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Articles and Statements

UDC 62
Integrated Design as an Evolutive Transdisciplinary Strategy
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Abstract

New challenges should stimulate new research, in order to provide better and higher quality
of life. The essence of transdisciplinary design consists of different professions closely related to
architectural design aiming for better and qualitative solutions, which with new findings exceed the
usual and conventional disciplinary boundaries. Incentive mechanism for lateral thinking in the
design process is accomplished when all the team members overcome a conventional barrier, in
creating fundamentally something new, unique and creative. The analysis from the results of this
research with subject a city without a river will show the need of implementation of a
transdisciplinary strategy. By incorporating the new design strategy in the existing legal guidelines,
it is expected to have a significant positive impact in the community by raising the quality of life in
Prishtina.

Keywords: integrated design, transdisciplinary, sustainability, environment.

Introduction

There is real cause for concern about the well-being of nature. Negative phenomena are
reflected on our health, natural resources, economic, recreational and aesthetic occurrences.
In general, it is hard to implement maxim’s of sustainability because of the difficulty’s that often
accompany them: conflict of interests, market activities, private interests of users, so this
environmental premises often end’s in the sphere of interest of enthusiasts, aesthetic activities and
the interests of naturalists. New challenges should thus stimulate new research and should be
directed at the exploitation of all resources in order to achieve better quality of life.
The architecture in terms of its activities programs to participate in transdisciplinary problem
solutions can contribute more appropriate in aiming to achieve the health of the whole. The new
millennium brings with it a new way and styles of life, a result of a number of determining factors.
So, we come to the situation where we wonder about the necessity of redefining many of actual
habits.

Currently, we can state that there is a certain gap between academic knowledge and
architectural practice, the principles of integrated design strategies have not been adequately
implemented in design practice. So, there is no quality of integration in the concept design and
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there is only one reflection of the overall system, which makes it very limited efforts to implement
these principles to a real design projects. However, there is no consolidated information on what
the real obstacles are to implementing the strategies of design integration.

“Our design process is such that only pieces are optimized and not the whole. Each of these
professionals is designing fully within the silo of their discipline, and the interaction between each
discipline is usually kept to a minimum ... The optimization of the building’s individual systems is
primarily done in isolation, based on rule-of-thumb conventions that target abstract, generalized
standards. These systems are then assembled into a building” [1]

Material and Methods

1. Process Description

Ancient cultures, without the use of the word "ecology" were built with ecology in mind,
otherwise the phenomena will bring social disintegration, disaster and ruin. It can be noted that
the need can create harmony between the necessity’s and the genius idea in certain environments
and situations. One from its genesis respected and valued environment in which he dwells, with
emphasis in finding harmony and symbiosis between his needs and nature.

Biology has studied how organisms and living communities are built. But it is no less
important to understand what such living systems know, in a broad sense; that is, what they
remember (what agent-object sign relations are biologically preserved), what they recognize (what
distinction they are capable and not capable of), what signs they explore (how they communicate,
make meaning and use signs) and so on. These questions are all about how different living systems
perceive the world, what experience motivates what actions, based on those perceptions... Man’s
specific environment is not situated in the universal environment like content in its container.
Aliving being is not reducible to a meeting point of influences. Whence the inadequacy of any
biology which, through complete submission to the spirit of the physicochemical sciences, would
eliminate from its domain every consideration of meaning. A meaning, from the biological and
psychological point of view, is an assessment of values in keeping with a need [2].

Humans from beginning respected and valued environment in which they dwell, with
emphasis in finding harmony and symbiosis between their needs and the nature, or the Umwelt.

The expressions 'collective Umwelt', or 'swarm's Umwelt', should also be in accord, since
organism can hardly be modeled as a centralized system. However, the relationship between the
Umwelt of organism and the Umwelts of its cells requires further explanation and more detailed
analysis. The whole becomes seen through functional circles which, for example, include the body
of the (swarm) organism moving together, in one piece [3]. The approach to analysis and possible
explanations of the problem will be used the following research questions:

« What have we done with the river Prishtevka?
« What do we, do now, with the river Prishtevka?
« Why, and what is the benefit?

The essence of transdisciplinary design is still not quite clear whether it is a handful of
different professions closely related to the task of designing the best possible solutions, or perhaps
activities beyond the usual and conventional boundaries of disciplines with the new knowledge that
is not contained in any of the disciplines involved. Currently, we are witnessing a supplementary
academic studies, furthermore including the creation of new professions in this digital era.
Architecture, a profession from its genesis implement interdisciplinary approach, and the
necessary process of design by multidisciplinary nature, new era, new concepts, a symbiosis.

Ju rgen MittelstraB uses the term in defining ‘transdisciplinarity’ as a form of research that
transcends disciplinary boundaries to address and solve problems related to the life-world.
MittelstraB argues that transdisciplinarity is primarily a form of research for addressing and
reflecting on issues in the life-world. Against the background of harm and serious risk posed by
technologies and growth that does not fit within the disciplinary paradigms of academia, he calls
for the transgression of disciplinary boundaries for identifying, structuring and analyzing problems
in research (MittelstraB3, 1992).

Contrary to the more pragmatic approach of transdisciplinarity as a form of research, others
argue for a further intellectual endeavor on a fundamental theoretical level. They conceive
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of transdisciplinarity as a theoretical unity of all of our knowledge, which they think is needed to
respond adequately to knowledge demands for problem-solving in the life-world (Nicolescu, 1996;
Max-Neef, 2005); [5].

Fig. 1. Transformation of system models (Source: Authors, 2012)

In a world characterized by rapid change, uncertainty and increasing interconnectedness,
there is a growing need for science to contribute to the solution of persistent, complex problems
[4]. It also includes a focus on real world problems, through collaborative work involving academic
and non-academic stakeholders. Transdisciplinary research is therefore driven by problem solving
and integrates perspectives from public agencies, the private sector and civil society in the research
process (Swiss Academy of Sciences, 2008).

In order to define and understand what is meant by ‘transdisciplinary research’ it is useful
first to consider other forms of knowledge product. According to Tress et al. 2006, various
approaches in this field provide the following summary of definitions:

Disciplinary: “Process projects that take place within the bounds of a single, currently
recognized academic discipline” [4]

Fig. 2. Disciplinary process (Source: Authors, 2012)
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Fig. 3. Interdisciplinary process (Source: Authors, 2012 )

Interdisciplinary: “Process of several unrelated academic disciplines involved in a way that
forces them to cross subject boundaries to create new knowledge and theory and solve a common

research goal“ [4]

cess (Source: Authors, 2012)

Fig. 4. Multidisciplinary pro

S~

~——

1ihary process (Source: Authors, 2012)

Fig. 5. Transdiscip
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Transdisciplinary: process of projects that both integrate academic researchers from different
unrelated disciplines and non-academic participants, to research a common goal and create new
knowledge and theory. Transdisciplinarity combines interdisciplinarity with a participatory
approach [4].

2. A city without a river

Gérmia is the most beautiful part of the Pristina city, now a national park or the so called the
lungs of Pristina. It is located in the region Golak plateau. It flowed from the aforementioned
plateau, a rather small river Prishtevka from a place called Stalova. Pristina would be
environmentally handicapped without this part of the hillside, because the entire air mass of fresh
air actually comes from this direction of the mentioned mountain. By the end of the 80’s it was
decided then, by municipal authorities of Prishtina to buried Prishtevka river, on behalf of
epidemic conservation, general hygiene and human well-being.

According to the Master Plan Pristina (GUP-1987), the river environment was highly
endangered by pollution. River Prishtevka is ranked out of class in the context of pollution from
germs (coliform bacilli), with also river Sitnica into which flows Prishtevka with the function a
collector of polluted water, industrial water and waste out of all categories.

Table 1. Pollutants by categories and municipalities — Region of Prishtina (Source: Authors, 2015).

Region Municipality Collective polluters Specific pollutants
Prishtiné 12 7
Fushé Kosové 12 2
Drenas 14 1
Podujevé 9 9
Prishtiné Shtl.m e 3 0
Lypjan 10 4
Kastriot 7 1
Gracanica 8 1
Total 75 25

Rivers should carry health and life, not death and disease. In the context of a rapid solution
and persistence of ongoing problems, it was decided to be covered the symbol of life, health
provider and serenity, and opted including the modest size and the volume of the river Prishtevka.

> 3.;_'-"‘ -‘ 3 Ve .n \.—Q,’ 2 fe g " ’ ;r‘:ﬁ,"‘
AR, BN, I AW A Ty
Fig. 6. Prishtevka river covered at the 80's. (Source: Authors, Google Earth, 2012)
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From the standpoint of then, explanation of “burial” the river maybe had a dose of the real
solution. It is obvious that the urban culture and the culture of living style has resulted in coverage
of the river, and also it was the last line of eliminating potential disease, infection, and ultimately
the possible epidemic condition. However, if we remember, in the former Yugoslavia we find many
labor youth actions and surely there wasn’t lack of workforce, and surely it could be found optimal
solution for Prishtevka River with its length of near 2 km in the city.

2. A déja vu of prishtevka river

Prishtina. Although municipal authorities have already spent beyond millions of euros for
reconstruction of infrastructure, some areas and still remain without essential mainframe of
infrastructure. Village Makovc, seven kilometers from the center of Pristina, among the problems
which inhabitants have is solution for sewage. In the absence of sewage, residents of the village are
throwing pipes of fecal waters into the river of Prishtevka.

According to Makovc residents in April/2011, “Our sewage is in the river, however, when the
level of water in river is reduced in summer period, a hard smell is formed and is sickening, a
hazardous air for human health. On one side is sewer smell and on the other is waste thrown into
the river, who also stinks. From the all of this, it is a poisoned environment in which we cannot
survive.”

In analogy, on same urban places where the water was in destitute, the necessity and
philosophy was to bring water near settlements and cities, and certainly without covering in
concrete sarcophagus. Of course the Prishtevka River, it is not even close in size and volume of the
Thames or the Seine, however, implementing right environmental strategy to solve the real life
problem is encouraged, even if at first seemed hopeless. It is in human nature to weighs towards
better and more qualitative conditions of life, therefore it is a continuous process and aspiration
towards to quality and prosperity. Otherwise its inability to cope with the problem, quick decisions
and improvisation, stagnation and eventually depression in the end.

Fig. 7. Building, covering of river Prishtevka. (Source: Public Domain, 2012)

Discussion

Many authors, claim that the iteration is the key to understand the complexity of the process,
Wolfram S. 2002, indicates that the iterative process, the application of simple rules, is at the heart
of the mysterious ability of nature, in the production of complex phenomena and processes.

Iterations of structure, function, and process in a given context would examine assumptions
and properties of each element in its own right, then in relationship with other members of the set.
Subsequent iterations would establish validity of the assumptions, then compatibilities and/or
conflicts are identified and dissolved. Dissolving conflicts may require re-conceptualization of the
variables involved. Finally, successive iterations will produce an integrated design [6].

The principle of iterative inquiry is reinforced by Singerian experimentalism: “There is no
fundamental truth; realities first have to be assumed in order to be learned.” (Singer, 1959).
Successive iterations would yield a greater understanding and more closely approximate the nature
of the whole. These iterations, then, are like a reverse zoom lens through which we see the system
we are trying to understand as a working part of successively bigger and bigger pictures.
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Fig. 8. Iterative Process of Inquiry for Understanding Complexity. (Source: Authors, 2015:
Adapted from [6].

A holistic approach to architecture, in accordance with these principles, iteration can be used
as a working model in finding the best possible solution and a holistic implementation. If we look

at architectural design holistically, we need to understand the function, structure and process of
the system in requiring context.
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Urban Ulpiana

River Prishte @

Air Pollution

City - Garages

Master Plan

Fig. 10. The actual process of problem solving. (Source: Authors, 2015)

The entire system and subsystem are included in solving unique problems, where
participants cross the fictitious barriers, forming a specific and unique homogenized whole.
Overcoming the usual and conventional boundaries of disciplines with the new findings that are
not contained in any of the disciplines involved, finding unique architectural solutions to the vital
problems of the city.

Fig. 11. The Unique problem solving, system and subsystems. (Source: Authors, 2015)

Conclusion

Inadequate and not comprehensively solving the problem of a given task, not only drops the
current problem, but also has a negative impact on future generations. Not adequately solving the
specific problems of the time, results in mega problems for future generations. The current
resolution of the situation with the standard members and same Commissions, formally fulfilling
legal standards cannot be solve comprehensive and future challenges. Challenges, associated with
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the development of technology, life style, real issues and global world trends. Thus, one and the
same permanent committee, the same strategy cannot respond to all specific problems faced by live
city issues. Specific city problems will require specific and original solutions. Therefore,
introduction a transdisciplinary strategy in resolving specific problems allows the comprehensive
and day to day finding optimal solutions. The aim of this research was to accentuate the sensibility
and the necessity of taking the legal measures in introduction the establishment of specific
professional teams and design strategies, which will have the right of law in scientific
recommendations to authorities in the municipalities.
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Abstract

Thermal designing of an air preheater typically include the determination of heat transfer
coefficient, Fin parameter, Colburn factor, fanning friction factor, heat transfer area, overall heat
transfer coefficient, its type and size. The Continuous Caustic Fusion plant is a plant to produce
export grade caustic soda Flakes from caustic soda solution. Design of heat exchangers has a
greater role in thermal engineering field. An air preheater is a type of heat exchanger device
designed to heat air before another process. Here the air preheater is a plate fin heat exchanger.
Some problems are involved in the working of Air preheater used in the Continuous Caustic Fusion
plant. Heat transfer is not properly taking place inside the Air Preheater. The outlet temperature of
heat exchanger cannot be increased to a required value because of fouling produced inside the heat
exchanger. So the air preheater is to be redesigned, to overcome this situation. In this paper finding
the fouling factor and redesigning of plate fin heat exchanger are demonstrated.

Keywords: Thermal designing, Air preheater, Continuous Caustic Fusion Plant, Heat
transfer coefficient, Over-all heat transfer coefficient, fouling factor.

