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The order of work aimed at analyzing the requirements is con-
sidered, taking into account application of the service approach to 
development of IS, models and methods of development of represen-
tations of functional requirements to IS at the knowledge level. It 
was proposed to perform work on IS requirements analysis in parallel 
to the work on the requirements development. Such an organization 
of work makes it possible to reduce the time required to perform 
work on the IS macro design.

Methods of analysis of separate frames and relations between 
frames and between frames and interfaces of representations of func-
tional requirements to IS at the knowledge level were developed. The 
essence of the methods lies in comparison of frames and relations, used 
for description of concepts and terms in a subject area. These methods 
make it possible to detect inconsistencies, caused by attempts to de-
scribe the same object in a subject area in different ways.

The indicator of illogicality of the stated functional requirement 
and the method of detection of illogical functional requirements was 
developed. The essence of this method lies in identification of separate 
branches of the frame hierarchy (ontological points) that are pres-
ent in representation of only one functional requirement to IS. Such 
requirement is not related to other functional requirements to IS and 
is considered to be illogical. This method makes it possible to assess a 
degree of illogicality of each functional requirement, based on which it 
is possible to make a decision about the feasibility of IS development. 

The research contains an example of testing the developed meth-
ods in the analysis of functional requirements to the project related 
to the functional labor safety module. 
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Analysis of the evaporator of the absorption refrigerating sec-
ondary condensation unit of ammonia production was performed. 
The need to minimize the temperature mode of operation of the 
evaporator, which provides for energy efficiency in ammonia pro-
duction by decreasing natural gas consumption was substantiated. 
Statistical processing of experimental data with assessment of the 
quality of obtained information was performed. Identification of 
the heat exchange process of the evaporator was performed and the 
equation for numerical evaluation of uncertainty of coefficients of 
thermal efficiency, heat transfer and condensation thermal resistance 
was obtained. According to the results of statistical modeling of the 
primary condensation unit, the equation for numerical evaluation 
of uncertainty of ammonia concentration in circulating gas at the 
evaporator inlet. The authors proved the possibility of its applica-
tion for identification and mathematical modeling of heat exchange 
process at existing relationship of ammonia concentration in the 
circulating gas at the evaporator inlet and condensation thermal re-
sistance. Algorithmic support of numerical evaluation of uncertain-
ties and calculation of target indicators of the evaporator’s efficiency 
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The method of vitality of the information product evaluation is 
built. This method, as opposed to others, takes into account compo-
nents of the information product, which gave an opportunity to fore-
cast (predict) the sequence of changes in its states. The operations 
over the relation with indeterminacy for the purpose of their applica-
tion in the data warehouse with the consolidated data are improved  
that allowed realizing unary operations of Big data catalogue.

The method for reducing the indeterminacy of data available 
in the repository of consolidated data as a basis for further evalua-
tion of the quality of consolidated data was created. The considered 
methods are useful also for decision making, because they provide 
a search for hidden relationships between the characteristics of the 
consolidated data repository. Such dependence should be considered 
when making decisions based on consolidated data.

The result of this work is to reduce the uncertainty for assessing 
the viability of the information product. This allows us to increase 
the quality of the information product for Big data analysis.

Keywords: Big data, uncertainty reduction, risk factor, F-
dependence, usefulness of information product.
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We studied an automatic control system with the fuzzy adaptive 
device for setting parameters of the PI-controller under conditions 
of non-stationarity of parameters of the control object’s model. The 
relevance of present research is in the application of more complex 
control structures, when it is necessary to achieve small deviations in 
quality control parameters under conditions of change in the param-
eters of control model. In contrast to the common circuit when the 
fuzzy controller is directly included into the main control channel, in 
the present article we consider a circuit with the fuzzy controller as 
a unit of adaptation of PI-controller’s parameters. Coefficients of the 
standard controller are adjusted to the changes of object in real time 
on the basis of rule base for the fuzzy adaptive device and two input 
signals: an inconsistency signal and derivative from the inconsistency 
signal. Mathematical modeling of the designed system was performed. 

We compared a single-circuit system at constant settings of the 
controller and the adaptive system for different states of an object that 
are determined by variable parameters of its model. Parameters of opera-
tion quality of both systems were calculated. Application of the fuzzy 
adaptive device warrants the required stability factor. In this case, high 
quality of operation of an automatic control system under conditions of 
parametric non-stationarity of the studied object was preserved. 

