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GENERAL DESCRIPTION OF THE WORK
Relevance of the subject. Irreversibly integrating into the modern world
economy, the independent Republic of Azerbaijan has achieved rapid and
sustainable economic development, owning huge oil and gas pipelines in
the Caucasus transport corridor and playing the role of an economic bridge
between Asia and Europe. Today, the main task facing our country's oil
refineries is to consolidate the successes achieved in recent years,
continuously export high-quality oil and petroleum products (OPP) to
world markets, and fully meet domestic demand.
Oil and gas extraction platforms, primary oil refineries, oil tanks, main
pipelines, terminals and other facilities built by the concern jointly
established with the world's largest oil companies for the exploitation of
hydrocarbon resources, discovery, extraction, processing of crude oil
reserves and export to the world market are not integrated into a single
information network, consisting of huge and complex technological
schemes. At the same time, there are a number of serious shortcomings in
oil production and refining, along with the acquisition of new products,
increasing productivity and economic efficiency. Oil production,
transportation and storage facilities (tanks) operate separately as
independent economic units. A unified automated information-
measurement and control system (complex) that combines these facilities,
covering all technological processes and other operations, is still not
available. Modern control-measuring and management tools applied in the
mentioned areas are not able to fully meet the requirements of the day.
These facilities can not be considered effective because of their complexity,
inaccuracy, ineffectiveness, low level of automation, lack of automatic
control over th e hermeticity of technological lines and many other serious
reasons.
Due to all these reasons inaccurate oil records take place at oil industry
facilities and leads to large-scale production losses, economic damage,
ecological and environmental pollution.
Since these issues are the main topic of the dissertation, their simple and
effective solutions were studied, the use of modern technology and the
introduction of integrated automation in the processes of production,
processing, storage and transportation of oil and petroleum products, which
are our national treasure, were chosen as the main direction.
Thus, the development of such a complex, covering the facilities of the oil
industry, having a high accuracy of measurements and an effective control
algorithm, being able to keep commercial accounting (metering) at all
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unites, as well as constantly maintaining the overall balance of the quantity
of the product is relevant issue.

In the direction of complex automation of oil, gas and chemical industries,
renowned workers of science of Azerbaijan, academicians A.A.
Abdullayev, L.A. Ibrahimov, T.M. Aliyev, T.A. Aliyev and other
outstanding scientists have endowed our country with a large number of
original theoretical and practical methods, automated devices, instruments,
control and measuring systems and, most importantly, a force of
professionals. It is an indisputable fact that Azerbaijani specialists have
made a great contribution to the integrated automation of oil and gas
facilities in the former Soviet Union.

As can be seen, the development of such PTC for oil and gas industry
facilities, its the real application, the introduction of automated control
from a unified center, high-precision metering and balance of production
and consumption will result in reducing losses, maintaining ecological
balance, increasing profitability and economic performance. All these
determine the novelty of the issues raised in the dissertation, new solution
methods, processes that differ in accuracy and efficiency from existing
methods and tools determine the relevance of the topic.

The main areas of research of the dissertation are covered in the following
provisions:

1. Development of new methods and means of preparation and primary
separation of oil mixture extracted from oil fields.

2. Development of high-precision measuring systems for oil metering
units.

3. Development of commercial metering system for the flow consumption
and composition of liquid fuel in the main pipelines.

4. Development of commercial metering (the record) system of oil in oil
storage tanks and terminals.

5. Operational control over the movement dynamics and quantity of the
product in oil storage tanks.

6. Study of metrological performance of primary measurement systems.

7. Development of software and hardware complex with the corporate
network.

8. Implementation of study results, etc.

Objective of the work. The objective of the work is to develop testable
information and measurement systems with high measurement accuracy for
oil industry facilities (oil production, primary treatment, separation from
mixtures, storage, transportation by pipeline) and centralized software and
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hardware complex and information support, ensuring their integration into
a single information space.

Study method: The conducted research work is based on theoretical
research, laboratory experiments and real tests on the background of
fundamental and traditional experimental approaches. Elements of
measurement theory, modeling, planning of experiments, probability
theory, mathematical statistics, information technology and systems, and
elements of other relevant fundamental theoretical and practical laws were
used.

Scientific Innovations. The main scientific innovations of the research are:
1. Analytical expressions were obtained to determine the quantitative and
qualitative indicators of the oil emulsion [16].

2. The existing metering unit of oil well debit was modernized, and a
tested metering system based on the measurement of hydrostatic pressure
difference was developed to improve the measurement accuracy and
efficiency [2, 19, 21].

3. The oil separation device (separator) was modernized, the reference
measurement system and algorithm were developed to ensure high
measurement accuracy [19, 21].

4. To improve the efficiency of the initial oil separation process, an
automated measuring system and an algorithm were proposed that ensured
the mixing of chemical reagents with high measurement accuracy in the
inlet collector of the separator [28].

5. A mathematical model linking the integral characteristics of oil flow
rate with local parameters was obtained and monotonous nonlinear
dependence of functional composition of emulsion in separator device was
established [22, 26].

6. An automated calibration system based on piezometric measurement for
oil tanks of various geometric sizes and a method for designing individual
calibration tables were developed [18, 20].

7. A new structured, multiparameter commercial accounting system and
information support for commercial product accounting in oil tanks were
developed [22, 27].

8. Long-term fuel turnover in the oil reservoir was modeled in the form of
a stochastic process, selective characteristics were determined, information
provision was developed [5-8, 10, 17].

9. Hybrid test algorithms were developed for measurement systems,
schemes were built for their implementation, algorithms for correction of
measurement errors were developed and studied [14, 15, 39, 40].
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10.Algorithms for correction of measurement errors were developed and
studied [12, 13, 16, 27, 28, 30, 32, 33, 37, 38].

The practical significance of the work. The results of the dissertation are
of theoretical and practical significance. The developed measurement
methods, devices and algorithms can be applied for metering of commercial
oil with high measurement precision, implementation of balance,
prevention of losses and evasion of metering.

The main provisions of the defense are as follows:

1. Study of oil metering units, the development of methods and means of
determining the quantitative and qualitative indicators of oil.

2. Development of high-precision methods and tools for determining the
composition of oil in the primary processing facilities, evaluation of
quantitative and qualitative parameters.

3. Study of the flow process, development of a tested measurement system
and algorithm for high-precision determination of liquid fuel parameters.

4. Study of existing methods and means of commercial metering of
products in oil tanks, development of a new structured tested information
and measuring system, and information provision.

5. Development of automated calibration method and system for oil tanks
of various geometric sizes and shapes.

6. Mathematical modeling of the process of long-term circulation of liquid
fuel in oil tanks and determination of sampling characteristics.

7. Study of metrological characteristics of primary measuring instruments,
development of a hybrid test algorithm for high-precision identification of
nonlinear transformation functions.

8. Development and implementation of a hybrid algorithm for testing prim

ary measurement systems with a nonlinear transformation function and eva

luation of error components.

Implementation of the results of the research . Research results were
discussed at numerous International Scientific Conferences and
symposiums, published in prestigious journals, received patents, tested at
oil and gas industry facilities and in the "Laboratory for the establishment
of means of control and measurement of the oil and gas products
transportation process" of the Institute of Management Systems, significant
results obtained during the scientific and research works carried out at
ANAS according to the plan of the State Budget were included in the
reports of ANAS.

Approbation of work: The main provisions of the dissertation released for
defence were widely discussed at the following scientific symposia and
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conferences: 2MPInternational Advanced Technologies Symposium
(Istanbul, 1999), Second International Symposium on Mathematical &
Computational Applications (Baku, 1999), Modern Problems of
Informatization, Cybernetics and Information Technologies (Baku, 2003),
4% MEPP-2003 (Baku, 2003), Modern Problems of Informatization,
Cybernetics of Information Technologies (Baku, 2004), 5% International
Scientific and Technical Conference on Microelectronic Transducers and
Devices based on them (Baku, 2005), Third International Conference on
Technical and Physical Problems in Power Engineering (2006, Ankara),
7th International Scientific and Technical Conference "SIEE-2006"
(Odessa, 2006), The International Conference on Problem of Cybernetics
and Informatics (Baku, 2006, 2008, 2010, 2012), The 2™ International
Conference on Control and Optimization with Industrial Applications
(Baku, 2009), International Scientific and Technical Conference on Modern
Problems of Oil and Gas Complex of Kazakhstan" (Aktau, 2011), XVI
International Conference on Information Technologies and Mathematical
Modeling (Kazan, 2017), I International Scientific and Technical
Conference on Problems of obtaining, processing and transmission of
measurement information (Ufa, 2017), 62 International Conference on
Control and Optimization with Industrial Applications (Baku, 2018),
International Scientific and Technical Conference on Measurement and
Quality: Problems and Perspectives (Baku, 2018), 1% International
Scientifis-Practical Conference on Modern Information, Measurement and
Control Systems: Problems and Perspectives (Baku, 2019), 7 International
Conference on Control and Optimization with Industrial Applications
(Baku, 2020).

Publications: More than 80 scientific papers were published on the subject
of the dissertation: 12 articles meeting the requirements of the Supreme
Attestation Commission were published in authoritative foreign journals,
28 articles in journals of the Republic of Azerbaijan, 4 patents (1 Eurasian
patent), 45 conference materials and 3 scientific monographs (decisions of
Scientific Council of ANAS) accordingly.

Structure and scope of the dissertation: The dissertation summed up in
300 pages of text consisting of Introduction, six Chapters, main
Conclusion, list of References and Appendixes, 32 Figures and 5 Tables.



A BRIEF OVERVIEW OF THE RESEARCH

The Introduction substantiates the relevance of the subject, presents the
leading scientific institutions working in this area, defines the goals and
research issues, shows the main scientific innovations, theoretical and
practical significance of the work, the application of the proposed methods,
models and devices, approbation, structure and scope of work.

In the First Chapter, the research involves facilities of the oil and gas
industry, analyzes the scientific and theoretical aspects of this field, the
existing methods and means of operation, technologies, and the levels of
automation [17, 35]. The research involves modern technological schemes
in oil production, collection of the extracted oil mixture, purification from
layer water, natural gas and mechanical mixtures, primary oil treatment,
physical and chemical properties of commercial oil [1-40].

The flow parameters of the oil were studied, the methods of measurement
and means used to determine the amount of flow were analyzed, their
technological level and level of automation, and shortcomings were
evaluated. Since flow is a dynamic process, the measurement means and
methods used in such an environment cannot provide high-accuracy. It was
revealed that the structure of oil metering units (OMU) is complicated, the
level of automation is very low, calibration of the primary measuring
instruments is carried out manually in operating conditions, etc. For all
these reasons it is not possible to control the quantity of production with
high accuracy, production efficiency and economic indicators are greatly
reduced. Thus, it was decided to set OMU at the level of modern SMART
transmitters and intelligent information - measuring systems (IMS) [31,
35].

To effectively address these issues, the research involved the following
questions:

- collection of production from the fields, primary preparation,
processing methods and level of automation of technological equipment;

- improving the efficiency of primary oil refining, physical and chemical
properties of crude oil, oil separation process, operating facilities and their
activities, detection of shortcomings;

- integrated automation of oil production facilities, application of
modern technologies, ensuring high precision measurement at metering
units, integration of methods and means based on new principles for
optimal management.

