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CHAPTER 1.
POSSIBILITIES AND FEATURES OF DIAMOND-SPARK GRINDING OF
HIGH FUNCTIONALITY MATERIALS

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-021

Introduction

Reduction in allowances on final shaping details by perfection of technical
equipment and blank production technologies is the steady tendency of mechanical
engineering development.

In this connection the urgency of abrasive technologies with prevalence of
grinding is continued in precision machinery industry. The satisfaction of consumer
ambitions in increase of operational wear resistance of details of the machines, the
adequate decision of corresponding problems of materials science results to increase
of demand for the diamond-abrasive tool of working processes of grinding for hard-
to-machine materials of improved characteristics, in particular very hard.

The problem of reliability and durability under consideration in unity of both
sides in respect to working processes of grinding includes two basic aspects. The first
(actually reliability) consists in necessity to provide steady workability of the tool on
the given technological operation with the set productivity of processing. It is meant
that own characteristics of the tool, in particular granularity of an abrasive and its
keeping in a bonding matrix on a tool surface as result of the certain combination of
properties (brands) of elements of two-component system "abrasive - matrix",
potentially allow to form cutting relief up to necessary height.

The second (durability), besides unconditional stability of working process of
grinding in a context of the first aspect (reliability), assumes a choice from possible
regime polyvariants of maintenance of steady workability of the tool with a required
level of productivity such at which realization the resource of the tool is maximal or
technological enough if achievement of a resource maximum is not the basic or
unique criterion of acceptance of the managing decision in the set organizational-
technological restrictions.

Resource saving in use of tools of the combined technologies of the grinding, for
example diamond-spark grinding which developed in the Kharkov Polytechnic
Institute [1], first of all it is defined by efficiency of abrasives use, in particular the
most expensive and efficient superhard, and output of power consumption for needs
of development support of a cutting relief of the tools, for example metallic-
connected distinguished by increased strength and wear resistance.

The proposed approach to rational maintenance of stability of the combined
diamond grinding under electropower support for workability of metallic-connected
cutting tools is formed on the basis of the physicomechanical theory of materials
processing and technology of mechanical engineering [2].

1.1. Geometric model of stable diamond grinding

The defined model assumes the uniform law of distribution of grain heights
above a level of a bond after its opening. As reflection of stability of grinding it is
support of constant maximal thickness of the cut attainable by separate grains of a

MONOGRAPH 9 ISBN 978-3-9821783-0-1
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working surface of a wheel in the set system of kinematics-geometrical conditions
(regimes) of grinding determining productivity of processing.

In the general case of grain wearability in tribo- and cutting contact to a
processable material the defined model assumes also uniform (with constant speed
V,,) a grain wear in the normal direction to nominal working surface of wheel

(cylindrical at grinding by periphery of wheel, flat at grinding by its face). According
to the model, the most overhanging above bond level grain before loss from it
simultaneously reaches the maximal thickness of a cut /. and limiting wear X . In

this connection, in the current system of reference from initial (up to wear) top
position of a grain the most overhanging above bond level, the maximal depth of
introduction of a processable material in a working surface of wheel will make size
H=H_ +X, Fig. 1.

A . . .
! level of diamond-abrasive tool nominal surface

A A A ] A A
il
X{p /)
|
H ‘ 0
b H ‘ U'Hmax !
max ‘ | \ B
‘ ‘ H' k
‘ ‘ k H'max ‘ A
X \/ C ‘ } ‘ Ck n+1 \
A | / | \ A= |
v v _|D | v ‘
; leve

4 1 w

Fig. 1. The settlement interpretation of a working surface
of the diamond-abrasive tool (invariant of grain form)

Reduction of a bond wear speed V,, and rational regeneration of a worn cutting
relief according to grain wear speed V,,, within the framework of the assumptions

accepted by consider model and in the version A =0 is carried out from a condition

[3]

H_X
v, V., D
and a ratio following from it
sep
7 )

ce

where 7=X/H - the dimensionless factor which is taking into account a degree
blunting of a grain, 7 — 0 for the sharp grain, 7 — 1 for the blunted grain.
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Correctness of establishment of ratio (2) as the universal description of a cutting
stage of each grain life cycle of geometrically stable working surface of wheel it is in
detail considered in the work [4].

Let's consider, how process of grinding will be transformed at inadequate (2)
operating by bond wear to version A=0. Attempts to increase a resource of a
grinding wheel by ¥, reduction in relation to following of (2) norm [V, ]= Vp /1

with all evidence result to a disputed meeting of a wheel bond with a removed
allowance when first (bond) has not time to be opened for maintenance of grain
overhanging which 1is necessary for stable removal of second (allowance),

[H,..]|> H—X . If contact "tool—detail" is absolutely rigid at infeed grinding follows

instant failure of processing technological system or (for preliminary opened wheel)
time of a mean time between failures also practically instantly and makes

t=H/ ([ch]—ch) from the moment of the grinding beginning if grinding and bond

removal are started simultaneously, or 7 =H /[V,,] from the moment of the grinding

beginning if a signal to bond removal is its removed allowance contact. The form of
failure can be as controlled stop of technological system (for example, at presence of
the following control of normal loading of working contact), and one of dangerous
emergency variants (crack or blowout of wheel or workpiece).

If to consider nonrigid contact "tool-detail", with the introduction of a

workpiece surface into contact to a wheel bond at ¥V, < [VCB] elastic moving with a

tightness in contact up to some maximum load will follow at the beginning. The
further development of a situation will be propagate by the basic variants of rigid
contact considered above.

In industrial practice usually resort to reservation of stability of grinding by

breach of a sufficiency level [Vw] aside V,, > [ch] that absorbs additional power

resources and can result in unevidently significant reduction of a tool resource [5]
and, accordingly, to unjustified increase of necessary expenses for the decision of a
problem complex of tool maintenance (in supply and a warehouse facilities; on
replacement, debugging, recycling of the fulfilled tool, etc.).

In this case transformation of the circuit "wear—loading" of a critical condition of
a grain (before loss from a bond, Fig. 1) can develop on two directions. The first is
characterized by a constancy of critical closing up of a grain in wheel bond,
consequence of that is the constancy A in various versions ¥, and, as it follows from

(1), reduction X proportional to increase V., > [ch] at a constancy V,,, (an initial

sending of modelling) that results to corresponding underutilization of a separate
abrasive grains and reduction of an operational resource of a grinding wheel in
whole.

The second direction of transformation for the considered circuit "wear—loading"

is characterized by a constancy of the maximal thickness of a cut H,, (on which

achievement a grain stops the stay in a wheel bond) as in base (V,, = [I/ce ]), and in
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changed (V,, > [ch]) conditions. Then H < [H ], since by definition H =H , + X ,
but A, =[Hmax], X<[X] as it follows from (1) for V,,, =const and V, >[Vw]. A

ratio (1) for V,, =k[V,] under k>1land H, =[H_ ] gets a form (X =[X] at
k=1):

[Hmax]+X_ X ;
RIAR ®)
whence
Voo | H |
X: 3ep max
K[V ]V, )

From (4) follows that in this case the achievable size of a grain wear X with
increase V,, (by k increase) is reduced, and rate of decrease is slowed down in

process of V,, increase.

1.2. Modeling and practice of removing of diamond wheel bindings

Improvement of design and composition of working part of grinding wheels
from the position of their higher productivity, life between regrinds and tool life is
always urgent problem. Depending on the target function and restrictions, a selective
(relative) advantage or an integrated (absolute) advantage is expected to be ensured,
or progressive compromise in time, cost, production conditions is supposed to
achieve. In many cases certain technological and environmental advantages
compared with conventional abrasives can be achieved using superhard materials in
tools. However, significantly higher costs of superhard abrasives over conventional
ones requires careful economic analysis both such technological alternatives and
intrinsic polyvariant combinations of the bond and the brands, the graininess, the
concentration of grinding powder in superhard tools.

The success of a particular wheel is mainly predetermined by two very
contradictory factors: the ability to reliably hold cutting grains on the work surface,
and at the same time, the compliance of the working surface for renewal, cleansing of
the adhesion and worn grains.

