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1. Introduction

For industrial manufacturing effective use of material
and energy resources is becoming increasingly important
in Ukraine, since the energy intensity of Ukrainian indus-
trial manufacturing and the social services is 2—3 times
higher than global indicators. In the structure of energy
consumption by industry sectors of Ukraine, metallurgy,
chemical, petrochemical and gas industry totally are 60 %.
Engineering systems of operating enterprises were created
at the time of relatively cheap energy. At present, most of
them require significant modernization in order to improve
the energy efficiency resources use. Any modernization of
manufacturing is not conceivable without a preliminary
analysis of its energy efficiency.

The energy efficiency of chemical engineering systems
depends on correctness of the choice of the main regime
system parameters and the type of its process flow diagram.
A modern approach to solving targeted problems because
of the complexity of such systems is possible only on the
basis of modern methods of mathematical modeling and
optimization. Process modeling of the chemical engineer-
ing systems involves the use of a system approach for
studying the full process flow diagram of the obtaining
products entire process and the integrated optimization of
energy-saving and environmentally friendly technologies.
Over the past 20 years, ideology and software have been
developed, which allow to solve problems both impro-
ving the technology quality and significantly increasing
the production energy efficiency. Therefore, improving the
modeling techniques and analyzing the efficiency of heat-
energy in the industry is an actual task.

2. The ohject of research and its
technological audit

The object of research is the chemical engineering sys-
tem and heat and mass exchange processes that take place
in it. In engineering practice, systems are represented by
process flow diagrams. Process flow diagram of any modern
production represents a finite set of devices, combined
by pipelines networks. A graphic view is a network of
lines connecting devices. This stylization of process flow

diagrams allows getting a general idea about the equip-
ment combination in the engineering system.

The lack of standardization in the graphical repre-
sentation of engineering systems does not allow to cre-
ate a general logic for reading out graphic information
and then processing it with software. There is a need to
work out the rules that allow to match the engineering
systems with its topological representation in the form of
networks, combined by elements for determining the heat
and mass exchange processes in the system.

3. The aim and ohjectives of research

The aim of research is to develop the modeling prin-
ciples and system analysis of heat and mass exchange
efficiency and to create engineering techniques for con-
structing mathematical descriptions of complex chemical
engineering systems.

To achieve this aim you need to:

1. Elaborate the rules for transforming chemical engi-
neering systems into its topological representation.

2. Select efficiency criteria for the heat and mass ex-
change processes; to develop models of mass exchange and
heat exchange networks of chemical engineering system.

3. Develop integrated topological and mathematical
models of the heat and mass exchange network of the
chemical engineering system.

4. Check for adequacy of the developed Heat Exchanger
Network (HEN) and Mass Exchanger Network (MEN)
modeling views.

4. Research of existing solutions of the
problem

In the 90s of the last century, an attempt to develop
generalized representation about engineering systems, named
as Heat Exchanger Network (HEN) and Mass Exchanger
Network (MEN) [1-4].

This approach allows not only to present the process flow
diagram, but also to create a language for software that al-
lows to develop system models using the graphic view [5-9].

Today leading design and research institutes, engineering
firms and manufacturing enterprises widely use computer
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systems of engineering systems modeling. Software allows
to «assemble» engineering systems, and perform multivariate
calculations, to solve optimization problems, and so on.

4.1. Analysis of software intended for engineering sys-
tems modeling. Currently, the best systems of engineering
systems modeling in the world are considered PRO-2 [5]
and HYSYS [6]. GIBBS [7] (development of specialists
united in LLC «Tomsueprobusuec», Moscow, Russia) and
«TasKonnHedrb» (development by the team of specialists
from the Institute of Gas of the National Academy of
Sciences, Kyiv, Ukraine) deserve attention of the other
analogues [8]. There are a number of other simpler and
less universal modeling systems, which are practically not
used at present. In [9], the capabilities of modern simula-
tion software are presented.

PRO-2 [5]. This system was created by the American
company «Invensys SimSci-Esscor>. The PRO-2 system is
considered as the most powerful and developed in the world.

Advantages of PRO-2:

— system includes all types of equipment and all known

calculation methods;

— system allows to add your own algorithms, in the

built-in «Fortran» programing language;

— development of the WINDOWS-version and the

PROVISION interface greatly facilitated the work with

the system.