Nomenclature

A heat transfer surface area
A, minimum free-flow area
Cc* heat capacity rate ratio

Crnin smaller heat capacity rate
Cp specific heat

Dn hydraulic diameter

F fouling factor
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f flow friction

G mass velocity

h heat transfer coefficient

h' thickness

j heat transfer factor or Colburn factor
k thermal conductivity

L flow length

1 fin length

L fin conduction length

m mass flow rate

Mt fin parameter

NTU  number of transfer units

ps fin pitch

P: prandtl number

q Actual heat transfer rate

gmax Mmax heat transfer rate

Re Reynolds number

Rw wall resistance

S fin spacing

T, temperature of hot fluid inlet
T2 temperature of hot fluid outlet
t temperature of cold fluid inlet
t2 temperature of cold fluid outlet
U overall heat transfer coefficient
UA overall thermal conductance

€ effectiveness

u viscosity

&fin thickness

Ow plate thickness

n¢ fin efficiency

No extended surface efficiency
Introduction

Heat exchangers have greater application in the field of oil industries, chemical industries,
etc. In this case an air preheater which is provided in a Continuous Caustic Fusion plant is
considered for the work. It seems that there are some problems involved in the working of an air
preheater. That is, the heat transfer is not properly taking place inside the air preheater. Expected
temperature is not generated at the air preheater of a Continuous Caustic Fusion Plant. This
causes, decrease the efficiency of air preheater and increase in power consumption. One of the
reasons for that, the fouling inside the air preheater. So that the work aims to find out the fouling
factor and redesign the air preheater in economical manner by considering the fouling inside air
preheater. This particular air preheater has air as the primary fluid and flue gas as the secondary
fluid. Based on the present situation, it is decided that e- NTU method can be applied for the design
verification. Then the effect of fouling in the air preheater is determined and a design modification
to the air preheater is suggested based on e- NTU method.

Plate heat exchangers with fin type are widely used in aeronautical and cryogenic engineering
fields. It is very important to correct the design and quality of heat exchangers is essential for
proper functioning of such systems. The relations between heat transfer properties and design
techniques are discussed in well-known text book "Fundamentals of Heat Exchanger Design" by
Ramesh K Shah and Dusan P Seculic [1]. It explained an excellent introduction to fin geometry.
Kays and London [2] detailed a different design data for plate fin heat exchangers fin surfaces. The
variation of f and j with different Re for different surface configuration is given in graphical form
and tabular form as well. London and Shah [3] explained performance of offset strip-fin non-
dimensional geometrical parameters. Dimensionless parameters include fin thickness, fin pitch,
Colburn factor, friction factor etc. Shah and London [4] provided laminar flow analytical results for
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rectangular offset ducts. Joshi and Webb [5] discussed the goodness factor comparison for
different fin surfaces for plate fin surfaces.

Side bar
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Fig. 1. Basic components of plate-fin heat exchanger [6]

Shah and Sekulic [6] present in detailed the design factors of two fluid operations. They have
designed the heat exchanger with fundamental steps involved. They have presented e-NTU method
for cross flow plate fin heat exchangers. Manson [7] proposed correlation equations using a
database of different geometries. Weiting [8] obtained j and f correlations for the laminar and
turbulent flow regions. Nuntaphan et al. [9] discuss the effect of, spacing of fin on the air side
performance at low Re for both staggered and inline arrangements. They find the correlations to
predict the arrangements. Manglik and Bergles [10] carried an experimental research on offset
rectangular fins. They find the effects of fins heat transfer and pressure drop for different offset
rectangular fins.

€ — NTU Method of Air preheater Designing

In the £ -NTU method [1], the heat transfer rate from the hot fluid to the cold fluid in the
exchanger is expressed as

q = € Cuin (Ti-t1) (D

The heat exchanger effectiveness sometimes referred to as the thermal efficiency.
The effectiveness € is non-dimensional parameter, and it can be shown that in general it is
dependent on NTU, C*, and the flow arrangement for a direct-transfer type heat exchanger.
Effectiveness is defined as the measure of thermal performance of a heat exchanger [1]. It is
referred to as, for a given heat exchanger of any flow arrangement as a ratio of the actual heat
transfer rate from the hot fluid to the cold fluid to the maximum possible heat transfer rate.ie,

€= (2)

Imax
NTU is defined as a ratio of the overall thermal conductance to the smaller heat capacity rate.
NTU = — (3)

NTU indicate the non-dimensional heat transfer size and therefore it is a design parameter in
the plate fin heat exchanger. NTU provides a compound measure of the heat exchanger size
through the product of heat transfer surface area A and the overall heat transfer coefficient U
[1].The design method for heat exchangers developed is based on the € -NTU theory. This method
allows relatively a straight solution of the corresponding design problems. Such design theory is
used in many applications. For the designing of plate fin heat exchangers, use the e-NTU method.
Because it is the most common method used in industries. Here explains a step-by-step method for
the designing of a plate fin cross flow heat exchangers. The basic steps involved in the analysis of
heat exchanger explains the following parameters: surface geometrical properties, fluid physical
properties, Reynolds numbers, heat transfer coefficients and fin efficiencies, wall thermal
resistance and overall thermal conductance, heat transfer rate, outlet temperatures.
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1. Find out the surface geometrical properties on each fluid side .It includes the minimum
free-flow area A,, heat transfer surface area A(both cold and hot), flow length L, hydraulic diameter
Dy, fin geometry(s, 8, h',]) for fin efficiency calculations.

s=pi— & (4)
h'=§,- & (5)
2(s—&) kel
h=hrl+sl:|-hr 5 (6)
A0= dh:?; (7)
A=(2h'D) + (2s]) + (2h'8) (8)

2. Determine the fluid mean temperature and fluid thermo physical properties on each fluid
side. The fluid properties needed for the designing are y, Cp, k, and P..
3. Compute the mass velocity using mass flow rate and Reynolds number using fluid
properties for both cold and hot fluid
™

= (9)
Re = (10)

u
Subsequently, compute heat transfer and flow friction characteristics of heat transfer surfaces
on each fluid side of the exchanger.

j=0.6522(Re) 0s103(Z)01501(2) 0:1499(2)00678) [1+ (0.00005260(Re) H34(=) 0504

(E) 0.456 (E)—1.055]o.1 (11)

[4 -

f=0.6243(Re)07422(=)0:1856(>)03053(2)0:2655)[1+(0.00000007669(Re)#429(=)os20  (2) 3767
(E)o.236]o.1 (12)
=

4. From j, compute the heat transfer coefficients for both fluid streams from
the following equation.

h:_;lexl‘_'“

P." oig (13)

5. Using heat transfer coefficient, fin geometry parameters and thermal conductivity of
material determine the fin parameter.

Zh ] i
Mi= (g7 x5 (1+ ) (14)

Also find out the fin efficiency nr and the extended surface efficiency 1, from fin parameter
for both cold and hot fluid.

h I"J [4
ne= %ﬁj (15)
No=1-(1- ) X 0.785 (16)

6. Compute the overall thermal conductance UA

1 1 1
i =(m)hot fluid + Ry + (m)cold fluid (17)
7. Finally calculate the fouling factor
1 1
f= (E)ideal' (a)actual (18)

Design Validation for Air preheater

Table 1 show that the design calculation for the air preheater in a continuous caustic fusion
plant using e-NTU method. In ideal case calculations, use the ideal conditions in the continuous
caustic fusion plant. In air preheater, the hot fluid is flue gas and cold fluid is air. The ideal case
calculation implies that a perfectly designed heat exchanger operate properly in a plant. In actual
case calculations, the only difference from the ideal case calculation is that the temperature
variation due to fouling effect. The outlet temperature of air preheater is reduced to 230°c to 185°c.
Due to this temperature change, the heat transfer coefficient, fin parameters, efficiency of fins are
reduced. Also fouling is increased to 1.288 k/w. In re-design calculations, for the same fouling
effect reduced the fin thickness up to 0.185mm. So that the fins pacing increased to1.61 mm. Also
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the heat transfer coefficient, fin parameter, efficiency is increased from actual case. In this
conditions got the required temperature range for the air preheater.

Table 1. Design calculation of air preheater in a continuous caustic fusion plant

Ideal Case Actual Case Re-design Case
Mo | Parameter | 4 ot Fluid Cold | Hot Fluid | S99 | Hot Fluid | Cold Fluid
1 6 (mm) 5 5 5 5 5 5
2 Sw(mm) 0.2 0.2 0.2 0.2 0.185 0.185
3 ps(mm) 1.795 1.795 1.795 1.795 1.795 1.795
4 1 (mm) 6 6 6 6 6 6
5 | h'(mm) 9.3 9.3 9.3 9.3 9.315 9.315
6 I (mm) 0.0045 0.0045 0.0045 0.0045 0.0045 0.0045
7 Ru(k/w) 4.7E-7 4.7E-7 4.7E-7 4.7E-7 4.7E-7 4.7E-7
8 m (kg/s) 2.249 2.14 2.249 1.27 1.27 1.27
9 Co(kj/kg) 1.151 1.014 1.151 1.0106 1.151 1.03
10 | Ti(%) 447.4 25 447.4 25 447.4 25
11 T, (°c) 271 230 271 185 271 225
12 u (kg/ms) 3E-05 2E-05 3E-05 2.2E-05 | 2.6E-05 2.67E-05
13 s (mm) 1.595 1.595 1.595 1.595 1.61 1.61
14 K¢ (w/mk) 18 18 18 18 18 18
Ideal Case Actual Case Re-design Case
Mo | Parameter [y ot Fluid Cold | HotFluid | S| Hot Fluid | Cold Fluid
15 P 0.731 0.688 0.731 0.692 0.731 0.68
16 | A(mm?) 0.0001 0.0001 0.0001 0.0001 0.000135 | 0.000135
17 G(Kg/mz2s) | 54.089 51.46 54.089 30.54 53.51 30.22
18 Dn(mm?2) 0.0023 0.0023 0.0023 0.00231 | 0.00237 0.002368
19 Re 4754 5201 4821 3281 4821 2680
20 |] 0.0071 0.0068 0.007 0.00835 | 0.00703 0.009124
21 f 0.0285 0.0277 0.0285 0.03182 | 0.4106 0.0328
22 | h(W/m2k) |543.88 | 456.16 546 333 533-4 367.1
23 | Mf 558.77 511.73 560.2 4374 574.7 476.7
24 F(K/W) 1.288 1.288

Effect of Fouling on the Performance of the Air Preheater and the Design
Modification

The outlet temperature of the air preheater cannot be increased to the required value because
of the fouling produced inside the air preheater. Therefore, it is necessary to determine the effect of
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fouling inside the air preheater. By using e-NTU method, the fouling factor is 1.288K/W.
This fouling factor is greatly affected by the performance of air preheater. The fouling will be
increases, the temperature will be reduce.

Figure 2 shows that the relation between heat transfer coefficient and temperature.
Heat transfer coefficient is nearly linear with temperature. That is when temperature increases the
heat transfer coefficient also increases. But the fouling reduces the temperature and heat transfer
coefficient. Figure 3 shows that the relation between overall efficiency and fouling factor. It shows
that, the efficiency of plate fin heat exchanger reduces with respect to the increase of fouling factor.
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Fig. 2. Heat transfer coefficient vs Temperature
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Fig. 3. Overall efficiency vs Fouling Factor

The maximum value of fouling factor is 4.239(k/W) at 225°c.Therefore corresponding to the
maximum value of the fouling factor generated, the air preheater needs to be redesigned in order to
overcome this situation. This can be done by using the fin characteristics. Where the main fin
character is fin thickness (8). In order to compensate this situation, the area should be change.
The maximum value of fin thickness required for the fin is 0.185 mm. That means the fin with this
much amount of fin thickness is capable of with desired effects under such circumstances. In order
to considering the easiness of removal of the fouling, the thickness value of the fin can be
approximated to 0.185 mm.

From redesign calculation, it is found that a better design with fin thickness of 0.185mm will
be able to overcome the fouling effect. Also the fin spacing will be increases to 0.015 mm.
The cleaning of the air preheater will be better if the modified design is applying. The fin thickness
will reduce to 0.015mm will be able to working at the same fouling effect.
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Conclusion

The outlet temperature of heat exchanger can be increased to a required value, by reducing
the fin thickness. At the same fouling effect, the value of fin thickness reduced to 0.015 mm. that is
the value of § become 0.185mm. So the redesigned value can overcome the situation.
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Abstract

The technique and results of mathematical modeling of litho-dynamic characteristics of the
coast and sediment accumulating in internal and external areas of port Pionerskiy in existing
conditions and conditions of its reconstruction. On the results of the simulations to prevent
sediment accumulating approaches to the reconstructed port of the Pionerskiy flow of sediments
from the West, it is proposed to construct the sediment- restrain spur to the West of the root
portion of a new protective breakwater. The volume of sedimentation and sensimet of external
design water area will be reduced significantly.

Keywords: port hydraulic structures, the water area of port, coastal stream sediments,
sensimet waters sediment-restrain spur.

Beeagenue

ITopt IIuonepckuil pacmosnaraercs B r. IInonepckom KanmHuHrpazackoil obGsactu, Ha
ceBepHOM o6Geperkbe CaMOUICKOTO ITOJIyOCTPOBA, OMBIBAEMOT0 BayITHiCKM MOpeM — puC. 1.

MakcumasipHasA OPOTAKEHHOCTh akBatopuu noprta Iluonepckoro cocrasisger 620 M. ITopt
pacIioyio’keH B TPUYPE30BOM UYacTH OeperoBOd IOJIOCHI. BBIIBUHYTBIE MOJIBI PACIIOJIATalOTCSA
MapaJUIeJIbHO MTPOTUBOIIOJIOKHBIM Oeperam. /IymnHa BoCcTOYHOTO MOJIa COCTaBIISAET 450 METPOB IO
BHEITHEMY Kparo U 360 MeTpOB 10 BHyTpeHHeMY. CeBepHBIN MOJI CJIETKa U30THYT U UMEeT JIUTHHY
10 BHEIITHEH CTOpOHE 670 METPOB — PHC. 2.
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Puc. 1. Pacnonoxxenue nopra I[InoHepckoro Ha mobepexbe bBanTuiickoro mMops B mpejesax
Kaymaunarpazckoit obiactu

I[TopT wmMeeT TpagUIIMOHHYI0 KOH(UTYPAIHIO OTPAUTENIBHBIX COOPYKEHHH, KOTOpas
CIOCOOCTBYeT IIOCTOSHHOMY 3aHECEHHIO0 IIOAXOJHOTO KaHajda  PBIXJIBIM

MaTepHaIoM
MMOCTYIAOIIETO C 3amaza.