With increasing in the relative contribution of the powder cost in the price of the
wheel, corresponding to the transition from typical to superhard abrasives, the role of
the first condition increases: economic efficiency of synthetic diamond and other
superhard materials is mainly dependent on the integrity of cutting grains usage in
wheels and on reducing their specific consumption. When using diamond grinding
powder of higher strength and graininess, this tendency is even more so.

Improvement of the technologies of synthetic superhard materials, expanded
application of competitive heat-, wear-resistant and other hard-to-work materials in
advanced industries, as well as toughening of the realities of market economy at the
present stage of domestic production and consumption of superhard abrasives
naturally lead to the extended use of high-strength steel bonds with diamond-bearing
overreliability in the wheels. For example, over 50% of modern range of grinding
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wheels manufactured at Poltava Diamond Plant, the largest in Ukraine and one of the
largest in the world industry of synthetic superhard materials and tools made of them,
is presented in metallic bonds.

Improvement in the bond strength inevitably reduces the ability of the wheels to
self-sharpening due to its natural attrition and destruction in the processes in grinding
area. In this case, the necessary compliance of the wheel working surface for refresh
of cutting relief is ensured by forced dressing in cutting area or independently
produced continuously or periodically. Work of dressing is realized owing to
introduction of specially generated additional energy, mostly electricity (source —
impulse current generator and direct current generator), mechanical vibrations
(ultrasonic generator) as well light (laser), plasma (plasmatron), and their possible
combinations.

In NTU «KhPI» the theoretical and experimental bases, as well special
equipment for the respective grinding and dressing technological processes according
to the referred above additional energy are developed [6-8]. Introduction of additional
energy in a form of electrical discharges in cutting area (diamond-spark grinding) has
the greatest development [1]. Among other technological methods of similar
application, diamond-spark grinding are favorably notable for its relative simplicity
of the modernization of machine tools, low cost of special energy sources, high
controllability and reliability of working process. The method is an effective tool to
solve various problems of optimization of technological processes of grinding, to
enhance the productivity and quality of processing, to reduce its cost and power
consumption [9].

In recent years the practical demands of the industry in Ukraine shows the
decrease of the actuality of the urgency of production of the diamond wheels with
greater variety of the brands (properties). So on the basement of the real state of the
market already in 2000 year Poltava Diamond Plant offered to consumes the diamond
wheels on the metal bonds of factually only two brands, exactly M2-01 (with mass
abundance Cu:Sn as 4:1) and M1-01 (under idem mass abundance Cu & Sn with
addition 0,5% Sb), together making 95% of the whole offer of the diamond wheels on
the metal bonds [10].

Such a situation is a real consequence of less planned economy, low financial
possibilities of small enterprises, economic difficulties of restructurization and seach
of self-place in the modern conditions that typically to the most of the large
Ukrainian enterprises. The conditions of strict competition of the great number of
small enterprises under uncertainty of contents of portfolio of future orders and
unreliability of forecasts in this attitude that is very typical for market regulation
demand universalization of the approaches also to the management of the cutting
ability of the diamond grinding wheels on metal bonds.

The previous researches [5, 11-13] marked, that excess of the certain level
sufficiency for speed of wheel bond wear let provide stability of grinding in durability
aspect, and down to full exhaustion of an abrasive-comprising layer with thickness S,
but results to corresponding (in a return proportion) change of an operational resource
of the tool 7, so long as
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The realized analysis of the considered model including V,,, constancy as an

initial sending of modeling allows through [ 77 ] norm to define [V, ] norm from (2):

[Vl =Yooy /0] ()
Expression (6) is the rational form of realization of the expanded condition
Ve 2V, (7)

as condition of stability of grinding in durability aspect firewall according to (5) the
operational resource of the tool is maximal and consequently is norm of the tool
effective use,

[T]=s/7.]. ®)
Nonfulfilment of this condition in practice can result to unjustified increase of
charges on tool maintenance of technological systems. As it follows, for example,

from the data [11] interpreted with use of the settlement approach [14] to V,
definition, at external cylindrical and internal grinding of various difficult-to-cut

materials (welding, hardmetal), the intensification of electric modes of diamond-spark
grinding by increase of average value of a pulse current up to 3 times can lead to

increase V,, more than in 3 times and to corresponding decrease in an operational

resource of wheel, see Table 1 in Russian symbol identification.

Thus, as shown in [14], the relative estimation dx change of relative  diamond
blunting in situational polyvariants of ¢, diamond specific consumption is equivalent
to 0q, and submits to dependence

qv min QV

Sy =—ymn v
"’ q, ®)

On a design stage of the tool and technologies for large-quantity production
according to (8) it is enough to put S in dependence from [T ] at known [V, ] that

losses of f,, time for replacement and setup the tool after its [T'] resource

exhaustion at manufacture of some quantity of production "got" in #_ interval of time
of routine maintenance of not less "headache" place of technological process

(tm < tx) , with maintenance of multiposition concentration (saving) of time losses

for necessary support of the set functional workability of technological system
outside of cutting passes.

1.3. The economics of binding selection and grinding control mode

Following the logic of the processes in interelectrode gap between bond-material
and work-material, as well as the processes in the moving make contact — break
contact in diamond-spark grinding area [15], under the comparable processing
conditions the tools on different metal bonds, physical and mechanical properties of
which are characterized by different strength, wear- and erosion resistance, will wear
at different intensity. Practical experience of diamond-spark grinding of hard alloy,
wear-and heat-resistant overlaying weldings and coatings, magnetically hard

MONOGRAPH 15 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 g \’i!#,r‘f*

materials and other hard-to-work materials shows that these differences in wear rate
of wheels on different metal bonds and, consequently, in their tool life under the
same grinding conditions (with a different approach to some optimal one for each of
a bond) can be significant.

Thus, at diamond-spark grinding of heat-resistant chrome-tungsten overlaying
weldings of 3X2B8-type (composition of overlaying weldings — according to acting
in Ukraine technical requirements of State standard of USSR 5950-73) with given
productivity O,om = 1.60 cm’/min, provided by introduced additional electrical
discharge energy in cutting area which is adequate for stable work of tools, the
specific diamond content g varies according to the type of bond from 0.0196 g/cm’ to
0.0291 g/cm’, or by 1.5 times (see Table 2).

Table 2
Wear characteristics and tool life of diamond wheels on metal bonds
Code of bond MI1-10 | M2-01 | M2-09 | M1-04 | M2-12 | M1-01

Specific diamond content
g, g/em’
Velosity of mass
consumption of diamonds | 0.0314 | 0.0320 | 0.0347 | 0.0368 | 0.0434 | 0.0465

g0, g/min
Tool life of diamond wheel
T, min

0.0196 | 0.0200 | 0.0217 | 0.0230 | 0.0271 | 0.0291

860 844 778 734 622 580

Registered deviations of actual productivity O, does not exceed 5% from O, in
carried out experiments of diamond-spark grinding with inflexible wiring of
production modes. As a source of technological electric current (voltage 40V in the
experiments under consideration) the electric power supply of model WTT-35,
produced by Baku Machine-Tool Plant, was used. The supply was specially designed
to initiate and to keep electric-discharge processes in grinding area and recommended
for completing special grinding, flat surface and cylindrical grinding machines,
modernized for diamond-grinding spark. Here it should be noted that on the same
mechanical processing modes (longitudinal and cross feed respectively 0.8 m/min
and 0.01 mm/double pass, speed of workpiece and wheel respectively 40 m/min and
25 m/s) productivity of grinding process is gradually declining when electric power
supply is off. So, 50-60% of productivity reference value (Q,on) is lost in 25-30 min
when processing with wheels on bonds M1-10 or M2-01 without electric discharges.