This section also deals with issues of oil production, oil collection, control
over quantity and composition, bringing oil to marketable level,
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transportation through pipelines, and delivery to warehouses, high
measurement and operational metering during storage processes. As a
result of the research, it was concluded that all these processes and stages
are fully automated, the original measurement methods and tools,
intelligent information-measuring systems providing high measurement
accuracy are developed in a new structure and adapted to real operating
conditions.

In the concept presented at the end, the classification model defines a
combination of oil production, oil pipelines, oil storage facilities, terminals,
etc. in a single corporate network, and bringing them to the level of
software and hardware complex (SHC).

In the Second Chapter, new methods and means were developed to
determine quantitative and qualitative indicators of produced oil, and the
amount of substances in the mixture separately. To improve the efficiency
of separation of oil from mixtures, the existing technologies have been
modernized, in the inlet manifold of the separator, a tested IMS was
developed that controls the doses of chemical reagents to be mixed with the
LM, the quantity of composition of the filled LM, and the separation
process with high accuracy.

In order to fully separate commercial oil (CO) from the liquid mixture
(LM) produced from oil wells, the composition of the LM must be
determined in advance [25, 36]. Metering of production LM is required to
conduct for each well separately. In this case, the oil flow (flow rate) of the
wells is determined and recorded. The permissible error of the metering
device is + 2.5% for the weight of crude oil and,' as it seems, the accuracy
limit is low.

Group Metering Equipment (GME) is used in oil production, and in this
case, several directions are selected. The total amount and composition of
the incoming LM are determined. These data stipulate the regulation of the
process at the next stage of separation of LM.

For the measurement process to be effective, It splits into two different
flow lines, large and small, turning to a swirl in the LM flow entering from
the directions. After measuring in the small flow line, the low output oil is
transferred to the oil preparation unit (OPU) and mixed into a large flow
manifold by adjusting the LM parameters at the outlet.

Determination of quantitative and qualitative indicators of liquid fuel:

! Khanov N.I, Fathutdinov A. Sh. et al. Measurements of quantity and quality of oil during collection,
transportation, processing and commercial metering. -SPb.: Publishing house of SPbUEF, 2000, p 270.
(page 99).
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The integral of the product of the time taken to measure and measured
value of the instantaneous flow rate through the operating range of the
flowmeter installed in the flow pipe determines the amount of LM:

V= [ qat, (1)
here, g; - instantaneous product flow rate in i-th measuring period, m*/hour,
T;:- is time elapsed since the beginning of the reporting period, hour.

The meter readings are set as follows:

0; = 3600 -

e @)

here, N; - number of impulses of flow meter in the duration of measuring
period tg; k;- is conversion coefficient in the duration of converting period

ts; (impulse/m’).
The amount of liquid flowing through the flowmeter is determined by
coefficients reflecting the ratio of temperatures under normal conditions:
V=V ki ky, 3)
here, V; - volume value at temperature 7, k¢, k- coefficients of dependence
on temperature and pressure, respectively:
ke =1—B(ty, — 20), “)
here, B - coefficient of thermal expansion of the product, "C”; t,, -
temperature of the product passing through the flow transducer.
kp=1+f pm, (5)
here, f - product compression ratio, MPa', p,, -excess pressure of the
product in the flow transducer, MPa.
In some cases, especially at the oil metering unit, the commercial gas
contains free gas, and a correction factor is included to account for the
volume of this gas in the product volume.
Vo=Ve- ki ky - ksq, 6)
here, kg, -coefficient, taken into account as the amount of free gas, and is

determined as follows

Vs
ksq =1- r.%a (7

here Vg, -volume of free gas in the product at operating conditions (pressure
and temperature), %.
Normally, the volume and density of the product are measured at the
measuring units under different conditions, so the density meter is installed
in the Quality Control Block (QCB). Consequently, the results of volume
and density measurements should be brought to the same state.
Thus, the mass of the product in the QCB will be determined by the
following formula:
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m ="V, pgnp * Kt - kp : ksq: (8)
here, V; -volume measured according to the current temperature and
pressure of the product in the flow transducer, m3; pxyp -product density
at a given temperature and pressure in the Quality Control Block, kq/m3;
k, ky -correction factors for temperature and pressure are determined as
follows:

ke =1- ﬂ(t(,‘ - tKNB)J )

and

kp =1+ F(P; - pKNB)v (10)
here t., p, and tyxyp, Pknp -the corresponding values of temperature and
pressure in the flow transducer and in the QCB, respectively.

If considering the mass of residual substances in the oil, the net mass of the
product is as follows:

My =M = Mgy, (11)
here, m,, -net product weight under normal conditions; m -specified weight
of product; mg,.;, -excess mass in the product.

According to the technical specification, the excess mass in the product
includes water, salt, sulfur, mechanical mixtures and other substances.
Along with these parameters, the average value of product quality
indicators for any reporting period is determined:
n P

Port. = %' (12)
here V; -volumes measured in the i-th time interval, P; -parameter values in
the i — intervals, n -number of measuring intervals.
The new structure of the OMU is as follows:

Asan sarfins nazarat

v
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indikatoru (FVI)

Prob goturme
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Figure 1. Oil Metering Unit (OMU)
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In this scheme, in addition to volume, density, pressure, temperature,
quality indicators are also determined when determining the amount of
product in real time, and the viscosity of the fluid passing through the meter
is also taken into account. Therefore, the new OMU takes into account and
compensates for factors that affect measurement accuracy under operating
conditions.
For reporting purposes, the OMU takes the average of the daily temperature
and pressure measurements:

t=Xit, /nandp =YL p, /n, (13)
here, t;, p; -measured values of temperature and pressure in the
corresponding i-th interval; n-number of measurements.
Based on the measurement results, the mass of the produced fluid is
determined according to the following algorithm and the value of the liquid
volume measured in the OMU is corrected taking into account the free gas
contained in it:

Vn =V kg, (14)
here, V -fluid volume measured at the metering unit under operating
conditions, m’; ksq -correction factor, which takes into account the effect
of free gas on the liquid volume.

v
ksq =1- T.‘Z)a (15)

here, Vg, -volume of free gas in LM, %

If the oil is counted for a single volume and free gas dissolved in it, the net

weight of the fluid is usually determined by the following formula.
Ve=V-(U—22) ke k- kg - k. (16)
here, Q -volume of water contained in the fluid, %; k¢, k,, -coefficients
taking into account the effect of temperature and pressure on the oil
volume; kpgq, kévq -coefficients taking into account the effects of soluble and
free gases in the oil volume.
ke =1 — B - (txore — 20), (17)
here, By -volume expansion coefficient of the 0il,°C™1; t;;,,-temperature of
the fluid on the measuring line.
kp =1+ Diine (18)
here, f -the oil compression ratio, Pa”;pjine -pressure in the measuring
line,Pa.
kg =1—"Vhg, (19)
here, V4 -1m3 the volume of gas in the oil, m’.

12



The volume of gas remaining in the 1m3 oil is determined by the following
formula [19]:
_1,205~10_3~thm~pnq 100
" 0.274402:py, "100-¢’

(20)

or
_ 1,205~1o—3~vhqm~pnq

hq = 0,274+0,2:pp

e2y)

here, Vigm, Vign -volume of gas dissolved in a single volume of fluid and
normalized volume of anhydrous oil at the final stage of separation; Pn, -1

the relative error of the gas, which is the ratio of the gas density to the
density of air under normal conditions.

Thus, the coefficient, which takes into account the influence of free gas in
oil, is determined by the following formula:

ki, =1—"Vs - (1 —Q/100) / 100, (22)
here, O-amount of water in the fluid, volume in percentage.

The liquid volume and net oil weight adjustment requirement is determined
by the conditions under which the fluid dissolves and the free gas separates
or the fluid is pumped. If the oil is pumped to the separator and OMU from
an open reservoir close to atmospheric pressure, and where OMU is at the
pump outlet, then the volume correction is not performed, i.e., coefficients
knq and kg in formulas (14) and (15) are excluded.

When pumping the fluid from the separator, if the OMU is located at the
outlet of the pump and the pressure in the OMU is always higher than the
separation pressure, correction for free gas is not carried out, that is, ké‘{] =
1 is accepted. If the presence of free gas in the fluid is determined and its
quantity is measured, a correction is made for free gas. In this case the net
weight of the oil is determined as follows.

Mxc = Vy - pn — (Mp + Mpygq), (23)
here, py -density of anhydrous oil at 20°°C, t/m’; Mp -weight of salt in
anhydrous oil, My, - is the mass of the mechanical mixture in anhydrous
oil.

Mp =Vy-C-1076, 24)
here, C -is the relative mass of salt in anhydrous oil,mq/ dm3;
Muyq =Vy - py - MQ/100, (25)

here, MQ -is the relative weight of the mechanical mixture in the
dehydrated oil, in % by mass.

If the relative weight (C) of the salt is given as a percentage from the
weight of the oil, it can be considered as a correction factor.
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kp =1-C/100. (26)
The correction factor is considered in the same way in the weight of the
mechanical mixture.
kyo =1—MQ/100. 27
If it is not required to determine the oil volume, its weight according to the
expression (16) will be determined by the following formula.
My =ke - ky kpg-kdy-kp-kyg-V-py-(1—Q/100). (28)
The above expressions can be used as a basic model for determining the
amount of dissolved or free substance particles in an oil emulsion. Thus,
the obtained expressions express the multicomponent composition of the
oil emulsion, and the coefficients express the concentration.
Development of methods and devices for oil production control.
Measuring the flow rate of oil wells is a complex issue, and the devices
currently in use do not provide high measurement precision and flexibility
[23]. In this process, it is difficult to control the oil parameters because of
the high stability of the oil emulsion (OE) content, time excess between the
time needed for the required sedimentation level and measurements, the
efficiency of the process and the technical and economic indicators of oil
production are significantly reduced. To effectively solve the problem and
effectively manage the technological process, it is necessary to separately
determine the amount of oil and layer water in the OE. For this purpose, the
well flow meter was designed according to a new principle (Fig. 2), a tested
measuring system (TMS) based on a high-precision measurement of the
hydrostatic pressure difference between LM and the reference fluid was
developed [19].
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Figure 2. Measuring diagram of the Separator

The following analytical expressions were obtained to determine the
amount of commercial oil and water in the LM [19, 21].
The amount of LM accumulated in container 20 will be equal to the sum of
the weights of oil and water in it:

Q=0,+0s (29)
here, Q,, and Qg —is the amount of oil and water in the LM.
It is known that the flow measurement in the Separator (S) is determined by

the following expressions:
24V

Qn = T(l - OC)Pn 9, (30)
Qs = aps g; (31)

here, ¥V —the total volume of LM in S is determined as follows: V =V, +
Vo, Vi =mrf - hy; Vo = m(ry, — 11)? * hy, T —time period of LM filling to
the S, @ —coefficient indicating the amount of water in LM, p,, and p; —oil
and water densities, respectively, g — is acceleration of free fall.
In expressions (29) - (31) the density of water and oil in LM will be
determined by the binary system as follows:
Puo = aps + (1 —a)py, (32)

If adding to the S a vertical tube filled with a special antifreeze liquid
according to the law of communicating vessels (Fig. 2), the following
expression can be written:

pmo = aps + (L —a)pn +pa — Pa, (33)

15



here, p, —is antifreeze density.
The following expression can be written for the LM volume in both
separator capacities:
_ Vi V,
Pug =Pn 5+ Ps (34)
According to the law of communicating vessels the following expression
can be written:

Pnh1 = ps hy, (35)
From (35) the oil density is determined as follows:
ha
Pn = h_lps . (36)

When the LM level in the S is equal to the antifreeze level in the vertical
pipe (hy), the differential pressure transmitter (DPT) measures the
difference in steady pressure (4p) and the following expression is obtained:

4Ap = (Pa — Pmq ) gha2 (37
From (37) the following expression for py, is obtained:
4p
Pmq = Pa — any (38)

When the appropriate conversions of the above expressions are performed,
the following formula is obtained to determine the amount of water
contained in the LM set in the S:
pa—pn -
a n
a=——9"2 (39)
. . . . pS _pn . .