Puc. 2. CnyTHUKOBBIA CHUMOK nopTa IInoHepckoro
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B pamkax pexoHCTpyKIuu nopra ITnonepckoro mpoekTupyercsa MexXayHapoaHBIH MOPCKOH
TEPMUHAI, IpeIHA3HAUEHHBINH /I NpHeMa KPYU3HBIX CY/IOB IacCaKUPOBMECTUMOCTBIO [0
5000 YeJl., IJTHHOH /10 320 M U IapOMOB JUIMHOH 10 211 M.

B cocraB THAPOTEXHUYECKUX COOPYKEHHH IPOEKTUPYEMOTO TEPMHUHAIA  BXOJAT:
OpUYaNbHBIA (GPOHT 1A TmpuemMa U OOpPaOOTKH pACYETHBIX CYOB C COOTBETCTBYIOIINM
000pyZOBaHUEM U COOPYKEHHUAMU (rajepeu, paMIibl IPU HEOOXOUMOCTH U T.II.); MPUYAJIbI JJIA
BCIIOMOTATEJIbHBIX CY/IOB; OTPaiUTEIbHbIE THAPOTEXHUYECKUE COOPYKEHHS; IOJXOJHOU KaHAJI
(He0OXOAMMOCTh  ONpenessieTcA B IpOIecce IMOATOTOBKH IPOEKTHOW /JIOKYMEHTAIlUH);
ollepallioOHHasA aKBaTOPHs.

ITo pe3ysbTaTaM BOJTHOBBIX PAcueTOB U MOJEJIMPOBaHUsA Obla pa3paboTaHa KOHGUTYpaIus
TUAPOTEXHUYECKUX COOPY:KEHUH, IOKa3aHHAsA HA pUC. 3.

BHemHAa akBaTopus cyliecTBymomero mopra IInMoHepckoro mojBeprajach 3HAYHUTEIBHOM
3aHocuMOCTH (puc. 4). IlosToMy oHOU M3 33/1a4 HAYYHOTO 0OOCHOBAHUSA ITPOEKTA PEKOHCTPYKIINU
nopta IInmoHepckoro OBLIO MOZEIMPOBAaHUE 3aHOCHUMOCTH PAa3BOPOTHOTO Kpyra U BHOBB
cO3/1aBaeMO¥ OIepaIrOHHON aKBaTOPUH.
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Puc. 4. Hannuune otmenu k CB ot orosioBka CeBepHOT0 MoJIa CyIeCTBYIOIIEro IopTa
IInonepckoro

MaTepI/IaJIbI 1 ME€TO/AbI
JJi OIleHKH JHUTOANHAMHYECKHUX XapaKTEPUCTHUK IIPOEKTHOI'0 Y4YaCTKa 6epera ObLIa
pa3pa60TaHa I_II/I(prBaH MO/JZ€/Ib MECTHOCTH (pI/IC 5) U BBIIIOJIHEH PACYET CPEAHEMHOTOJIETHETO U

IIITOPMOBOTO B/IOJIbOEPErOBOTO TPAHCIIOPTa HaHOCOB. [Io MaTepmasiaM WH}KEHEPHBIX HU3BICKAHUHN
CpeHUM JuaMeTp HAaHOCOB IPUHUMAJICA PAaBHBIM dcp = 0.33 MM,

——
BATUMETPHHECKHA MNAH

300

—

7 Thonepcr

Puc. 5. Orobpakenue 1iudgpoBOi MOJIeJIM paiOHA MMPOEKTHOTO yYacTKa

ITo pesysnpraTaM MOJEJINPOBAHUSA TPAHCIOPTA HAHOCOB OBLIO YCTAaHOBJIEHO, YTO
CpelHeMHOTOJIETHUH B/10JIbOEPETr0BO MOTOK HAHOCOB HA MMPOEKTHOM yJacTKe Oepera HaIllpaBJIeH ¢
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3amazia Ha BocToK. Ero eMKoCTh cocTaBiseT oT 60 70 100 Thic. M3/roj. [Ipu 3TOM cpeiHero/ioBbIe
MUTPAI[IU HAHOCOB COCTABJIAIOT: MOPsAJKA 70 - 116 ThIC. M3/TO/ C 3amajia Ha BOCTOK U IOPsA/IKa
15 TBIC. M3/TO/I C BOCTOKA Ha 3amal.

MaxkcuMasbHass €eMKOCTh IITOPMOBOTO IOTOKA HAHOCOB — IMOPAZKA 35 — 40 ThIC. M3/CyTKHU
umeeT Mecto B mropmax ot 3C3, C3 u CC3 HampaBieHUN. ITU MOTOKU HAHOCOB HaIpaBJIEHBI C
3amazia Ha BocTok. C BOCTOKA HA 3amaj; HaHOCHI nepeHocsaTcs B mrropmax CCB u CB HampaBieHui,
HX EMKOCTh COCTaBJISIET 5 — 6 ThIC. M3/CYTKH.

Takum 00pa3oM, MOIIHBIE CPEJHEMHOTOJIETHHE U IITOPMOBBIE BJIOJIBOEPETOBBIE IMOTOKU
HAHOCOB Ha IPOEKTHOM Yy4YacTKe Oepera IIepeHOCAT HAHOCHI BJI0b CeBepHOTO MoJia TOpTa
[Tuonepckoro (710 cTpouTesIbeTBa 3TOTO MoJia — BAob C3 6opta mbica KynasipHoro). ITpu o6xoze
sTuM moTokoM CeBepHOro mosia (paHee — MpIica KymajbHOTO), IMMOTOK pacCIIUPSETCs, U HAHOCHI
BBINIAZIAIOT Ha J[HO, BBI3BIBAs 3aHOCHMOCTH IOAXOJHOTO KaHata mopra ITuonepckoro (panee —
oOpa3oBaHUeE KOChI) — PUC. 4.

[TosyuyeHHBIE pe3ysIbTaThl IOATBEPK/IAIOT U3BECTHBIE TeOPETUYECKHE MT0JI0KEHNU, COIJIACHO
KOTOPBIM, BJI0JB0EPEroBOil IepeHOC HAHOCOB Ha IIeCYaHBIX Oeperax IIPOUCXOAUT Kak
HEIIOCPEZICTBEHHO I10JT BO3/IECTBHEM IIITOPMOBOTO BOJIHEHUS (OTHOCUTEIHHO KPYIIHbIE HAHOCHI),
TaK U BJIOJIBOEPETOBBIM TEUYEHHUEM, SBJIAIOIIUMCH CYMMOHN SHEPreTHYecKOro, TPaJueHTHBIX U
ZipelidhoBOTO TeUeHUH. ITO TeueHre NIepeHOCUT 3HAUUTEeIbHBIN 00beM IeCUaHbIX HAHOCOB MEJIKHX
(¢paxnuuii BO B3BEIIIEHHOM COCTOSHUM Ha IIUPOKOM (PpOHTeE.

B panHO# paboTe ObLIIO IPHUHATO BO BHUMAaHHUE TO OOCTOATEHCTBO, UTO B CBETJIOTOPCKOU
OyxTe, PacCIOJIO’KEHHON K 3alajly OT PEeKOHCTPYyHpyeMoro mnopta I[IMoHEpCKOro, IIaHUPYeTCs
HAMbIB HCKYCCTBEHHOTO IIECYAHOTO IULKA OOIUM O0BEMOM JI0 2 MJIH. M3. IJTOT IUIK
MIPE/II0IaTaeTCs yIep>KUBATh OyHAMU.

OnHako Ha TecyaHbIX Oeperax OyHBI He MOTYT IIOJTHOCTBIO 33/iep:KaTh BIOJILOEPEroBoOe
mepeMelieHne HAaHOCOB, TaK KaK He MOTYT IEPEKPHITh BCIO NPHUOONHYI0 30HY BBUJIY €€
3HAYUTEIbHOU MUPUHBL. [I03TOMY B JaHHOI paboTe MPeAI0JIaraaoch, 4To BA0IL0EPEroBOi IOTOK
HAHOCOB OyZIeT IOJTHOCTBIO HACHIIIEH, TO €CTh €ro eMKOCTh (TPaHCHOPTUPYIOIIAs CIIOCOOHOCTh
BOJIHOTO IIOTOKA) Oy/ieT paBHAa MOIIHOCTH (pacxoy).

[Ipenmnonaranoch, YTO 3aHOCUMOCTh BHYTPEHHEN aKBAaTOPUU IIPOUCXOAUT B Ppe3yJbTaTe
IIDOHUKHOBEHUsI B HeEé CYMMAapHbIX (BETPOBBIX M BOJHOBBIX) TeUYeHUM, HAaCBIIIEHHbIX
B3BEllIEeHHBIMU HaHOocaMu. [Ipu 5TOM paccMaTpUBAIOTCA TedeHUs, BBI3BAaHHBIE BETpPaMU OT
BocTouHbIX (CB-BCB-B) HanmpaBieHHI.

3aHOCHUMOCTh BHENIHUX aKBAaTOPUH 00yCJIOBJIEHA pacuIiupeHrueM (ppoHTa BIOJIBOEPETOBOTO
TeUeHUs, TeHepupyeMoro BeTrpamMu oT 3anagHbix (3-3C3-C3-3C3) HampaBiieHUH, IOCe
MIPOXO3K/IEHUS UM OTOJIOBKOB CYIIIECTBYIOIIETO WK MPOEeKTUPyeMoro CeBEPHBIX MOJIOB.

MoiestupoBaHUe BBITIOHSAIOCH [0 METOIUKE, U3JI03KEHHOH B [1].

Jlns omnpenesieHuss CpPeAHETOZOBON 3aHOCHMOCTH AaKBAaTOPUU HEOOXOAMMO paCCYUTATH
IIPO/IOJKUTEIBHOCTD JIEMCTBUA PA3JIMUHBIX TUAPOMETEOPOJIOTUUECKUX CUTYalluil 110 pO3€e BETPOB
¥ IPOCYMMUPOBATh Pe3yJIbTaThI.

Pacuer 3aHOCMMOCTH BHeIIHeM aKBaTOPUM CyllecTBywoIlero mnopra IluoHepckoro o
CTPOUTEJILCTBA HOBOTO OTPAJIUTEILHOTO MOJIA BBIIIOJIHEH IIPHU CJIEIYIOIIUX IIPEATI0I0KEHUAX:

- muprHa QPOHTA IepeHoca HAHOCOB Ha IO/XO0Jle K OTOJIOBKY cyllecTByoilero CeBepHOTo
MoOJIa, U3MepeHHas 710 u300aTel 5.0 M Bgy = 195 M;

- cpenHsis IyOruHA HA 3TOM QpoHTE dop = 3.3 M;

- I[IMPWUHA BHEIIHEH aKBaTOPUH TIOcje 00X0[a IOTOKOM OTOJIOBKA CYIECTBYIOIIETO
CeBepHoro moJia L. = 375 M;

- pacueTHas JJIMHA BHEITHEN aKBaTOPUH X, = 260 M;

- pacueTHas TyyOMHA HA BHEIIHEH aKBaTOPUU d, = 5.5 M.

PezysabTaTrsi

PacuerHnie TUAPOJIUTOAMHAMUYECKHUE IIapaMETPhbl [JId pacdeTa 3aHOCHMOCTHU BHEIIIHEH
aKBaTOPUHU CYIIECTByWIIero mnopra IInoHepckoro or 3amajHBIX IITOPMOB JI0 CTPOUTEJIBCTBA
HOBOTI'O OTPpaAUTEILHOI'O MOJIA IIDUBEACHBI B TabII. 1.
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TaﬁJII/IIIa 1. PacueTHbIE TUAPOJIMTOANHAMUYECKUE ITapaMETPbI JIA pacdeTa 3aHOCUMOCTH
BHEIITHEH AKBAaTOPpUHU CyHIECTBYIOIIECTO IIOPTAa HI/IOHepCKOI‘O OT 3alla/THbIX IITOPMOB 10
CTPOUTEJIBCTBA HOBOI'O OTPAJAUTEIBHOI'O MOJIa

Cpenu. Ckop CymmapHas
Ckop. CKOD. Bricora | Ilepuon | [imna )
o BOJIHOBOTO CKOD.
BeTpa, | IloBT, P% IIpoxa. T, c JipedoBOTO | BOJIHBI, | BOJIHBI, | BOJIHBI,
TeueHUs, TeueH., U,
M/c TeYeHHsI, h, m T,c A M
M/c M/c M/c
6 9,1 2869776,00 0,06 0,6 2,2 3,9 0,00 0,06
10 8,1 2554416,00 0,10 1,1 3,7 10,7 0,02 0,12
14 4,5 1419120,00 0,14 1,6 5,2 21,1 0,17 0,31
18 1,7 536112,00 0,18 2,2 6,7 46,6 0,47 0,65
22 0,5 157680,00 0,22 3,3 8,2 59,4 0,76 0,98
26 0,08 25228.80 0,26 4,0 8,6 65,2 0,01 1,17

PesysibTaThl pacuera 3aHOCUMOCTY BHEITHEH aKBaTOPUHU CYIIIECTBYIOIIETO IIOPTA IIPHUBEIEHBI
B Ta0JI. 2.

Ta6J11/ma 2. PeBy.HbTaTbI pacueTra 3aHOCUMOCTHU BHEIIIHEH AKBATOPpHUHU CYHIECTBYIOIIETO IIOPTAa
HI/IOHepCKOI‘O 0 CTPOUTEJIbCTBA HOBOT'O OI'PpaAUTEJIbHOTO MOJIa

Cymmap-
Hasd
MyTtHocts | Pacxopn Pacxon Ckop. MyTHOCTB
COD- Ha BOZbI HA | B3BeCH Ha | TedeH. 3a 3a Pacxor B3secu Obmem
TeueH. Ha BBIXOJIE, Qr, | 3aHOCHMOCTH,
Ha NOZXOZle | MOAXOAe, | MOAXOAE, | OTOJIOBKOM, | OTOJIOBKOM xr/c W 3
mnmoaxonae, C’ KF/MB Qa MS/C QF’ KF/C VO’ M/C C’ KF/M3 >
U, m/c
0,06 0,027 19,3 0,52 0,02 0,012 0,23 52,11
0,12 0,203 37,9 7570 0,04 0,090 3,42 686,60
0,31 3,725 99,8 371,85 0,11 1,656 165,35 18430,97
0,65 17,410 210,3 3661,55 0,22 15,483 3256,34 13662,84
0,98 58,283 314,6 | 18336,79 0,34 51,833 16307,51 20124,26
1,17 100,542 3773 37937,29 0,40 89,416 33738,90 6661,67
Cymma 59618,46
3aHOCHUMOCTbD, 0.61
Ad;, m ’

W3 Tabi. 2 ciaemyeT, 9YTO /0 CTPOUTEJTHCTBA HOBOTO OTPAJUTEIHLHOTO MOJIA UMEET MECTO
TeH/IEHIIMA K 3aHOCUMOCTH BHEIIIHEN aKBAaTOPUU CyIIeCTBYoIIero nopra [lnonepckoro Ha 0.6 M B
cpefiHeM 3a roji. ATO MOATBEPKAAeTCA HAUIMYUEM B HACTOSAIee BpeMs OTMeIN Ha 3TOM aKBaTOPUH
(puc. 4). Paszymeercs, mropmamu oT C3-CCB HampaByieHHII 5Ta OTMeJIb BpeMs OT BpeMeHU
pa3MbIBaeTcA U IOTOMY He IIPEBPAIaeTCs B OCTPOB.

