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APPLICATION OF STRUCTURAL-GRAPHICAL AND GIS-MODELING
IN CARTOGRAPHIC RESEARCH

Structural-graphic modeling is considered: concept, connections, classification and application in cartographic research. The
principles of modeling in cartography (the possibility of using maps using common epistemological categories; the use of general
scientific methods of modeling and rational forms and variants of contacts with other types of modeling; the etymology of the term
indicates the place of cartographic modeling as a means of research in the general system of cognition).

The functions of structural-graphical modeling are defined. Functions of structural and graphical modeling are determined, and
they are investigated, which allow: to carry out selection of existing maps necessary for research; identify elements of systems
that have not yet been mapped; determine the topic of maps and their placement within the complex cartographic works; use maps
of other elements of the system when creating a series of maps of each specific element; ensure that the maps of this element are
those of other elements; change the complex maps and their groups; determine the main columns of tables for collecting
information in relational or electronic databases; identify sections of map legends; present legends in the form of graphical link
models of lower-ranking system elements.

Spatial modeling is investigated, the types and models of real-world spatial models are substantiated and identified, in
particular: analogue (an analog model is defined as a large-scale model, representation of the real-world system, in which each
part of the real system is modeled in miniature, very popular analog models of the real world are paper topographic, geographic
and thematic maps); digital models (all operations are carried out using a computer, data is collected in the data model and encoded
using different coding schemes that reduce the relevant aspects of the real world to structures of zeros and ones); discrete (models
imitate the processes that occur between discrete entities, such as the forces acting between celestial bodies and controlling their
movement, or the behavior of humans or animals when they interact in space); continuous models (on the other hand, are models
in terms of variables that are continuous space functions, for example, atmospheric pressure or temperature, soil acidity or
humidity. The concept of a continuous field describes the geographic world with a series of continuous maps, each of which
represents the changes of a definite variable over the surface of the Earth); individual (you can model any system with a set of
rules on the mechanical behavior of the main objects of the system); aggregate models (approach is to merge (aggregate) individual
objects into a single whole and model the system through the behavior of these aggregates); static model (models can be static if
the input and output are the same at the same time point, or dynamic, if the output represents a later time point than the input);
dynamic models (dynamic models, on the other hand, constitute a process that changes or transforms some aspects of the Earth's
surface over time); cellular vending machines (in cellular automaton spatial variations are represented as a raster of fixed
resolution, each cell of which is assigned one of a finite set of certain states); agent models (agent model is a series of interacting
active objects that reflect objects and relationships in the real world, from the point of view of practical application, agent modeling
can be defined as a modeling method that investigates the behavior of decentralized agents and how this behavior determines the
behavior of the whole system as a whole).
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Introduction. Formulation of a research problem.
The conceptual basis and problem orientation of research is
the basis for understanding the mapping object. At the pre-
cartographic stage, a systematic approach in conjunction
with simulation methods is used to study the objects being
investigated. This is the provision of a separate scientific
methodology of cartography, developed at the Institute of
Geography of the National Academy of Sciences [6]. Among
the theoretical and methodological provisions involved in the
research, the main ones were: the multi-dimensional
concept of the model, types of modeling, their relationships,
especially the connections of structural-graphic and
cartographic modeling.

The model (in the broadest sense) is an image
(including conditional or imaginative ones), a depiction, a
description, a schematic diagram, a drawing, a graph, a
plan, a map, etc., or a prototype (sample) of any object or
object system ("the original" of this model), which in
scientific research are used to replace the original system
for the purpose of studying [3].

Based on this term definition, to a certain extent one can
assume that the description of the original system is a verbal
model; a diagram, a drawing, a graph is a graphic model;
plan, map, and other geo images are a mapping model.
Studying complex objects on models is understandable. As
Chorafas D. noted, the normal human reaction to the
apparent complexity of the environment is building for
oneself a simplified and understandable picture. "Next, one
seeks to replace this model with the real world of our
experience and thus gain a victory over it" [4].

Another scientist notes that our mind decomposes the
real world into a number of simpler systems, which makes it
possible immediately to "examine the essential features of
the whole" [1, 1-37]. So the model is a simplified
reproduction of reality, it reflects in its general form its
essential features and interconnections.

