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LOGIC-GRAPHIC MODEL OF MONITORING OF TECHNOLOGICAL 

STATUSES OF EQUIPMENT OF PETROCHEMICAL ENTERPRISES 
 
The logic-graphic model (LGM) of automated information and analytical system of technological condition monitoring of 

equipment of petrochemical enterprises is given in article. The principle of creation of LGM of production situations for 
detection and prediction of emergency operation is formulated. During creation of LGM of production situations the theory of 
indistinct sets and logic allowing in convenient in the computing relation, the form is offered to provide dynamics of functioning 
and prediction of behavior of technological aggregates of the petrochemical industry and acceptance of administrative decisions 
in case of different production situations and to prevent possibility of alert conditions. 
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Introduction 
Modern requirements aimed at improving the 

efficiency and safety of industrial facilities manage-
ment, lead, as a consequence, a sharp increase in the 
workload of information technology information 
systems (IS). The most noticeable problem situation 
manifests itself in monitoring problems petrochemical 
industry (PChI), which is relevant not only monitoring 
of large volumes of process parameters, but also their 
joint analysis derived from the original data of some 
analytical aggregate information needed for decision-
making on management of dynamic processes, 
occurring in the system [1]. 

These features of the complex PChI are in context 
of the overall results of the study of complex systems, 
which show that with increasing complexity of the 
structure, the proportion of the information contained in 
the links of the system increases significantly  

Petrochemical plants are chemically dangerous 
objects on the territory of which is a large number of 
tanks, storage tanks with gaseous and liquid hazardous 
chemicals and industrial pipelines for transporting them. 

Related work 
Monitoring the effectiveness of the process can be 

improved by introducing a common system of 
technological control IS producing analytical processing 
of initial information, transforming its volume and 
structure to the form, the optimal stage for situational 
analysis and decision making. This allows staff to 
represent the most important information in a more 
compact and systematically on specific manufacturing 
tasks. 

During monitoring equipment condition parameters 
petrochemical plants need different background 
information on controlled facilities, and reliable 
information about the current values of monitored 
parameters. Variety of process parameters and their 
standard values significantly complicates the solution of 
the problem and makes the creation of information-
analytical system for monitoring parameters of 
technological equipment that will perform the operation 
in the form of automated data collection, storage and 
processing of operational information to support 
decision-making in a timely manner that the necessary 
action to ensure technological production safety [2-14]. 

Proposed idea 
To solve this problem is proposed information-

analytical system for monitoring technological safety 
equipment petrochemical enterprises. In the 
mathematical formalism proposed logical-graphic 
model created on the basis of the theory of graphs. 

Logico-graphical models allow us to establish 
causal relationships between the initial triggering event 
of emergencies and their development, leading to 
different types of risks. 

They are presented in the form of semantic 
networks (or semantic graphs) or network scenarios. 
Vertices of a semantic network (graph) reflect some 
domain concepts (situation factors, etc.). 

Logico-graphic model can be roughly broken down 
into a series of layers, each of which displays a certain 
stage (stage) the emergence and development of the 
accident or its consequences. Generalized logical-
graphical model that reflects the basic levels of the 
accident and the connection between them is shown in 
figure 1. 

We consider it in more detail: 
1. The first level reflects the causes of emergency 

(Po, Oo ,1= ): manufacturing variation or breach; 
organizational deviation or violation; failure of control 
systems (O - total number of causes leading to 
emergency situations). 

2. The second level reflects the actual emergency 
( jS , j = M1,  – the total number of accidents). 

3. The third level represents the primary risk 
factors ( iF , i= n,1 ), arising from the sale of some 

emergency (n - number of primary risk factors, Nn ∈ ; 
N – total number of risk factors that may occur during 
an accident).  

4. The fourth level reflects the secondary risk 
factors (Fl, Nl ∈ ), arising from the sale of the primary 
factors (Fi), and represents a further development of the 
accident. It should be noted that the active layer may be 
absent, i.e. primary risk factors can lead directly to 
various types of risks. 
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Fig.1. Generalized logical-graphic analysis model emergencies petrochemical facilities 

 
5. Last level reflects the types of risks (Rk, 

Kk ,1= , types of risks that may occur during an 
accident). Here, the following notation: R1 – 
economic, R2 – social and Rk – environmental risks 
caused by the nature of the damage. 