Pacuer 3aHOCHMOCTH BHEIIIHEH MTPOEKTHOUN akBaTopuu nopta [IMoHepCcKOro BHINIOJIHEH IIPU
CJIeYIOIIUX MIPeIOIOKEeHUAX:

- mupuHa QpPOHTAa IlepeHoca HAHOCOB Ha IOAXOAE K OrOJIOBKY HPOEKTHPYeMOTO
OTPaZIUTEIBHOTO MOJIa, U3MepeHHas /10 U300aThI 13. O M By = 210 M;

- cpenHss rIybnHA HA 3TOM (PpoHTE dop = 12.2 M;

- IIMpUHA BHENIHEH aKBAaTOPHH ITOCJIE 00X0/Ia TIOTOKOM OTOJIOBKA HOBOTO OTPAJIUTEIHHOTO
MoJia Lec = 480 M;

- pacueTHasd JjIMHA BHEITHEH akBaTopuu X, = 370 M;
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- pacueTrHas TTyOMHA Ha BHEITHEH akBaTOpHUU da = 11.0 M.

PacueTHble THUAPOJUTOJUHAMHUYECKHE IapaMeTphl JJIA pacueTa 3aHOCHMOCTH BHEITHEH
MIPOEKTHOW aKBaTOpWH NopTa I[IMOHEPCKOTO OT 3alaJHBIX INITOPMOB IPUBENEHBI B TabJI. 3.
Pe3ysibTaThl pacueTa 3aHOCUMOCTH BHEITHEN ITPOEKTHOM aKBATOPHUU TIOPTA IPHUBEIEHBI B TA0I. 4.

Taosmuma 3. PacueTHbIe TUIPOIUTOIMHAMUYECKHE ITapAMETPHI /I pacueTa 3aHOCUMOCTH
BHEIITHEN ITPOEKTHOM aKkBaTOpuHU rmopTta [InoHepCcKOoTo OT 3aMaHbIX IIITOPMOB

Cpenm. Cko CymmapHast

Ckop. CKOD. Bricora | Ilepuon | Hnmua p- y P
o BOJIHOBOI'O CKOp.

BeTpa, | IloBT, P% IIpoxa. T, c JipedoBOTO | BOJIHBI, | BOJIHBI, | BOJIHBI,

TEeUYeHUs, TeueH., U,
M/c Te4yeHHs, h, m T, c A M
M/c M/c
M/c

6 9,1 2869776,00 0,06 0,6 2,2 3,9 0,00 0,06
10 8,1 2554416,00 0,10 1,1 3,7 10,7 0,00 0,10
14 4,5 1419120,00 0,14 1,6 5,2 21,1 0,00 0,14
18 1,7 536112,00 0,18 2,2 6,7 46,4 0,03 0,21
22 0,5 157680,00 0,22 3,3 8,2 64,0 0,13 0,35
26 0,08 25228,80 0,26 4,0 8,6 70,5 0,22 0,48

TaoOauna 4. Pe3ynpTaThl pacueTa 3aHOCUMOCTH BHEITHeU IPOEKTHOU aKBaTOPUH IOPTa
ITnonepckoro

Cymmap-
CI;I;H MyTtHocts | Pacxop, Pacxopn, Ckop. MyTHOCTB Pacx 06
p- Ha BOJbI HA B3BECU HA TE€UYEH. 3a 3a acxo/l B3SBECH bEM
TEYEH. Ha BbIxozie, Qr, | 3aHOCHMOCTH,
Ha moaxonae Imoaxoze, noaxoae, OI'OJIOBKOM, | OT'OJIOBKOM KD /C W.. M3
mnmoaxozae, C KF/MS Q: MS/C QF: KF/C Vo, M/C G, KI‘/1‘/13 >
U, m/c
0,06 0,019 75,8 1,47 0,03 0,001 0,07 1216,95
0,10 0,034 126,3 4,26 0,05 0,004 0,52 2885,26
0,14 0,093 176,8 16,36 0,07 0,011 1,99 6157,90
0,21 0,146 259,3 37,87 0,10 0,035 9,19 4641,46
0,35 0,718 440,9 316,36 0,17 0,174 76,78 11404,33
0,48 1,890 608,8 1150,90 0,23 0,459 279,33 6638,08
Cymma 32943,97
3aHOCUMOCTb,
Ad;, m 0,19

W3 Tabi. 4 ciaemyer, 4YTO MPOTHO3UPYEMbBIH 00bEM HAHOCOB, IOCTYIAIOIINX Ha BHEIIHIOIO
aKBaTOPUIO MPOEKTUPyeMoro mopta [IMoHepCKOTro B cpeAHeM 3a roji BO BpeMs BETPOB 3allaHbIX
HallpaBJeHUH, cocraBiisier W = 32944 m3. CpeaHerozoBasi 3aHOCHMOCTh BHEIITHEH aKBaTOPHU
MIPOEKTUPYEMOTO ITOPTA MPH BETPAX 3aTa/IHBIX HAIIPABJIEHUH ITPOTHO3UPYETCS BEIMIUHOM 19 CM.

BuiBOABI
J1a mpeioTBpalieHrusa 3aHOCUMOCTH MMOAXO0/I0B K peKOHCTpyupyeMomy nopty IInonepckomy
IIOTOKOM HAHOCOB OT 3ala/ia, ObLIO MPEJIOKEHO IMOCTPOUTh HAHOCOPETYJUPYIONIYIO IIIOPY B

KOPHEBOM 4acTU HOBOTO OIPAIUTEILHOTO MOJIa — PUC. 6.
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Sanadafi bic sdepezofold nomoK HanatoB

Janacredl BGonsdepezaBal nomax Harocod

Puc. 6. Xapakrep JINTO-TUHAMUYECKOTO ITPOIlEcca HA BHEIIHEH aKBATOPHH IIPOEKTUPYEMOTO
nopta [TnoHepckoro 6e3 HaHOCOPETYIUPYIOIIEH HITTOPHI U MIOCJIE €€ CTPOUTETHCTBA

[IImopa YacTUYHO MEPEXBATHUT MOTOK IECYAHBIX HAHOCOB, a YACTHYHO HAIIPABUT €ro B 00X07
cebs1 ¢ ToCIeayoIeld akKKyMyJIAIIMed HAHOCOB K BOCTOKY OT TOJIOBHOM YacTH INIOPHI H
o0pa3oBaHMEM HEKOTOPOTO y4YacTKa aKKyMYJISAIUH HAHOCOB C IOJBETPEHHOU CTOPOHBI IIMOPHI —
puc. 6. IIpu 3TOoM OyZeT CyIIeCTBEHHO COKpAIlleH Pacxo/ HAaHOCOB BO B/IOJIBOEPETOBOM IIOTOKE,
orubarIneM OroJOBOK HOBOTO OTPAAUTENbHOro Mosia. CiieoBaTesIbHO, 00beM aKKyMYJISIIHHI
HAHOCOB U 3aHOCUMOCTD BHEITHEN ITPOEKTHOU aKBATOPUH 3HAYUTEILHO CHUBATCA.

Hanocsl, kotopsle OyayT 00OpasoBbIBATh BXOJAAMIUM YIroJl € 3alalHOW CTOPOHBI IIINOPHI,
He00XOIMMO IEPUOIUYECKH U3bIMATD U IIepEeMEIATh Ha IUISKU

r. [ImoHepckoro kK BOCTOKY OT mopra (6aiimaccuHr). TH MEpPONPUATHSI PEKOMEH]IyeTCs
IIPEIYCMOTPETh IIPU SKCIUIyaTAIlK PeKOHCTPYHpyeMoro rmopta [Tnoxnepckoro.

YeTpolicTBO  peKoMeH[lyeMOUW HaHOCOPEry/JIMpPYIolled IIIMOpPbl II03BOJIUT  CYIEeCTBEHHO
CHU3UTH 3aHOCHMOCTH TOJIXOZ0B K MOpTy [IMOHEpCKOMY 3amafiHbIM BJIOJIBOEPETOBBIM TOTOKOM
HaHOCOB.

B pabore mcnosib30BaHbI pe3yabTaThl uccaeaoBanuil B pamkax HP N92614 «PaspaboTka
MaTeMaTUYeCKUX MOJieJied B3aUMOJIEMCTBUA BOJIH C THAPOTEXHUYECKUMHU COOPYKEHHUSAMU»,
BBINIOJTHsIEMOU B COYMHCKOM TOCY/IapCTBEHHOM YHUBEPCHUTETE I10 TOCY/IAPCTBEHHOMY 33/IaHUIO.
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MoaeaupoBaHe 3aHOCUMOCTH MMOPTA MUOHEPCKOTO IPH €ro peKOHCTPYKIINH
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AxHOTamuA. M30KeHbl METOUKA U Pe3YyJIbTaThl MaTEMATHUECKOTO MOJIETUPOBAHUSA
JINTOANHAMHUYECKUX XapaKTEPUCTUK TMO0Oepekbs ¥ 3aHOCUMOCTH BHYTPEHHEW U BHEIIHEU
akBaTopuii mopta IIMOHEPCKOrO Kak B CYIIECTBYIOIIMX YCJIOBHAX, TaK U B YCJIOBUAX €ro
pexoHcTpykiuu. I1o pesysibTaTaM MOeJIMPOBaHMS JJIs IPeJOTBPAIlleHUs 3aHOCUMOCTH T0/IX0/I0B
K PpekoHcTpyupyemMoMy mnopTy IIMoHepckoMy NOTOKOM HAHOCOB OT 3amajia, MpejJjiaraercs
IIOCTPOUTh HAHOCOPETYJIMPYIOIIYIO IINOPY K 3amazy OT KOPHEBOM YAaCTU HOBOTO OTPAAUTEIHHOTO
MoJia. ITpu 3ToM 00beM aKKyMYJIAIIUA HAHOCOB U 3aHOCHMOCTh BHEIIHEN MPOEKTHOW aKBAaTOPHH
3HAYUTETLHO CHUBSTCS.

KiroueBble c¢JIOBa: IIOPTOBBbIE THAPOTEXHHYECKHE COOPYKEHUS, aKBaTOpHs IIOPTa,
B/I0JILOEPETOBOM MOTOK HAHOCOB, 3aHOCUMOCTh aKBaTOPUH, HAHOCOY/IEP>KUBAIOIIAS IIITIOPA.
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Device for Monitoring - Warning Frequency Generator
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Abstract

Power quality was assessed by two parameters voltage and frequency, the voltage changes are
of a local property, and change the frequency — systematic. Frequency deviation in the grid due to
an imbalance in power between the generator and the load will affect the economic and technical
indicators of power stations, as well as consumers. To ensure the stability and reliability of the
electric system and generator protection to prevent damage during the operation, it is necessary
and indispensable device monitoring — warning frequency generator in power stations.

Keywords: Power quality, frequency generator, reliability, device monitoring — warning.

BeeaeHnue

B mporiecce sKCIUTyaTaliiy TEIVIOBBIX 3JIEKTPOCTAHIIUE, MOHUTOPUHT U TPEAyNpesKaeHue
YacTOThI TeHepaTopa TpedyeTcs Juisi oOecrieueHrsi 6€30IIaCHOCTH TeHepaTopa M MpeIoTBPaIleHus
HHITU/IEHTOB JIE3UHTETPAIIUU CETKH.

UccnenoBanus Kupeesa J.A., AuzipeeBa B.A., fH AHjiepccoHa U T.JI. IOKa3aHBbI, YTO YACTOTA
SIBJISIETCSI OTHUM M3 Ba’KHBIX IapaMETPOB CHUCTEMBI 3JIEKTPOCHAOKEHUs, KojebaHue YacTOThl B
mpoiecce pabOThl 3HAYUTEJHHO BJIMSET HAa KAdeCTBO 3JIEKTPOSHEPTETHKH, CO3/IaHUE IoXKapa
reHepaTopbl B CHCTEME 3HeprocHabkeHusA. TakuMm oOpa3oM, MOHUTOPHWHT M 3alllUTa YaCTOTHI B
reHepaTopax /ISl CHCTEM SHEPTOCHAOKEHUs SIBJISETCS HeOOXOUMBIM 1 00s13aTeJIbHBIM [1, 2, 3].

HapmeXHOCTh 3JIEKTPOCHAOKEHUSI TaKyKe B 3HAUYUTE/IPHON CTENEHH 3aBHUCHUT OT PeKHMa
paboThl reHeparopa [4, 5]. MccnenoBanus baOymikuna, Kamiana, U T.4. Tak:Ke OTMETUIH, YTO
OCYIIECTBJIEHIE MOHUTOPUHTA U MPEAYIPEKIeHUs TapaMeTPOB TreHepaTopa MOBBICUT HAIEKHOCTD
aJIeKTpocHaOkeHusA [6]. KauecTBO »5JIEKTPOSHEPTHII CHUJIBHO BJIMSET Ha  HAJIEXKHOCTU
3JIEKTPOMEXaHUYEeCKOH cucTeMsbl [7, 8].
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Pe3yabTrarnsl
byiok-cxeMa MOHUTOPHHTA — NIPEAYIIPEXKICHUA YaCTOThl B reHepaTope MoKa3aHa Ha pUCYHKe 1.
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Puc. 1. biok-cxeMa MOHUTOPUHTA - IIpeIyIIpeK/IeHNs YaCTOThl B TeHepaTope

B cooTBercTBUM € PHCYHKOM YCTPOMCTBO MOHHUTOPHHTA — TMPEAYIPEXKAEHUS YaCTOTHI
BKJIIOUAET COeIMHUTEIbHYIO IKUHY (1), ajantep nutanus (2), 6,10k BbIOOpa 4acTOTHOTO KaHasa (3),
MartepuHcKyio mwiaty PCB gactor I'tp (4), MocT moakitoueHus (5), CBETOJHOIHBIA auciuiei (6),
Biiox onosertienus (7).