Skilling H. [9] affirms that the theory, and the law, and
the hypothesis, and the idea, which is inherent in a certain
structure, as well as the role, correlation, equation or data
synthesis, can be a model. For mapping, it is especially
important that models can be considered as judgments
about the real world, which are formed through the
consideration of objects in space (spatial models) and in
time (historical models).

As noted by O. M. Berlyant [2] and T. |. Kozachenko,
G. O. Parkhomenko [7], the introduction of the concept and
principles of modeling in cartography is useful in many
respects. First, it makes it possible to characterize
cartography and use of maps with the help of general
epistemological categories. Secondly, the use of general
scientific principles of modeling allows you to enter maps
into a large class of models, expand, supplement and
correct mapping methods, linking them with general
scientific methods of modeling. There is a possibility to find
rational forms and variants of contacts with other types of
modeling and with other models (mathematical, aerospace,
etc.). Thirdly, the etymological certainty of the term precisely
indicates the location of cartographic modeling as a means
of research in the general system of cognition, gives an idea
of the set of properties of the map as a model.
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Thus, the use of the term "cartographic modeling" is
appropriate and justified from the epistemological point of
view, from the standpoint of the methodology and
methodology of cartography and its terminology

As the cartographic modeling, we understand the
creation, analysis and transformation of cartographic works
as models of real objects and processes for the purpose of
their use to acquire new knowledge about these objects and
processes.

In the sciences about the Earth and the society,
modeling is not only a method or a means, but a research
style supported by the mapping method. As the style of
cartographic research O. M. Berlyant understands the stable
integrity or unity of a figurative system of reflection of an
object in a geospace, which contains logically
interconnected images of an object, embodied in various
types of models [2]. Such a statement is consistent with the
studied classifications of models.

Models are divided into two broad categories: material
(real) and ideal. Material models, similar to the original
system, are divided into spatial, physically and
mathematically similar, and ideal — figurative (iconic),
figurative-sign and sign (symbolic) ones [11]. P. Haggett and
R. Chorley [10]. distinguish models depending on material
nature: real (including experimental), theoretical, symbolic,
conceptual and thinking. Among the material ones,
reproductive and analogue are distinguished.

Proposed by A. D. Armand classification of models of
natural territorial complexes is suitable for the
characterization of cartographic models. The author divides
the model by purpose and construction logic, the degree of
reflection of the dynamics and the use of numerical material,
by the nature of the implementation, taking into account
random deviations and the physical essence of the modeled
object. This classification is known to be used for
determining the varieties of cartographic models [7]. One
date maps or series of cards are considered as static
models, time-varying maps — as kinematic models, and
maps that characterize the movement of phenomena or the
development of processes in time and space — as dynamic
models. The arguments were given that there are maps
reflecting exchange of substance, energy and information.

We believe that the authors [7] were not so much aiming
to present the classification of cartographic models, but rather
paving the way for the search for a system of map signs as
models. O. M. Berlyant believes that the cartographic models
can be divided by accuracy into precise and approximate
ones, by time into retrospective, modern and predictable
ones, by the degree of generalization of information into
analytical, complex and synthetic ones [2]. Searching for
classification marks is useful not only for ordering maps
classifications as models, but, first of all, for identifying
common features with other types of models, and using the
latter as auxiliary ones in the process of cartographic research
of the objects not yet displayed on the map.

The practice of cartographic research has proved the
usefulness of the application of auxiliary structural and
graphical models in the transition from verbal models
(verbal descriptions of objects to be mapped) and
informative (information about the object presented in the
form of tables, which indicates the links of the object in
geospatial and its qualitative and quantitative
characteristics) to cartographic ones.

It is known that first the term "graphic model" was used
and then was introduced into the scientific literature by
I. Guseva and Yu. G. Saushkin [5]. In the further studies of
Ukrainian scientists, the term "structural and graphic model"
[7lwas substantiated, which we give preference to over the
term "constructive-logical model", introduced in the literature

later by I. Yu. Levytsky and VA Peresadko [8], because the
latter lacks guidelines for the implementation of the model,
which presents the structure of the object in the graphical form
of the elements (blocks) of the original system and the lines
of internal and external connections connecting the blocks.

Presenting main material. Creating any cartographic
works requires the study of literary sources describing the
territorial systems to be mapped. Structural graphic models
serve as an intermediate between the verbal description of
real systems (verbal models) in literary sources and
cartographic models.