The disadvantages of the system include:

— its complexity and the fact that an expert is required

as a end-user;

— impossibility of interface russification; built-in FORT-

RAN language use, which complicates the system de-

velopment in the WINDOWS environment.

HYSYS [6]. This system was created by the American
company «Aspen Technology, Inc.» and is a WINDOWS-
version, which now replaces the very popular DOS-version
of HYSIM [10]. The main advantage of the HYSYS system
is that the WINDOWS version is reworked in C++. It
is fully integrated and allows to model complex systems
with pipeline networks, preparation and processing fa-
cilities, etc. The HYSYS provides the ability to simulate
a nested hierarchical system structure, which is impor-
tant for linking the operation of individual productions
on a plant scale. The end-user interface is conveniently
organized, perhaps the most convenient from all analyzed
systems - the entire environment is developed on spread-
sheets that easily exchange data through the clipboard
with WINDOWS applications (for example, with Excel).
Another advantage is that system has the best algorithm
for rectification columns calculating — it is very quickly
solved and very stable. Taking into account the prospects
and the pace of development HYSYS chemical systems
modeling software is recognized as the best one.

In practice, engineering system modeling can be applied,
first, for designing new fields and designing new engineering
systems. It is very effective to apply engineering system
modeling in the solutions development for the technology
reconstruction and modernization. However, mathematical
models of the best software PRO-2 and HYSYS require
significant expert task replenishment by engineering stu-
dies of the system elements structure.

4.2. Energy integration into production cycle as energy
saving source for system approach. Any chemical engineering
system can be matched with a topological representation
that stylizes the system under the HEN-MEN [11-16].

With such a replacement of real objects and connections,
the most important is observance of the correspondence that
determines the graphic model adequacy to the real system.

One of the challenges facing software in the systems
analysis is the qualitative improvement of energy resources
use that is embedded in the system (energy integration).
The problem formulation leads to the synthesis (structure
modification) of the system [11-16]. Change of the
system structure leads to the heat exchangers networks
replenishment. One of the methods for synthesis problem
solving is the pinch analysis use [17-19]. Pinch analysis
allows to integrate heat streams within the production cycle.

Together with software use, by changing the system
structure, it can find ways to reduce energy consumption
from 30 to 50 % [19].

In [20], a computer simulation of the basic engineering
system for the production of bioethanol from lignocellulose
was carried out using the Aspen Plus, which is developed
by the American company Aspen Tech Inc. This software
is analyzed the options for integrating thermal processes
within the production cycle and carried out the synthesis
of energy-saving process flow diagram for the bioethanol
production.

Comparison of data obtained as a result of system
modeling and the base production system shows that:

— bioethanol production from 1 ton of dry wood in-

creased by 23.8 %;

— the specific energy consumption for the 1 liter of

bioethanol production is decreased by 25 %.

Pinch-analysis, as a way of combining energy levels,
allows to achieve certain successes in the heat integra-
tion in industrial manufacturing. However, the heuris-
tic nature of the rules proposed by Linnhoff and Smith
does not allow to unequivocally answer the question: «Is
this the best way to combine energy levels?» Its number
can reach huge values, and pinch analysis does not give
a clear criterion for choosing the best way to combine
energy levels.

5. Methods of research

Modern chemical manufacturing is chemical engineer-
ing system, consisting of a large number of devices and
technological connections between them. For all the com-
plexity of chemical engineering systems, there are typical
connections between devices, which integrate them into
a single system. They include: serial connection, parallel,
sequential-bypass (bypass), recirculation and loop con-
nections [21].

The way finiteness of combining devices in the chemical
engineering systems allows to do topological representations
to their description and, as a result, the mathematical
apparatus of graph theory [21]. In relevance with noted,
it seems advisable to introduce a number of definitions
which will be used in the future:

1. A line connecting two points will be called a branch.

2. Any point combining at least two branches will
be called a node.

3. Any union of branches along which a stream moves
that have inputs and outputs for a stream will be called
a network.

4. Any union of branches along which a stream moves
that has only one input for a stream will be called an
ordered network.
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5. A node combining at least three branches of the
same network will be called a mixing node or an ele-
ment within a network exchange of energy. In this case,
the measures of energy moving along the branches of the
streams must be different in magnitude.

6. The combining of no more than two branches of
different networks, designed to organize the exchange of
energy between them, will be called an element of the
inter-network exchange of energy.