Hcrounuk nuranus 220B AC mpuBojAT K ajantepy nUTaHusA (2) co3aaTh HCTOUYHHUK
IUTAaHUS HaNps’KeHHeM 12B IOCTOAHHOTO TOKa /I TNHWTAHUS ycTpoucrBa. HampspokeHue
reHepaTopa U HaIpsDKEHHE CETH IMPUBEJEHBI K OJIOKY BBHIOOpA YacTOTHOTO KaHasa (3), 3areMm
MIpUBEJIEHbI K OJIOKY YacTOTHOUW mHTerpamuu Ha miate PCB wacrot I'm (4), masibine uyepes 010K
omnoBeleHus (77) TOBeEHHBIE 0 CBETOMOMHOTO AucIies (6) /1A MOHUTOPHHTA YacTOTHI Uyepes
6JI0K BBIOOpA YaCTOTHOTO KaHaJjia Iepes BBOJIOM T'eHepaTopa K CeTKe.
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Puc. 2. [Tonpo6Has kapra ycTporicTBa MOHUTOPUHTA
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B mpomecce pabGoThl YacToTa SHEProceTH M TeHepaTOpOB BcerJla HAaXOAUTHCA IIOf,
HaOJII0/IeHNeM cBeToAroiHOTO auciuies (6). Ecam yacrota sHeprocetu kosebseTcs 3a mpezeiamMu
JIOTyCTUMOTO JHana3oHa, 00K MOHUTOpUHra 4yactoT Ha miate PCB wacror I'm (4) mepenaer
curHaJ1 7io 6JI0Ka OmoBelleHus (7) i OTHU, 3BY4YaHHUs, IOCTAHUSA COOOIIEHNA K OIepaTopaM U
CUTHUIM3AIMA K PEXYIIero YyCcTPoMcTBA B COOTBETCTBHM € CHUTHAJaMHM  YCTAaHOBKH.
[Ipu OTKIIIOUEHUN TUTAHUA U YCTPAHEHUSA HEMOJIAZIOK 3BYKOBOM CUTHAJI OB OTKJIIOUEH 4Yepes
"OTKIIOUEeHUs 3ByKa" W YCTPOMCTBO HACTPOEHO B HCXOJHOE COCTOSTHUE C ITOMOIIBIO
"mepesarpy3ku’. [logpoOHas kKapTa yCTpOMCTBA MOHUTOPUHTA — IPEAYIPEXAEHUA YaCTOThI JJIA
reHepaTopa yKa3aHa Ha PUCYHKE 2.

BerumcieHus u3aMepUTEIbHBIX ITapaMeTPOB U MOHUTOPUHT YacCTOThI BBINOJIHEHBI yepe3 IC
nmporpaMmupoBaHus Atmega 16. TouHocTh W cKOpocTh 00paboTku ompenessercsa IC
nporpaMMupoBaHusa Atmega 16. [Ina obecnieueHHs HA/IEKHOCTH M TOYHOCTH HCIOJIB30BAH €ro
sa3b1k  mporpammupoBanusa CodeVisionAVR. Koawl mporpammupoBanus i IC Atmega 16
IIOKa3aHbl HUXKeE:

EE St S S R Rk R b ek ol S S S Rk ol S SR S SR R ok ol S SR GRSk Rk ab b S S S S b b ol Sl S SR SR SRk S b ot S o S o

This program was produced by the

CodeWizardAVR V2.05.0 Professional

Automatic Program Generator =~ Author: Do NhuY Company : DaihocMoDiachat
Chip typ : ATmega16 Program type : Application

AVR Core Clock frequency: 8.000000 MHz

Memory model: Small External RAM size : 0 Data Stack size : 256
R e o o o o o o o o ol R L o o o o o S S o S S o o o S o o ol S S I o Sl o o e S S b o S

unsigned char fon[11]={oxfc,0x60,0xda,0xf2,0x66,0xb6,0xbe,0xe0,0xfe,0x{6,0x86};
int chuc,donvi,le1,le2,nguyen,timeo=0,time1=0,i=0,inta;

float tanso,le,thoigian=1000,soxung=0,cachdo=0,floatb;

char role11,role12,role21,role22,role31,role32,role41,role42,role51,roles2;

interrupt [EXT_INTo0] void ext_into_isr(void)

time1++;

if(time1==100){thoigian=(float) TCNT1-3035;TCNT1=3035;time1=0;cachdo=1;}
interrupt [TIMo_OVF] void timero_ovf_isr(void)

TCNTo=151;

timeo++;

if(timeo==4)timeo=0;

while (PINB.1==0);

switch (timeo){

case O: case 2:
LED4=tat; LED2=tat;
PORTC=fon[chuc];LED1=sang; PORTC=fon[le1];LED3=sang;
break; break;
case 1: case 3:
LED1=tat; LED3=tat;
PORTC=fon[le2];LED4=sang;
PORTC=fon[donvi]+1;LED2=sang; break;
break; default:
break;

interrupt [TIM1_OVF] void timer1_ovf_isr(void)
TCNT1=3035;

soxung=timei;

time1=0; cachdo=0;

unsigned int read_ adc(unsigned char adc_input)
ADMUX=adc_input | (ADC_VREF_TYPE & oxff);
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delay_us(10);

while (PIND.1==0);

ADCSRA|=0x40;

while ((ADCSRA & 0x10)==0);

ADCSRA|=0x10; return ADCW;

Funco=In

PORTB=0x00;

Funco=0Out

Funco=In

TCCR0=0x04; TCNT0o=0x00; OCR0=0x00; TCCR1A=0x00; TCCR1B=0x04;
TCNT1H=0x00; TCNT1L=0x00; ICR1H=0x00; ICR1L=0x00; OCR1AH=0x00;
OCR1AL=0x00; OCR1BH=0x00; OCR1BL=0x00; ASSR=0x00; TCCR2=0x00;
while (PINB.1==0);

TCNT2=0x00; OCR2=0x00; GICR|=0x40; MCUCR=0x03;

while (PIND.1==0);

MCUCSR=0x00; GIFR=0x40; TIMSK=0x05; UCSRB=0x00; ACSR=0x80;
SFIOR=0x00; ADMUX=ADC_VREF_TYPE & oxff; ADCSRA=0x85;
while(ADCMUX==0);

SPCR=0x00; TWCR=0x00;

delay_ms(2500);

while (1) nguyen=(int)tanso;
for(i=0;i<20;i++) le=tanso-nguyen;
if(cachdo==1) chuc=nguyen/10;
tanso=(float)1562500/thoigian; donvi=nguyen%10;
else tanso=(float)soxung/4; le1=le/0.1;
floatb=tanso*100; le2=(le-0.1*le1)/0.01;
inta=(int)floatb; delay_ms(100);
tanso=(float)inta/100;
if(tanso>10)

if(tanso<=47)role11=1; if(tanso<=48)role21=1;  if(tanso<=48.5)role31=1;

if(tanso>=51.5)role41=1;  if(tanso>=52)role51=1; if(tanso>47.1)role11=0;

if(tanso>48.1)role21=0; if(tanso>48.6)rolez1=0; if(tanso<51.4)role41=0;

if(tanso<51.9)role51=0;

else role11=role21=role31=role41=role51=0;
if(role11==1 &&role12==1)ROLE1=1;else ROLE1=0;
if(role21==1 &&role22==1)ROLE2=1;else ROLE2=0;
if(role31==1 &&role32==1)ROLE3=1;else ROLE3=0;
if(roleg1==1 &&role42==1)ROLE4=1;else ROLE4=0;
if(roles1==1 &&role52==1)ROLE5=1;else ROLE5=0;
for(i=0;1<20;i++)

if(cachdo==1) nguyen=(int)tanso;
tanso=(float)1562500/thoigian; le=tanso-nguyen;
else tanso=(float)soxung/4; chuc=nguyen/10;
floatb=tanso*100; donvi=nguyen%10;
inta=(int)floatb; le1=le/0.1;
tanso=(float)inta/100; le2=(le-0.1*le1)/0.01;
delay_ms(100);
if(tanso>10)
if(tanso<=47)role12=1; if(tanso<=48)role22=1;
if(tanso<=48.5)role32=1;
if(tanso>=51.5)role42=1; if(tanso>=52)role52=1; if(tanso>47.1)role12=0;
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if(tanso>48.1)role22=0; if(tanso>48.6)role32=0;
if(tanso<51.4)role42=0;

if(tanso<51.9)role52=0;

else role12=role22=role32=role42=role52=0;

if(role11==1 &&role12==1)ROLE1=1;else ROLE1=0;

if(role21==1 &&role22==1)ROLE2=1;else ROLE2=0;

if(role31==1 &&role32==1)ROLE3=1;else ROLE3=0;

if(roleg1==1 &&role42==1)ROLE4=1;else ROLE4=0;

if(roles1==1 &&role52==1)ROLE5=1;else ROLE5=0;

[TeuatHas cxema yCTpOWCTBA MOHUTOPHHTA M NPEAYIPEXIEHUS YacTOTHl TeHepaTopa
II0Ka3aHa Ha pUCYHKe 3.
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Puc. 3. IleuaTtHble s1eKTpUYeCKUEe CXEMBI

[Ipy1 HOIIEHWH 3TOTO YCTPOHCTBA TeHepaTop OyJeT HaJleKHO W CTabWIbHO paboTaTh BO
BpeMs paboThI.
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YK 621.3
YcTpo¥cTBO MOHUTOPHHTA — MMPEAyNPE:KAEeHUA YACTOTHI /I TeHepaTopa

1To Heer 1
2Hro CsaH KbIoHT

1 T'OpHO-Te€0JIOTHYeCKU U YHUBEPCUTET, XaHOU, BheTHaM
Kanguiat TexHU4YeCKuX HayK

2T'yackuil YHuBepcurert, ['ys, BbetHam

Kanguiat TexHUUeCKuX HayK

AnHOTamuAa. KauecTBo 3JIEKTPOSHEPTUU OIEHUBAJIN 110 JBYM IIapaMeTpaM HampsKeHUs U
YaCTOThI, B 3TOM HU3MEHEHUs HAIPSKEHUs HOCAT JIOKAJIbHOE CBOMCTBO, a M3MEHEHUs YaCTOTHI -
cucremaruueckoe. OTKJIOHEHUE YaCTOThI B 3HEPTOCUCTEME U3-3a AucOasaHca B MOUTHOCTH MEXKIY
reHepaTopaMy W Harpy3kW Oy/ieT BJIUSATh HA YKOHOMHUYECKHE W TEXHHUYECKHe II0Ka3aTeu
3JIEKTPOCTAHIUH, a TakKe moTpedbuTeselt. /11 obecrieueHrs: CTAaOMIBHOCTH M HAJIEXKHOCTH PAOOTHI
BJIEKTPOCUCTEM, a TaKKe 3alUTHl TeHepaTopa Bo u30ekaHHe MOBPEXAEHUHN B mporecce paboThI,
HEOOXOUMBbI U 0053aTeJbHBI YCTPOMCTBA MOHUTOPUHTA — WPEAYNPERIAEHUS YaCTOThI JIJIA
reHepaTopa B 3JIEKTPOCTAHITHAX.

KiaioueBble cjIOBa: KayecTBO BJIEKTPOIHEPTHUM, 4YaCTOTHI, TE€HEepaTopa, HaJeKHOCTH,
YCTPOMCTBO MOHUTOPUHTA — IIPEIyTIPEK/IECHHS.
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Abstract

The article analyzes the new trend in the theory of knowledge — geoknowledge. The article
interprets the geoknowledge of the development of spatial knowledge in relation to the real spatial
objects and phenomena. The article shows the causes of geoknowledge. The article shows the
similarities and differences between spatial knowledge and the geoknowledge. The article offers a
description instead of a stratified spatial knowledge to enter the set-theoretic, component
description geoknowledge. The article reveals the contents of the component geoknowledge, which
are formed on the basis relations of form, coordination and reciprocity. The article offers a
reference to the spatial knowledge of the and geoknowledge to introduce the term "formation"
instead of "extraction" of the term.

Keywords: knowledge, cognition, spatial knowledge, geoknowledge, knowledge of the
configuration, morphological knowledge, knowledge coordination, spatial relations, form
relationships, relationships of reciprocity, coordinating relations.

Beeagenue

Pa3BuTHe HayKy IpeAnosiaraeT CUCTeMaTU3alUI0 3HAHUM U pa3BUTHE METO/I0B U3BJIeUeHUsA
3HaHUM [1-4]. B nociiegHee BpeMs Bo3pacTaeT 3HaueHNe NWH(POPMALMOHHBIX PeCypCOB U METO/IOB
“HOOPMATUKH NIPU NOJIy4eHUU 3HaHu#d [5, 6]. MHOroobpasue TpaKTOBOK NMOHATHN «3HAHUE» U
«uHpopManua» 00yCJIOBJIEHO BO3HHKHOBEHHMEM U Pa3BUTHEM HOBBIX HAYYHBIX HalpaBJIeHUH.
ITO UMeeT MecTO B reomH(oOpMaTUKe, OJHOM U3 33/1a4 KOTOPOH SABJISAETCA IMOJydeHHe HOBBIX
3HaHU#. Pa3BuTHe HayK 0 3eMiie 1 0COOEHHO TeOMH(MOPMATHKU MIPUBEJIO K TOSIBJIEHUIO TTOHATHUSA
reodHaHus [7-9]. IloHATHIO «Treo3HaHWE» TPEAINIECTBOBAIM HCCJIEIOBAHUA B 00JacTu
MIPOCTPAHCTBEHHOTO 3HAHUS [10-13].