They are inherent in such a basic property of any model
as a scale of complexity, which manifests itself in reflecting
the structure of real systems. Structurality is a specific
feature of structural-graphic models.

The scale of space in the structural and graphical
model is reflected in the selection of elements of systems
and subsystems in relation to a specific territory, and the
scale of time — in the set of elements of systems that
characterize the stages of development of the original
system in a certain time interval.

To understand the suitability of structural and graphic
models in cartographic studies, it is important to classify
them as proposed by the authors of the monograph [7] and
the methodical features of their construction.

Consideration of theoretical foundations and the
experience of creating various structural and graphic models
of systems of various objects, has made it possible to
recognize that the functions of structural-graphic models have
a very significant value for cartographic modeling, namely:

— to select the existing maps needed for research;

— to identify elements of systems that have not yet been
mapped and to determine the need for new maps to display
the essential properties and connections of objects;

— to define the themes of maps and their placement
within complex cartographic works;

— to use maps of other system elements when creating
a map series for each particular item;

— to ensure that this item maps correspond to other
elements' maps;

— to identify the change of the complex maps and their
groups;

— to define the main columns of the tables for gathering
information in relational or electronic databases;

— to define sections of maps' legends, that is, create
models of unified legends of typical maps;

— to submit legends or their separate sections as graphic
models of connections of elements of the system of lower
ranks.

Geographic information systems also model our world.
All GIS are built on the basis of formal models that describe
the placement of objects and processes in space. The
geographic models of our world form the informational basis
of GIS analysis. The models are useful and used in a wide
range of GIS applications from a simple evaluation to
predicting the future of a complex research object. In the
past, modeling was often needed in conjunction with GIS
with special software designed to function in the field of
dynamic modeling. Modeling in GIS raises a number of
important issues, including the question of scaling,
accuracy, and designing infrastructure objects to facilitate
the exchange of models.

The term "modeling" is used in several different contexts
in the field of GIS, so it is advisable to clarify the meaning.
There are two particularly important meanings:

— the data model is defined as a set of data
expectations — a template in which data necessary for a
particular application can be inserted. For example, a table
is a very simple example of a data model; The rows of the
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table correspond to a group or class of real possibilities
such as counties, lakes or trees, and columns correspond
to different characteristics of objects, in other words,
attributes. This template table will be very useful as it
provides the optimal coincidence of data in many GIS
applications. Essentially, GIS data models allow the user
to create an idea of how the world looks.

— the model (without qualification data) is the
representation of one or more processes that are believed
to occur in the real world, in other words, about how the
world is organized. A model is a computer program that
accepts a digital representation of one or more aspects of
the real world and converts them to create a new
representation.

In the complex approach it is necessary to distinguish
between the following types of geographic models of the real
world: analog and digital models; discrete and continuous
models; individual and aggregated models; static and
dynamic models; cellular automata,; agent models.

Analog models are the most common type. An analog
model is defined as a large-scale model, representation of
the real-world system, in which each part of the real system
is modeled in miniature. Very popular analog models of the
real world are paper topographic, geographic and thematic
maps. The success of analog models depends on the
degree of system expansion, because the work of the
system on the scale of the model is identical to the work of
the real system.

In digital or calculating model, all operations are carried
out using a computer. Data is collected in the data model
and encoded using different coding schemes that reduce the
relevant aspects of the real world to structures of zeros and
ones (units). The model itself is also encoded in the same
limited alphabet as a computer program or software. Digital
models do not have a representative faction, because there
is no distance in the model compared with the distance in
the real world. Instead, the level of geographic detalil is fixed
by the spatial resolution or the size of the smallest spatial
object represented in the database.

In addition to spatial resolution, time resolution is also
important in dynamic models, since it determines the length
of the model's time step. Any dynamic model comes from a
discrete sequence of such steps, each of which represents
a certain period of time, because the program tries to predict
the state of the system at the end of the time step based on
the input in the beginning of the time step. Spatial and
temporal separations should correspond to the real nature
of the simulated process.

Discrete models imitate the processes that occur between
discrete entities, such as the forces acting between celestial
bodies and controlling their movement, or the behavior of
humans or animals when they interact in space. In the
concept of discrete objects, the geographic space is empty
except when it is occupied by point, linear or plane objects
that can overlap each other, not necessarily using free space,
and it is impossible to determine their number. The concept of
discrete objects works best when describing and presenting
biological organisms or spatial objects created by human
activity such as buildings, vehicles, or fire hydrants.

