which is based on new 
signature has been developed to detect leaks from an underground gas 
pipeline. 
          8. A model solution for the design of pipelines resistant to 
natural and anthropogenic factors, such as landslides, slope steepness 
and possible mechanical effects, and the efficient selection of the 
laying route is presented. 
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