Hayunble wuccienoBanusi [14] XapakTepusylTCsAi HE TOJBKO YIVIyOJEHHBIM HU3yYeHHEM
MIPOLIECCOB U SIBJIEHUM, HO W WCCJIEOBAHUE HOBBIX IMOHATUHA /ISl OMHCAHHUA 3THUX SIBJIEHUH [15].
HccrenoBanre TMOHATHA 3HAHUS W MHOTOOOpasHbIX (OpM IMO3HaHUA [16] Bcerzma IpeaCTaBIIsAIO
WHTEepec, /Ui TPUKJIAJHBIX U JUIA (QyHIAaMEeHTAIbHbIX HayK. HOBble IMOHATHUA BO3HHUKAKOT IIPU
CO3/IaHUM HOBBIX Teopuil. HoBble TeOpHU OKa3bIBAIOT BO3JIEHCTBHE HA YCJIOBUS UCCIIEOBAHUA U
VHTEPIIPeTaIuIo ABJaeHNN. CBA3M U OTHOIIIEHHUA HOBBIX U CTApbIX TEOPUI 33/1aI0T HOBBIN «B3IJIAJT HA
MUp». DTOT HOBBIN B3IVIAZ HA MUP U CJIy»KaT OCHOBOH ITOCTPOEHU HAyYHOU KapTUHBI MUpa [17, 18].

Feo3HaHUA MOXKHO paccMaTpUBATh KaK Pe3yJIbTaT IMOJIydeHUs 3HAHWU B HOBOM TeOpHUH.
leo3HaHUA AAIOT HOBBIM MHCTPYMEHT UCCIE0OBAHUA U MOCTPOEHU KapTUHBI Mupa. CylecTByIOT
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CBA3U MEXAY IIPOCTPAaHCTBEHHbBIMU 3HAHUAMU [19, 20], I‘eOFpa(I)I/I‘-IeCKI/IMI/I 3HAaHUAMHU U
T'€O3HaHUAMMU. KpOMe TOr'0, ITPOCTPAHCTBE€HHbIC 3HAHUA U3Yy4alOT B IICUXOJIOTHUHU, KOTHUTOJIOTUH U
B o6pa3013amm. Bce aT0 memaer AKTyaJIbHbIM O606I].I€HI/IH OIbITa B 00JIacTH IMPOCTPAHCTBEHHDBIX
3HAHUU U (I)OpMI/IpOBaHI/I}I HOBBIX TTOHSITHH JIJIsl €r0o OIHMCaHUs. ITO O6yc.7IaB.TII/IBaeT AKTyaJIbHOCTDb
Hcciaeg0BaHuA reo3HaHUH KaK HOBOTO HAaY4YHOTI'O (I)eHOMEHa.

HeJII) HCCICJ0OBAHUA — [1aTh aHAJIN3 COBPEMEHHOT'O PAa3BUTHUA I'€O3HAaHUA, €0 CTPYKTYPbI
" IIOJIydE€HUA. HeJIB HCCIEAOBAHUA — IIOKa3aTb CBA3b MEXAY IIPOCTPAHCTBEHHBIM 3HAHHUEM H
Treo3HaHHueM.

MarepuaJ M METOAbI MCCIeI0OBaAHUA

B kauecTBe MaTepmasia HCIIOJIb30BAJIMCh CYIECTBYIOIIHE PAbOTHI B 00J1aCTH M3BJIEYEHUS
3HAHUH, MTOJIyYeHHs TPOCTPAHCTBEHHOTO 3HAHUsA. B KauecTBe MaTeprasia NCIOIb30BaIUCh PAOOTHI
B 00J1aCTH HCKYCCTBEHHOTO HHTEJUIEKTa 10 aHAJIN3y IPOCTPAHCTBEHHOTO 3HAaHUs. B KkauecTBe
METOJIUKN HCCAeOBAHUSA IPUMEHsSJICA CHUCTEMHBIM aHaJIW3, KAaueCcTBEHHBI aHaIN3 WU
JIMHTBUCTUYECKUH aHAIN3.

Pe3yabTaThl HcCIeIOBAHUSA

IIpocTpaHCTBEHHOE 3HAHHUE U T'€e0O3HAHUE.

Uer0BEYECTBO CYIECTBYET B PpeEaJIbHOM IPOCTPAHCTBe. PeasibHOE MPOCTPAHCTBO
OIIUCHIBaeTCA IPOCTPAHCTBEHHON WHOpManued U CIYKAT HCTOYHUKOM (OPMHUPOBAHUA
IIPOCTPAHCTBEHHBIX 3HAHUU U TeO3HAHUU. lcciaemoBaHMe KOCMHYECKOTO ITPOCTPAHCTBA [22],
Ha0JTI0/IeHre 3eMJTd U3 KOCMOCa, I7I00aJIbHBIN MOHUTOPHHT [23], pereHre mpobieMbl aCTEPOUIHO
— KOMETHOU OIacHOCTH [24] Takke TpeOyIOT GOPMHUPOBAHUSA U IPUMEHEHUs ITPOCTPAHCTBEHHOTO
3HaHUA U reo3HaHus. Kaprorpadusa m HaBuranus, 1y100aapHble HABUTAIMOHHBIE CIIyTHUKOBBIE
cucTeMbl — Bce TpeOyeT NMpUMeHEHUs IPOCTPAHCTBEHHOW HHGOpPMAIMH U CO3/aHHOTO Ha ee
OCHOBe I'e03HaHUA.

FeomeTpusi ¥  TONOJOTHUA  SABJIAKTCA  APKUMH  IIPEJCTAaBUTEISAMH  aOCTPAKTHBIX
IIPOCTPAHCTBEHHBIX 3HAHUN. AHAJIN3 B IPOCTPAHCTBE IIapaMeTPOB TaK:Ke CBA3aH ¢ 00paboTKOU
IIPOCTPAHCTBEHHOU WH(OpMAIUM, XOTA HEe B peayIbHOM, a B HCKYCCTBEHHOM IIPDOCTPAHCTBe.
KrnacrepHplii aHaIU3 MOXKET OBITh PACCMOTPEH KaK MEXaHU3M IOJIyYeHHUs MPOCTPAHCTBEHHBIX
3HAaHUM B MCKYCCTBEHHOM IIpocTpaHcTBe. TakuM o6pa3oM, Iepexosi OT IPOCTPAaHCTBEHHOTO
3HaHUs K Treo3HaHuoo (geoknowledge) Bo3HWMKaeT TIpu Tepexosie OT aOCTPAKTHBIX
IIPOCTPAHCTBEHHBIX OO'BEKTOB K PEUTHHBIM 00BEKTaM U PeaTbHOMY IIPOCTPAHCTRY.

CoBpeMeHHBIM BTal pa3BUTHA OOIIECTBA XapaKTepU3YeTCs IIMPOKUM HAKOIUIEHUEM U
HCIIOJIb30BAHUEM IIPOCTPAHCTBEHHON MHMOpMAIuu. OTO 00yCIaBIUBAET POCT OOBEMOB XpaHEHHUS
1 00pabOTKH TPOCTPAHCTBEHHBIX JIAHHBIX. Takas TeHAEHIMS MPUBEJ K CO3/JaHHI0 BO MHOTHX
cTpaHax WHGPACTPYKTYP IPOCTPAHCTBEHHBIX JAHHBIX. OTH XPAHWIUINA IPOCTPAHCTBEHHOU
“H@OpMAIH TaK:Ke coZepKaT U GOPMUPYIOT re03HaHUe.

PaboTb! B 06s1aCTH IPOCTPAHCTBEHHOTO 3HAHUA BeAyTCA ¢ 60-X T0JI0B IPOIIIOTO CTOJIETUS.
OnHakKO OHU HMMEIT Y3KYI0 HaIpaBJIeHHOCTh, IIOCKOJIBKY BeJHCh B OCHOBHOM B obJactu
HUCKyCCTBEHHOTO uHTesUvlekTa. C  mosBiaeHneM reowHdOpPMAaTUKH paboTel B objacTu
IIPOCTPAHCTBEHHOI'O 3HAHUSA CTAJIU IPOBOAUTHCA U B cdepe peasbHOro IpocTpaHcTsa. IIpu aTom
Hayajlach WHTerpanus MeTo/I0B reOMHGOPMATUKU U METOJOB HCKYCCTBEHHOIO WHTEJUIEKTA B
obJylacTh Tpe/CTaBJeHUs IPOCTPAHCTBEHHBIX 3HAaHUU [26]. IlosTomMy BTOpON NPUYMHOMN
HCC/IEIOBAaHUM TeO3HAHUs CTaad paboThl B 00acTH TeoWMH(OPMATUKU M OCOOEHHO HAa OCHOBE
WHTerpanuy reonHGOPMATHKH U UCKYCCTBEHHOTO UHTEJIIEKTa [12, 26].

[IpocTpaHCTBEHHOE 3HAHHE, & TAK)KE T€0O3HAHME, UMEET CBOU XapaKTEPUCTUKH, OTIMYAIOIIHE
€ro OT Apyrux. MOXKHO KOPOTKO OTMETHTh PaboTy 2000 royia bapb6apsr Tepcku [11], MOCKOIBKY
aBTOP C 1964 To/a MUIIET HA 3Ty TeMy cTaThbh. C UeM-TO MOKHO COTJIACUTHCS, & C YUEM-TO HEJIb3s.
ABTOp paboThI [11] TOBOPUT 00 YPOBHAX MPOCTPAHCTBEHHOTO 3HAHUS, HO X Y HETO BCETO JBA:
0030pHBIN U YPOBEHb JeNCTBUA, UTO BECbMa MaJI0 U He MOKAa3aTeJIbHO /IS T€O3HAHUA. YIIyIIIeHbI
BaO)KHbIE KOTHUTHBHBI YPOBEHb U TOIIOJIOTUUECKUM ypOBeHb. VIHTEPECHBIM, 3aCJIy:KHUBAIOIIUM
MIPUHATUA U PA3BUTHUA CJIeZlyeT CUYUTATh BBeJleHUE HOBBIX IOHATHUM: A3BIK IIPOCTPAHCTBA, TOUKA
KOTHUTUBHOU CCHUIIKHU, pedepeHIY, TPOCTPAHCTBO TeJ U JPYTHE.

B 10 ke Bpems, roBops 0 pedepeHIy, B OTJIMUHE OT APYTUX pabot, HanpuMmep, [12] Tepcku
[11] He ymomuHaer mnoHaTHe TreopedepeHnuu [9, 27, 28], KOTOpoe IPSIMO CBS3aHO C
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MIPOCTPAHCTBEHHBIM 3HAHWEM M CJIY’KHT HHCTPYMEHTOM €ero Inoucka. IIoHATHe ypOBHEH TOXKe
cJIelyeT CYMTATh HecocTosBIIUMCcs. Kpome Toro, pabora [11] 4acTUYHO CBs3aHA C IICHXOJIOTHEH,
YAaCTUYHO C MaTeMaTHKOW, YaCTHYHO ¢ (puocoduei, B CHIy Yero B HEH HET IeJIOCTHOCTH U
eauHcTBa. [losTOMy B OT/IMUKME OT YpPOBHEH NPOCTPAaHCTBEHHOTO 3HAHUS TepcKH paccMOTPUM
KOMIIOHEHTHI T'€O3HaHUs. BBIIEJIMM TPH BHAAa KOMIIOHEHT Te€O3HAHUS KAaK €ro COCTaBJISIOIIUE:
KOH(UTYpaIOHHOE Te03HaH1e, IO3UIIMOHHOE Te03HAaHNE, B3AUMHOE Te03HAaHUE. DTH TPU 3HAHUSA
CBsI3aHBI C OTHOIIEHUSMHU: (POPMBI, CUCTEMBI, B3aUMHOCTH. OCOOEHHOCTHIO T€O3HAHUS SIBJISIETCS
TO, YTO TMPUMEHHUTEJbHO K HEMYy yMeCTeH TepMHUH «(OPMHpPOBaHHE», a HE <«HU3BJIECUYEHHE»
reo3HaHUs.

KondurypannoHHoe reo3HaHue

KoudurypanroHHoe reo3HaHHE B KAUECTBE OCHOBHOTO OTHOIIIEHUS HUCIIOJIb3YET OTHOIIEHUS
dopmbl. Hanbosiee SAPKUMU TMPEICTABUTESIMUA HAYYHBIX HAIlpaBJIEHUH, HCCIIEAYIOMUX BTO
3HaHUe, sBysieTcss Mopdosiorusa [29] u reomerpus. TepMUH «TeOMeTpHUs» IEPEBOAUTCA KakK
u3MepeHre 3eMJId, B TO BPEMsS KaK «Treojie3us» — JejieHHe 3eMyId. ITUM ObLIO 06YCIOBIEHO
Ha3BaHHE MeXKAYHApoAaHOU accomuanuu reoze3uctoB FIG. OHa Gbuia ocHoBaHa B 1878 roay B
[Tapwmxe oy HazBanueM Federation Internationale des Geometres (FIG).

OnHakKo ¢ TeYeHHEM BPEMEHH reOMeTpHs CTajla pas3fieJIoM MaTeMaTHKU U TeOPETHYECKOU
HAyKOW. A TPUKIAHOM HAyKOH, CBA3aHHOM C H3MEPEHUsIMU U HCCIeJOBAaHUEM 3eMHOMN
MMOBEPXHOCTH, cTasa reoae3mwd. I[losTromy B Hacrosmiee BpeMa FIG uHTepmperupyercs Kak
International Federation of Surveyors (MexayHapoanas deaepanusa reoie3ucToB). 3a pyoeskoM U
JI0 HACTOSIIIIETO BPEMEHH TOTOBAT CIIEIUAJIMCTOB 107 Ha3BaHUEM 'TeoMeTp', KOTOpble paboTaloT B
obJ1acTy 3eMJIEYCTPOMCTBA U MEXKEBAHUS 3€MeJIb 1 HUKAKOTO OTHOIIEHHS K Pasziesly MaTeMaTUKU
"reomerpusa’ He uMelOT. Mopdosioruuecku B KOHGUTYPAIIMOHHOM 3HAHUU  OOBEKTHI
(gopmupyroresa no 4 KaTeropusM.

1. Het ¢popmbI (HET IIUPUHBI U TOJIIIIUHBI) — TOUKA.

2. [TpoTsizkeHHOCTD (HEeT IMPUHBI, €CTh IUHEHHBIA pa3Mep) — JIMHUS.

3. [nomazap — mrockue pUrypsl, IVIOCKAs MOJIENTh KapTa, IJIaH.