7. The network without input and output for the flow,
designed to organize the transfer of energy through the
elements of interworking to other networks, will be called
a circuit.

The introduced definitions allow to describe the struc-
ture of the chemical engineering system, understanding
under devices «black boxes», combined by the described
methods. In reality, the machines themselves are quite
complex systems and they can also be considered as chemi-
cal engineering system [21].

One of the key formal thesis used in this work is the
assumption that it is possible to represent the streams
combined interaction in the system elements by a set of
pair interactions. This assumption is based on the pos-
sibility of representing a function of several variables by
a superposition of functions of two variables [21]. The
proposed process flow diagram development is something
between the generally accepted developing of the system
topology by the so-called «circuit solution» and the processes
description in the system elements. A number of require-
ments remain with the introduced system representation.

Logic of engineering representations about system topo-
logy. Pipelines, which are a system of combining devices,
are represented by connections. Devices themselves are
represented as objects in which the streams pair interac-
tion occurs.

Features of the concept of processes (physical repre-
sentations). In this work, this circumstance is taken into
account by introducing the concepts of mass exchange
and heat exchange efficiency in the system.

In this case, it is necessary to take into account that
the constructions themselves in the adopted logic should
be carried out in accordance with the «schematic solu-
tion» and with the expert requirements. The role of the
expert is not only to verify the correspondence between
the schematic solution and the topological representa-
tion of the system. It is also necessary to determine the
directions of mass and energy streams and the conditions
for single-valuedness (the parameters regime at the input
and output).

This assumption allows to present the real device of
the chemical engineering system, which has several inputs
and outputs for streams, a set of several elements inte-
grated in a subsystem. To ensure the principle of pairing
interaction, each of the elements has two inputs and two
outputs (Fig. 1).

As an example, let’s consider the process flow diagram
of the nitrogen liquefier (Fig. 2). Using the developed rules
and definitions, let’s transform the process flow diagram
of the nitrogen liquefier into topological model, which
is shown in Fig. 3.

All elements of the engineering system (Fig. 2) are
represented on the topological model (Fig. 3) by rectangles
with input and output streams. The dashed line shows
conditional streams. Conditional streams are streams with

zero flow rate, which preserve the principle of the pairing
of interaction in each element.
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Fig. 1. Element of the inter-network:
a — energy exchange; b — mass exchange
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Fig. 2. Process flow diagram for nitrogen liquefier

The topological model in comparison with the process
flow diagram is supplemented by additional elements, which
we call conditional one. The main heat exchanger is rep-
resented by three elements of the circuit Main Heat Ex-
changer, Conditional Element 2 and Conditional Element 3.
It ensures the principle of pairing interaction, since the
Main Heat Exchanger have three outputs and three inputs.
In conditional Element 1, the nitrogen stream from the
adsorber is divided into two streams: one part is sent for
cooling in the Refrigeration Machine, and the other part
is sent to the Heat Exchanger 3. In the Conditional Ele-
ment 4, the main stream from Main Heat Exchanger and
the stream from the Heat Exchanger 3 are mixed. In the
Conditional Element 5, the main stream is divided into
two parts. The expander stream enters the expansion in
Expander 1, and the remaining part of the main stream
for cooling in the Conditional Element 3. In Conditional
Element 6, saturated nitrogen vapors from the Tank 1 and
the stream after expansion in Expander 1 are mixed, and
they enter Expander 2. In Conditional Element 7, the
nitrogen stream after expansion in Expander 2 is mixed
with saturated vapor after throttling in Throttling valve
3 and feed main heat exchanger for cooling of the direct
flow. Conditional Elements: 4, 6 and 7 are the nodes of
the stream mixing, and 1 and 5 are the nodes of the
stream separation.

The topological model of the process flow diagram
(Fig. 3) allows to develop a language for its description
that is acceptable for software development which is able
to create mathematical models of chemical engineering
systems.
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Having identified the energy stream with the
concept of total enthalpy, it is easy to write down
the energy balance for an element in the form:

H_Hl :I1 _Iﬁcphem‘,ing'(n _T):
ZCBIWZ(:(] (®_®1)7 (1)

where H — total enthalpy for the flow with a large
value of the energy measure; I — total enthalpy
for the stream with a smaller value.