The principle of operation and algorithm of the TMS are outlined in the
dissertation.
As can be seen from formula (39), the main control parameters are the
measured pressure differences and liquid densities. Thus, from the above
formulas obtained the following general expression for the flow rate of

wells:

24V Pa —Pn _;Tp;
Qn=— 1_W Pn 9, (40)

Automated Emulsifier System:

To speed up the oil separation process and make it more efficient, special
chemical reagents is needed to be mixed into the fluid flow at a defined
distance in inlet manifold of the S. The amount (dose) of mixed reagents is
determined according to the LM flow rate in the inlet manifold. For this
purpose, an Automated Emulsifier System (AES) was developed to provide
high-precision measurement of flow rate and reagent dosage [28].

The flow resistance coefficient is used as an integral indicator
characterizing the flow process:
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2dAp
= - (41)
here, d —inlet pipe diameter; Ap —pressure drop between measuring points
in the inlet pipe; [ —the distance between the points selected to measure the
pressure difference in the inlet pipe; pyo — LM density in the inlet pipe;
O —the velocity of the LM flowing in the inlet pipe.
The LM flow rate in the inlet pipe is determined as follows:

— Qume
9= (42)

here, Quq —is LM flow rate in the inlet pipe; S —cross-sectional area of the
pipe

The amount of LM in the flow in the result of joint operation of
transmitters is determined by the following formula [10, 25]:

b
Ap.p 48-—pl
Q. =1, (1 - &) < PR+ —S—+ Ap0>, (43)

Hi

here, p, —coefficient determining the range of the meter; p, —the dynamic
viscosity of the flowmeter under the flow condition Q, = O;u; —dynamic
viscosity during flow control; pyo —LM density; 4 —dynamic viscosity in
the control flow; Ap —coefficient of resistance of the circulating fluid
flowing from the rotating working body of the flowmeter; S, —the
operating cross-sectional area determined in relation to the cross-sectional
area of the pipe of the a and b chambers of the device; | —the distance
between the points of the hydraulic line assumed to measure the pressure
difference; Ap, —pressure loss at the sensitivity limit of the device.

Putting together formulas (41) - (42), the following analytical expression
for determining the amount of LM passing through the cross section of the
inlet pipe per day is obtained:

b
ps+(1— 92.\ 4-8~E~,u~l
Qa =p, (1 — &) {[(1 ps+(1-a)py] D + + Apo} (44)

i 2 s2
The structural diagram of the Automated Emulsifier System is as follows.

The dissertation presents an algorithm of operation, block diagram and
software of the AES.
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Figure 3. Automated Emulsifier System

The Third Chapter deals with the principle and algorithms of
development of testing measuring devices for high-precision measurement
of oil parameters in the flow [4, 9, 14, 16]. In this case, Fisher for high
flows and Brooks and other brands' flowmeter devices for weak flows were
studied to determine the amount of oil.
As the flow is a dynamic process, existing flow meters cannot measure the
amount of oil with fiscal accuracy. For this purpose, the measurement of
flow rate, density, pressure and temperature under real operating conditions
was studied. TMS performed with hybrid testing based on smart
transmitters and measurement algorithms were developed to ensure high
precision measurement [25, 30].
Since the examined research facilities have complex natural conditions, the
MP of the primary measuring instruments used in these facilities
deteriorates sharply. At the same time, the measurement parameters are
constantly subject to drastic changes. Therefore, these conditions put severe
circumstances on the developed IMS.
The amount of fluid in the flow is determined directly or indirectly. In this
case, the determination of the amount of oil on the basis of the
requirements of the relevant state standard is becoming more serious and
legalized at the level of fiscal metering. By volume-weight method, the
amount (mass) of the product is determined by the following formula?:
m=V-p-(1+ ,B(St)(l + y6p), (45)
here, m -product weight, kg;V -product volume, m3; p -product density,

2 GOST R 8.903-2015. State system for ensuring the unity of measurements. Mass of oil and
petroleum products. Measurement techniques (methods). Moscow, Standardinform, 2015, p. 36

18



kq3 . . 10
Eq ; B -the volume-expansion coefficient of the product,— S; &; =

(tp - tV) -temperature change when measuring density and volume,
1/°S;y -the degree of compression of the product from the pressure; 6, =
(pv — ) - is pressure difference in measuring volume and density.

The error of the measurement method is determined by the following
formula:

A
14+B46;

2
Am = +1,1 JAVZ +4p2+(p +100) +4M2, (46)

here, AM - is relative calculation error.
In the tested measurement process, the errors of temperature and pressure
difference (46, 46,) are also reduced repeatedly, as the accuracy of the
measurement is loaded several times. At the same time, due to the very
small expansion and compression coefficients of the oil volume, the close
proximity of the density meter and the flow meter, &, and &, errors are
very small. Thus, from formula (46) the following general expression is
obtained:

Am = +1,1,/4V? + Ap?, 47
As can be seen from the expressions, the accuracy of determining the
amount of liquid fuel in the flow depends on the accuracy of measurement
in the conditions of the meter, density, pressure and temperature transmitter
and throughout the measurement range.
Flow rate measurement diagram. The metering system is installed on a
low-flow pipeline parallel to the oil pipeline (OP) and is called an oil
metering unit (OMU), and it combines flow rate, density, pressure,
temperature, viscosity, etc. transmitters, as well as enforcement
mechanisms
Tested measurement method of oil consumption in the flow:
The amount of oil in the flow is measured in meters with different
principles of impact [9]. As already mentioned, the complexity of the
measuring medium, flow dynamics, mixed fluid composition, unstable
temperature, and other reasons increase the measurement error of the
meters. The dissertation developed hybrid test algorithms to reduce and
correct errors and improve measurement accuracy.
Adequate models were generated as a result of tests conducted using test
algorithms. In this case, the transmitters CF were studied in the form of
quadratic and cubic equations, and the following expression was obtained
for the dependence of the measurement error on the fluid flow [9]:
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S=a,+a,0+a,0" +a,0’ (48)
here, ag,aj aza;s - are the coefficients of CF.
In measurements using test algorithms, CF coefficients are replaced by
reference tests, in which case the error of the meter is reduced to Ap, the
meansquare deviation does not exceed 0.15%.
In this case, the number of measurement cycles is four, and the following
system equation is obtained:

2 3

o) =a, + a0+ a0 +a;0;
2 3

0, = a, + a0, + 05 + a0, (49)
2 3

03 =a, +a05 +a,05 + a;0;

8, = a, + a0, +a,0; + a;0;
here, Q;,...,0Q+ -value of relevant consumption; o, ..., -value of relevant
errors.
To determine the empirical form of the mathematical model in (49), the
following model is proposed under the conditions a <0, b <0 and as a result
of the analysis of experimental data:

5:g+bQ+c (50)

Model (50) is considered to be more universal for different types of meters,
and to determine the coefficients of the mathematical model the following
system of equations is obtained and solved:

0 = é +b0, +c
) (51)
0, = Q—z +b0, +¢

0y = Q% +b0;5+c¢
here, 05, 0,03 -the relative error of the meters; Q;, O, Qs -are value of flow
rate measured accordingly.
The values of the model parameters will be calculated using the following
formulas:

51_52 _52_53 Q1Q2Q3

a=[ ]
Q1 _Qz Qz _Qs Ql _Q3
0, -0 9,—0 1

b: 1 2 - 2 3 X 52
|:Q2_Q1 Q Qs_Qz Q:| Q3_Q1 ( )
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6,0-6,-0, _52Q2_53Q3

o 01-0 -0
o
0+0, 0;+0,

Thus, more economic mathematical models are chosen to determine the
tare of the meter, the number of BTE is reduced to 3 and a nonlinear
approximation is performed.
Tested method for measuring oil density in the flow:
Due to the lack of reliable automatic density metering (DM) devices with
high precision in real flow conditions, the density of the product in the oil
facilities is still determined under laboratory conditions.
The first automated DM with vibration-frequency principle was designed at
"Neftgazavtomat" SPA (Scientific Production Association) in Azerbaijan,
is mass-produced and used at oil facilities of the former USSR. The
informative parameters of this device, named AWII-2M, are based on
measuring the period of the output signal. In the dissertation , the AUII-2M
was upgraded, and a Tested Density Meter (TDM) with hybrid tests was
developed to improve its MP. In this case, the system also modulates the
frequency of the output signals, it also identifies conversion characteristics
(CC) and evaluates error components (EC).
The operation of the TSM is based on the dependence of the frequency of
specific vibrations of mechanical resonators on the density of the fluid
flowing from the sensitive element of the transmitter. With this type of
sensor, a metal pipe, which acts as a sensitive element in the density
measurement, is connected to the fluid flow, while another pipe is filled
with a reference fluid. Both pipes are equipped with a resonator [9].
The nonlinearity of CC of the TMS is described by the following formula:
f=f(+b x+b,x*+b,x*+..) (53)
here: f-transmitter output frequency; f, ,b;,bs,b; - parameters and coef-

ficients of CF of transmitter; x -measured value, here LM is density ( p ).

If the parameters included in the CF when measuring oil density in the flow
with TMS, then the following equation analogous to function (55) can be
written:

f=a,+ap+a,p’ +ap’ (54)
here: a, =f0; a =fob1; a, =f0bz; as :fob3'
CC of TMS is taken as a square trinomial, in which case the number n =3

of measurement cycles and the optimal set of tests will be as follows.
21



In formula (54) measurement quantity p are determined in the form of
additive test (p_+ p,, ), multiplicative (2 p_) and combined tests (2 p +p, )
according to optimal density values. Then the Basic Test Equations (BTE)
of the TMS will be in the form of the following system of equations:
fo=by+b,p, +b,p?
S =by+b,(p, + p)+ by (P + po)
f2=by+b2p, +b,2p,)’
Ji=by+b,2p, + P )+ b, (2P, + p.,)
Solving this system of equations, the following CF is obtained:

PIRCATALI ST I (56)
L)) T
here, 1, 7., f, and , -are the measurement values of the TMS output

(55)

quantity in the relative measurement cycles.