4. O0BbeM - TpexXMepHbIE TeJla, HEIJIOCKHE TOBEPXHOCTH, HeOeCHbBIE TeJla.

[TepBble Be TPYNIIBI ABJAIOTCSA YCIOBHBIMH, TaK KaK B PEaJIbHOM MHPE BCe OOBEKTHI HMEIOT
pasMepsl. KoHpurypauonHoe 3HaHWe paccMaTpuBaeT popMmy o0bekTa 6e3 B3aUMOJIEICTBHSA €€ C
JIDYTUMH 00BbeKTaMU U 0e3 pacCMOTPEHHsI CHCTEMBI KOOPAWHAT, B KOTOPOU HAXOJUTCS OOBEKT.
B IMHTBUCTHKE €CcTh MOHATHA CUTHUGUKATHBHOe (HE3aBHCHMMOE) 3HaueHHe cJIoBa U
JIeMaHHU3UpOBaHHOe (He3aBHCHMOe) 3HaueHHe cjoBa. C ATHUX MO3UNMH KOH(PUTYpPAIIHOHHOE
3HaHUE U3y4yaeT CUTHU(PHUKATUBHBIE U JIEeMAaHU3HUPOBAaHHBIE (POPMBI.

IMoaxox ¢ WCHOJIB30BaHHEM KOH(MPUTYPAIMOHHOTO 3HAHUSA MOYKHO CBSI3aTh C CHCTEMHO
MOpdOJIOTHYECKHUM TToAx0A0M [30]. B aToi pabote obpaiaer Ha ceOs BHUMaHHE Pasjiesl MEeTO/,
CHCTEMATUYECKOTO (IIPOCTPAHCTBEHHOTO) IMOKPBITHA TMOJisA. ABTOp peliaer 3a7ady TOKPBITHSA
HCXO/ISI U3 CUCTEMHOTO aHA/IM3a U MOP(OJIOTUUECKOTO aHamn3a. OTHAKO MaTeMaTUUEeCKUH TTOXO0/T
K PeIlIeHUI0 3TOH 3a/1auH CyIlecTBOBas 6oJiee 100 JIeT 10 MOSBJIEHUs JaHHOU paboThl. OH CBA3aH C
vccsenoBaHus pycckux mateMatukoB I.®. Boponoro (1868-1908) [31] u b.H. /lenone (1890-1980)
[32]. Kpome TOrO, M3BeCTEH PsiJi MIOXO/I0B K PEIIEHHIO0 3ajau MMOKPBITH:A. CileyeT OTMETUTb, UTO
KOH(UTYypaIlMOHHOE 3HAaHWE CBSI3aHO HE TOJIBKO C PeajJbHbIM IPOCTPAHCTBOM, HO U C
IIPOCTPAHCTBOM ITapaMeTPOB, BKJIFOUAs TPOCTPAHCTBEHHBIA KJIaCTEPHBIN aHAJIHU3.

Kak o cocTaBHOM yacTy Te03HaHUsI, CBI3aHHOTO C OTHOIIIEHUSIMH (POPMBbI, MOKHO TOBOPHUTH O
koH(puUryparmonHoM reo3Hanuu (configuration geoknowledge — CGK) wim mopdosioruueckom
reo3dHanuu (morphological geoknowledge — MOGK)

ITozunmuoHHoOE reo3HaHue

[To3uIMOHHOE Te03HaHNE WX KOOPAUHAIIMOHHOEe reo3Hanue (geoknowledge coordination —
GKC) pomosasier KOHGUIYpPAaMOHHOE TeO03HAaHME M paccMaTpUBaeT HaxoKeHue (IIO3UIHI0)
00beKTa B PA3/JIMUHBIX CHCTEMAX KOODPJAMHAT JJI Pa3HBIX TOUeK oTcuera. I1o 3ToM mpHUYMHE OHO
IIIUPOKO HKCIIOJIb30BAJIOCh U HCIIOJIb3yeTCs B HABUTAIIMH, XOTS TaKOW TEPMUH B HABUTALIMU HE
BO3HUK. [lo3UIIMOHHOE B3HaHWE (POPMUPYETCA C YyUYeTOM OTHOIIEHUH pPaCIOJIOKEeHUs U
HanpaByieHuss. OHO TI03BOJISIET CHCTEMATH3UPOBATh OOBEKTHI 1O UX PACIOJIOKEHHIO U
OCYIIIECTBJIATh TPYNITUPOBKY Ha 3TOH OcHOBe. Hampumep, 1o 5TOMy HMPHUHITUAIY cHOPMUPOBAHBI
mwiaHeTbl COJTHEYHOH CHCTEMBI, B KOTOPBIX BBIJEJISAIOT: IUIAHETHI 3e€MHOM rpymmbl. O6JsacTh
MTO3UIIMOHHOTO 3HAHUS HCCIIEyeT TAK)Ke BEKTOpHasi ajiredpa.
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[To3unmoHHOE TeO3HAHHE XapAKTEPHU3YeTCs CUCTEMAMU KOODJUHAT U KOOPUHATHBIM
mpocTpaHcTBOM. CHCTEMBI KOOPAWHAT MOTYT IIPOCTHPAThCSA CKOJIb YTOJHO JaJIEKO W 3aJaloT
KOOPJMHATHOE MPOCTPAHCTBO. [103UIIMOHHOE Te03HAHUE HCC/IEyeT MPOCTPAHCTBEHHBIE CHCTEMBI
KOOPJMHAT, BUJI 9THX CHCTEM, CBSA3b MEXKAY cCHcTeMaMH. Ilociie/lHee MPUBOAUT K aHAJIU3Y 33/1a4
KOOPJMHATHOTO TIpeoOpa3oBaHusA. [IpUMEHHTESIbHO K 3€MHBIM KOOPJAWHATAM Pa3IddyaroT
reo/ie3aNyecKre, acTpPOHOMHYECKHEe U reorpaduyecKre KOOpPJIMHATHBIE CHUCTEMBI. Bo Bcex Tpex
CHCTeMaXx HCIIOJIb3YIOT ITOHATHE IIIHPOTHI U JIOJITOTHI.

leope3nueckas cucreMa KOOPAWHAT CBsA3aHa ¢ GUTYPON 3eMJIM U COOTHECEHHEM OOBHEKTOB
Ha ee IIOBEPXHOCTH B enuHYI cucteMy. OH HCIIOJIb3yeT MOJEIU IMOBEPXHOCTH 3eMJIU ISt
ompezieJIeHUs IITUPOTHI U IOATOTHI. OTCIOZA CIeAyeT, YTO IIMPOTa IIPU TAKOM IIOIXOJIE CBSI3aHA C
dopmoii moBepxHOCcTM 3eMutu. I[IOCKOJBKY 3a MOJIeJIb BBIOMPAIOT JJUIUIICOW, KPUBU3HA
ITOBEPXHOCTH KOTOPOTO IIEpEMEHHA, TO IIMPOTa HA TAaKOH ITOBEPXHOCTH OYAET OTIMYaTCs OT
IITUPOTHI, OTIPE/IeJIEHHOH ISl MOJIEJIH € IIOCTOSTHHOW KPUBU3HOU B BU/Ie chepoua.

ACTpOHOMUYECKUU U TeorpadUUecKHi MO/IX07] CBSI3aH C OIpeieJIEHUEM TOJIOKEHHUA 00'beKTa
Ha MOBEPXHOCTH 3eMJIH II0 3Be3AHOMY HeOy miu Mojenbio cdepnl. Chepa mMeeT MOCTOSHHYIO
kpuBu3Hy. OTClOZla paz/juyue B OIpeeJeHUH ACTPOHOMHUYECKOH IIMMPOTHI KaK yIJIa MeKIy
IIeHTpOM cdephl WM HaIpaBJIeHWEM OTBECHOW JIMHUM K IEHTPY 3eMJIH 0e30THOCHUTEIBHO K
KPUBH3HE MOBEPXHOCTU. BasKHBIN BBIBOJI aCTPOHOMHYECKAS M Teojie3uduecKasi MUPOTa B TOUKAX
3eMHOU IIOBEPDXHOCTH 3a WHCKJIIOUEHHEM BJKBaTopa U IIOJIOCOB XOTh HE3HAUHWTEJIbHO, HO
oTnyaioTcsA. Ilo OTHOIMEHWI0O K 3eMyie BBIIEJIAIOT TeolleHTpuYecKue, pedepeHIHble |
TOITOIIEHTPHUYECKHE KOOP/IMHATHBIE CICTEMBI.

TI'eouenmpuueckue cucCTeMbl KOODJIMHAT CBS3BIBAIOT ¢ IeHTpoM J3emin. OHU OJmke
aCTPOHOMHYECKMM. B OCHOBE 3THX CHCTEM KOODAMHATHBIX ITOJIOKEHA Modeab 00ue3emMHOo20
annuncoudda, a UMEHHO 3JUIMIICOU/T BpPAIl[eHUs, IVIOCKOCTh SKBATOPa U IEHTP KOTOPOTO COBIIAaeT
C IUIOCKOCTBIO DKBaTOpa M ILEHTPOM Macc 3eMJIH, W HaWIy4IIUM 00pa3oM ammimpOKCUMHPYET
MMOBEPXHOCTh Teonyia (kBazureowa). IIpu opueHTHPOBAaHUHM OOIIE3€MHOTO 3JUTHUIICOHA B TeJie
3emIn HeT He0OXOUMOCTH BBOJUTD UCXOTHBIE Te0/Ie3UUeCKUe IaThl.

Pegeperytvle cUCTEMBI KOODJIUHAT CBS3aHbl ¢ GUIYPOH pedepeHy-daauncouda.
ITU CUCTEMBI HCIIOJB3YIOT JJIA TEPPUTOPUM KOHKPETHOH CTpPaHbl WJIM HECKOJIBKHX CTpPaH.
Kak npaBuio, pedepeHI-3/UTUIICOUABI TPUHUMAIOTCS JIJIsT 00pabOTKH reo/ie3ndecKux U3MepeHun
3axonodameavHo. B Poccum (CCCP) c¢ 1946 roma wucmosibdyercs sJutaicouns KpacoBckoro.
OpueHTHpOBaHME pedePeHII-3/UTUIICOUAA B TeJle 3eMIU ITOYUHSAETCS CAeAYIOIUM TpeOOBaHUAM:

1. Pa3HOCTH aCTpPOHOMUUYECKUX U Te0e3UUECKUX KOOPAUHAT ObLTH MUHUMAIHbHBIMU

2. MaJtas mosyocs asutuncouza (b) momkHa ObITH ITapasiieJibHa OCH BpalleHus: 3eMJIH.

3. [ToBepXHOCTD JUTHUIICOU/IA JOJIKHA HAXOAUTHCS BO3MOKHO OJIMIKE K MIOBEPXHOCTH TeOHaa
B IpeJiesiax JIAHHOTO perroHa (771 cTpaH ¢ OOJIBIIION TEPPUTOPUEN) WJIH I CTPAHbI (771 CTpaH ¢
MaJIOA TEPPUTOPHET).

B omimyue oT 00111€3eMHOTO 3JUIHIICOU/IA /I ODUEHTUPOBAHUSA U 3aKpeIUieHus pedepeHi-
SJUIAIICOMIA B Tesie 3eMJI HeoOXOAMO 3a7aTh UCXOAHbIe reofesndeckre garel (datum) [33].

leoneHTpUYECKHE CUCTEMBI KOOPAUHAT UCIIOJIB3YIOT B IEPBYIO OUEPEb JIJIsI HABUTALMH TIPU
JIBUKEHHH 00BEKTOB OKOJI03EMHOM ITPOCTPAHCTBE, Kor/a ¢opma 3eMitu (HIH IPYToH IUIaHeThl) He
WUTPaeT CyIeCTBEHHOH poyii. Teopus TreoleHTPUUYECKUX KOOPJHHATHBIX CHUCTEM MOKET OBIThH
HCITOJIb30BaHA MPH CO3/IAHUU KOOPAMHATHBIX CUCTEM JIJIsSI JIFOOBIX 00beKTOB COJTHEYHOH CHCTEMBI
Wiu 00bEKTOB JIPYTUX TIaKTHK. Ha MpakTUKe MCHOIB3YIOT MIUPOKUM HAOOp cucTeM KOODAWHAT:
TeOlleHTPUYECKHEe, TOIOLEHTPUUECKHE, IIOJISPHbIE TeOo/le3NYecKre, SKIUNTHYECKUEe U JIp.
JI71s1 3eMUTH MOKHO TOBOPUTH O TEOIEHTPUYECKOU, KBA3UTE€OIEHTPUYECKOU M TOIIOIEHTPUYECKOU
— cucTeMax KoopauHart (puc. 1).
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Puc. 1. FeOI_[eHTpI/I‘-IeCKaH, KBAa3UT€ONEHTPHUYECKAA U TOIIONEHTPHUYIECKAA CUCTEMbI KOODAWHAT

TI'eoyenmpuueckoil Ha3pIBaeTcs cucreMa koopauHar (X, Y, Z), y koropoit Hauasio orcueta O
COBIIQ/IaeT C IIEHTOM Macc 3eMJTH. ['eonieHTpruYecKas CUCTeMa CBSA3aHA ¢ IIOHATHUEM MOJIEH 3eMIN
Kak obwe3zemHo20 daauncouda. VIcnosb3ylOT pasHble peasu3anuu 3Tod mozenu. Eciu Havaio
orcuera cucrembl O’ pacriosaraercs BOJIM3H IeHTpa Macc 3eMitH (B Ipefiesiax HECKOJIBKUX COTEH
MEeTpOB), TO Takas cuctema koopawHat (X', Y, Z’ ) HaswiBaercsi keaszuzeoyeHmpuueckoil. Ocb Z
HampaBJieHa Ha ceBepHbIA mosioc 3emutu. Och X HampamjieHAa B TOUKY IepecevdeHus] SKBATOpa C
I'punBuuckuM MepuauaHoM. Ochk Y gomosiHseT 0Opa30BaHHYIO 5KBAaTOPHUATIBHYIO CHCTEMY JI0
IIPAaBOY CUCTEMBI KOOP/IMHAT.