Continuous models, on the other hand, are models in
terms of variables that are continuous space functions, for
example, atmospheric pressure or temperature, soil acidity
or humidity. The concept of a continuous field describes the
geographic world with a series of continuous maps, each of
which represents the changes of a definite variable over the
surface of the Earth. There are no spaces in the cover: there
is only one value for each variable in each place. Continuous
field models, as a rule, express the knowledge of the work
of the physical system in terms of partial derivatives of

differential equations that connect the meaning, the level of
change in time, spatial gradients and spatial curvature in
continuously varying quantities.

Individual models. In principle, you can model any
system with a set of rules on the mechanical behavior of the
main objects of the system. The behavior of the crowd, for
example, can be modeled using several rules of the
behavior of each individual, and the development of the land
use structure on the square can be modeled through a
series of rules that describe the behavior of each decision
maker. But with this approach for many systems, the number
of major objects is too large for practical use. Continuous
field models solve this problem by replacing individual
objects with continuously changing estimates of such
abstract properties as the density of people in the crowd, or
the average speed and acceleration of water molecules that
are considered as continuous liquids.

Aggregated models. Another approach is to merge
(aggregate) individual objects into a single whole and model
the system through the behavior of these aggregates. Thus,
many simulations of human body systems occur at the
aggregated level of census areas or paths, and many
hydrological systems modeling occurs with large systems
that aggregate regions into integral watersheds or sections
of streams. Large systems ignore changes (including those
of behavior) and processes within a holistic formation that
are below spatial separation for reflection. Over time,
increasing the capacity and capacity of computers have
made the simulation on an individual level more practical,
and today you can build models with the participation of
millions and even billions of objects. The problem of
determining the initial conditions remains relevant. However,
it often results from real constraints in data collection, which
often requires the use of expensive human resources. Such
technology as remote sensing provides a partial solution that
provides initial conditions on large areas to characterize in a
good spatial separation, but optical remote sensing is limited
in its ability to see through the clouds and distinguish areas
based on properties in accordance with the research model.

Statistical models. Models can be static if the input and
output are the same at the same time point, or dynamic, if
the output represents a later time point than the input. A
common element in all these models is the work of GIS in
several stages, whether they will be used to create complex
indicators from the input layers or to present time steps in
the dynamic process. Static models often take the form of
indicators by combining different materials to create a useful
output. For example, the universal soil loss equation
combines layers that represent information about slopes,
soil quality in agricultural practice, as well as other properties
for estimating the amount of soil that will be lost as a result
of erosion per unit area per unit time.

Dynamic models, on the other hand, constitute a process
that changes or transforms some aspects of the Earth's
surface over time. Modern weather forecasts are based on
dynamic atmospheric models. Dynamic river runoff models
are used to predict floods, and dynamic models of human
behavior are used to predict road congestion.

In cellular automaton spatial variations are represented
as a raster of fixed resolution, each cell of which is assigned
one of a finite set of certain states. For the operation of a
cellular automaton, the tasks of the initial state of all cells
and the rules of the transition of cells from one state to
another are required. On each iteration, using the rules of
transition and the formation of adjacent cells, a new state of
each cell is determined. Usually, the rules of transition are
the same for all cells and apply immediately to the entire
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lattice. Such models are often used to study urban
expansion processes, and in this case, possible states that
will be limited by two indicators: underdeveloped and
developed. At each time step, the next state of each cell is
determined by the number of rules based on the properties
and on the state of the cell and its neighbors. For example,
the rules for a model of a simple urban expansion can be as
follows: if the cell is currently underdeveloped, it must be
transformed into a developed cell with probability, which
depends on the slope of the cell and proximity to the main
transport links, zoning of the cell, the number of its closest
neighbors, which are already developed; If the cell is
currently under development, leave it unchanged.