The approximation error of the CF of TMS was investigated, and the
following BTEs were obtained taking into account the measurement errors
(55) in the system of equations significant for each measurement cycle:

f() +AO = blx +b2spx +b3.€p.f

.fl+Al=bls+b2s(px+pet,)+b3:(px+pel,“)2 (57)
fZ +A2 :bls +b2s2px +b3s(2px)2

f}? + A3 = bls +b2x (zpt + per. )+b3x (sz + pet. )2
here, A,..,A,—are the values of the errors of the measurement cycle

brought to the output of the TMS.
If a system of equations (57) is solved, the following expression for TMS is
obtained:

Pt Pu, :(fo_fs)“'(Ao_As), (58)

PP (h=fD)+(A+Ay)
Since (58) considers measurement cycle errors, the difference between the
static error and these expressions will produce the TMS error:

Ar =[p+pu JA =Ay) +[p, = po (A5 = Ay). (59)

Since expression (59) is a function determining the final error of TMS, the
following mathematical model of the whole EC is obtained by substituting
the values of additive and multiplicative tests and A ,...,A, errors:

Ar=p,, [(A1 -A))- (As -4, )]+ Py [(Al -Ay)+ (A3 ) )1 (60)
For the absolute error brought to the TMS input, the following expression
is obtained:
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Ag[;n :fr_l[fr (x)+AT]_x: A1TT (61)
Jr (x),
here, f,.(x)= (7, =¥y P, = L) + (12 = 2P, + Pur):
By differentiating the expression (61) by X, the following value is obtained
for 77 (x):
£ (0)=[o =35) = =32} (62)
If replace (59) and (62) in (61), the following expression is obtained:
A = per.[(Al -4, )_ (Az —A )]+ P [(Al “A)+ (As — Ao)]. (63)
“ 2P, (bysyy +bsgy (P, + Pr)
If the real CF of the initial MS is partially nonlinearly approximated in the
form of third-degree polynomials, then this is implemented by the
corresponding algorithm in the CF identification, and the error Ao

brought to the output of the system is as follows:
A = A :(A0+A2+A3+A5—2A1—A4)px+ (A, —Ag+A,-A) (64)
) 2pa{2b, 436,030, 420,10 26, {26, +3b,[3p, +2p,, ]}
here,

A, = (Ao +A; )(sz = P )+ (Az +A, )(sz + P )_ 4p, (AI +A, ) (65)

As seen, errors A, of measurement cycle are the result of a large number of
random factors

Ay, Ky, A

laws are defined as the sum of the distributions of random values A _. To

and errors A, are random values, and the distribution

T> Tgir.

fully describe them, it is necessary to determine M, -mathematical
expectation and D, -dispersion.
Thus, the study of MP of the TMS shows that the following components
have the greatest influence on the measurement error of such systems:

—the components of the error caused by the use of constant components
of additive and multiplicative tests;

— Uncorrelated TMS static error components;

— The component of the dynamic error of TMS ;

— Error component caused by the inadequacy of the accepted
mathematical model of the real CF of TMS.
The developed test algorithms were tested on the laboratory stand on the
AIP-2M sample and the adequacy of the results was confirmed.
The tested method of measuring the pressure of oil in the flow.
It is known that the accuracy of measuring the amount of oil in the flow
also depends on the accuracy of measuring the pressure drop it creates in
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the pipeline. For this purpose, differential pressure transmitters (DPT)
Sapphire-22DD were used, more than 50 samples were tested on the
laboratory stand [1, 10]. It appeared that the dependence of DPT on the
temperature of the CC does not correspond to any law and there was a large
temperature error. TMS was developed to correct the error.
CC of the DPT was taken in the following square trinomial:

i=by+bp, +b2pf, (66)
here, i-DPT output signal; b, b and p,- CC coefficients of DPT; p - is

measurement value, pressure.
Thus, in the process of tested measurement, the following BTE was

compiled using one reference additive test ( p,, ), multiplicative (2p ) and
combined tests (2p_+p, ):
iy =b, +bp. +b,p’
i =by +(p, + P by +b, (P, + P, (67)
iy=b, +b2p, +b,(2p.)’,
Iy =by+Q2p,+p, b +b,2p, +p,)],
here,iy, i, 1, ,i; - values for the output signals according to the
corresponding DPT measurement cycles; b,, b;, b, -the coefficioents of CC;

p,-measurement quantity, pressure; p, - is the reference pressure
connected to the differential input of DPT.
Thus, substituting the values of real measurement results in the system
equation (67) and solving the system of equations with respect to p_, the
following result is obtained:
N.+N.-N.-N.
— ] /3 b o _pﬂ' (68)
Ni‘ _Ni; + Ni{ - Nfg

pX

This mathematical model is implemented according to the following
functional scheme, thus the CC of the transmitter is identified with high
precision, and the current measurement operations are performed with high
accuracy.

Pt Po >
s +
2p. - EK DTV L] ARC |==| FK
- |
> x|
P T Po PK
L

Figure 6. Functional diagram of the TMS.
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here, EC-Electronic Commutator; DPT-Differential Pressure Transmitter;
ADC- Analog-to-digital Converter; SC - Software Controller; PC-is
Personal Computer.

The statistical evaluation reveals that as a result of the tested measurement
algorithm (68) based on the accepted mathematical model (66), the value of
uncorrelated components of static errors is s, . ~0,02% and this figure

is very small compared to the DPT data sheet - the permissible error of
measurement is 0.25%.

The dissertation presents a block diagram and software of the TMS
measurement algorithm.

Tested temperature measurement system in the flow

Constant control and accurate measurement of the liquid fuel (LF)
temperature in the flow is required. Since the temperature varies over a
wide range in actual measuring conditions, temperature-dependent errors
need to be corrected when determining the product quantity. Due to the fact
that the measurement process is carried out under harsh climate conditions,
platinum heat gauges (PHG) with a large measuring range and reliability
were used [9]. The TMS and algorithm were developed to continuously
identify the CC of PHG, specify the mathematical model, and ensure
stability.

The CC of PHG reflects the functional dependence between the thermal
resistance R, and the temperature of the measured medium:

R, =R, (1+at+bt?), (69)
here, R, -Resistance of PHG brought to 0°S, a and b -are the relevant CC

coefficients under normal PHG conditions.
The formula (69) can be written as the following quadratic polynomial:

R =b,+bt+b,t, (70)
here, b, =R,; b, =R,a; b, =Rb - are the relevant coefficients of the

polynomial.
The BTEs generated from simple temperature measurement tests will take
the form of the following system equation:

R, =b,+bt, +byt;

R, =by+(t, +1,)[b +b,(t, +1,)] (71)
R, =by+b2t, +b,(21,),

R, = by+(2t, +1t,)[b, +b,(2t, +1,)],

25



here, R ,R, ,R_,R, - values of relevant output parameters by heat gauge

measurement cycle, 7 -temperature measurement quantity, 7, - 1is

et.
reference value thermal resistance.
For the output signal values obtained from the actual measurements of the

tested heat gauge, the measurement value is () determined from (71) and

the following expression for the conversion function is obtained:
(R -R. )+ (R -R. )

b = (R+R)(R+R)

The tested measurement operation is based on BTE (71) and CF (72). The
block diagram and software of the TMS algorithm are provided in the
dissertation.

The Chapter Four deals with the development of tested commercial
metering system (CMS) for oil storage tanks (reservoirs). Here, basically,
two methods of measurement (volume-weight and piezometric) were
studied, and their effectiveness was justified.

New structures based on test algorithms are developed.

The first tested CMS was based on an acoustic radar level meter (Fig. 7).

1 i * 3 |» 4 | » 5 | b

(72)

Figure 7. Acoustic level meter system

here, 1-acoustic transducer, 2-generator, 3-amplifier, 4-timer,
S-transducer, 6-program controller, 7-temperature regulator.

An ultrasonic vibration source and receiver, as well as a special piezo
element as an acoustic radar device were used in the system. Signals from
generators 2 are generated in the form of ultrasonic pulses, which excite the
piezoelectric element of the acoustic transducer 1 and are connected to the
timer circuit 4. The ultrasonic pulses sent and reflected from the liquid
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surface reach the piezo element after a certain time ¢, and as a result the
distance from the liquid surface to the piezo element is determined. The
parameters are defined according to the difference (Ar) between the
incident and returned radar beams:

b1t

Ar = Rl - RZ = O,SC y (73)
tlltZ

here, Ar-the measured depth of the wave generated at the liquid surface,
R4,R, -the distances of the incident and returning waves, respectively, t;,t,
- period of the incident and returning waves, respectively, ¢ - is radar wave
velocity.

In the dissertation, this method is used to evaluate free waving -
measurement error on the surface of the oil in the tanks.

This dissertation presents level measurement system by continuous
frequency-modulated emission (FME) method and flowchart for
measurement algorithm.

Piezometric system for measuring the density of liquid fuel.

It is known that the density of liquid fuel in the tank is piezometrically
determined by the following expression:

_ 4p
_g~AH’ (74)

here, Ap -the difference between the hydrostatic pressure generated by the
liquid columns between two points of the tank, AH = h,; — h, -the distance
between the two points of the tank, g - is acceleration of free fall.

The density of the product is determined in laboratory conditions when
applying the system of commercial fuel metering in tanks on the basis of
the volume-weight method. This operation is considered inefficient because
it is performed manually. Therefore, for the purpose of full automation in
the case of dissertation, the TMS (Fig. 8) and a measurement algorithm
based on the piezometric measurement of density LF in the tank:

>
v
h
h, : 2

\—/ P,

/f}n

Figure 8. Piezometric measurement system of fluid density
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In Figure 8, 7 measurement and control device (MCD) consists of 1 a
compressor and pneumatic unit (CPU) and 2 a differential pressure
transmitter (DPT) and is located on top of 8 the oil tank (OT). The
difference in hydrostatic pressures (Ap) created by 9 the air and impulse
tubes (AIT) at heights h; and h, of the LF is converted by the DPC into a
nominal electrical output signal and in 3 the analog-to-digital converter
(ADC) it is converted into a digital code and transmitted to 4 the program-
controller (PC), and from there to 5 the computer (C). On the basis of the
formula (74) of the results, the density p is determined by the distance
AH = hy — h, between points h; and h, of the LF and the pressure
difference Ap between these points.
Thus, the tested measurement algorithm based on the formula (74) is as
follows:
_ Per. (a—i)+ (3 — 1)

P g aH Gy — i) — (s — i)
here, i;,i5,i3 and iy - are DPC output signals from test combinations, p.;. -
is an applicable standard.
The measuring system of liquid density has a mobile design and can be
placed on the roof of any OT. In this case, the centralized exchange of
information on the warehouse is carried out via Wi-Fi.
A block diagram of the TMS algorithm is presented in the dissertation.
Automated calibration system for oil tanks.
The individual calibration chart (ICC) for each tank is used to determine
the amount of LF in the oil tanks [1]. The preparation (methodology) of
ICC is regulated by the relevant state standard. Since the calibration
procedure is mostly carried out geometrically and manually, the
measurement results are inaccurate and require a lot of effort and time.
Therefore, a method of automated calibration (grading) of OT and TMS
(Fig. 9) was developed in the dissertation work [20].