Bonds from Table 2 have a combined metal base according to the developed in
Ukraine specifications (TVY) or enterprise standards (CTII) developed at the Institute
of Superhard Materials of NAS of Ukraine: pure Cu-Sn (M2-01, TY2-037-181-85),
with a basis Cu-Sn-Sb (M2-09, CTII 90.1140-88), Cu-Al or Cu-Al-Zn (M1-01, TY2-
037-57-81; M1-04, CTII 90.504-85; M1-10, CTII 90.877-83; M2-12, TY2-037-325-
82).

Tool life of a diamond wheel T is determined as a prediction of total duration of
its involvements in the specific working processes at repeatability of the reproducible
conditions, the consequence of which would be almost constancy of processing
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productivity O (cm?/min) and specific diamond content g (g/cm?) in successive acts
of grinding. Thus, the data obtained experimentally covers the entire life of the tool T
(min):

e 10
q0 "~ (10
where: m, —mass of diamonds in the wheel, g; ¢ — specific diamond content, g/cm?;
O — processing productivity O, cm®/min.

Mass of diamonds in the wheel m,, being a part of the relation (10) is a
nameplate characteristic of the tool. For the known type and size characteristic of the
grinding wheel (1A1200%10x5) and involvement share of diamonds in unit of
volume of working (diamond-bearing) layer of tool (0.25), m, is 135 carats [15].
Then, taking into account that O=Q,  and so long as 1 ¢ =0.2 g, equation (10) in the

T=

problem being solved can be transformed to:
T:l6.875 . (11)

q
The results of the calculation of tool life of diamond wheels on various metal
bonds, in respect to the specific conditions of diamond-spark grinding under

consideration are shown in Table 2.

Taking into account the current market price of the diamond grinding wheel C
(USD) and given in Table 2 results of calculation of its tool life 7 (min), depending

on the required operating time ¢ (min), the cost £ (USD) on such tools are as follows:

t
E=C-—. 12
- (12)

Thus, at diamond-spark grinding of heat-resistant chrome-tungsten overlaying
weldings of 3X2B8-type (composition of overlaying weldings — according to acting
in Ukraine technical requirements of State standard of USSR 5950-73) with given
productivity O,om = 1.60 cm’/min, provided by introduced additional electrical
discharge energy in cutting area which is adequate for stable work of tools, the
specific diamond content g varies according to the type of bond from 0.0196 g/cm’ to
0.0291 g/cm?, or by 1.5 times (see Table 2).

Then the additional costs (or cost savings) 4, connected with the transition to
time ¢+ when using a tool with different characteristic, with price C, and tool life 7>
instead of a tool with price C; and tool life 7}, calculated as follows:

¢, C
A=| =L -——==1¢
&-2), 13

and depending on the sign of the result the tool’s consumer have additional costs (if
A<0) or cost savings (if 4>0).

Fig. 2 shows the dependence E = E(?) for grinding wheels on the most common
among the considered bonds, M2-01 and M1-01 (C; = C, = 28.52 USD according to
the price-list of «Poltava Diamond Plant» (http://www.poltavadiamond.com.ua).
Diamond powder of synthetic diamonds with the following characteristics according
to the current standard in Ukraine (I'OCT 9206-80) was used in the diamond-metal
wheel composites of considered here practice (Fig. 1): make AC6 (with an average
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compressive strength of 600 N), grit 250/200 (analogs: D251 FEPA standart, pm,
60/70 US standart, mesh), the concentration of 4 (the share of diamonds in a unit

volume of the diamond-metal composition of the working part of the instrument is
0.25).

100

Tooling costs, USD

0 10 20 30

Grinding time, hours

Fig. 2. Costs of diamond wheels 1A1 200x10x5 AC6 250/200 4
on bonds M2-01 (1) and M1-01 (2) under identical experiment
conditions of diamond-spark grinding (e - toolchange)

As follows from (12) and (13), the replacement of the diamond wheel on bond
M2-01 (binary intermetallic structure of 80 wt. % Cu and 20 wt. % Sn) with the same
one, but on less wear-resistant bond M1-01 (solid solution based on 62 vol. %
intermetallic CuAl,, 27 vol. % alloy combination Al-Zn and 11 vol. % Si) increases
the necessary tooling costs by 45% (by 0.92 USD/machine hour).

Thus, the correct choice of metal bond of diamond tools will have a very
significant positive impact on the technical and economic indicators of functioning of
the technological machining system with ED dressing of wheels in cutting area
(diamond-spark grinding). Both violation of the established science-based
technological regulations of diamond spark grinding, and the absence of such
science-based regulations, can sometimes provide the required processing
productivity, but at the same time lead to a significant reduction of tool life and,
therefore, incomplete use of cutting potential of diamond tools, increased costs on the
tool and idle time for service of its replacement on the machine during the execution
of the manufacturing task.
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1.4. Grinding with ultra-dispersed diamonds in metal coating of grains

Technological capabilities and advantages of diamond-spark grinding by wheels
on high-strength metal bonds [16] are connected with reliable retention of diamond
grains that protrude above the bond, and managed update of the cutting relief based
on the maximum use of the unique working potential of the super hard abrasives.
Carried theoretical and experimental studies of the impact of diamond wheel cutting
relief wear and update on the stability of the process and operation parameters of the
diamond-spark grinding point to the decisive influence of the initial size, geometry,
strength, wear resistance of the super hard grains as a part of diamond-metal tool
composition on its potential working capacity, the intensity and resource of working
exploitation.

Metal protection of the surface of synthetic diamond grains reinforced by
including of detonation ultra-dispersed diamonds (UDD) in the coating contributes to
the morphometric preservation of grains in pre-operating period of their life cycle.
The experience of increase the efficiency of diamond-spark grinding by wheels with
the initial surface metallization of superhard abrasive grains is known [17].
Therefore, the including of superhard component in the form of UDD into the
composition of the metal coating of the diamond grains for the tools of diamond-
spark grinding opens new perspectives in improving the working life of grinding
wheels and the technological possibilities of this technological method of high-
performance complete machining.

In NTU "KPI" developed a practical technology of abrasion-resistant
metallization of diamond grains with the introduction of UDD, and there are obtained
the data on the possibility of pressing and sintering of grinding wheel diamond-metal
working compositions under such a composite coating without destroying them with
diamond grains under such a composite coating without destroying them [18].

Acting in the known role [19] of powerful structure-forming agent, significantly
amplifying the functional properties of the coating at the stage of tool production,
detonation UDD in its composition on the grains of the grinding wheel working
surface in the operational technological use at the same are the centers of high wear
resistance to opening of diamond cutting basis of the grains.

The present study continues the work in the direction of rational use of
functional coatings in technique and tools of diamond-spark grinding [20] as well as
consideration of the characteristics and applications of thin structures of superhard
carbon allotropes [21]. It aim is to show the principal features and possibilities of
effective operational destruction of detonation UDD under the action of an electric
current in the metal coating, which carried out its protective function and requires
opening in workflows of managed DSG.

By the time of the first publication (1988, [22]), that reveals the essence of the
method of fabrication of UDD during a quarter of a century development in the
USSR, from the first experience of explosive synthesis of UDD in 1963, carried out
by the Russian scientists in the field of gas dynamics K. V. Volkov, V. V. Danilenko,
and V. L. Elin from National Scientific Research Institute of Technical Physics (now
Russian Federal Nuclear Center) in the science city of Chelyabinsk region, Snezhinsk
(Chelyabinsk-70), their industrial production, the annual volume of which amounted
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to about 10 million carats has already existed on the basis of the scientific production
association "Altai" [23].

In Ukraine, an independent pilot synthesis of UDD has been carried out at the
Institute for Problems of Materials Science (Kiev) under the leadership of
V. 1. Trefilov [24]. Since 1992 industrial production of UDD has been organized in
closed corporation "Alit" (Zhitomir) [25]. Research and production enterprise
"SintA" LLC, using original technology of synthesis and chemical purification,
engages in fabrication of UDD in Kharkov [26].

It was first established in the study [27] that UDD has tetragonal crystal lattice
with the parameters a = 0.3585 nm and c¢ = 0.345 nm, and morphological samples
obtained in this manner are gas-filled hollow spheres of diamond particles having an
average inner radius of shell 1.894 nm and an external radius of shell 2.547 nm.
These particles up to 4-6 nm in size crystallize in the diamond phase, at the same time
being sintering, forming secondary fractal structure. At that gas-filled cavities inside
the particles are formed during crystallization process.