Agent model is a series of interacting active objects that
reflect objects and relationships in the real world. From the
point of view of practical application, agent modeling can be
defined as a modeling method that investigates the behavior
of decentralized agents and how this behavior determines
the behavior of the whole system as a whole. When the
agent model is developed, the engineer introduces the
parameters of the agents (it can be people, vehicles, cities,
animals, etc.), defines their behavior, places them in some
environment, establishes possible connections, and then
launches the simulation. The individual behavior of each
agent forms the global behavior of the simulated system. In
the agent model, the dynamic behavior of the system is
represented through rules that govern the actions of a
number of autonomous agents. Such models can be
considered as a generalization of a cellular automaton in
which agents can move in space rather than being confined
to a cell of a raster, but in other cases the location of agents
may be irrelevant to the model. Agent-oriented modeling has
found many interesting applications for geographic
phenomena. For example, some efforts have been made to
apply agent-based modeling in land use and land cover with
a special emphasis on processes that lead to greater
fragmentation of soil and vegetation cover. One of the
factors that led to a recent increase in interest in agent
models is the emergence of an object-oriented paradigm in
the software developed. Well-known scientist Batty
described the concept of modeling the actions of individuals
in complex geographic landscapes by building a set of
parallel, independent software modules, each of which
represents the actions and decisions of one object in the
system. The object-oriented language made it much easier
to comprehend and build such simulation systems that are
very different in the software architecture from the traditional
serial approach to computing.

Conclusions. Today it is safe to say that modeling is a
method of researching various phenomena and processes,
and developing options for managerial decisions. The
modeling is based on the substitution of real objects by their
conditional samples, analogues. The method of modeling
describes the structure of the object (static model), the
process of its functioning and development (dynamic
model). The model reproduces the properties, connections,
trends of the studied systems and processes, which makes
it possible to assess their condition, make a forecast, make
a well-founded decision. Modeling forms are varied and
depend on types of structural models and applications.
Subject and sign modeling are highlighted. The subject one
allows the creation of models that reproduce the spatial-

temporal, functional, structural and other properties of the
original (concrete-scientific models). The sign one is to
represent the parameters of the object with the help of
symbols, schemes, formulas, language suggestions (logic-
mathematical models). Epistemological content of the
modeling forms the basis for transferring the results
obtained during the study of models to the original. To date,
modeling of land management systems is one of the most
important areas of the process of cognition of management
activity and management relations and therefore serves as
the most important management function along with
regulatory and value regulation and information provision.
Management modeling is referred to as the process of
constructing and researching analogues of real phenomena,
objects, processes, which reflect the most important, in
terms of the purpose of management or research, properties
and omitting secondary, insignificant ones. For example, the
normative model of the control system provides an
opportunity to present in the main features an improved
management system that is interdependent with all its
subsystems and elements, that is, modeling is considered
not only as a means of analysis, but also as a basis for
making specific decisions. One of the main strategic goals
of geoinformation modeling is "to see the whole". Thanks to
the geoinformation modeling, provided that a large number
of reliable and accurate data is entered into the system, the
user can identify deep system connections and trends that
are not available through traditional methods of cognition.
So, for example, the digital model of the terrain, developed
on the basis of GIS-modeling, serves as a solid foundation
for making decisions on the future state of the territory. The
strategic goal of GIS modeling is to "manage the location."
Geoinformation modeling in this case can provide a number
of important analytical capabilities: analysis of the location
of objects; construction of models of density of phenomena;
search for objects within a particular area; analysis of the
nearest neighborhood; simulation of changes; definition of
spatial attributes of objects; division of objects by categories;
search and definition of patterns of distribution of spatial and
attribute data; three-dimensional visualization of end results.
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3ACTOCYBAHHA CTPYKTYPHO-ITPA®IYHOIO TA I'C MOAENOBAHHA
Y KAPTOIPA®IYHUX AOCHIMKEHHAX

Po3sansinymo cmpykmypHo-2paghiyHe MoOesito8aHHs1: MOHSIMMS1, 38 'I3KuU, kKnacudpikayiss ma eukopucmaHHsi y kapmozapaidHux 00CioKeHHsIX.
Bu3Ha4eHo npuHyunu tio2o Modeslto8aHHs1 8 kapmoezpagii (Moxueicmb sukopucmaHHs Kapm 3a 0NOMO2010 3a2aflbHUX 2HOCe0s102iYHUX Kame20o-
pili; suKopucmaHHs1 3a2asibHOHaykoeux Memodie Modesllo8aHHs ma payioHasnbHi ¢popmu i apiaHmu KOHmMakmie 3 iHwumMu eudamMu ModesIto8aHHsI;
emumoriozisi mepMiHa eka3sye micye kapmozpaghiyHo20 MoOdesto8aHHs1 sIK 3acoby docnidxeHHs1 8 3a2anbHili cucmeMi Ni3HaHHsI).