In figure logical-graphical model is fully 
consistent with the appearance and characteristics of 
the accident on the process equipment. 

Logical model of risk analysis is a set of logical 
expressions and statements characterizing the 
sequence of development of emergency events. It is 
formed in accordance with the logic-graphical model 
and is applicable for all types of emergencies. 

We write the generic logic model for risk 
analysis. There are situations, the occurrence of which 
may be due to one or more different causes internal 
character or external cause (PO): 
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Some situations may lead directly to the risk 
factors: 
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more emergencies: 
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The same risk factor can be invoked as an 
emergency (i.e. a factor of primary level) and other 
factors (i.e., be a secondary factor): 
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Some risk factors (Fi) can lead to other risk 
factors (Fl) at any level of the accident: 

NlNiFi l ∈∈∃∃ ,,F:l: i .   (6) 
Some risk factors can lead to other (l-м, m-м) the 

risk factors or social one (R2) or more social risk (R2) 

and ecological (Rk) types of risk: 
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Some risk factors are at the following levels of 
the accident may lead to other risk factors (Fl) or all of 
the k-th types of risks: 
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Certain risk factors can lead directly to all types 
of risk: 
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Thus, the risk of the k-th type (social or 
ecological) in the development of an accident with 
less severe consequences can be caused by one of the 
risk factors: 

.,,:: KkNnRFkn k
n ∈∈→∃  (10) 

Risk k-th species (economic, social, ecological) 
for further development of the accident can be caused 
by one of the risk factors that are not directly leads to 
the risk and lead to its further development: 
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Thus the risk of occurrence of at least one kind of 
the j-th emergency i'- th at the level of development is 
expressed as follows: 
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where I'- the total number of levels of the 
accident. 

Emerging risks of all kinds from the j-th 
emergency at i'- th level of development are 
determined by the ratio: 
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In the risk of at least one kind of an accident at a 
petrochemical facility can be described by the 
expression: 

PDF created with pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com


 I.X.Siddikov, X.A.Bakhrieva.Logic-graphic model of monitoring of technological statuses of equipment of petrochemical  
 

Мухаммад ал-Хоразмий авлодлари, № 1 (3), март 2018 

13

KkRRRR k ∈→∨∨∨ ,)...( 21 . All types of risk arising from the accident: 

KkRRRR k ,1,)...( 21 =→∧∧∧  (13) 

Previous relations represent a common logical 
model of risk analysis in petrochemical facilities with 
multi-level scenarios and development of accident.  

In accordance with the discussion of the logical 

model of risk analysis formed probabilistic risk 
assessment model. 

The likelihood of an emergency (Pj) from one of 
the reasons determined by the ratio: 

,),1(1:
0

1
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o
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where Poj - the probability of the j-th of emergency 
o-th reasons. 

Are not given here designations the probability of 
occurrence and development of events at all levels of 

the accident (situations, factors, risks, etc.). 
Risk k-th species from the j-th situation on i'-th 

level of its development on g-th scenario is defined: 
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where I'- the actual number of levels of the 
accident from the j-th situation i-th risk factor for g-th 
scenario, Fjig - the probability of the i-th risk factor of 
the j-th emergency by g-th scenario of the accident - the 
probability that the i-th risk factor of the j-th emergency 
by g-th scenario of the accident at i'-th level will lead to 
the k-th type of risk, G - the total number of accident 

scenarios. If part of the g-th scenario, the i-th factor 
leads to the l-th factor, not at the next level of the 
accident, then all missing levels accepted 1' =k

jigiE .  
The values of probabilities of occurrence of some 

of the intermediate events are defined (Fjig):
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 where g'- scenario accident, characterized by g-th 
scenario, which can be a part of the i-th risk factor of j-
th situation. 