(75)

3 GOST 8.346-2000. Horizontal cylindrical steel tanks. Verification methodology. Interstate Council for

Standardization, Metrology and Certification. Minsk, 2001, p. 21.
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UK-dan EV1

Figure 9. Block diagram of the Automated Calibration System

here, ECM -electronic computing machine, PC program controller, DPT -
differential pressure transmitter, RT -reference tank, CT -calibration tank,
CM -common manifold, P -pump, EV -electronic valve, V -valve, FT -
filling pipe, VP -vertical pipe, AP -air pipe.
The system compiles the ICC based on the results by measuring (the
measurement continues until the CT is full) the difference in hydrostatic
pressures of liquids settling in both the reference (RT) and calibrated tanks
(CT) simultaneously.
The algorithm of the calibration system (CS) is as follows:
1st measurement: LF is filled from CM to RT, EV1 is closed after the RT is
fully filled, the total hydrostatic pressure (pgpr; + Pyp) created by the
settling of the LF mass in the RT and VP is measured in the "+" DPT
chamber and LF is emptied from RT to CT by opening EV2.
The difference 4Ap; = pyp- g1 1s measured by transferring the LF mass
settled in the CT to the "-" DPT chamber. After the measurement process,
the output signal of DPT is transmitted to the PC and entered into the ECM
as a digital code, and the weight of the LF is calculated according to the
following formula:

my = (4p1 — Pyp)Sor1/8, (76)
2nd measurement: Again RT is filled by LF in the previous sequence,
pressure difference is measured in the "+" chamber of the DPT, EV2 is
opened and LF empties from RT to CT, the weight of LF is calculated by
measuring the hydrostatic pressure difference of LF settled in VP and CT.

my = (Apz — Pvp)Sor2/8 (77)
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This process is repeated until the CT is full. Thus, the following expression
is obtained for the current measurement result:

m; = (4Ap; — Pyp)Sori/8 (78)
here, i - are the number of LF columns filled in the CT.
Thus, the ICC is obtained for OT of any geometric size and shape, and the
following formula is derived from this ICC for determining the cross-
sectional area of CT:

Skr(h) = %SRTUL), (79)

here, Sk (h) —average cross-sectional area of icolumn of CT at value p&r
and height h , pgr and piy — are values of the hydrostatic pressure
generated by LF in RT and CT, respectively.

The Fifth Chapter — deals with the mathematical modeling of processes of
product receiving to oil storage tanks, storage and release. The time
dependence of the amount of fluid in each OT during long-term circulation
of LF was studied as a random process and the dynamics of motion were
modeled [5-8, 10, 17].

The purpose of modeling is to control the process of sedimentation and
crystallization during long-term operation of the OT. As the amount of
sludge in the OT increases, losses occur, tank capacity decreases and the
metering process deteriorates. With time, crystallization occurs in the OT,
which leads to serious complications, makes it difficult to clean the OT and
even destroys the tank.

To eliminate this problem, it is important to control the state of
sedimentation and crystallization created by LF in each OT over time and
keep statistical records. As can be seen, the process is quite time-
consuming and complex, requiring numerous measurements and statistical
evaluations.

In the dissertation, mathematical and statistical modeling based on process
automation, precise measurements and management were performed,
resulting in mathematical equations for determining the initial
sedimentation and crystallization time. Based on accurate statistics,
crystallization can be avoided by applying special chemical reagents as a
preventive measure, and by liquefying it, it is cleaned and removed from
the tank by means of pumps.

Receiving, storing, and releasing fluid from each tank is a random
stochastic process, its minimum and maximum levels have been accepted
as upper and lower screens. The speed of filling and discharging liquid fuel
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from the oil tank over a long period of time, constant level time form the
parameters of the mathematical model.

The purpose of the modeling is to determine the sample mean and sample
correlation functions of the stochastic process, which, respectively, changes
continuously between the screens. An analytical expression of the process
and the distribution of its main boundary function were determined,
mathematical expectation and correlation function were evaluated. The
amount of fluid corresponding to a continuous stochastic process varies

between two "b" and "a" (a >b> 0) screens under positive and negative
angles ¢ and g (a , g €(0°, 90°)), respectively.

Mathematical formulation of the issue: Suppose that (q 7, p()) has the
same distribution in the probability space. However, the sequence of
independent four-dimensional positive random variables
&) (@& () (@), k=Lw, a andg, 0°<a<90°, 0°< f<90°
angles are presented. According to these numbers, the mathematical
description of the random process will be as follows:

k=1 _ k-1 k-1
=200l e X 15 @) ()<< S 1 ()4 (@)+ ¢ (o)
= i=1 i=1
X lo)- k-1 k
§ o g [§l._(a))+17i_(a))]+§;(a))<t< § [fl._(a))w]i_(a))],
=1t iaf i=1 i=1
k-1 k-1 k-1
[f‘iglﬂ;r(w)} if .Z [§;r(a))+7]l.+(a))]<t< .Z [§l.+(a))+77;r(a))]+§;(a)),
ko) ;‘7:_11 + + +l:1 koo +
é c) 2 (@)+n] (@)+& (w)<r<i§1[§,. (@)+7] (@)
- (80)
ko k-1 B ~ ko ~
=Xl e 5 @)+ (@) (0)<i< X 15 @)+ (@)
(0)- =1 i=1
kilgf(w) ) s B k-1 _ B
S S g (@) (@)l << X 1g (@) (@) (@)

i=1 i=1
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ko, k-1 k
=zl e g @ ()<< X [E (@) n] (@)
Oyl i=1 i=1
, k-1 k-l o+ + Ll S + +
Lil 15 @)+ (@) << Il (@)+n (@) +7] (o)
i=1 1 = 1=

heret >0, k>1.

The following markings are made in the mathematical expressions of the
random process:

A4~~=1{ X~ (t,w) 0 momentum of process occurrence};
49~={ X0~ (¢, ») process start-up from 0 momentumj};
qHt={x*"* (t, a)) starting the process with a rise from 0 momentumj};

40+={ x0+ (¢, ) process starts from 0 momentum}.

Then the mathematical description of the random process will be as
follows:
XEE(, ), at+q~— ifoceurs,
X i(t,a))=

0+, ,0— :
AT (4 if occurs
X0 (, o) “)

here, consider the process X, (;,0)=X"(,0)-X (o) and X (.0) as a
continuous stochastic process at positive and negative angles @ and g («,
£ €(0°,90 °)), respectively.

X, (¢,) process varies between screens b (h>0) and a (a>b), and by
denoting the processes with X, (1,w) and x(z,e), the following is received:

X, (0)=X (o)~ int [px,(s0)
0<s<t

@81

X(t0)= X, (o)~ swp (0., (0)-a)
0<s<t
here, X (t,@) will be called a continuous stochastic process between

positive and negative angles & and g (a, g €(0°, 90°)) and between two

delaying screens a and b(a >b> 0).

32



The main goal here is to model the process X (t,a)) and find its sample

mean and sample correlation functions.
If denote the sample function of the process X (t, a)) in a given interval (0, T)

as x(t), then the value of mean sample at point z, is as follows:

Zx ()
EX(t,0)~ x(t,) = 2—— (82)
here, n - is number of trajectories in the range (0, T) of the process X (t, a))

The sample correlation function of the process at points t, and 1, is

determined by the following formula:

Zn:[x,-(t,-)—}(tj)][x[(t,)_;(t,)]
K(tj’tz) ~ k(tj,t]) _ =l ’ (83)

n—1
Consider the modeling of LF circulation in OT with a semi-Markov process
[8, 10, 17].
Here we assume that in the probability plane (Q,F,P(-)), the random

variables {£,;7,;¢,},k =100 are given in a three-dimensional sequence
independent of each other and referring to these random variables, the
mathematical-statistical description of semi-Markov random "walk" process
will be expressed as follows [17].

X, (t, a)) process will be defined by the following general formula:

>y X))
X(t) = # , (84)

A visual representation of the computer modeling of the process is shown
in Figure 10 below:

(86)
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Figure 10. Results of test processes

Finally, a general integral equation for the average calculation of the
temporal distribution of the amount of LF in the OT is obtained.

In the Chapter Six, errors of tested measurement systems were studied,
uncorrelated static error, dynamic components of error, inadequacy error
and total error of mathematical model of conversion function were
analyzed, correctional test equations for error components were obtained.
The metrological performance (MP) of the IMS depends mainly on the
stability and sensitivity of the conversion functions (CF) of the primary
measuring systems included in its structure. Their high-precision
identification in the measurement process depends on the accuracy of the
selected tests and the choice of optimal values. Therefore, strict conditions
are imposed on the conversion functions of MS operating in complex
metrological conditions.

As mentioned above, the real conversion functions of MS are non-linear,
and each interval of approximation in the form of a square trinomial is
sufficient for their high-precision identification [27]:

y=b, +bx+b,x’, (85)
here, b,, b,, b, -are the coefficients of the conversion functions of MS.
The conversion functions for TMS are defined as follows [32]:

’ _ 0= k= 1)+ 01+ y, (k= x-6) | (86)
‘ x(k-1)-6
The value of the MS input quantity is determined as follows:
)t -w) 0, (87)

e (yo 7)’3)7()}1 7)’2) (kil)'
The absolute error of TMS will be as follows:
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A =[x(k=1)+01A, = A) +[x(k=1)=01(A, —A,).  (83)
Given that the relative error of TMS is determined by expression (88), then
the following formula for all error components is obtained by substituting
the corresponding values of the absolute errors generated by the additive
and multiplicative tests in each measurement cycle (MC):

Ap = 9[A1 —A; - (As - Ao)]"’ x(k - 1)' [Al —Ay+ (As Ay, )1 (89)
For the absolute error A, brought to the TMS input:
__ A (90)

is obtained. Here:
fr @)= (g =y xlk =1) =01+ (v, =yl =D +61. O
When expression (91) is differentiated by x, the following is obtained for
fi (x):
f7 ()= k=0 =3:)- 1 =)l (92)
Considering expressions (89) and (91) in (90), the following expression for
absolute error A, brought to the TMS input is obtained:

A = {‘9[(A1 -A, )’ (Az -4, )]+ x(k - 1)[Al -A+ (Az -4, )]} (93)
o (1-k)26{p, +b,[(k-1)x+ 6]} '

Thus, for the absolute error dispersion, the following expression is obtained

if the measurement cycles of the TMS are not dependent on each other:

ol = 0'50 [z-6] + GAZI [z+6] + O'zz [z + 0]2 + O'zl [z-61; 94)

here, o, - is mean square deviations of the relevant MC errors.

As a final result, the following formula is obtained for the absolute error
brought to the initial MS input:

A A
Agir-T = M2 . (95)

k-1 0
An important conclusion from expression (95) is that the components of the

total error Agr of TMS, operating on the measurement algorithm (86), do

not depend on the values of the CF coefficients of MS during the
realization of the optimal set of tests.
Errors A, and A, are usually continuous random variables that are not

correlated with each other and have a normal distribution law.
Consequently, the relative error (5@.]_) brought to the TMS input is in turn a

continuous random variable and is characterized by mathematical
expectation (M, ) and dispersion (o} ).
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The mathematical expectation is defined by the following expression:
_M[A,] M[A,] (96)

k-1 0
here, mia,] and M[A,]—are the mathematical expectations of random

variables A, and A, respectively.
The dispersion ¢} is determined by the following formula:

2 2
o2 = Oh  Oh,, (97)
S 2 2

(k-1> 6

here, o, and o, — mean square deviations of random variables A, and
M

A, respectively.

., and O-ZM, we
observe that the TMS realised with the optimal set of additive,
multiplicative, and hybrid tests has small dispersion value in terms of total
error components than analogous TMS with simple additive and
multiplicative tests. No additional time is required if the TMS conversion
characteristic is square trinomial and the basic test equations (BTE) are
solved.