O6rpyHmoeaHo 8uKopucmaHHsi cmpyKkmypHo-gpagidyHux modesiel 01151 docnioxeHHs1 06'ekma kapmozpaghyeaHHsi. BusHayeHo pyHKUiT cmpyk-
mypHo-2paghiyHo20 Modesito8aHHs!, OOCiOKeHO, W0 80HU Oaromb 3Mo2y: nposecmu nid6ip icHyrYux Kkapm, Heob6xiOHuUXx Onsi AocniOXeHHS; eu-
seumu esleMeHmu cucmem, siKi We He ompumasu 8i0o6pakeHHs1 Ha Kapmax; euU3Ha4yumu memamuky Kapm i iX po3MiujeHHs1 8 MeXax KOMIIEKCHUX
KapmogzpagiyHux meopie; suKopucmamu Kapmu iHWuUx esleMeHmie cucmemu npu cCMeopeHi cepii Kapm KOXH020 KOHKPemHo20 efleMeHma; 3abes-
neyumu eidnoesioHicmb kapm 0aHO20 esleMeHma Kapmam iHWux efieMeHmie; eCmaHosumu 3MiHy KOMIJIEKCHUX Kapm i ix 2pyn; eU3Ha4yumu OCHOBHI
2paghu mabnuub Ans 36opy iHghopmauii y pensayiliHux yu enekmpoHHux 6a3ax daHux; euzHa4umu po39dinu ne2eHd kapm; nodamu sie2eHOU y eu2nadi
2paghiyHux Mmodereli 38 'A3Kie eleMeHmie cucmemu HUXYUX paHzie.

Hocnidxeno npocmopoee MmodentosaHHs, 06r'pyHmMoeaHo ma eu3Ha4YeHO munu nPocmopoesux Modeseli peasibHO20 ceimy, 30KkpemMa maKumMu €:
aHanozoei (nanepoei monozpadgbiuHi, 2eo2padpivyHi i memamuyHi kapmu); yugppoei modesni (docnidxeHHs1 ma eci onepayii npoeodsiMbcs1 3 8UKOPU-
cmaHHsIM KoM 'tomepa, pieeHb 2eozpaghiyHoi demanizauii gpikcyembcsi npocmopoeoro po3dinbHicmio abo po3mMipom HaliMeHWo20 NPOCcmMopo8o20
06'ekma, npedcmaesnieHum 8 6a3i daHux); OuckpemHi (KoHyenyis duckpemHux o6'ekmie npayroe Halikpauje npu onuci ma nodaHHi 6iono2i4HuUX op-
2aHi3mie a6o cmeopeHux disinbHicmio MroAUHU Npocmopoeux 06 'ekmis, makux, sik 6ydieni, mpaHcnopmHi 3acobu); 6e3nepepeHi modeni (KoHyenuis
6e3nepepasHO20 nosisi onucye 2eoepadgpidHuUll ceim cepiero 6e3nepepeHUX Kapm, KOXHa 3 IKUX npedcmaerisic 3MiHU 8u3Ha4eHoi 3MiHHOT Had noeep-
xHeto 3emni); iHOueidyanbHi (Modesi 6e3nepepeHo20 NoJisl supiwyroMb NPO6reMu cucmemu Kirlbkocmi 0OCHogHux 06'cekmie Oe € 3aHadmo 8esIuUKOr
8eslu4UHOI0 07151 MPaKMUYyHO20 8UKOPUCMAaHHS WIISIXOM 3aMiHU okpeMux o6'cekmie 3 6e3nepepeHO MiHNU8UMU oyiHKaMu makux abcmpakmHux ena-
cmueocmell Ik WinbHicmsb ntodeli 8 Hamoeni abo cepedHs1 weudKicMb i MPUCKOPEHHS1 MosieKynn eodu); azpezoeaHi modeni (nNidxid nonsizae e 06'e-
OHaHHi (agpe2yeaHHi) okpeMux o6'ekmie y eduHe yine i ModentosaHHi cucmemu Yepe3 nosediHKy yux azpez2amis); cmamud4Hi (exid i euxio eidnoesi-
daromb 0OHOMY U MOMY X MOMEHMY 4Yacy; cmamuyHi modesni Yyacmo Habyearomb (hOpPMU NMOKa3HUKI8, MOEOHYOYU Pi3Hi Mamepianu 0nsi cMeopeHHs
KOpPUCHO20 8uxody — kapm). QuHamiyHi Modesi (cmaHoesIAMb npoyec, sikull 3MiHe abo nepemeoproe desiki acnekmu nosepxHi 3emni 3 nepebicom
qacy); knimuHHi asmomamu (npocmopoei eapiayii npedcmasneHi y auansdi pacmpa ¢ikcosaHoi po3dinbHOCMI, KOXHill YapyHYi siKo20 NPU3Ha4eHo
00uH 3 KiHyeeol 6e3niyi meeHUx cmaHie); azeHmMHi moderi (psid e3aemodiro4ux akmueHux o6'ekmie, siki sido6pakaromb 06'ckmu i 6iGHOCUHU e pea-
JNIbHOMY ceimi, eu3Ha4aembCsl Ik Memod iMimayiliHo2o ModesroeaHHsl, KUl docidxye noeediHKy deyeHmpasizoeaHux azeHmie i me sik ysi noee-
OJiHka eu3Hayvae noeediHKy eciei cucmemu 8 yinomy).