Denote T, © as energy measures, a CPeating
CPheatea — as the heat capacities of the heating
and heated streams, respectively.

The «one» index defines the values of the total
enthalpy and temperatures at the exit from the
element, the values without indices refer to the
input of the stream. Consider the QT diagram of
the element of the heat exchange network (Fig. 5).
If at the inputs of element a measures and the
flow rate heat capacities of the stream are speci-
fied, then the average enthalpy temperature Ts for
the element can be determined:

N Liquéﬁed

T CBwating +0- C[)heated

Fig. 3. Topological model of the technological scheme of nitrogen liquefier: T. =@, = . (2)

I — compressor; 11, III, VII — heat exchangers; IV, VIII — refrigerating machines;
throttling valves; XIV, XXI — tanks;
XXIV, V — adsorbers; XXIII - heater; XXII — main heat exchanger; VI, X, XII, IX, XI,

XVII, XVIII - turboexpanders; XIII, XVI, XX —

XV, XIX — conventional elements;

—— > — technological stream; ---------- » — conditional stream

n [22], for the element shown in Fig. 1, b of the
topological representation of the system element for mass
exchange between networks, its mathematical model is
written, the principles of MEN models creating for chemi-
cal engineering systems are developed, and the concept
of the flow rate concentration and the mass exchange
efficiency in the system elements is introduced.

The proposed modeling method allows the problem
for chemically reacting media to be represented as a mass
exchange problem. Within the framework of the previously
adopted definitions, a complete process flow diagram for
the chemical products manufacturing can be represented
in the form of a topological model for which it will write
a system of equations for the concentrations balance
using the introduced concepts of flow rate concentration
and mass exchange efficiency. This mathematical model
allows to:

— develop a software environment that generates a sys-

tem model based on its topological representation;

— analyze various options for implementing the process

flow diagram for obtaining finished products;

— synthesize the optimal, energy-saving manufacturing

process.

For the development of the HEN model of chemical
production, an heat exchange element intended for ex-
change between networks (Fig. 4) is considered in [23],
in which a pair interaction of the streams takes place.

PR

Cl)hmting +CP, heated

The amount of energy that the stream gives with
a large energy potential, until the thermodynamic
equilibrium is reached, is determined:

Q1 =T C})heming -

_ T ’ CPhea[ing +0- Cphmwd ) CP (3)
CP heating T CPsied heating +
T E?
I
e e o CE .
= 2 Q, kwt
o

Fig. 5. [JT-diagram of element of heat exchange between netwaorks

The amount of energy that a stream with a lower
energy potential receives before reaching thermodynamic
equilibrium is determined:

_ T- CPhealing +0- CPheatezl
h =
CP heating + CP heated

X CPheumd -0 CPheuzerl . (4)

The maximum possible amount of energy that can be
exchanged between streams:

T L _ o
i AD 2-CPyyig -CP -9
=0Q,+Q,=2- EY o/ - Y —
T; - I_ - bej Q1 QZ heating heated C Phgu[ing + CPhgaLg{j
Fig. 4. Element of heat exchange between networks =2 Cphe“””g 1+ (T ), ©)
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where

_ Cl)heating
CPheated

o

AD is taken as the limiting energy potential for the
system element. Let’s determine the ratio of the actually
transferred amount of energy Q to the energy potential:

Q _ CBzeating + C})heazed T- Ti _

= Ao~ 2ch.., T-0

_1+0c T—T1_1+(x

"2 T-e” 2 * (©)
where

T

=7 0

The value of the ratio of the actually transferred en-
ergy to the energy potential will be called the energy
exchange efficiency Mg, and the ratio of the temperature
change in the element to the difference in temperatures
at the input is the temperature change efficiency .

The introduced definitions allow to formulate a system
of equations connecting the temperatures at the output
from the element with the value of these quantities at
the input to it:

2
T~T,=CPyue 75 Me (T =©)=-(T'-0), @

o (T-T,)=6,-6. (8)
At the same time, the amount of energy exchanged
by the network will be determined:

2
Q= CPiig (T =T})= CPiain 1%

XnE'(T—G)):CBIearing'(P'(T_e)' (9)

Within the framework of accepted definitions, any en-
gineering system can be represented as a network model
for which we will write the system of equations taking
into account the change in the energy measure efficiency
and solve two problems:

— to determine the energy measures at the nodes of

the system;

— to determine the efficiency of energy exchange in

the nodes of the system.