Thus, comparing the calculated dispersion values g2

As an example, if we take a set of tests x ,x + 6,,x+ 6,, kx for the full
measurement period of TMS, the measurement result (MR) will have the
corresponding output values y,, ..., ¥;, and the following BTE will be

obtained:
Vo =b, +b,x+b,x’
Y, =b, +b,(x+0,)+b,(x+6,) (98)
v, =b, +b(x+6,)+b,(x+6,)
v, = by +bkx +b, (kx )
If errors caused by inaccuracies in the TMS measurement cycles are taken
into account, then the following expressions are obtained:
Ay = [bz +2b, (x +6, )] Ael )
Ay =[b, +2b,(x+6,)]-A, 99)
Ay, =[b, +2bikx]-A,, - x.
If the conversion characteristic of TMS is in the form of a polynomial of

degree n = 3, the following expression is obtained for the MS conversion
function when it is written and solved in the initial BTE expressions:
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3, = 2tk =00k =1)=6,]- yox(k 10, [x(k~1)-6]+,60,6,6, -6)  (100)
’ [x(k71)791 ][x(k71)7‘92 ](92 -6,) .

Thus, from expressions (99) and (100) for the absolute error of TMS the
following expression is obtained:
Ay = x(k=1)0,[b, + 2b,(x + 6) [x(k 1) - 6,]A, — x (k —1)0,[b, + 2b,(x + 6,)]x (101)
X [x(k - 1)_ 6, ]A92 + x[bz + 2b3kx)]9291 (62 -6 )AM'

According to expression (90), the following mathematical model for the
relative error brought to TMS input is obtained:
s [k=1)-0,]p,+20,x+0)] By [xlk-1)-4]b, +20,(x+6)] Ay, A, (102)

- (bz + stkx)(gl - 92) 91 (bz + 2b3loc)(€1 - 92) 92 k=1

For the mathematical expectation and dispersion of the relative error
s,, of the TMS, the following expressions are obtained, respectively:

M. 1=0;

o = [x(k _1)_ 0, ]2 [bz +2by(x + 6, )]2 . zAm +

[#30] (b, +2b,kx)’ (6, — 6, )’ o7 (103)

[x(k-1)-06,][p, +2b,(x+0,)] 6%, = 5%,
+ . +
(bz + 2b3]“)2 (6'1 - 02 )2 022 (k - 1)2
As can be seen from expressions (97) and (103), by using the multiplicative
test, the weights of the other components are exactly equal in value and do
not depend on the parameters of the conversion functions of MS. However,
when using additive tests, they do not match in accuracy, and the weight
ratios differ qualitatively. From these two expressions it is clear that even if
the weighting factor in the first expression is equal to one, in the second
expression the coefficients in front of these components depend on both
values of the parameters of conversion function of MS and the relation
between the values of additive and multiplicative tests.
Thus, the above proves the advantage of the measurement method, which
takes place in the implementation of both tests and their optimal set.
Analysis of uncorrelated static error of TMS.
Errors caused by the instability of parameters of MS conversion functions
can be divided into two frequency spectra: low and high frequencies:

Ab,(t)=Ab, (1) + Ab, (). (104)
In general, the error brought to TMS input can be shown in the following
two summands:
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Ay ()= B () + A (0, (105)
here, A, (t)-1s correlatedcomponents of measurement error, gg,,_(,)_are
uncorrelated components of measurement error.

Consider, uncorrelated components of measurement error (MR) derived
from the application of algorithms (86) or (100) obtained for TMS.
Considering, uncorrelated error components (EC) in test measurement
processes, the BTE describing the relationship between applied tests and
MR can be as follows:

Yo+ A ()= b, +bx + b
W+ A, () =b, +b(x+0)+b,(x +OF (106)
y, + A (t,)=b, + bxk + by (xk)’
¥;+ A, (t,)=b, + bk +0)+ b, (ke + 0.
here, A (1), A, (). A, (). A, (z,)-represents the uncorrelated EC generated

in the corresponding measurement cycles.
Given the expressions (104) and (105) in (106), the following system of
equations for uncorrelated XT of measurement cycles is obtained:

Aqk(tl):&I(t1)+&2(tl)x+z’3(t1)x2

( J=ai(t,)+ax(t,) (x+0)+as(t, ) (x + 6) (107)

(3) al( )+az( )xk+az( )(xk)2
)=

Ay (t)=ae,)+ax(e,) (e + 0)+ as(e, ) (ke + 6.

From expressions (90) and (107), the following expression for the
uncorrelated components of the absolute error brought to the MS input:

o Ay(6,) [0+ x(k = 1)]- A, (1) [x(k -1)- 0] - ) 1 (108)
T A Bl o) Ttk 1)) 20 bk 0]

For uncorrelated components of the relative error of TMS the following
expression is obtained:

{[x(k —1)=01-[A (1) - A ()] +} X (109)

)

gir-

Pl 1)+ 01-[A 0 (6)— A, ()] (1—k)x20[b, + b,(kx + x + 0)]

For uncorrelated components of the additive ( @) error of TMS realized on
the basis of algorithm (83), the following expression is obtained:
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_ 0+ x(k — i) = b)) | [k =1)=01[bi (1) ~bi(1)] (110)
“rihad. (1= k)20[b, + by(kx + x + 0)] ( —k)20[b, + by(kx + x+0)]
Given that the mathematical expectation of a random variable is zero, the
following expressions are obtained for the expectation and dispersion of the
additive EC from the expression (110):
M, =0;
gir.gr.ad. (1 1 1)

2

5 o x* 1
o = = —+
Rargead g ta, (ke x+0)F | 6, (1-k)
For the coefficient of amplification ( K ) reflecting the comparison of the

mean square deviations (MSD) of uncorrelated components of the additive
error of the single measurement in the TMS with MSD of uncorrelated
error (A, , .,) the following expression is obtained:

K b, +b,2x X, 1 ' (112)
% b +b(kx+x+0)\ 6, + (1-k)

Accordingly, for uncorrelated components of the multiplicative error of
single measurement in the TMS the following expression is obtained:

. [xtk—1)+0T l_(kx)2+(x+9)zj+ [xk—1)—0F -[x +(kx+9)]
Fow = \/ 40°x* (k1) (113)

. b, +b, - 2x
{b, + b [x(k+1)+0]}

X _\/[x(k—1)+0]2 Joo' + e+ 0)' [+ xtk—n - 0F [ + s+ 0)'] < (114)
40°x> (k1)
b, +b, -2x
b, +bylx(k + 1)+ 0]}
As can be seen, the uncorrelated components of the additive error generally
prevail, so the coefficient K depends on the values of the additive and

multiplicative tests.
Clarify, the dependence of the coefficient X’ on the values of additive and

multiplicative tests: as can be seen from expression (114), the detected
correlation relation (CR) between the measured value, additive, and
multiplicative test parameters is visually reflected by the presence of their
values in the area 4, .

As a result of the application of algorithm (87), the uncorrelated
components of the additive error of the TMS measurement result do not

39



increase, at least because of the interrelation of the same error components.
Graph 1 describes the dependence of x* (9,x) in case of x=x;.

As can be seen from the Graph, the dependence K. (0.k),a given range of

values of additive and multiplicative tests, is located behind the line
intersecting with the points 4" A" on the the single-level plane K, .

o,

A

(4 Z

Graph 1. Dependency graph K, (0,k)
Graph 2 illustrates the dependence of K’ (x) on the given values of the
additive and multiplicative tests selected from area 4, . When the X values
of areas # and k are given, the additive components of the measurement
error occurring during the execution of algorithm (90) do not increase
compared to the analogous IMS error, are limited to values x,, x), and .The

curve 3 corresponding to the 6 and k values define the all IMS
measurement range in this area.

n,.

| | |

| | |

0 | | |
X X iy X

) \

=2, 0= !
lr}'ﬂ 3 iK:F, §=2000 ;
| |

\

|

Graph 2. Dependency graph K (x)
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here, 1 — dependency K (x), in case of k=2, € =2000; 2 — dependency
K, (x), in case of k=3, ¢=1000; 3 — dependency K’ (x), in case of
k=3, 6=2000.

It should be noted that in the application of TMS, the selection of the

values of @ and k parameters from the area .4, was practically limited to

real technical possibilities. The values of @ and k were searched at the
boundary of area 4, , so the increase in the accuracy of measurements as a

result of the implementation of test algorithms was accompanied by an
increase in the correlation components of the measurement error. As a
result, the number of measurement cycles increased indefinitely,
complicating the measurement process and increasing the time required.
At present, TMS and intellectual information provision developed with the
combined use of modern transmitters, software controllers and a personal
computer can be implemented at a high level, autocorrection of
measurement errors is performed, and the adequacy of the test algorithms is
confirmed.
Quantization error in TMS.
When calculating the error of the measurement results and the values of the
error components in the TMS, the following corresponding expressions for
the quantization error were obtained:
O = Doyip = Asyip + Do) + Xk =)Ao = s + B30 = Aoyip) (115)
Har 2x0(1—k)[b, + b, (kx + x+6)) '
S0, - mathematical expectation and dispersion will be as follows:
k=D + O] [x(k =D =01 -[x(k -+ O1+[x(k=D-0] ,  _ . (116)
Aitoer (1-k)20[a,, +a,y (ke +x+6)] fro 7
o _AT 0 +x*(k—1) (117)
S 12 (1-k) @%b, + by (kx + x + O)f
-are calculated values of static error brought to the input

1

here, Ajy, s Ay

of the MS on the appropriate cycle; Az — are individual quantization
levels.
Analysis of dynamic error components of TMS

In the operation of the TMS, an additional summand is generate, which is
specific for this method in dynamic error components in the measurements
of time cycle. In the test measurement method, the tests and their
combinations are connected to the TMS input with ¥ along all
measurement cycles. Therefore, the time change of the measurement

41



quantity in a series of measurement processes consisting of an appropriate
number of unknown parameters in the measurement cycles of the
conversion function of the initial MS leads to the occurrence of the
following components of the dynamic error. Then the BTE describing the
connection between the tests given to the input of the initial MS based on
the algorithm (85) and the measurement results will be as follows:

Yo=by + blx(to)"' b, [x(to )]2

v = by + b [x(t,)+ 0]+ b, [x(t,) + OF

Yo =by+b [kx(tz )]"' b, [kx(tz )]2

Y3 =by+b [lcx(t3)+ 0]"‘ b, [/cx(t3)+ 9]23
here, x(t,), x(t,), x(t,), x(t;) -value of the quantity measured X in the relevant

(118)

measurement cycle.
If to solve the system equation (118) according to the value obtained by X

measured at time ¢, the following expression is obtained:
x(t,) = [x(tl)_x(to)](J’3_yo) _ k[x(lz)_x(to)](% =) +
U =R =) =0 r)] =Rl =)= n - 0]
9[()/3_y0)+(y2_y1)] n k[x(t3)_x([0)](Y2_J’2) (119)
=Bl =2 =0 =3 =Bl =) =05 =20
At the same time, if we take into account that the value of the MQ

calculated by the formula (118) remains unchanged in the series of
measurements, then the corresponding MR can be attributed to any time

moments ¢, ¢, f,, ;.