Knrouoei cnoea: kapmozpaghyeaHHsi, cmpykmypHo-2paghiyHa Modesnb, kapma, ['IC-modentoeaHHs, pyHkyii IFC-modentoeaHHs.
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NMPUMEHUEHME CTPYKTYPHO-TPA®UYECKOIO U rmMC MOLOENUMPOBAHUA
B KAPTOrPA®UYECKNX UCCIEAOBAHUAX

PaccmompeHo cmpykmypHo-2paghuyeckoe modesiupogaHue: MoHsimue, ces3u, Knaccugukayuu u ucrnosib3oeaHue 8 KapmoezpaghuyecKux uccire-
doeaHusix. OnpedeneHbl NPUHYUNLI €20 MOOe/IUpo8aHUs 8 Kapmozpaghuu (803MOXHOCMb UCMONL308aHUsI Kapm npu nomow,u obuyux 2HoceoJsioau-
4YecKux Kamezaopuli; ucrnosib308aHue obujeHay4yHbIXx Memodoe ModesiuposaHusi U payuoHasbHbil (hopMbl, 8apuaHmbl KOHMaKmMos ¢ pyaumMu su-
damu ModesniuposaHuUsi; IMUMOJIo2usi MOHsIMUs1 onpedesisiem Mecmo kapmozpaghuyeckozo ModesiuposaHusi Kak crocoba ucciedoeaHusi 8 obujel
cucmeme Mo3HaHusi).

O6ocHo8aHo ucnosib308aHue cCmMpyKmypHo-zpaghuveckux modeneli Ons uccnedosaHusi o6bLekma kapmoepaghuposaHusi. OnpedesnieHbl pyHKUUU
cmpyKkmypHo-2paghu4ecko20 ModesiupoeaHusi, uccsiedogaHo, YImo OHU M0380JIsstom: npoeecmu nod6op cyujecmeyroujux Kapm, Heo6xo0uMbIx Ons
uccnedoeaHusi; onpedesums 3/1eMeHmbl CUCMeMbl, KOmopble He 6biIu ompaxeHbl Ha kapmax; onpedeslums MeMamuKky Kapm u ux pasMeuweHue 8
npedenax KOMMIEKCHbIX Kapmozpaghudeckux npouseedeHuli; ucnonb3o08amb Kapmbi Opyaux 3/71leMeHmMoe cucmeMabl pu co30aHuu cepuu Kapm Kax-
0020 KOHKpemHo20 3neMeHma; obecrneyums coomeemcmeue kapm daHHO20 3/1IeMeHma kapmam Opyaux 3/1eMeHmMoe8; ycmaHo8UMb U3MEHEeHUs!
KOMMIIEKCHbIX Kapm U ux 2pyn; onpedesums OCHO8HbIe 2paghbi mabnuy Ans1 c6opa uHghopmMayuu 8 pensiyUOHHbIX UsU 351IeKMPOHHbIX 6a3ax daH-
HbIX; onpedenums pa3desnbl 1e2eHO kKapm; nodamse sie2eHObI kapm 8 sude 2paghudeckux modesneli cesizell I1eMeHmMoe cucmeMbl HU3WUX paH208.