The main advantage of networks energy exchange rep-
resentations in systems is the ability to take into account
a large number of factors affecting energy and resource
saving even at the design phase.

6. Research resulis

In [24], a checking for adequacy of the developed rep-
resentations of HEN-MEN modeling is made. The process
flow diagram of the synthesis for urea production (Fig. 6),
implemented at one of the operating enterprises, are trans-
formed into a generalized topological HEN-MEN model.

The computer simulation procedure for the synthesis
unit is carried out in several phases.

At the first phase, the process flow diagram of the
synthesis block for the urea production is considered.

ToC-701
Fromy-30K
R201
E-202
R
NH: Compressing
s R E-201
@ SO Compressing
cor e - ToC-303

Fig. 6. Process flow diagram for the synthesis of urea production:
B-201 - high-pressure synthesis column; E-201 — Stripper;
E-202 - high-pressure condenser; E-203 — scrubber; J-201 - injector;
C-303 — low-pressure distillation column; C-701 — absorber;
V-301 - carbon ammonium salts tank

In the second phase, using the principles of topological
models development of mass-exchange networks for process
flow diagram, formulated in [21], the engineering system
is transformed into its topological MEN representation.
In other words, the synthesis unit for urea production is
aligned with its topological equivalent, shown in Fig. 7.

® *Imput1 [

Fig. 7. MEN topology for process flow diagram of synthesis unit:
CE1, CE 2 — conditional elements;
———> — technological stream; ---------- » — conditional stream

The third phase is dedicated to the topological NEN
model development of the Synthesis Unit. As it is noted
earlier, in chemical engineering systems, the processes in
the system elements are synthesized with the heat supply
and heat removal. Therefore, the topological MEN model
of process flow diagram for the synthesis unit must be
replenished with networks of utility streams (Fig. 8).

The fourth phase involves the topological HEN-MEN
model development of the synthesis unit. It is shown
in [22, 23] that the streams of the mass exchange network
represent a single medium interacting with the streams
of external heat utilities. Let’s combine them into one
heat exchange network. So the second network is external
utilities of streams.

This approach allows to preserve the principle of pairing
interactions in the chemical engineering system elements.
The streams distribution in the mass-exchange network can
be determined from the parameters of the mass-exchange
processes model. In Fig. 9 shows the combined topological
HEN-MEN model of the synthesis unit.

Elements that have no external sources or heat sinks
can be represented in the model as nodes for streams
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mixing and distributing taking into account endo- and
exothermic, chemical, and physical processes. Therefore,
the synthesis column R201 in Fig. 9 is represented by
the distribution node, rather than the system element.

Fig. 8. HEN topology for process flow diagram of synthesis unit:
CE1, CE 2 — conditional elements;

——» — technological stream; ——— — vapor; ---------- » — water

9 8

Fig. 9. HEN-MEN topology of process flow diagram for synthesis unit:
CE1, CE 2 — conditional elements;
technological stream; - » — vapar; ------ee- » — water

- —

As noted in part 5, the accepted principles of the
topological representation of the system and processes in
their elements by the streams pair interaction allow to:

— programmatically develop a heat and mass exchange

processes closed model;

— determine the processes efficiency in the system

elements;

— find the distribution of streams on its branches and

temperatures in the nodes of the networks.

Such representations make it possible to develop a
software environment that generates a mathematical mo-
del of a system based on its topological representation,
to analyze various options for implementing process
flow diagram for the production of finished products,
synthesize an optimal, energy-saving, production pro-
cess variant.

Using simulation software developed by the German
company NETWORK SOLUTION DEVELOPMENT CO.
and received for testing, a numerical experiment is carried
out. Table 1 shows the results of a numerical experiment.

Numerical experiment is conducted with heat and mass
exchange efficiency, values is shown in the Table 2.

The mass flow rates obtained in the numerical experi-
ment corresponded to their values at the reference points
of the process flow diagram for the design mode. The
error in determining the streams did not exceed 2.4 % on
the branches, and the temperature at the nodes strictly
corresponded to the technological regulations.