Interaction with the gas medium of the explosion chamber leads to the oxidation
of the surface carbon atoms. The sources of gas emission of UDD are internal and
interparticle closed cavity and oxidized carbon atoms. The final product contains
carbon (from 84.0 to 89.0 wt.%), hydrogen(from 0.3 to 1.1 wt.%), nitrogen (from 3.1
to 4.3 wt.%), oxygen ( from 2.0 to 7.1 wt.% ) [23].

Role activation of cutting diamond grains in electrical contact of the grinding
wheel with the workpiece due to their metal coating corresponds successfully to the
approved concept of diamond-spark grinding with the introduction of additional
energy in the form of direct current in cutting area [28] and at that with soft electric
mode of excitation of electrical discharges on the mechanism of sliding electrical
contacts [29].

It can be assumed that at diamond-spark grinding (e.g., with arrangement of
current supply to the cutting area by the scheme [28]) the flow of electric current in
the bulk of metal coating of diamond grain will be accompanied by an intensification
of density of the electric field around the diamond nanoparticles perceived similarly
to the pores in the technologies of ceramics electroconsolidation under pressure
according to the SPS method [30], with an increased probability of discharge attacks
of gas-filled cavities inside the diamond nanoparticles, initiation of ozone into them,
realizing increased oxidative activity by capturing of carbon, etc. [31].

The behavior of the electric current in the field of UDD particles interstitial into
a solid metal body has not been previously predicted and studied, but is of
considerable theoretical and practical interest from the position of an impact on the
contact properties of the hollow nanodiamond particles and their structure formation
function in the surrounding bulk of metal coating (Fig. 3).

In analytical and synthetic structures of the general picture of spark-discharge
displays of diamond-spark grinding with participation of metal-coated diamond
grains containing UDD in the coating composition, we should not evidently eliminate
the possibility of the known in nature air-gas medium of local fields of static
electricity, the energy which can be released by the sparks [32], addressing this
possibility to nonvacuum-processed enclosed spaces under the diamond cover of
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UDD with its post-discharge mechanical deformation and destruction.

b
a — structural and geometric scheme;
b — thermal and electro-physical scheme
1 — synthetic diamond grain;
2 — residual metal structures of catalytic synthesis of diamonds;
3 — diamond grain metal coating;
4 — UDD diamond sheath;
5 — UDD gas-filled cavity;
6 — electric field power lines
Fig. 3 UDD in metal coating of diamond grain of diamond spark grinding tool

The final product in the conventional technologies of UDD synthesis in metal
chambers, in addition to the non-diamond phase of latent carbon [33] and gas
component, contains the results of the interaction of detonation products with the
walls of the chamber, steel as usual. The research [12] of condensed explosion
products fabricated by the detonation of explosives consisting of the alloy of 1,3,5-
trinitrotoluene with cyclotrimethylenetrinitramine exploded in atmosphere of
products of the previous explosion of the same explosive, found the content of
incombustible impurities of oxide Fe (III), iron carbide and a-iron within limits of
4.2-6.5 %, with the following distribution of the intensities in the spectrum among the
iron impurities: the contribution of the line of a-iron is 29-43%, magnetite - 36-48%,
certain ions Fe (III) - 16-27 % [27]. Of course, the specifics of these results comply
with the conditions of research [12] (the volume of the explosion chamber 3.05 m?,
the oxygen content in it - up to 6 vol.% , the load weight - 0.65 kg; the temperature of
the chamber walls — up to 363 K, the ratio of the mass of condensed products of
explosives detonation — 9 (trinitrotoluene): 1 (cyclonite) at 8 wt.% of diamond
nanophase; etc.). However, the structure and order of the values of the obtained data
make it possible to assume a radical change of conductivity conditions in
nanodiamond covers, favourable for their electric-discharge cleaning like [34] under
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diamond-spark grinding conditions, possibly with sliding discharge along the
boundaries [35].

Dimensional assessment of morphometry the secondary fractal structures of
UDD is less than 10 nm, and in the initial morphological assessment ratio of the
average size of the diamond wall and the whole particle in its interpretation by
spherical model on experimental data [27] is virtually 1:4. With this in mind, as well
as a simple ratio of overall dimensional evaluation of fractal structure of UDD (less
than 10 nm) and the lower limit of granularity for powders of synthetic diamonds in
the recommendatory practice of grinding wheels on metal bonds (40 um, according to
the basic standard for diamond powders of any genesis [36], as well as on detailed
exposition of this standard in its synthetic part [37]), 1. e. less than 1:1000, it can be
used overheating by bursts of electrical current (e.g., electric-discharge) to achieve a
known graphitization temperature zone (about 1000 C for UDD [38]) with a duration
of action which is destructively critical in full only for ultra-dispersed diamond
fragments of detonation nature. At the same time significantly higher power of heat
reset for synthetic diamonds (approximately 600 W/(m-K) [39]) compared with the
surrounding bond metal matrix (for most typical brands on the copper-tin or copper-
zinc-aluminum-based it is about 20...40 W/(m-K) [40]) in the temperature range close
to the diamond graphitization will contribute to superhard preservation of diamond
grains of grinding powder in the descending part of a thermal overload.

In the present case of operating sliding electrical contact between the grain metal
covering and the electrically conductive material that is processed the potential
energy intensity of electrical discharges significantly reduced in contrast to the
diamond-spark grinding by wheels without an initial metal covering of the cutting
grains. Therefore, erosion destructions of diamond grain metal coating and wheel
metal bond in a sliding contact with processed material are much less intense. This
implies a low probability of tipping out an wear-free UDD as a result of a single
electric discharge in sliding contact between the metal coating of the grinding powder
grains and processed material. Therefore, taking into account and the use considered
above technological capabilities of diamond-spark grinding in operational liberation
from metal coating of wheel grains with UDD is an important additional source of
increasing the efficiency of the processing by tools of superhard abrasives with
preoperational preserve the original integrity of the individual grains.

1.5. Formation of steel surfaces of increased hardness

The white layer (white zones) as slightly etching hard buildup, appearing on a
surface of steel components during contact thermo-mechanical influence, for a long
time draws attention of researchers from the point of view of possible increase of life-
limiting characteristics of operational contact surfaces. However to the beginning of
the third quarter of XX century cautious negative estimations prevailed among
metallophysicists as regards practical usage of white layer phenomenon. There is
characteristic point of view of world- famous scientists [.M.Lyubarskiy and
L.S.Palatnik [41]: «White zone does not possess satisfactory for effective resistance
to deterioration properties ..., it is frequently formed as separate isolated sites on
friction surface or in volume of metal, ... the non-uniform areas being concentrators
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of stresses that results in deterioration wear-resistance are formed; the nonequilibrium
white zone possesses low fatigue resistance». Here the same authors in the same
work [41] emphasize: «the problem of white zone is rather actual and wide and
demands statement of the further investigations for more detailed studying ... »
(citing in author's translation from Russian).

The subsequent investigations of various authors testify to indefatigable
temptation to use effect of white layer for the practical purposes. Here we shall note
only some examples of successful promotion in this direction.

Questions of prediction and purposeful quality management of the processed
surface under conditions of white layer formation are investigated by the European
technological school [42-44]. In the Ukrainian-Polish Company «TRIZ» (Ukraine,
Sumy) [45] white layer phenomenon is successfully used in technologies of repair of
surfaces subjected to wear. Achievement of white layer microstructures during
electroerosive processing of steel industrial equipment is considered as basic resource
of strengthening [46]. At the Siberian University (Russia, Novokuznetsk) [47] even
curing of fatigue damages of steels due to electric current pulses and practical
technology based on this principle are justified on the basis of the mechanism of
formation of local white zones in fatigue cracks.

Method of thermofriction strengthening of steel surfaces, using white layer
phenomenon in real embodiments, relieved from the basic disadvantage quoted above
on [41]: discontinuity flaw is completely eliminated and substantially — heterogeneity
[48] is developed at Kharkov Polytechnic Institute.