If the result of any measurement coincides in time ¢, the difference

between expressions (83) and (118) takes the following expression of
component A, (z,) for the final value of the dynamic error determined by

the change in the measured value of the measured quantity x.
A (1) = Clx(0) = x(t)]= Colx(ty) = x(@)]+ C[x(r) - x(@)) - (120)

here,
_ Y= Yo 2
(s =2) = =21 20 2(k-1) (121)
_ k()’z‘)’o) :E_}_ k.
Pk =DI0s—y) - (=] 200 2(k=1)
k(yz_%) _ kx+ k

D03 -] 200 206-1)
For the relative error the following expression is obtained:
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§dirz.(t0 ) =4 [x(tl)_ x(to )]_ 9, [x(tz)_ x(t, )] +4 [x(ts) - x(to)]r (122)

here, _1 1 q2:£+ k : q}:i_ k ,are weight ratios,
=20 -y’ 20 2x(k-1) 20 2x(k-1)
respectively.

Graphs 3 and 5 show dependence diagram of weight coefficients (
4> 4,» 4;) on values of additive and multiplicative tests (&,k) according

to the distribution law of the measured quantity X along the working range

ﬁ <10.
xmin
q, %
1
26
0 1
2(K-DY,
q.‘ \ g_‘
_K
2(K-1)X, Ko —_
1 1 1 /
. = .
o ~ 20 2(1-K)X, 0 K= o5
< ~_ ) X
2(K-1)X, K<l i ;’

Gaph 4. Dependencies of the weight functions ¢,(f) and g,(k)
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q,

2K-1)Y, K<1 T [

Graph 5. Dependencies of the weight functions ¢,(6) and ¢, (k)

Considering that the measured quantity Xvaries linearly in the range
x(t,)-x(t,) and s . (t,) equals to zero, then the required terms is obtained
from the expressions (120). For this purpose, by dividing the function x(z)

by a Taylor series as two limit values and considering expressions (120),
following equation is obtained for the relative error:

Sin. (to) =4, [x,(to )7] — 4, [x,(to )27] +4; [x,(to )371 (123)

Reducing this expression to zero, results in the following formula:
9, =29, +3q; =0. (124)
If we use the values of the weight coefficients ¢, g,, ¢, in expression (124)
and take into account that £ > 0,x > 0,6 > O, we obtain the required

term as follows:
0 - (kz—_l) =0. (125)
Sk—1

This expression allows to determine the existing relationship between X, k
and @&, meeting the condition o din.(t()) =0 and from the obtained
expressions it can be seen that the value &, (¢) will change depending on

the time the measurement result is taken.

Analysis of the total error of the TMS.

Given that the components of the measurement error of TMS are not
related to each other, the error of the MR can be expressed by their sum:
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A =0 +An Ay +A, +A,, (126)
here, A - absolute error of BTE of TMS; AQK - uncorrelated absolute
error; A H " absolute error of the computing device; A, - absolute error;
A, - is inadequacy error of mathematical model.

To completely describe the total error (A, ) in the expression (126), it is

necessary to know its one-dimensional distribution law, which is defined as
the accumulation of the distribution laws of the errors that make up this
sum. Describing the total error, the joint probability distribution, is almost
impossible with the definition of a law, as it leads to time-consuming and
difficult research. It is known that according to the law of distribution, at
the same time, the normalized error can be replaced by the first two
normalized moments without losing the necessary information about the its
zone.

The zone in which the specified error does not occur with a given
probability p’ is defined under the following conditions: the total error

A

not affected by "backlash" and hysteresis.
This zone is defined by the following inequality:

M |=kols | S A SM|, J+ko . (127)

here, k& - is a known function depending on p°, if the form of the

,e. has a single-mode distribution law, which is typical for TMS, and is

probability characteristic of the law of one-dimensional distribution of error
A, is known; M[A ] -mathematical expectation of the total error; O]~ is
Ye. yek. pas.

MSD of total error.
It should be noted that to estimate this zone, in addition to the coefficientk,
it is necessary to know the values M, ] andg[A‘k]. Which depends on the

reliability of the assessment (P"=0,95), the error Ac’[s, ]~ 50% and the

number of tests (100).

Thus, there is no need to determine the value of the coefficient k with great
accuracy, and this will not cause a noticeable increase in the precision of
the zone designation. At the same time, the error values generated by the

measuring devices are added to the evaluation criteria A4 [a ] and

A

Olau]-
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It follows from the above that without determining the distribution law of
these errors, on a given reliability p , and expression (126), it is possible

to find exactly the place of the error A ,, zone - sufficient for the

yek.?
experiment, only by their mathematical expectation and SD. At the first
moment of the TE, the ECs (A;,A,.,A,,,A,,A,,) are calculated within

the uncorrelation condition using the following expressions:
M[A_,,,]:MAT+MA +MAQA’ (128)

OK>—HQ>

2 2 2 2 2
O au]=0,, + Onpe T 0N, TOu,,» (129)

here, M A and 52 - is the mathematical expectation and dispersion of

04

the EC inadequacy of multi-channel TMS.

Considering the above values of mathematical expectation and dispersion
of EC in (128) and (129), at the same time, assuming that this prevails in
uncorrelated additive error, the following expressions for the mathematical
expectation A/ o ] and dispersion ¢ ’[s, ] of the total error are obtained:

M —
T

K-1 0 20 2x(k-1)
¥ (130)
ROk 21y + 0]k 1) — 0]
+ 3! +
2{1?""‘ =) + Ry ) [x(k—1)+ 0]+ R ) {[X(k -1)+6f + *k-D [x(k-1)- 9]}}
I 21 3 2
+ M/\(M S
here, V - is the rate of change of the measured value;
o [L . ;}
2 2 by 2 2
20 = Fan 2 % o 'o° -k
TGy e T, v b et x+ O (131)

AT? 6> +x*(k—1)* s
+2° +o; .
12 {(1—/()202[% +bw(/cx+x+6’)]z} fos
If considering expression (126) in (130) and (131), given the probability,
we determine the zone where the last error A, is located.
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MAIN RESULTS
1. A concept has been presented for the development of information
measurement and management complex with high metrological
characteristics, combining the objects of the oil industry.
2. The group flow rate measuring device has been modernized, improving
measurement accuracy, efficiency, technical and economic performance
through the use of a hybrid testing algorithm.
3. The composition of the oil emulsion quantitative and qualitative
indicators to determine the base model proposed, the process of separation
the efficiency has been increased.
4. The system developed to determine the flow rate according to the
filtration characteristics of the oil well layers realized the correction of the
results.
5. A tested monitoring and measuring system for automatic mixing of
chemicals in the separator inlet manifold has increased the speed and
efficiency of the oil separation process.
6. A frequency oscillation device for measuring oil density in the flow was
upgraded, and the application of the developed hybrid test algorithms
improved the accuracy of the measurement.
7. The amount of oil in the flow by mechanical meters measurement
process for tested measuring system and algorithm processed, measurement
its accuracy was improved.
8. Mathematical model of nonlinear approximation of conversion
characteristics of primary measuring systems (transmitters) was developed
and measurement error was reduced.
9. A miniature structure and a high metrological characteristics based on
complex measurement for oil tanks were developed.
10.An automated calibration system based on piezometric measurement for
oil tanks of various geometric sizes and a method for designing individual
calibration tables were developed [18, 20].
11.The processes of long-term storage and circulation of products in oil
tanks were modeled, the corresponding Integral Equations were obtained,
the non-formation and quantity of sediment was evaluated.
12.The developed measuring systems and their measurement errors were
investigated and corrective algorithms were obtained.

47



10.

The main content of the dissertation is reflected in the following
scientific publications:

. UcaeB, M.M. Metoapsl ob6pabotku m3mepenuii B UMC onpenenenus

Macchbl HeTenpoayKToB B pezepByapax / U.M. ['amkues, M.M. Hcaes; -
baxy: 9mm, -2000, -94 c.

. Isayev, M.M., Niftiyev, Y.M. Methods of identification of the

metrological characteristics // Third International Conference on
Technical and Physical Problems in Power Engineering, -Ankara: 29-31
May, -2006, p. 33-35.

. Isayev, M.M., Imamoliyev, E.B. «Sapfir» tipli tozyiq geviricilorin

metroloji  xarakteristikasmin identifikasiyasi tsulu / AMEA-nin
Xaboarlori. Fizika-riyaziyyat vo texnika elmlor seryasi, -Baki: -2006.
Cild XXVI, Ne2, s. 286-291. (AAK)

. Mamenos, I'.A., HcaeB, M.M., NmamamueB, 3.b. TpeOGoanus k

napaMeTpaM B CHCTEME HM3MEPEHHs KOJIMYeCTBa HE(PTEHPOAYKTOB B
komMMmepueckux y3iax // U3sec. BTY3 Azep0., -baky: -2007. Ne5(51), -
c. 64-69 (A4K)

. UcaeB, M.M., AmmeB, M.A., babaxanos, III.M. VYnsTpa3BykoBoOit

pacxozoMep ¢ MEKPOTIPOIIECCOPHEIM yrpasiieHueM // U3Bectus HAKA,
-baky: 2007. Tom X, Ne1-2(10), -c.112-119. (44K)

HacupoBa, T.U., HcaeB, M.M., MuxkaiinoB, M.H. Pacnpenenenus
HEYOBIBAIOIIETO  KYCOYHO-TMHEWHOTO  ciiyyaiiHoro mporecca //
M3Bectuss HAH Azep6Gaiimkana. Cepust pus.-mar. u TeX. HayK, -baky:
2007. Tom XXVII, Ne2, -c.168-171. (44K)

. HcaeB, M.M. Metponorudeckoe oOecrieyeHne CHUCTEMBbI KOHTPOJIS U

U3MEpEHHsT KOJMMYECTBA HEPTENPOJAYKTOB B KOMMEpPYECKHX y3nax //
M3Bectuss BTY3 Asepbaiimxana, -baky: 2008. Ne 1(53), -c.65-68.
(A4K)

. Isayev, M.M. Moments Estimation for Hitting Times of Continuous

Random Processes with Absorbing Boundaries // -Riga: Automatic
Control and Computer Sciences, -2008. Vol 42, Ne6, -pp. 306-310. (Web
of Science)

. Ucae, M.M. OieHuBanue MaTEeMaTUYECKOI0 OXHIAHHUSI U

KOPPETSLMOHHONW (YHKIMHU HENPEPHIBHOTO CTOXaCTHUECKOTO MpoLecca
CO CHOCaMH M 3ajeprkuBaroiumMu 3xkpanamu // Joknaast HAHA, -Baky:
2008, Tom LXIV, Ne 5, -¢.24-29. (AAK)

Ucaes, M.M. Meroapl u cpencTtBa KOMMEPYECKOTO — ydeTa
HeTEpPOayKTOB B MOoTOKE. -baky: DM, -2010. -164 c.

48



11.

12.

13.

14.

15.

16.

17

18.

19.

20.