Tahle 1

Calculated values of mass flow rate and technological stream temperature
at various points in the synthesis unit

Number of | Mass flow Stream
Name of technological stream | points accord- rate, tempera-
ing to Fig. 9 kg/sec ture, °C
Input to B-201 from E-202 10 40.938 167
Output from B-201 to E-201 45 37.296 183
Output from B-201 to E-203 46 3.6425 183
Output from B-201 to J-201 47 0 -
Input to E-201 from B-201 45 37.286 183
iﬁgu;utgeEég? from compress- 3 8.8344 100
Output from E-201 to E-202 48 24.387 180
Output from E-201 to C-303 21 21.743 180
Output from E-202 to E-201 48 24.387 180
Output from E-202 to J-201 20 16.551 104.5
Output from E-202 to R-201 10 40.938 167
{?-%unt;u E-203 from tank 13 71125 69
Input to E-203 from B-201 46 3.6425 183
Output from E-203 to J-201 49 9.9953 160
Output from E-203 to C-701 18 0.75872 160
Output from J-201to B-201 47 0 -
Output from J-201to E-203 49 9.9953 160
Isrilgnut ;sdi_?\][]]{la from compres- 2 B.5556 20
Output from J-201to E-202 20 16.551 104.5
Tahle 2
Heat and mass exchange system elements efficiency values
Name of system Heat exchange Mass exchange
element efficiency efficiency
R-201 0 0.912
E-201 0.8675 0.28
E-202 0.1888 0.596
E-203 0.4724 0.591
J-201 0 0.664

7. SWOT analysis of research results

Strengths. The strength of this research is the repre-
sentation of the topological model and its elements, the
developed rules for creating flowcharts, the symbols of
the devices and the techniques of chemical engineering
systems representation. This allows any engineering system
to transform into its topological representation in the form
of networks, combined by elements with a streams pair
interaction for organizing the heat and mass exchange
processes in the system.

In contrast to analogs [5—10], in the mass exchange
simulation, the transition from the chemical problem to
the physical one is applied. The flow rate characteristics
are used instead of the volume concentrations of the reac-
ting components, which are difficult to determine in the
production conditions at the given nodes of the chemical
engineering system.
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The created mathematical models of heat- and mass-
exchange networks for chemical industry are proof that
the analysis and synthesis problems of chemical engineer-
ing system can be solved with a minimum of information
about the system. Having initial input data, the data at
the output from the element is obtained, without affecting
the processes occurring in it. A communication function
is provided that allows processing the experimental data.
This concept allows to perceive information in the form
of algorithms suitable for software development, with the
goal of automating the creation for a system of equations.

Weaknesses. The need for expert judgment in deter-
mining the direction of mass and energy streams and the
value of the regime parameters at the input and output
to the system. To increase the reliability of mathematical
modeling for processes in chemical engineering system
in a numerical experiment, it is necessary to know the
thermophysical properties of substances in a wide range
of temperatures and pressures. However, so far there are
no sufficiently universal equations of state and they are
still poorly adapted for specific practical applications.

Opportunities. Further research objectives are related
to the analysis, design and synthesis of chemical engi-
neering system. System analysis or calculation verifica-
tion allows to conduct analysis, determining the system’s
energy potential. The system design takes into account
possible environmental impacts, safety, etc. Synthesis of
the system arises as a subordinate task in the system
design and analysis and allows, by changing its structure
and technological parameters, to increase energy efficiency

Threats. The complexity of using this research lies in
the lack of interest of Ukrainian enterprises in the effi-
ciency analysis for energy-intensive processes of chemical
technology. It requires additional costs, and the economic
effect form recommendations on the structural and para-
metric optimization for the process flow diagram will be
obtained only after the production modernization.

In the leading countries, many energy companies rea-
lized that loss of profit due to a decrease in demand could
be compensated by diversification of economic activities,
including energy audit and energy management.

However, it is noteworthy that over the past few years
the energy intensity indicator remains almost unchanged.
Meanwhile, the Energy Strategy of Ukraine for the pe-
riod until 2030 provides that after 15 years the energy
intensity in the country should be 0.22 and it will take
about $24 billion.

To achieve this result, not only money is important,
it is necessary to radically revise the approaches to the
organization of production processes. Otherwise, it is im-
possible to make such breakthrough.

1. For the first time, rules are made for topological
models development for mass exchange and heat exchange
networks for process flow diagram of chemical engineering
systems under the assumption of the streams interaction
in the system elements.