Durometry of machined workpieces after thermo-friction processing indicates
that its hardness over the range of fine near-surface layer with changed
microstructure (so-called white layer, Fig. 4, [49]) can be significantly higher than in
result of traditional technologies of thermal treatment [50-52]. Urgent problem is to
explain the physical nature of this thermo-friction processing effect and from this
position to propose appropriate method of finishing shaping in addition to thermo-
friction processing in united technological routing. Researches with presented here
received results are devoted to solution of this problem.

a — scheme of microhardness measuring: 1 — object of processing; 2 — layer with
changed structure (white layer) ; 3 — dent of microhardometer;
b — microstructure of cross -cut section (white layer is seen clearly), x250

Fig. 4. Wood-working knife from steel 651" after thermo-friction processing
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Diamond grinding with introduction of electric current pulses in zone of
processing (diamond-spark grinding) allows both to independently form the
strengthened white layers in steels [53], and to support such layers by means of
finishing processing after preliminary thermoclutch strengthening with increase of
their uniformity [54], that holds with electropulse technologies [45, 46]. Results of
research of influence of diamond-spark grinding on phase and stressed state of steels
[53] are evidenced that control of quality of surface layer by means of combining of
diamond grinding with sputter—ion influence can be more directional including
control of forming of both structures of second heat hardening and structures of
tempering then in traditional technologies. At that heat of machining surface is a little
relative to thermo-friction and it is equivalent to influence of backing, especially
under grinding without current and by preliminarily dressed wheel.

Availability of use of diamond-spark grinding on operations of finishing
following after thermo-friction processing is confirmed of some practice of
observation of white layer structures after diamond-spark grinding of steel [53] that
can be explained exclusively thanks to action of electric discharges providing fast
impulse heating of machined surface up to phase transformation temperatures. In
electric contact patch maximum covering of machined surface in technologies of
double speed diamond-spark grinding (with increased speeds of working motions of
both diamond wheel and machined piece) it is to the point of melting and even to
partial evaporating, with next enough quick cooling especially under influence of
lubricoolant of efficient composition in combination with active technique of supply.

As i1t marked after known diamond-spark grinding experiment [53] just
combination of high-speed and enough short-term heating with enough quick cooling
can provide forming (even more so an effective support) of qualitative white layer in
result of implementation of combined technologies.

Characteristics of white layer on working surface of wood-working knife blade
from steel 650" after thermo-friction processing and next operation (finishing by
grinding and backing) are presented in the Table 3, [53].

X-ray metallography past thermo-friction processing steel pieces authenticates
about appearance of additional phases in its surface layer. So, predominantly
martensate structure of white layer in manganese steel 651" and in carbon steel Y8A,
together with small quantity of austenite and a number of ferric oxides, evidents of
appearance of e-carbide (e-Fe3C) which is hypothetically responsible for high
hardness of white layer.

This hypothesis also proceeds from probable smallness of individual e-carbide
fragments. As such fragments there are identified discovered by electron-microscope
investigation in near-surface layers of past thermo-friction processing steel, moreover
on surface of martensate grains, particles of right geometric form with a size
approximately 0.1 — 0.2 um [48], that practically is contignous with nanometer
excursion, in the case of upper bound of that is taken on a value 100 nm, and with
transformation in which of structure of materials are been connected greatest
successes of modern materials science.

In light of electron-microscope investigations [48] it is noteworthy that grains —
carriers of this parts with size 0.1 — 0.2 um themselves are more roundish and greatly
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smaller size (about 1-2 um) than size of needled grains of martensite of parent
(before thermofriction processing) texture. Latest research allowed to determine
predominant component of white layer microstructure as deformed grainular
martensite.

Table 3
Influence of thermo-friction processing (TFP), next finishing and backing on
characteristics of steel 65I" (by example of wood-working knife)

After TFP After TFP,
. Before | After C .
Characteristic and finishing and
TFP TFP . :
finishing backing
Parent metal
Micro- (average) 5300
hardness, ) ) ) 8200 - 9000 -
MPa \;Zhgre Dispersion - 11200 11000 9100 - 10100
Y Moda - 10000
Parent metal Needled martensite
) Deformed
Micro- Deformed granular ranular
structure White layer - &f &
martensite tempered
martensite
) 0.54 —
White layer depth, mm - 0.60 0.45-0.55
Surface Ra 0.2 1.82 0.22
roughness under Rq 032 | 238 0.42
Lc=0.25 mm, pm Rz 1.4 7.0 0.7

So it is proposed routing scheme of technological process of forming of
strengthened surface of steel wares with established demands to accuracy and
microgeometry of machined surface. The central link in considered technological
approach is a thermo-friction method allowing to form in steels white layer with
advanced microstructure and increased microhardness.

Diamond-spark grinding, especially high-speed processing with cooling, is
active mean of support of white layer after thermo-friction processing. It is possible
efficiently use diamond-spark grinding by combined control of electrical and
mechanical operating modes taking into account technical requirements to accuracy
and roughness, with short-term ironing sparking-out without current if necessary.
Even more so that from the functional positions of strengthening surface sparking-out
is considered on a par with such special operations as rolling and burnishing [55].

Execution of backing after finishing is mainly directed to increase of evenness
of white layer stressed state, above all in thin surface working layers, and it that way
to stabilization of strength properties of finished product, increase its reliability and
safety into operation.
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1.6. Systematic approach to rational diamond grinding

The use of diamond tools solves the problem of treatment the materials with
high hardness but leaves open the correlative questions of controlling expenses of
expensive superhard abrasive and the cutting ability of the wheels. The use of metal
bonds possessing higher firmness and diamond keepingness comparing to the bonds
on organic and ceramic basement let reduce the expenses of superhard grinding
powders in the wheels (under the same conditions of cutting).

However the rise of the firmness of the bonds in the wheels leads to the change
of the character of the self-formation of their cutting relief, exactly to the wear of the
more extent of the particular cutting grains in consequence of their more continious
work in the wheel to the falling out from the bond and that is to the quicker bluntion
of the tool in the whole. The main contents of the problem of controlling the cutting
ability of the diamond-abrasive tool accordingly changes from the questions of self-
sharpening to the questions of dressing.

The use of technologies of diamond-spark grinding and electroerosion dressing
based on the putting the additional energy into the zone of grinding (dressing) in the
form of electric discharges helps solving the contradictions between cutting ability of
diamond wheels on metal bonds, firmness of this bonds, productive abilities and
economy of the grinding process [1].

Decrease of power-consuming of exactly grinding and rise of energy-conversion
efficiency of the work of chip forming is the most important advantages of diamond-
spark grinding comparetively to the usual one (Table 4).

Table 4
Ordinary (DG) and electroerosion (DSG) cylindrical diamond grinding of hard
alloy BK6 (wheel 1A1 200x10x5 AC6 4, DSG with unipolar generator BI'-3B)

Energy-

Adjusted | Longitudinal o Grain of | conversion

roductivity foeding Crosscut feeding, grinding efficiency o
P mm/min ’ m/min’ mm/double stroke | powder, | chip forming
um work, mm?/kJ

DG | DSG

125/100 | 16.7 | 23.8

1000 0> 0.02 250/200 | 13.6 | 26.7
1.0 0.01 125/100 | 13.9 | 23.0

' ' 250/200 | 14.2 | 29.0

125/100 | 9.3 12.3

2000 1o 0.02 250/200 | 8.6 13.9

The expenses of energy on the cutting of the metal decrease mostly in
consequence of reduction of losses on friction of bond of wheel with work part and
chips owing to the fact that flaring of cutting grains at the bond level is operated by
electric regimes of grinding (dressing). In the result the high sharpness of the
diamond wheel is supplied and supported, the resilient transpositions of the
technological system’s elements is decreased, real productivity of processing is not
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almost differ from nominal (accounting) defined by regimes of cutting including
highly productive grinding with increased depths.