Keywords: fuzzy logic, non-stationarity, adaptive system, stabil-
ity factor, control system, robustness.
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In order to synthesize a robust system of control over techno-
logical units, an analysis of appropriate mathematical models was 
performed. The uncertainty of models of technological iron ore pro-
cessing units was accounted for by connecting a diagonal block at the 
top using a fractional linear transformation. 

To study robust control systems of technological units, we ap-
plied the following types of robust controllers: suboptimal H∞-con- 
troller, a controller that was synthesized using the method of circuit 
formation, and µ-controller. We performed an analysis of results of 
the study into indicators of robust quality and stability of control, 
created on the basis of these types of controllers.

The best results were obtained using μ-controller, which ensures 
a minimal overshoot value of 2 %. Reducing the order of the selected 
μ-controller to the fourth order was performed by approximation 
using the Hankel norm. Under such a condition, a root-mean-square 
error relative to the base controller is 0.027.

Results of present research could be used in the synthesis of con-
trol over technological iron ore processing units under conditions of 
uncertainty in parameters. 

Keywords: robust controller, automated control, ore enrich-
ment, suboptimal controller, frequency characteristics.
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We determined amplitude-phase frequency functions of the drill 
string for translational motion while drilling with immersed engines. 
It was established that amplitude-phase characteristic of the drill 
string changes with increasing depth of the well. When drilling in 
hard rocks, it is advisable to use cushion subs in order to reduce 
the level of reflected wave of mechanical stresses. To eliminate the 
impact of the reflected wave, it is necessary to apply a bit feed drive 
with absolutely soft mechanical characteristics.

We performed analysis of dynamic modes of the process of drill-
ing wells as a control object based on provisions of the synergetic 
theory of information. It is proposed to employ energoinformational 
approach to analyze processes in the system of control over well drill-
ing. This is due to the fact that the drilling process evolves over time 
and functions under conditions of the a priori and current uncer-
tainty in terms of parameters and structure of the object. Since such 
a system develops over time, it undergoes changes in the structure of 
design of the drill string. Therefore, in order to resolve tasks on con-
trol over the process of drilling, it is necessary to know how dynamic 
properties of the column change depending on depth.

We identified five modes of operation in the process of drilling 
as a complex dynamic system: equilibrium, ordered, sorted-chaotic, 
randomly-ordered, and chaotic. This makes it possible to solve an im-
portant applied problem of determining amplitude-phase characteristics 
of the drill string depending on depth of the well, and to use them for 
mathematical substantiation of automated control system over drilling. 

Keywords: drilling process, amplitude-phase characteristics, 
drill string, energoinformational approach, automated system.
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After studying the simulation model by a numerical method, 
it is established that the mathematical model of the installation of 
two-stage separation can be used for the synthesis of effective con-
trol systems of the two-stage separation process and the creation of 
mathematical models in terms of “input-output”. The obtained nu-
merical and graphical result in the form of functional dependencies 
allows us to establish the relationship of technological parameters, in 
other words, the change of the value of the parameters at the second 
stage of separation will depend on the first one and vice versa. Thus, 
the applied aspect of using the obtained scientific result is the possi-
bility of improving the typical technological process of oil separation.

Keywords: system synthesis, two-stage separation, numerical 
method, parameter identification, simulation model.

References

1.	 Sutherland, K. (2012). Separation processes in oil and gas extrac-
tion. Filtration + Separation, 49 (1), 20–25. doi: 10.1016/s0015-
1882(12)70054-x 

2.	 Ambartsumian, A. A., Kazansky, D. L. (2008). Complex automation 
of technological processes with involving event model in feed-
back control scheme. IFAC Proceedings Volumes, 41 (2), 28–33.  
doi: 10.3182/20080706-5-kr-1001.00004 

3.	 Muhammed, A. M. (2011). Systems for collecting and preparation of oil 
and gas and criteria for their selection. Diplomica Verlag Hamburg, 109.