Hcaes M.M. MonennpoBaHue CTOXacTHYECKOTO IMpoLecca cO CHOCAaMHU
U 3aj7epKuBaroIuMu 3kpanamu // Ussectuss BTY3 Azep6., -baky: 2009.
Ne 2(60), -c.47-49. (AAK)

Mawmepos, P.I'., Ucaes, M.M., Mextu3ane, 2.K. IloBeleHrue To4HOCTH
U3MEpEHUH C MOMOLIbI0 KOMOWHHPOBAHHBIX TECTOBBIX AITOPUTMOB //
Uzsectust HAH Azep0., Cepus ¢us. -mar. u tex. Hayk, baky: 2009. Tom
XXIX, Ne 6, -¢.158-165. (AAK)

HcaeB, M.M., Mextuzane, 3.K., I'yceitnoB, N.D., Bemmen, T.D.
[loBbIIeHNsT TOYHOCTH UW3MEpPEHWH Ha OCHOBE aIJUTHBHBIX H
MYJBTUIUIKATHUBHBIX TecToB // M3Bectus HAKA, -baky: 2009. Tom
XII, Ne4(12), -c.48-54. (A4K)

Isayev, M.M., Mehdizads, E.K. Qeyri-xotti cevirmo funksiyasina malik
Olgma sistemlorinin daqiqliyinin yiiksaldilmasinds optimal testlorin
secilmasi alqoritmi // M3Bectus HAH AsepOaiimxana. Cepust ¢pus.-mart.
U TeX. HayK, -baky: 2009. Tom XXIX, Ne6, -c.146-151. (A4K)

UcaeB, M.M., Mextuzane, 3.K. AnropurMmudeckas KOppeKIHUsI
HOIPEIIHOCTH B BUOPAIIMOHHO-YaCTOTHOM IIpeoOpa3oBaTesie IIOTHOCTH
HedrenponykToB // Hatunku u Cucrtemsl, -MockBa: 2010. Ne4, -
c.11-13. (PUHL]).

Mamenos, P.I., Hcaes, M.M., AraeB, ®.I., Mextuzage, 9.K.
CTpYKTYpHO-aITOPUTMHUYECKHE  METOABI  IOBBIIEHUS ~ TOYHOCTHU
u3mepenuit //  Ilpobaembr HadrorazoBoi mpomwucioBocti, HUU
HedTerazopoit npomeinuieHHocTt HAK «Hedroras Ykpaunsr», Kues:
2010. Beim. 8, -¢.229-242.

. Isayev, M.M., ©hmodov, L.N., Mehdizado, E.K. Neft-qazcixarma

obyektlorin korporativ sabakoli informasiya &lgma va idarsetmo
sistemi // Milli Aviasiya Akademiyasinin Elmi asarlori, -Baki: 2010.
Nel, -s.179-189. (44K)
Isayev, M.M., Nozorov, R.B. Ugot qovsaginda xam neftin torkibindo
olan qarisiq maddolorin toyini alqoritmi // U3ectus HAH Asep0.
Cepuss ¢u3 -mar. u tex. Hayk, -baky: 2010. Tom XXXII, Ne3, -
c.148-154. (44K)
[sayev, M.M., Nozorov, R.B., Rzayeva, N.X. Xam neftin ugot
govsaginda ¢oxsayli parametrlorin analizi // Azorbaycan neft
tosarriifat, -Baki: 2012. Ne6, -s.57-62. (A4AK)
[sayev, M.M., Nozorov, R.B., Bliyev, M.O., Badolova, N.X. Maye
stitununun yaratdigi hidrostatik tozyiqo gore neft ¢onlorinin avtomatik
doaracolonma alqoritmi // U3Bectuss HAH Azep6. Cepus ¢us.-mar. u
TexX. HayK, -baky: 2013. Tom XXXIII, Ne6, -s. 206-210. (44K)

49



21.

22.

23.

24.

25.

26.

27.

28.

29.

Hacuposa, T.U., Ucae, M.M., T'amxue, 3.A., Hazapos, P.b.
MopenupoBanne o0beMa He(TH B pe3epByape € MOJTYMAapKOBCKHUM
MPOIIECCOM TIpU TpueMe, XpaHeHuW u otmycke // Ussectus BTY3
Azep0., -baxy: 2013. Ne5(15), -c. 66-71. (A4K)

HcaeB, M.M., AoOnmymmaes, B.I'., Hazapos, P.b. YHuBepcampHas
aBTOMATH3MPOBaHHAs CHCTEMa W alrOpuTM s KaluOpOBKH
HeQTAHBIX pe3epByapoB // Jatuuku u Cuctemsl, -Mocksa: 2015. Ne7,
-c.50-55. (PHHL]).

PzaeB, AG.I'., Pacynos, C.P., Ucaes, M.M. Meronsl U yCTPOWUCTBO
u3MepeHus neboutra HedtH // ABTOMAaTH3alMs, TEICMCXaHHM3AIHS H
CBsI3b B HE(TAHOH IpoMbIuIeHHOCTH. -MockBa: 2016. Nel, -c. 20-23
(PUHL]).

Ucaes, M.M., A6nymiaes, B.I'., [u ap.]. PazpaboTka yHHBepcaIbHOM
ABTOMATHYECKON CHUCTEMBI U aJTOPUTMA JUI KATUOPOBKU HE(TSIHBIX
pesepByapoB // UsmeputenbHas TexHuka. -MockBa: 2016. Ne6, -
c.48-51. (Web of Science)

PzaeB, AO.I', HcaeB, M.M. Neftin ilkin ayrilmasi prosesinin
somoraliliyinin yiiksaldilmasi iisulu ve qurgusunun islonmoasi //
AMEA-nn Xoboarlori. Fiz.-tex. vo riyaz. elm. seriyast. -Baki: 2017.
Cild XXXVII, Ne6, -s.53-57. (A4K)

Hcaes, M.M., MamenoBa, M.b., Hazapos, P.b., baganosa, H.X.
WntennextyanpHas cucTeMa M3MEpPEHHs KoiluuecTBa HepTu C
VIy4IICHHBIMH ~ TIOKa3aTeasiMH TO4YHOCTH // Marepuansl XVI
MexnyHaponHoit koHbpepeHiuu «HpOpMaMOHHBIE TEXHOJIOTHH H
MaTeMaTHYecKoe MoenrupoBanue», -Kazan: -29 ceHts10ps -3 okTsa6ps,
-2017, -c. 300-307.

Hcaes, M.M. Unenruduxaums ¢yHxuuii mnpeodpazosanus HMHUC
UCIIOJIb30BaHUEM  TUOpUIHBIX  TecToB  //  Marepuansr |
Mexnaynaponnoii HTK «IIpoGnemsr momydenus, oOpabOTKH U
nepeaayn U3MEpUTENbHON nHbopMalun», -Yda: -21-22 ceHTa0ps, -
2017, -c. 50-55.

Hcaes, M.M. O HoOBOH pa3HOBUIHOCTH TECTOBBIX METOJOB
MOBBIIIICHUS TOYHOCTH M3MepeHuit // Matepuainsl I MexmyHapoaHOM
HTK  «lIpobnembl  momy4yenus, 0OOpabOTKM U  mepemayu
U3MEepUTENbHON nHpopMamum», -Yda: -21-22 cenraodps, -2017, -c.
56-59

Amues, T.A., P3aeB, AG.I'., I'ymues, I'.A., Hcaee M.M. [m np.].
Crioco0 u cucteMa aBTOMaTHYECKOTO PETYIHPOBaHMS YPOBHS pa3zena

50



30.

31.

32.

33.

34.

35.

36.

37.

38.

a3 Hedtn m Bomwl. EBpaswmiickmii mateHt, Ne 027715 Bl, 3asBka
Ne201600039, nata Beigauu narenra: 31.08.2017

Isayev, M.M. Development of the combined algorithm for increasing
the measurement accuracy // 6th International Conference on Control
and Optimization with Industriall Applications (COIA-2018), -Baku: -
11-13 July, -2018, -pp. 201-203. (Web of Science).

Rzayev, Ab.H., Isayev, M.M. Neftin naglindo keyfiyyato nazarot-ugot
sisteminin problemlori vo halli yollari // Beynolxalqg ETK “Ol¢mo vo
keyfiyyat: problemlar, perspektivler”, -Baki: -21-23 noyabr, -2018, -
$.466-469.

Isayev, M.M. Olgmo sistemlorinin doqiqliyinin yiiksoldilmosinin
alqoritmik test iisullari: Monografiya / M.isayev. -Baki: Elm, -2018. -
206 s.

Hcaee, M.M., Mamemoa, M.b. [u gp.] Pa3zpaborka
KOMOWHHMPOBAHHOTO ~ QITOPUTMA  JJIS  TIOBBIIICHHUS  TOYHOCTH
pesynbTaToB usMmepenuii // Beynolxalg ETK “Olgmo vo keyfiyyot:
problemlar, perspektivlar”, -Baki: -21-23 noyabr, -2018, -s.74-79.
P3aes, AG6.I'., Pacymos, C.P., UcaeB, M.M., Acamosa, P.II.
N3meputensHast cucrtemMa oTpe/IeICHHS (UITBTPAIHOHHBIX
XapakTepucTUK HedTsHOro Iacta // V3MepuTenbHas TEXHUKA. -
Mockga: -2019, Nel, -¢.34-38. (Web of Science)

Isayev, M.M. Neft sonayesi iiciin idaroetmonin SCADA-MES-ERP
saviyyalarinin inteqrasiyasini reallagdiran program-texniki kompleksin
islonmoasi konsepsiyasi // Azarbaycan neft tosorriifati, -Baki: -2019.
Ne5, -5.36-40. (A4AK)

Rzayev, Ab.H., Isayev, M.M. [vo b.]. Neftin hazirlig1 prosesi iigiin
nozarat-6lgma vo idaroetmo sisteminin iglonmasi // Azarbaycan neft
tosarriifati, -Baki: -2019. Ne§, -s.32-36. (44K)

I[sayev, M.M., Xasayeva, N.M., Mahmudbeyli, L.S. Olgmodo geyri-
miioyyanliyin kombinasiyali testlorlo todqiqi / 1% International
Scientifis-Practical Conference on Modern Information, Measurement
and Control Systems: Problems and Perspectives, -Baku: -01-02 July, -
2019, -pp.152-153.

Isayev, M.M., Mammadova, M.B., Khasayeva, N.M. Development of
the measuring tested algorithm for the density of liquid fuels / 7%
International Conference on Control and Optimization with Industrial
Applications, -Baku: -26-28 August, -2020, -pp.182-184. (Web of
Science)

51



39.

40.

[sayev, M.M. Axinda neftin sixhiginin avtomatlasdirilmis  6lgmo
sistemi vo xotanin todqiqi / M.M. Isayev, M.B. Mommodova, N.M.
Xasayeva // Azorbaycan neft tosorriifati, -Baki: -2020. Nel2, -s.39-44.
(AAK)

I[sayev, M.M. Mommodova M.B., Badolova N.X.. Diferensial 6lgmo
sistemlorinin  daqiqliyinin yiiksaldilmaesinin qarisig-test dsulu //
Informatics and Control Problems, -Baku: -2021. Vol 40, Nel, -s. 39-
44. (AAK)

52



The defense of the dissertation will be held at the meeting of the
issertation Council ED 2.41, under Azerbaijan Technical University
January 14, 2022, at 112,

Address: Az 1073, Baku city, Huseyn Javid avenue, 25.

The dissertation can be found in the library of Azerbaijan Technical
University.

The electronic copies of the dissertation and the abstract are available

on the official website of Azerbaijan Technical University.

Abstract is sent to the necessary addresses December 08, 2021.

Issue date: xx.xx.2021
Paper format:
Volume: sign

Edition: 100

53



	Manuscript Copyright