2. The criteria for the mass exchange and energy ex-
change efficiency, system elements for analyzing its per-
formance in general, are determined. The principles of
system development have been created and mathematical
models of mass-exchange and heat-exchange networks of

chemical production based on the balance equations and
heat and mass transfer efficiency have been represented.

3. The principles of system development are created and
combined topological and mathematical HEN-MEN models
for the urea synthesis unit are created too. The developed
concept allows to perceive information in the form of al-
gorithms acceptable for software development, in order to
automate the scheme for constructing a system of equations.

4. The verification of the adequacy for the developed
HEN-MEN representations of modeling is carried out on
the example of the process flow diagram of the synthe-
sis unit for urea production. The conducted numerical
experiment allows to determine the energy potential of
the engineering system and pointed out the possibilities
of increasing the energy efficiency of production by using
the heat of the general production cycle.

5. The possibility of including an additional circuit
in the structure of the engineering system for the Urea
production for heating the technological stream, combining
the synthesis column R201, an additional heat exchanger
and a water condenser is considered. An increase in the
stream temperature at the inlet to the evaporation unit
in accordance with the technological regulations in the
range of 91..106 °C reduces the low-pressure steam flow
rate by 1.2 t/h.
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MOJENHPOBAHHE XHMHKO-TEXHONMOI'MYECKKX CHCTEM
H AHANHK3 3PPEKTHBHOCTH TENM/NOMACCOOEMEHA

[Ipensoskena MeToiMKa TOMOJOTHYECKOTO MO/IETTUPOBAHUS X1-
MHUKO-TEXHOJIOTHYECKIX CHCTEM Ha OCHOBE NapPHOTO B3aMMOJIEHCTBIS
1noTokoB. Takoe mpejcTaBieHNe TPOU3BOJCTBEHHBIX CXEM JlaeT BO3-
MOKHOCTD (DOPMAJIN30BATh UX CTPYKTYPY U CO3/IaTh SA3bIK OIMNCAHMS,
MO3BOJISIONIIIT pa3pabaThiBaTh MPOrpaMMHOE obecrieveH e st
co3jlaHns MareMaTuyeckoil Mozesnu. OTnpesesieHbl MHTErpaIbHbIe
XapaKTEePUCTUKI [JIs1 OlleHKN 3 HEKTHBHOCTH TETIOMaccooOMeHa
B 9JIEMEHTaX CHCTEMbl. BplosiHeHa HpoBepka Ha a/leKBaTHOCTD
METO/la MOZETMPOBAHUS.

KmoueBsie cnoBa: 1pON3BO/ICTBEHHAS CXEMa, TOIOJIOINYECKOe
¥ MaTeMaTH4YecKoe MOZEINPOBAHNE XUMUKO-TEXHOJOTHYECKUX CH-
creM, 3G HEKTHBHOCTD TEMIOMACCOOOMEHA.
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MODELING OF INTERCITY PASSENGER

TRANSPORTATION SYSTEM

Jlocnioaceno 3acobu nposedenis OuiHIOBaAHN Napamempis eQexmuenocmi PyYyHKULoHY6anms cucme-
MU Mapupymis nacaicupcokKux mpaHcnopmuux cucmem. 3anponoHosano nociido8Hicmy Gopmyeanis
MPAncnopmuoi CUCMeMU MINCMICOKO20 NACANCUPCHKOZ0 MPAHCNOPMY, AKA CHUPAEMBCS HA 00CAZHEHHS
HAYKU i NPAKMUKU, MA 8PAX0BYE 3AKOHOMIPHOCMI PO3NOOINLY MPAHCNOPMHUX KOPECNOHOCHUT MINC Mic-
mamu 6id mpancnopmmuoi mepexci. /[onoeneno Gynryii majicinms iz micmamu 6i0noeiono 0o Kiibkocmi

MEWKAHYi8 i KYNiGeavbHOl CNPOMONICHOCTI.

Kmovosi cnoBa: cucmema mapupymie, epexmusHicms nepeseseiv, Nacarcupcvki Kopecnonoenuii,

mpancnopmuuil npoyec.

1. Introduction

The role of transport and its infrastructure can’t be
overemphasized in the overall system of economic rela-
tions of any society. Relations between legal entities and

individuals, their development and diversity are largely
based on information, material, financial and other flows.
In this case, physical changes in the location of people are
of great importance. For this purpose, passenger transpor-
tation systems are being developed and are functioning.
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