4.	 Bahadori, A., Vuthaluru, H. B., Mokhatab, S. (2008). Optimizing sepa-
rator pressures in the multistage crude oil production unit. Asia-Pacific 
Journal of Chemical Engineering, 3 (4), 380–386. doi: 10.1002/apj.159 

5.	 Horbiychuk, M., Humeniuk, T., Povarchuk, D. (2015). Fuzzy Iden-
tification of Technological Objects. Energy Engineering and Control 
Systems, 1 (1), 35–42. doi: 10.23939/jeecs2015.01.035 

6.	 Khamukhin, A. A., Nikolayev, E. V. (2014). Modeling of Gas Multistage 
Separation to Increase Stock Tank Oil. Advanced Materials Research, 
1040, 508–512. doi: 10.4028/www.scientific.net/amr.1040.508 

7.	 Liaposchenko, O., Pavlenko, I., Nastenko, O. (2017). The model of 
crossed movement and gas-liquid flow interaction with captured liquid 
film in the inertial-filtering separation channels. Separation and Purifi-
cation Technology, 173, 240–243. doi: 10.1016/j.seppur.2016.08.042 

8.	 Zhezhera, N. N., Tugov, V. V. (2001). Modelirovanie ustanovki 
separatsii gazoneftyanoy smesi kak ob’ekta upravleniya po urovnyu 
zhidkosti. Neftegazovye tekhnologii, 4, 4–8. 

9.	 Ostapenko, O., Yakovleva, O., Khmelniuk, M., Zimin, A. (2015). 
Optimal sysnthesis processes of low-temperature condensation as-
sociated oil gas plant refrigeration system. Holodilna Tehnika i 
Tehnologia, 51 (5), 4–11.

10.	 Horbiychuk, M. I., Povarchuk, D. D., Gumenyuk, T. V., Lazoriv, N. T. 
(2017). Development of the mathematical model for the installation 
of two-stage separating. Slovak international scientific journal, 9 (9), 
21–31.

11.	 Speight, J. G. (2017). Separators – Gas-Oil Separation. Rules of Thumb 
for Petroleum Engineers, 649. doi: 10.1002/9781119403647.ch298 

12.	 Devold, H. (2013). Oil and gas production handbook. An introduc-
tion to oil and gas production, transport, refining and petrochemical 
industry. ABB, 162.

13.	 Liaposhchenko, O. O., Pavlenko, I. V., Usyk, R. Yu., Demianen- 
ko, M. M. (2015). Modeliuvannia protsesiv separatsiyi ta rozrobka 
metodyky rozrakhunku tryfaznoho separatora. Naukovi pratsi Odes-
koi natsionalnoi akademiyi kharchovykh tekhnolohiy. Seriya: Tekh-
nichni nauky, 1 (47), 62–66.

14.	 Aflyatunov, R. M., Dzharagyan, M. A., Fokin, A. L. (2004). Robast-
noe upravlenie lineynym inertsionnym ob’ektom s zapazdyvaniem. 
Avtomatizatsiya i sovremennye tekhnologii, 10, 36–43.

15.	 Horbiychuk, M. I., Povarchuk, D. D. (2017). Linearyzovana matema-
tychna model dvostadiynoho protsesu separatsiyi nafty. Rozvidka ta 
rozrobka naftovykh i hazovykh rodovyshch, 9 (1), 84–91.

20.	 Mingxin, H., Yu, W., Baolin, L., Mingshuai, G., Liguang, W. (2014). 
Development of Downhole Motor Drilling Test Platform. Procedia 
Engineering, 73, 71–77. doi: 10.1016/j.proeng.2014.06.172 

21.	 Fernandez, M., Ibanez, D., Storey, D. (2005). Significant Results in 
Field Trials (Argentina) of an Electronically Controlled Automatic 
Drilling System. Proceedings of SPE Latin American and Caribbean 
Petroleum Engineering Conference. doi: 10.2523/94889-ms 

22.	 Boyadjieff, G., Murray, D., Orr, A., Porche, M., Thompson, P. (2003). 
Design Considerations and Field Performance of an Advanced Auto-
matic Driller. SPE/IADC Drilling Conference. doi: 10.2118/79827-ms 

23.	 Branch, A. J., Andersen, K., Lavillonniere, J. L., Larsen, T., Kremer, Y., 
Capacho, G. A. (2001). Real-time Well Construction Monitoring – 
A Case History of Sincor’s Heavy Oil Project. Proceedings of SPE/
IADC Drilling Conference. doi: 10.2523/67757-ms 

24.	 Ohorodnikov, P. I., Svitlytskyi, V. M., Hohol, V. I. (2013). Analiz 
vibratsiynoi mitsnosti burylnoi kolony z vykorystanniam teoriy 
vypadkovykh kolyvan. Naftohazova haluz Ukrainy, 2, 13–18.