Uccnedoeano npocmpaHcmeeHHoe ModenupoeaHue, 060CHO8aHb! U onpedesieHbl Munbl NPOCMpPaHCMeeHHbIX Modesnell peaslbHO20 MUpa, 8
4acmHoOCmu makumu ecmb: aHanoz2o08ble (6yMaxHble, monozpaguyeckue, 2eospaghuyeckue U memamuyeckue Kapmabl); yugpoesie (uccredosaHusi
u ece onepayuu npPoucxodsm ¢ Ucnosib308aHUEM KOMIbIOMepa, yposeHb 2eozpaghuyeckol demanusayuu ¢hukcupyemcs npocmpaHcmeeHHolU pas-
PewuMocmbio unu pazmMepoM HauMeHbuUle20 NPocmpaHCcMeeHHO20 o6bLekm, Komopbil npedcmassieH 8 6ase daHHbIX); OUCKpemHble (KOHUenyus
duckpemHbix 06Lekmoe pabomaem Jsyqwe ece20 MpuU onucaHuu u nodayvye 6UO/I02U4YECKUX OP2aHU3MO8 UJIU cO30aHHbIX esimeslbLHOCMbIO Yerslo-
eeKa npocmpaHcmeeHHbIX 06beKmos); HenpepbieHbie (KOHUENYusi HerMpPepbI8GHO20 0J1s Onucbigaem 2eoepaguyecKull Mup cepueli HerpepbI8HbIX
Kapm, Kaxdasi U3 Komopbix npedcmasJsisiem U3MeHeHUs1 onpedesieHHOU CMeHHOU Had noeepxHocmeto 3emu); uHoueudyarnbHble (Modenu Herpe-
PbIBHO20 M0/1s pewarom npobieMbl Kolu4ecmea 0CHO8HbIX 06beKMo8s, 20e ecmb 04eHb 60/IbWast 8e/lu4UHa 01151 IPaKMU4YeCKo20 UCMOob308aHUs
nymem usmeHeHusi omaesibHbIX 06LEKMOE C HENPEPbLISHO NepeMeH4YU8bIMU OUeHKaMu abcmpakmHbIx ceolicms); aepeauposaHHbie (M1o0xod 3aksio-
Yaemcs 8 06beduHeHUU omaAesibHbIX 06BEeKMoe 8 eduHoe yesioe U ModenluposaHue cucmemMel Yepe3 nogedeHue IMux azpezamos); cmamu4vecKue
(ex00 u ebixo0 omeevarom OOHOMY U MOMY e MOMeHMmMYy ePeMeHU; cmamu4yeckue MoOesiu 0YeHb Yacmo npuobpemarom ¢hopMbi nokazamened,
cot pasHble puasnbl 0ns1 co30aHusi NosIe3Ho20 ebixo0a — kapm); AuHamu4yeckue (nMpedcmaesisirom NPoOyecc, KOMophbIl U3MeHsiem usnu
npeobpa3oebieaem HeKomopbie acrekmbl MogepxHocmu 3eMsiu ¢ X000M 8peMeHU); KiemoYHble asmomMambi (MPocmpaHcmeeHHble eapuayuu
npedcmaesieHHble 8 saude pacmpa ¢huKCUPO8aHHO20 pacwupeHusl, Kaxoou siyelike npedHa3Ha4yeH 0OUH U3 KOHEeYHOU 6eCKOHe4YHOCMmu onpedesieH-
HbIX cocmosiHull); aeeHmMHble Modenu (ps0 e3auModelicmeyrowux akmueHbIx 06bLeKkmoe, komopble omobpaxarom o6bLeKkmbl U OMHOWEHUsI 8 pe-
anbHOM mupe, onpedesisiemcsi KaKk Memod UMumayuoHHo20 ModesiuposaHusi, komopbll uccredyem noeedeHue deyeHmpanu3oeaHHbIX aeeHmoes u
mo kak amo noeedeHue onpedensiem nosedeHue eceli cucmembl 8 obuwiem).

Knroyeenie cnoea: kapmoepaghupoeaHue, cmpykmypHo-2paghuyeckasi Modesb, kapma, FTMC-modenupoeaHue, pyHkyuu MMC-modenuposaHus.