The perfection of the method and equipment of electroerosion diamond-abrasive
processing on the self-base with fuller use of possibilities of combining of working
processes by development and mastering the technologies and machine-tools of
double speed grinding (with increasing speed of feeding of processed work parts) let
appreciably decrease the installed power of electric motor of drive of the main
movement and summary — for example with installed power of all electric motors of
15.6 kW for the machine-tool 3K227BP (prototype) to 10.1 kW for the machine-tool
3M227BOP®2, Saratov Grinding Machine Plant, Russia — when keeping and
improvement of output technological indices of productivity and quality of
machining.

For example, the transition to the removal of allowance by an array of shavings
with an increased length and at the same time thinned, more lightly chopped and
removed, with an increase from 0.5 m/s to 5.0 m/s of the speed of workpieces from
FOHJIK24T2 magnetically hard material and BK8 & BKI15 hard alloys under
unchanged other grinding modes can improve the grinding performance of these
hard-to-work materials in 1.14 — 1.45 times, and the tool life between dressings in
1.4 — 3.3 times (Table 5).

Table 5
Possibilities of diamond-spark grinding with increased speed of workpiece
(wide-range pulser IIII'U 40-440, mode 22 kHz)

Diamond wheel Grinding Tool life between
Processed brand characteristic productivity, dressings,
material and speed mm?’/min min
Brand characteristic | Vi,, m/s | 0.5 m/s |5.0m/s| 0.5 m/s | 5.0 m/s
1A140x10x3x16
BKS AC15 125/100 25.0 180 205 30 99
M2-01 4
1A1 25x10x3x12
BK15 AC15 315/250 17.5 115 150 87 123
M2-01 4
1A1 25x10x2x6
FOH/IK24T2 AC6 100/80 14.0 55 80 48 72
M2-01 4

Structural scheme of the optimal choice of diamond-spark grinding conditions is
presented in the Fig. 5.

In spite of the fact that, the use of electroerosion technologies of diamond
grinding allows to solve the problem of forming of electroconductive hard processed
materials, as it follows from mass practice, saturation of cutting zone of electro-
dischargenal process above level required for support cutting relief regeneration,
provided for stable processing productivity with sufficientness, calls unwell-founded
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Conditions of high-productivity
diamond-spark grinding

v

y \ 4

Requirement: Sufficient condition:
ensuring of diamond wheel optimization of grinding
wear-out with constant intensity parameters

Increase of bond wear-out speed V., due to additional

electrocrosian influence on diamond wheel

A

Calculation of optimal value of relative linear wear-out

|| of diamond grains N by criterions of maximum productivity Q

or minimum technological cost price C taking into account of desires
on machining quality
v

Conformance inspection m to
chip forming criterion taking
into account of ratio of
maximal cut thickness and
parameters of grinding radius of round-up of grain top

H max /R
v

Designing of effective technologic diamond-spark
grinding operation

Choice of optimal

mechanic and electric

Fig. 5. Structural scheme of the optimal choice
of diamond-spark grinding conditions

expenses both energy resources and superhard abrasives, additional material
expenses. High-rise wheel work surface relief reduces probability of keeping of
diamond grains in bond under action of work contact loading, and so the mean
number of separate acts of microcutting for every from its reduces also. Therefore,
level of diamond wheel relief sharpness, which rise and support are the general
physical purpose of grinding combining, can be excessive when wheel work surface
real relief height exceeds the depth of real introduction into it on the side of processed
material (b >H,__ , bmax = Hmax T4, see Fig. 1) made conditional on kinematic-

max max 2
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geometrical and physical contact conditions.

Under exploitation of potentialities of superhard abrasives, its increased relative
expense follows after decrease of number of cutting grains on the work surface of
wheel in compliance with lessening ¢ =H, /b, (Fig. 6).

m

It is determined by research of grinding model [2] that stabilization of diamond

grinding process in time needs in observance of condition Vee =Vsep /n , where V.,

and V,, are linear speeds of wear-out of wheel bond and grains accordingly;

n=X/H,6 where X is average wait of real linear wear-out for the maximum

advanced grain, H — maximal probabilistic thickness of cut (Fig. 1).

The use of diamond-spark grinding technological method under correct setting
of electric regimes in conditions of statistically stable characteristic of electric
resistance of cutting zone medium allows to autoregulate process of forming of wheel
work surface with height b= H+ 4 called for stabilization of cutting contact.
Autoregulate mechanism “engages” stable activation of electro-dischargenal process
into cutting zone medium, as well to any another relatively dielectric medium, on
reaching of some value of spark gap, between surfaces of work part allowance and
wheel bond in this case.

A 0.75

0.251

\
0 0.25 0.5 0.75 1

\ 4

Fig. 6. Ratio of number of cutting grains to total number of grains
on the work surface of grinding wheel in system #&¢

Preliminary wheel correcting is designed to work relief start height no lower of
this one value of spark gap between surfaces of work part allowance and wheel bond
should be preceded to the first technological operation with adjusted productivity of
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diamond-spark grinding under posterior validity of criterion Ve =Vi /7 in

processing, one-pass (when individual production) or multiple (when repetition
work), at the last case down to full exhaust of diamond-contained layer during the

sum operation time T =S8/V. represented complete continuous (without

intermediate autonomous correcting) wheel resource (S — thickness of diamond-
contained layer).

It is position of minimization of superhard abrasive expense and maximization
of wheel cutting resource simultaneously, increase of energy-conversion efficiency of
chip forming work by exclusion of a friction of bond of wheel with work part
allowance surface.

As the theory and practice of diamond-spark grinding shows the extreme indices
of processing productivity and bluntion of cutting grains up to falling out from bond
of wheel [56] at that the specific consumption of diamonds takes minimum (Fig. 7).
The same character of change has a dependence “cost price — productivity” that
permits to develop and operate really optimum technologies of diamond-spark
grinding.

qQ

U
I

>

Fig. 7. Appearance of dependences of processing productivity (Q)
and specific consumption of diamonds (gq) from electric potential (U)
and current strength (/) of electric impulses under diamond-spark
grinding of wheel on bonds with different erosian durability
(KP1<KP2; KP - index of erosion durability)

Developed approach is verified by experience of processing of high-strength
plastic materials that are wearproof fused surfacings and coverings, high-speed and
stamp steels, other hard-machining materials; see the example in the Fig. 8 for
conditions: processed material — chrome-vanadium steel X3®8; wheel — 1Al
250x15x5 AC6 100/80 M2-01 4; processed regimes — current strength Sa, cutting rate
35 m/s, longitudinal feeding 10 m/s, crosscut feeding 3.3 mm/double stroke [57].
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Fig. 8. Example of experimental dependences of cutting power (P, kW),
processed productivity (Q, mm?®/min), specific consumption of diamonds
(¢, mg/g) and surface roughness (Ra, pm) of X3®8 steel from diamond-spark
grinding depth (d, pm): 1-Q,2 - P,3 - Ra, 4 —gq.

Conclusions

Model of steady in time grinding process realized by means of tools with
working part as a binding matrix with abrasive grains located in it in random manner,
for example, diamond grains, is observed.

Levels of interrelation of deterioration of abrasive grains and bond of a wheel
are allocated and determined during steady grinding.

Representation of wheel cutting relief stability is retention of nonvarying its
height above a level of the bond. Representation of grinding stability is retention of
nonvarying maximal thickness of cut by single grains of wheel working surface in the
prescribed system of kinematic-geometrical conditions (modes) of grinding, which
determines processing productivity.

Mathematical formulation of basic characteristic correlation of stability wheel
cutting relief and grinding processing is proved on example using the uniform law of
distribution of grain heights above a level of the bond after its removal. Received
formulation is invariant of a grain form. In general case of grain wear process in
tribo- and cutting contact to a material to be machined the considered model
presumes also uniform (with constant or medium integral speed) wear of grains in the
direction of normal to nominal wheel working surface (cylindrical at grinding by
wheel periphery, flat one — at grinding by end surface).