25.	 Md Zin Che, L., Sering, L., Bakar, A. A., Sundal, E., Daudey, J. 
(2000). Real-Time Data Analysis While Drilling Provides Risk 
Management for Both Geological and Geometric Uncertainties in 
the Sotong K2.0 Reservoir. SPE Asia Pacific Oil and Gas Conference 
and Exhibition. doi: 10.2118/64477-ms 

26.	 Vyatkin, V. B. (2009). Sinergeticheskaya teoriya informatsii. Ch. 2. 
Otrazhenie diskretnyh sistem v ploskosti priznakov ih opisaniya. 
Nauchniy zhurnal KubTAU. 2009. Issue 45.

27.	 Oganov, G. S., Shirin-Zade, S. A., Paramonov, A. A. (2009). Dinami-
cheskiy analiz protsessa uglubleniya skvazhin. Vestnik Assotsiatsii 
burovyh podryadnikov, 1, 40–44.

DOI: 10.15587/1729-4061.2018.121619
DEVELOPMENT OF THE IMITATION MODEL OF THE 
TWO-STAGE SEPARATION PROCESS OF OIL (p. 59-67)

Mikhail Gorbiychuk 
Ivano-Frankivsk National Technical University of Oil and Gas, 

Ivano-Frankovsk, Ukraine
ORCID: http://orcid.org/0000-0002-8586-1883

Dmytro Povarchuk
Ivano-Frankivsk National Technical University of Oil and Gas, 

Ivano-Frankovsk, Ukraine
ORCID: http://orcid.org/0000-0002-2845-0295

Taras Humeniuk 
Ivano-Frankivsk National Technical University of Oil and Gas, 

Ivano-Frankovsk, Ukraine
ORCID: http://orcid.org/0000-0003-2610-2550

Natalia Lazoriv
Ivano-Frankivsk National Technical University of Oil and Gas, 

Ivano-Frankovsk, Ukraine
ORCID: http://orcid.org/0000-0001-7334-9308

In accordance with the law of preservation of the amount of sub-
stance, an imitation model for the process of two-stage oil separation 
has been developed. The creation of this model took into account the 
features of the operating mode of the horizontally placed separators 
B-1 and B-2 of the first and second stages of separation.

The simulation mathematical model after the identification of 
parameters was investigated by a numerical method that takes into 
account the effect of perturbations on the separation process, which is 
a consequence of the action of a number of physical quantities from the 
environment on the object. Automated control systems that operate 
on the principle of negative feedback were used to stabilize the main 
technological parameters of oil separation. But since the deviation of 
the regulated quantities from their given values is small, this allowed 
linearizing the nonlinear model of the two-stage separation process.
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We have studied the valve-inductor drive for its application as a 
traction motor in a hybrid locomotive. We identifying parameters of 
the valve-inductor engine and built its simulation model based on a 
Lagrange equation. The model constructed makes it possible to take 
into consideration non-linearity of the engine. We have synthesized 
a modal speed controller and a controller based on fuzzy logic for 
the valve-inductor drive of a hybrid locomotive. The operation of 
two types of controllers was analyzed in terms of their influence on 
the basic quality indicators of control; it was found that the fuzzy 
controller was better at processing the set value of input magnitude. 
We have designed a simulation model of the traction valve-inductor 
drive of a hybrid locomotive with a fuzzy speed controller, and 
studied its work along a railroad section with actual profile and 
limitations.

Control systems based on a modal controller and fuzzy logic 
were synthesized. It is established that the modal controller has 
the following quality indicators: maximal overshoot – 12.27 %, re-
adjustment time – 5.08 s, number of oscillations – 2. For the FPID-
controller, the quality indicators are: 3.75 %, 3.01 s, and 1, respec-
tively. Thus, on analyzing the quality of their operation, it was found 
that the best indicators were demonstrated by the FPID-controller. 

The built physical model of the valve-inductor drive, specifically 
the system wheelset-engine with a control system that employs the 
fuzzy algorithm of speed regulation, confirms the feasibility of a fuzzy 
controller.
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