TonouenTpuyeckas (0T rped. topos — MeCTO) cucTeMa KOOPJIMHAT Ha MIOBEPXHOCTU 3eMJIU, B
KOTOPOU MPOU3BOATCS HENIOCPE/ICTBEHHBIE T'e0/[e3UUecKre U3MepeHUs U paboThl Ha IIOBEPXHOCTH
3emun. OHa, KaK TMPaBWIO, MpeEACTaBisAeT coboi /[ekapToBy cHCTeMy KOOPJIMHAT, CBA3AHHYIO C
pedepennnoii. Tonoyenmpuueckas cucmema koopouHam (puc.1) — cucrema koopaunar (X7, YT,
ZT), y KOTOPOU HA4yayI0 OTCUeTa HAXOAUTCS Ha MOBEPXHOCTH 3emiu wiu BOau3u Hee. Och ZT
COBIQJ]aeT C HOPMaJIbI0 K IOBEPXHOCTU 3€MHOTO 3JUIMIICOMJA, ITO3TOMY BO MHOTHX TOYKAaX He
COBIIa/IaeT C HampamjeHueM Cuiabl TsokecTd. Och X7 JIeKUT B IUIOCKOCTH MepHAWAaHA U
HalmpasJieHa Ha ceBepHbIH nostoc. Och YT onosHseT 06pa3oBaHHYIO cUcTeMY /10 JeBoi. Cuctema
y4acTByeT B CYTOYHOM BpallleHu! 3eMJIM, OCTaBasCh HEIOJABUKHON OTHOCUTEIBHO TOUEK 3€MHOU
IIOBEPXHOCTH U TOTOMY yZI00HA /I HaBUTAlUU U OIpeJleJIeHUs TO0JIOKeHUsA OOBEKTOB
OTHOCUTEJIPHO TOBEPXHOCTH 3emiu. Ha puc. 2 mpuBeAeHBbI CBI3U MEXKAY KOCMUYECKUMH H
3eMHBIMHU CUCTEMAMHU KOOP/IMHAT.
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Puc. 2. Cucrembl KOOpAUHAT, 00eCIIeYNBAIOIIHE EANHYI0 KOOPAUHATHYIO CPELy

Eciim paccmarpuBaTh KOCMHYECKOE ITPOCTPAHCTBO 32 MpeAeiaMu 3eMJIM, TO MOKHO
BBIZIEJIUTh CJIEAYIONIYI0 HMEPApXHWI0 OTHOIIEHWH: TaJaKTUYECKUH, TeJIUOIEHTPUUYECKHN U
OKO0JIO3eMHOH KOocMocC [34]. DTa uepapxus 3a7iaeT U Uepapxuio KOOPAUHATHBIX cucteM. Ha puc. 2
o6o3Hauensl: 3JIKII — 3ayiyHHOE KOCMHUUYECKOE ITPOCTPAHCTBO (0/THA aCTPOHOMHYECKAS €[UHUIA);
ITJIKII — mo/utyHHOE KOCMHYeCKOoe mpocTpaHcTBo (paguyc opoutsl Jlyasr); OKII — okosio3eMHOe
KOCMHUYECKO€ ITPOCTPAHCTBO (0K0JI0 60 paguycos 3emuin) [23].

B3anmHoe reozHanue

Bzaumuoe reosnanme (mutual geoknowledge — MUGK) wuame Bcero CcBS3BIBAIOT C
tornosiorvueid. OJHAKO B5TO YaCTh TAKOrO 3HAHUs, UYTO OOYC/JIOBJIEHO CTaTUYHOCTBIO U
OTPAaHUYEHHOCTHIO TOIIOJIOTHYECKUX Mojeseil. KocMuueckre WCCIeIOBaHUA CIIy>KaT HE MeEHee
BUKHBIM TPWIOXKEHWEM B3aMMHOTO Treo3HaHUsA [25]. B3ammHoe pacmosiokeHue OOBEKTOB
COJIHEYHOUW CHUCTEMBI, PACIOJIO’KEHHUs CIIyTHUKOB IUIAHET CJIyKaT OCHOBOHM (popMUPOBaHUA
MIPOCTPAHCTBEHHOTO 3HAHUA. [[09TOMy KOCMHYECKHE HCCJIEJIOBAHUS TaK:Ke BKJIIOYAIOT B 00J1aCTh
B3aMMHOTO T€03HAHUS.

BosBpamasch K TOMOJIOTHYECKHUM MOJIEIAM, KaK BBIPDQ)KEHHIO OTHOIIEHUUA B3aUMHOCTH,
cjlelyeT OTMETUTb, YTO TOIIOJIOTHA MPUMEHHMa B OCHOBHOM /i1 GJIM3KO PACIOJIOKEHHBIX Tel.
Kak paznesnn nmpoCTpaHCTBEHHOTO 3HAHUA TOMOJIOTHS TECHO CBfA3aHA € TeOUMHOOPMATUKOM.
B reoundopmaTrke TONOJIOTHA ONUCHIBAET peajibHble, a He abcTpakTHble Tesna. Tonosoz2us (OT
rped. topos — MecTo) - paszes MaTeEMaTUKH, U3YYAIOIIUH TOIOJIOTUYECKUe cBOWCTBA GUTYp, T.e.
CBOICTBA, He U3MeEHAIOIIUecs NpU JIOObIX AedopMaruax, ITPOU3BOAUMBIX 0e3 paspblBOB U
cxyienBaHui. [103TOMY K UHMCIIy OCHOBHBIX TOIIOJIOTHYECKUX XaPAKTEPUCTUK B T€O3HAHUU OTHOCHT:
TOIIOJIOTUYECKOe POJICTBO, CBA3AaHHOCTh U IPUMBIKaHME PaNWOHOB, IlepecedyeHUe, OJIU30CTh,
MIPOCTPAHCTBEHHbBIE OTHOIIIEHHUS.

Tonoaozuueckoe podcmeo (puc. 3) BRIPAXKaeTCcsA B TOITOJIOTHYECKUX WHBapHUaHTAaX.
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O

CsazanHocmb U npumblkavue pailoHos. B 3To TMoOHATHE BRIIIOUaeTcss HWHGOpPMAIUA O
B3aMMHOM pacnoJiokeHuu. KoHTypa, IOpOTM W Hpo4YMe BEKTOPHI JOJLKHBI XPAHUTBHCA HE Kak
He3aBUCHMble HA0OPHI TOUEK, a KAaK B3aUMOCBSI3aHHBIE PYT C APYTOM OO0BEKTHI. IIpu pa3ImyHbIX
MIPOEKITMOHHBIX IPe0o0pa30BaHUAX, HCIIOJIB3YEMBIX B KapTorpaduu, B3aUMHOE PACIIOJIOKEHUE
00BEKTOB coxpaHseTcs. Tormosorus npuMeHUMa B OCHOBHOM Il OJIM3KO PACIIOIOMKEHHBIX TeJl.
ATO HAXOJUT OTPaKEHHE B CIEIUAIbHBIX TONOJIOTMYECKUX XapaKTepPUCTUKAX: IlepeceyeHue U
6JIM30CTbD.

IlepeceueHue. JTa XapaKTepUCTHKA TOIOJIOTUH U T€O3HAHUA COOOIaeT 0 HAJIMYUHU TUIIOB
nepeceyeHUN WM UX OTCyTcTBHU. OHa I03BOJIAET BOCIPOU3BOAUTH MOCTBI U JOPOXKHbBIE
nepeceueHus (3.5 a) Ha IUIaHAX M KapTax. JTa XapaKTePUCTHKA JOIOIHAETCS XapaKTEPUCTUKON
BaJIEHTHOCTH, KOTOPas TIOKA3bIBAET KOJIMYECTBO [T€PECEKAIOITUXCA JIMHEUHBIX 00BEKTOB

Bausocmy. Jta XapaKTepUCTUKA Te03HAHUSA WHOOPMHUPYET O MPOCTPAHCTBEHHOU OJIM30CTH
JINHEWHBIX WJIN apeIbHbIX IPOCTPAHCTBEHHBIX 00BEKTOB (puc. 3.5 0). JTa XapaKTEPUCTUKA
Ka4eCTBEHHO MHAUIINPYET OJIU30CTh U MOXKET KOJTMYECTBEHHO OIIEHUBATD 3Ty OJTM30CTh.

TpeXBaneHTHoe qupreXBaJ’IeHTHOG —

T

—

Puc. 3. Tonosiornueckre NHBapUAaHTHI

a

Puc. 3.5. [lepeceuenue a) 1 61130CTh 0).

BzaumMHoe reo3dHaHNE MOKET BbIpaXXaTbCA Pa3HbIMHU CTPYKTYPHBIMHU MOAE/IAMMU. Haan/IMep,
TpeXMepHbIE€ MOZEJIM TaKX€ MOTIYT TaKXe 3a/laBaTb XapPaKTEPHUCTUKY B3aMMHOI'O I'€O3HAaHMA.
BzanMHOe reo3HaHHe COOTHOCUTCS C TOIOJIOTHEN, aCTPOHOMUeH, Kpucrauiorpaduei U psaaom
JpYyrux HayK.

OO6cy:kaeHue

Tpu Bujia reo3HaHUs AOMOJHAIOT JIPYT JApyra U UX o0bequHeHHe (OPMUPYET IIOJTHOE
reo3HaHUe.

GK = CGK U GKC U MUGK (A1)

B Hacrosee BpeMs HINPOKOe BHUMaHUeE y/eseTcs MPOCTPAaHCTBEHHOMY 3Hauio. Ho stu
HCCIeIOBAaHUSA HOCAT B OCHOBHOM aOCTPAaKTHBIM MaTeMaTUYEeCKUI XapakTep U cj1abo IPUBA3aHBI K
peayIbHBIM IIPOCTPAHCTBEHHBIM 00bekTaM. Ecin paccmarpuBath pabote bapbapst Tepcku [11] kak
0a3uCHYI0, TO CJIelyeT BBIJAEIUTh CTPATHQUIMPOBAHHYI KOHIIEMINIO PacCMOTPEHHUS
IIPOCTPAHCTBEHHOTO 3HaHUs. HeocTaTkoM mccieaoBaHUE paboT B 00J1aCTH MPOCTPAHCTBEHHOTO
3HAHUS SBJIAETCA OTCYTCTBHE KDHUTEPHEB Iepexosa OT abCTPAKTHBIX OOBEKTOB K peabHbIM
MIPOCTPAHCTBEHHBIM 00BEKTaM. B cHiTy 5TOTO CyIIiecTByOIIas TeOprs MPOCTPAHCTBEHHOTO 3HAHUS
HE YYHUTHIBAET OCOOEHHOCTH PpETbHBIX IPOCTPAHCTBEHHBIX OOBEKTOB W ABJIAETCS HE
YYBCTBUTEJILHOM K HUX pa3jauyusM. B aHHON paboTe mpemiokeHa WHAsA KOMIIOHEHTHas,
TEOPETHUKO-MHOKECTBEHHAs KOHIIENIM re03HaHusA ITpUBeZieHHAasA B BeipaxkeHuu (A1). Kpome Toro,
B OTHOIIEHHWU IIPOCTPAHCTBEHHOTO B3HAaHUA U TE€O3HAHUSA YyMeCcTHee IIPUMEHATh TEPMUH
«bopMHUpOBaHUE» A& He «U3BJIEUYEHHE», UTO IIMPOKO MPAKTUKyeTCs B 00JIACTU HCKYCCTBEHHOTO
VHTeJUIeKTa. Teopus Treo3HAaHUsA NIPUMEHHMa He TOJbKO K B3eMHBIM O00BeKTaM, HO H K
KOCMHYECKOMY IpocTpaHcTBy. CBOAUTh IeO3HAHUE TOJIBKO K HayKaM O 3eMJjie — eCThb CYyKeHUe
STOTO MOHATHUA U CJIeZlyeT pacCMaTPUBATh KaK 30 Iy>K/IeHHe.
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3axyoueHue

CoBpeMeHHbBIE HCCIEOBAaHHUSA B 00JIaCTH 3HAHHWA W TO3HAHUS, CBSA3aHHBIE C OCBOEHHUEM
peaJyIbHOTO MPOCTPAHCTBA, TPEOYIOT BBEAEHUSI HOBOTO IOHATUS «T€03HAHUE» U Pa3BUTHE TEOPUHU
MPOCTPAHCTBEHHOTO 3HAHWSA, BBIXOJAIIEH 3a paMKH HCKYyCCTBEHHOTO HHTesIeKTa. ['eo3HaHme
MI03BOJISIET OIMMCHIBATH CBOMCTBA PEAJIbHOTO MHPA, KOTOPble TPAJUIIMOHHBIMH BUJAMU 3HAHUA
anb0 He OIMCHIBAIOTCA, JIMOO OIMCBHIBAIOTCA HEJOCTATOYHO IOJHO MU IleJIocTHO. PasButue
HCCJIEJIOBAaHUI B OTOM HAIpaBJIEHWHU IIEPCIEKTHBHO C MPUMEHEHUEM METOZ0B KOTHHUTOJIOTUH H
TICUXOJIOTHH.
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AnHoTtanmuA. CraTbs aHAIN3UPYeT HOBOE HaIlpaBjeHHe B TEOPUM IIO3HAHUA - Te03HAHUE.
l'eo3HaHMNe TpakTyeTcAd KaK pa3BUTHe NIPOCTPAHCTBEHHOT'O 3HAHUA NPUMEHHUTEJIbHO K pPeaIbHbIM
IIPDOCTPAHCTBEHHBIM O00ObeKTaM U sABJAeHUAM. [lokazaHbl IPUYUHBI [OABJIEHUS T'eO3HAHMUS.
[TokazaHO CXOACTBO U pas3jauuuhe MeXJy IIPOCTPAHCTBEHHBIM 3HAHUEM U TeO3HaHUEM.
B asipTepHaTHBY CTpPaTU(PUIMPOBAHHOTO OIMCAHUA NPOCTPAHCTBEHHOTO 3HAHUA IIpeJyIaraeTcs
TEOPETUKO-MHOKECTBEHHOE, KOMIIOHEHTHOE OIMCAaHUe reo3HaHUA. PackpbiBaeTcs cozep:KaHUe
KOMIIOHEHT T€03HaHUsA, KOTOPble (POPMUPYIOTCA HAa OCHOBE OTHOIIEHUU (POPMBI, KOOPAUHAIINU U
B3auMHOCTH. [IpezyiaraeTcs IpUMEHHUTEIHHO K MTPOCTPAHCTBEHHOMY 3HAHUIO VM T€O3HAHUIO BBECTH
TePMHUH «(OPMHUPOBAHKE» BMECTO TEDMUHA «U3BJIEUEHUE.
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