The presented grinding model, its rationale and research by condition (1) and the
resulting relation (2) allowed to analytically determine the feasibility of stability of
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the characteristics of the cutting relief of the working surface of the wheel during
processing, which in turn is a necessary content of the stability of the process itself.

Accordingly in organizational - technological tasks of large-quantity production
with the set productivity the maintenance of effective value of a wheel resource can
be considered as the necessary decision of all complex of the grinding wheel
characteristics formed at a stage of its manufacture and determining a range of a
possible variation by the norm of lowering the level of the bond from electroerosive
destruction according to the completeness of using the cutting potential of diamond
grains (degree of wear before falling out of the bond).

In this connection determination and consideration of rational ways of
management by wheel resource in steady processes of grinding in a context of the
submitted research it is necessary to begin with corresponding coordination of
diamond-abrasive tool designing with designing of technologies and technological
systems using them.

The received results are applied in the settlement models concerning to
problems of rational use of diamond grinding wheels in combined processes of
grinding, based on controlled introduction in a zone of cutting of electric discharges
(diamond-spark grinding).

Submitted materials generalizes on the one hand theory of kinematic-
geometrical simulation of grinding processes by means of tools with working part as
binding matrix with abrasive grains located in it in random manner, for example
diamond grains, and on the other hand practical performance of combined grinding
process, based on introduction of additional energy as electric discharges and called
by the organization-developer (Kharkov Polytechnic Institute) «diamond-spark
grinding» as applied to processing by means of diamond wheel. Implementation of
diamond-spark grinding technologies on the basis of developed generalized
theoretical approach allows to use the tool with prescribed tool-life, moreover to
make the most efficient use of it up to full exhausting of tool-life, determined by
diamond-bearing thickness.

The application of electroerosion technologies of diamond grinding lets solve
the problem of universalization of control of grinding of hard processed materials.
The right choice of mechanical and electric regimes of combined processing allows
for stable support both high (maximum) productivity and high (maximum) use of
cutting potential of diamond grinding powders in wheels.

Electrophysical features of diamond-spark grinding provide an opportunity to
increase the efficiency of operation of the tool with metal coating of superhard
abrasive grains which includes ultra-dispersed diamonds to increase the functional
reliability through the preservation of the integrity of the original grains during
compaction and sintering of diamond-metal composites. These features allow
intensify the liberation of superhard basis of cutting grains from metal coating, which
carried out its provisional protective function. This is done by deactivating of ultra-
dispersed diamonds locations as the centers of increased wear resistance which
increase the resistance to the coating stripping. The nature of these opportunities is
the electric, and is contained, firstly, in an intensification of density of the electric
field around the non-conductive hollow nanoparticles of the ultra-dispersed diamonds
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that promotes to electrodischarge attack and post-discharge mechanical deformation
and destruction of these nanoparticles. Secondly, it is permissible to perform a short
electrical pulse heating with sufficient power and duration to graphitization of ultra-
dispersed diamonds shells that suppresses its wear resistance.

Diamond-spark grinding, especially high-speed processing with cooling, is
active mean of support of white layer after thermofriction processing. It is possible
efficiently use diamond-spark grinding by combined control of electrical and
mechanical operating modes taking into account technical requirements to accuracy
and roughness, with short-term ironing sparking-out without current if necessary.

Development of diamond-spark grinding method, equipment and technologies is
part of the modern arsenal of scientific and technical progress, continuing to draw
attention of theoretical researches and practice of the industry according to newest
opportunities of advanced science and advanced manufacture.

Development is directed forward computer-aided manufacturing.
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CHAPTER 2.
IMPROVING THE PERFORMANCE OF OPEN-TYPE ADSORPTIVE
CONVERTERS OF HEAT ENERGY FOR HEATING INFLOW AIR

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-037

Introduction

Increasing the cost of primary fuels and, as a consequence, increasing tariffs for
heat supply, requires measures to be developed to improve the energy efficiency of
thermal units, and to enhance the full utilization of all possible energy resources,
including low-grade ones. Under these conditions, a promising technical solution is
adsorption heat converters. In the Netherlands, a solar installation for heat supply of
residential premises has been developed with an adsorption module [1]. Zeolite and
silica gel were tested as the heat-accumulating material along with salts. At the same
time, the performance of the adsorption modules for the absorption, storage or
conversion of thermal energy is strongly determined by the adsorption properties of
the adsorbents used, in particular, by the maximal adsorption and the regeneration
temperature.

The use of adsorbents in residential heating, air conditioning and ventilation
systems has been proposed in recent decades [2, 3]. For example, silica gel or zeolites
were proposed as adsorbents [4]. However, their regeneration temperatures exceed
100°C [4]. The lower regeneration temperature of 60 — 100°C was exhibited by
silico-aluminum phosphates [5], but their sorption capacity is about of 0.25 g/g [5],
which obviously requires a large mass of adsorbent to cover the heat load under
conditions of heat supply and ventilation systems and as a consequence to a large
volume of adsorptive unit.

The WOI’kil’lg pairs of C&Clz — HzO, SI'BI'z — HzO, NaQS — Hzo, MgClz — HQO
could be promising for thermal energy accumulation, allowing to realize the energy
storage density of 1.9 — 2.7 GJ/m® of crystalline hydrate [1]. However, their
application is strongly limited by the physical and chemical instability, as well as the
corrosive activity of these salts at high temperatures, along with the instability when
manifold cycled, degradation over time, and poorly developed heat transfer surface.
For example, irreversible hydrolysis of magnesium chloride when operated an open-
type adsorption device at elevated temperature forced it to be replaced by zeolite
13X. These problems are typical of any massive salt.

More advanced materials are composite adsorbents of the type ‘salt in the
porous matrix’. Such materials can be considered as promising materials not only for
the accumulation and transformation of thermal energy in heat supply systems, but
also as water buffers in ventilation systems. Thus, the adsorption regenerator of heat
and moisture based on the composite SWS-1A (calcium chloride impregnated
aluminum oxide) exhibits better performance, in particular, compared to devices
based on traditional silicon dioxide or aluminum oxide [7]. In this regard, attempts to
improve the adsorptive heat-storage materials are focused mainly on the choice
among the existing adsorbents [1], or the synthesis and study of composite sorbents
‘salt in the porous matrix’ due to the increased adsorption capacity to conventional
process fluid [8], as well as stabilization of salts due to the distribution in the porous
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matrix [9].

Despite the promises of composites such as 'salt in a porous matrix' for the
absorption, storage and conversion of thermal energy in heat supply and ventilation
systems [10, 11], the wide commercialization of such devices is strongly limited not
only by expensive and sophisticated impregnation technologies that do not always
allow the adsorbent to be obtained from the adsorbent with maximal adsorption
which exceed 0.5 kg/kg. Obviously, it results in high volumes of adsorption units to
supply required thermal load.

Also, the transition from the laboratory prototype to the installation for practical
use in heat supply systems requires a mathematical model that allows evaluating the
efficiency of the device basing on all stages of operation of the device. At the same
time, most mathematical models are limited only by the processes of heat and mass
transfer in the process of adsorption, that is, the discharge of the heat storage device,
which does not allow giving an integral characteristic of its efficiency [12, 13].
Similar algorithms have been developed mainly for capacitive devices [14].
Therefore, it becomes urgent to develop an algorithm for calculating the operational
characteristics of the adsorption heat energy storage device.

In connection with the above, a comprehensive research aimed at studying the
operational characteristics of the adsorption battery of heat energy and developing a
mathematical model of the operation of this device is necessary.

The aim of present work is to find out the ways to improve the performance of
the adsorptive device for thermal energy conversion based on the composite ‘silica
gel — sodium sulphate’. To achieve this goal, the following tasks were set:

- to develop an algorithm for calculating the operational parameters of the
adsorptive heat energy converter;

- to find out the correlation of the adsorbent characteristics, the parameters of the
operating processes and the efficiency of the adsorptive heat conversion unit on the
basis of the composite ‘silica gel — sodium sulphate’;

- to determine the technological parameters which correspond to the most
efficient operating this device.

As a consequence, original researches of the authors focused on the task of
enhancement of efficiency of adsorptive heat energy conversion are analyzed in
present work.