The probability of occurrence of k-risk type of i-th 
factor, which may result directly from any j-th situation 
scenario g-th defined by the formula: 
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The likelihood that the risk k-th species arise from the j-th situation on i'-th level of at least one factor i for one of 
the scenarios of the accident is determined g: 
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where G'- the number of scenarios that lead to the k-th type of risk on i'-th level of the accident. 
The likelihood that the risk of at least one species is the result of the j-th emergency at i'-th level of development is 

determined: 
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With this approach, the probability of the risk of at least one kind of an accident at a petrochemical facility (R) is 
defined similarly: 

∏
=
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K

k

RR
1

)1(1 . (19) 

Unlike known proposed logical-graphical models 
are designed for risk analysis and assessment at all stages 
of the accident, aimed at their subsequent use for security 
management, applicable to all types of risks and classes 
of petrochemical facilities and consider the specifics of 
the hazard characteristic of petrochemical facilities. 

1. Conclusion. Application of information-analyti-
cal system for monitoring technological aggregates states 
petrochemical industries developed on the basis of the 
above techniques using algorithms regularized adaptive 
filtering allows you to analyze various production 
situations and predict the appearance of emergency 
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modes of technological units. These rules became the 
basis for the creation of algorithmic support information-
analytical system technology security PChI. 
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X.Сиддиқов, X.A.Бахриева 
Neftoximik korxonalarining qurilmalarini 

texnologik holatlarini monitoring qilishning logik-
grafik modeli 

Ушбу мақолада нефт-кимёвий ташкилотнинг мантиқий-
график моделини (МГМ) автоматлаштирилган ахборотли-
аналитик тизими технологик ускунаси ҳолати мониторинги 
келтирилган. Фавқулодда вазият режимини прогнозлаш ва 
МГМ ишлаб чиқариш вазиятида қуриш тамойили 
шакллантирилган. МГМ ишлаб чиқариш вазиятида яратишда 
ҳисоблаш муносабатида қулайлик яратувчи мантиқ ва нефт-
кимё саноатининг технологик ассамблеяларининг хатти-
ҳаракати ва фаолиятининг динамикасини намойиш қилиш 
ҳамда турли хил ишлаб чиқариш шароитларида бошқарув 
қарорларини қабул қилиш ва фавқулодда вазиятларнинг 
олдини олиш учун шакл, кўпликдаги ноаниқликлар 
назарияси таклиф этилган.  

Таянч иборалар: нефт-кимё, мантиқий-график 
модел, динамика, технологик, фавқулодда вазият, 
бошқарув.

 
 
УДК 656.6/8 

M.R. Turgunov 

IMITATION MODELS OF THE RAILWAY ORGANIZATION FOR RAILWAY 
TRANSPORT FLOWS 

The article is devoted to the questions of solving the problem of optimization of cargo traffic management in the railway 
transport throughout the logistics chain, organizing the formation and implementation of cargo loading plans that do not allow 
exceeding the maximum and reduce the minimum levels of availability of a particular cargo on the destination road. And also the 
article justifies the solution of the problem of finding the maximum flow in the railway network, it is noted that in any transport 
network the maximum flow is equal to the minimum capacity. If the flow is maximal, then there is a section whose transmission 
capacity is equal to the cardinality of the flow and this theorem is proved by applying the Ford-Falkerson algorithm. 

Keywords: railway network, material and information flow, graph model, formalization, structure, carrying capacity, 
maximum flow, formation. 

 
Introduction 
At present, due to a sharp increase in the number 

of vehicles in road networks, the requirements for the 
rational organization of traffic flows have significantly 
increased. The road network itself can be represented as 
a graph consisting of nodes and arcs. Each edge of the 
graph corresponding to a section of the road is 
characterized by the length, throughput and cost of a 
vehicle unit along it. The carrying capacity of the graph 
branch is affected by the speed of movement of the unit 
of transport, which in turn depends on many factors, 
among which the most important are the loading of road 
sections, the condition of the road surface, and the 
environmental conditions. The load on different sections 
of the road varies and depends on the availability of 
internal traffic flows in this area, which can be 

considered as interference with the movement of the 
transport unit from the starting point of the network to 
the final destination. The parameters of the external 
environment vary with the time of the year, the time of 
day and are subject to the influence of weather 
influences.  

Main part. 
In the transport network, when managing the 

flows, optimal distribution of the transport stream along 
the network branches is found, estimate the maximum 
flow in the network and find the shortest path between 
the given input and output, identify bottlenecks in the 
network for the purpose of their timely elimination. 
Simultaneously with these tasks, the total costs of 
vehicles are estimated as they move from the starting 
point to the final one. 
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