1. Experimental

2.1.1 Adsorptive heat storage device

In present work the operational processes of an open-type adsorptive device for
heat energy storage which heats the cold inflow air are considered. The design of an
open-type adsorptive heat storage device is shown in Fig. 1.

The device is operated according to the two-stage mode, i.e. alternating the
discharge (adsorption) and charge (adsorbent regeneration, i.e. desorption). Water is
used as the working fluid. In the first stage, the ambient air is fed by the compressor 3
into the humidifier 4, where its relative humidity increases to 30— 80%. Then the
humid air is heated by an electrical resistive heating unit 5 to a temperature of at least
30°C. Then, the humidified air passed through the adsorbent layer and water is
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adsorbed from the air, which is fed into the heat storage material, it being an
exothermic process that promotes the temperature rise of both the heat storage
material and the air.

>>>>>>>>>>>>>>>>>>>>>>>
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Fig. 1. Open-type adsorptive heat storage device.
1 —insulated case; 2 — heat storage material; 3 — compressor, 4 — humidifier;
5 — resistive heating unit; 6 — balances [15].

The air temperature at the outlet of the heat storage device rises to 90 — 115 °C.
The second stage, that is, the regeneration of the adsorbent, occurs by supplying hot
air, which leads to the heating of the adsorbent to temperatures not lower than 90°C,
and, as a consequence, to desorption.

Having been considered operation steps of heat storage device, the next
algorithm have been suggested (Fig.2).

Efficiency coefficient () is proposed to be calculated as % [15]:

n= 2. 100 (1)
where Q, is useful heat (sorption heat), kJ:
Qu = I ads AHads s (2)

where M,s 1s an adsorbent mass, kg; AH,gqs refers to an adsorption heat, kJ/kg;
Qin 1s heat input, kJ:

h h h h ev
Qin = Qdes + Qads + Q cas + Qw + Qs.w. + Qw ’ (3)
whereQ,..,Q",., Q" =, Q1 , Q" , Q% are heat inputs for desorption, heating of

adsorbent, device casing, water in the humidifier, adsorbed water, water evaporation,
klJ.
Heat quantity for warming of materials and device components Q is calculated

by common formula:
Q=M-C-At 4)
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where M 1s mass of material or device component, kg; C is specific heat of material
or device component, kJ/kg-K; At refers to difference between regeneration
temperature and environment temperature, °C.

[ Beginning ]
v

Computer
data input
v
[w=01 ]
=V
Calculation of mass transfer coefficient
Calculation of adsorption value
Calculation of useful adsorption heat
Calculation of heat inputs for process
1. Heat for sorbent warming
2 Heat for warming-up of device casing
3. Heat for warming-up of sorbed water
4. Heat for desorption
S Heat for warming-up of water in|
humidifier
6.  Heat for water evaporation
Calculation of efficiency factor

v

w=w+0.1

A<Amax

Results
output

Fig. 2. Control-flow chart for calculation of efficiency factor of sorptive heat
storage device.

Heat inputs for water evaporation are estimated by the next formula:
Q. =M, -AH, 5)
where My, is a mass of evaporated water, kg; AH., is a heat of evaporation, klJ/kg.
The influence of air-vapor flow rate on efficiency factor is taken into account by
coefficient A showing adsorption value, kg/kg. This coefficient is used for heat costs
for desorption

Qdes = AHdoss ) Mads ’ A’ (6)

and for heating of adsorbed water:
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ads.w.

(7)
where AH, = 2850 kJ/kg is heat of desorption, M, 1s a mass of adsorbent, kg, C,,
refers to specific heat of water, kJ/kg-K, t.; and t.,, are temperatures of regeneration
and environment, °C.

Airflow can be moistened with ultrasonic humidifying. At that, operational
inputs can be calculated as follows:

Qin :Q:ds+Qf+N.T+Qdes+QZiis’ (8)
where N refers to the electric power of ultrasonic humidifier, kW; t is time of its
operating, s.

Adsorption value is calculated by formula [15] :

C. —-C
A = ° ) Vair (9)
Msor
where V,;; 1s air volume:
Vair=Fps'w - 7, m’; (10)

Fys is cross-section area of heat storage device, m?, w is air-vapor flow rate, m/s, 7 is
sorption time, s, Co and C are inlet and outlet concentration of air-vapor flow, kg/m?
[15]:

C= ¢,

[Bm_ﬂﬂ]

— ne 11
e v +1° (10

where H is heat storage device height, m, An.x 1s maximal adsorption of adsorbent,
kg/kg; B refers to mass transfer coefficient, s™!, calculated by [12]:

1 1 1 1
—=—t—t— (12)
b B, B, B
where By, B, and P are mass transfer coefficients for gas phase, pores and coplanar
stirring, s [15].
Water mass supplied to the adsorbent layer can be calculated according with
maximal adsorption:

My = AmaxMads (1 3)
or computed as with product of air volume passed through heat storage material V;
and absolute humidity of air flow at the inlet of adsorbent layer Co:
My, = VairCo. (14)

2.1.2 Adsorptive regenerator of heat energy

Design of the adsorptive heat-moisture regenerator is given in Fig. 3 [9].

The diameter and the length of laboratory prototype are 0.2 m and 0.6 m,
respectively. The device works in two-phase mode which involves ‘inflow’ and
‘outflow’ stages alternating one to another [15]. The outer and inner ends of studied
device are considered as cold and warm. When outflowed, air is intaken by ventilator
3 and released into ambient medium. This leads to warming the heat storage material
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Fig.3. Adsorptive heat-moisture regenerator design
1 — pipe (case); 2 — external ventilator; 3 — inner ventilator, 4 — heat storage
material; 5 — temperature detector; 6 — operating console [15].

4 by ‘outflow’ air up to necessary temperature of inner premise. During ‘inflow’
stage, ventilator 3 is switched off and ventilator 2 is switched on, ambient air being
intaken and got through adsorbent into premise. When passed through the adsorbent
layers, air is heated, water excess being adsorbed. So, premise ventilation occurs,
temperature and humidity of internal air being kept constant.

Algorithm for calculation operating parameters of adsorptive regenerator is
proposed [16]. As efficiency criterions of adsorptive heat-moisture regenerator
temperature efficiency factor nem and moisture efficiency factor nnum were used, i.e.
heat and moisture regeneration coefficients. Control-flow chart of suggested
algorithm is given in the Fig. 4.

Algorithm includes calculation of the temperature efficiency factor according to
[16]:

t -t
ntem — t1nf text , (15)
out ext

where nMem refers to the temperature efficiency factor or heat regeneration
coefficient; ti,¢ corresponds with temperature of inflowing air, °C; te is the
temperature of external air; to, refers to the temperature of outgoing air.

Temperature of inflowing air is suggested to be calculated as a temperature after
mixing the cold air from the street and the warm air in the room during inflow [16]:

Vrtor+Vinstanr

tfin.r.aft.mix. = ’ °C (16)

Ve+Vins

where tsy raftmix, 15 @ temperature after mixing the cold air from the street and the
warm air in the room during inflow, °C; V, is volume of premise, m?; to, refers to
initial air temperature at the room outlet (warm end), °C; ty, - 1s final temperature of
the inflowing cold air, °C.
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Reomnmo ‘

/ Data mput /
1. Calculation final absolute humldlty of the inflow air m

2. Calculation of volume of the inflow air passed

through a layer of heat storage material. Asum =0

3. Calculation of adsorption when inflowed. T

4. Calculation of heat of adsorption during inflow. sum = 0

5. Calculation of final temperature of cold air when| %

inflowed.

6. Calculation of the air temperature after mixing the Asum = Asumt Aint+ Aoutt

cold air from the street and the warm air in the room
when inflowed.

7. Calculation of the final absolute humidity when|
outflowed

8. Calculation of volume of the outflow air which|
passed through a layer of heat storage material.

9. Calculation of adsorption during outflow.

10. Calculation of heat of adsorption during outflow.

11. Calculation of final temperature of warm air when|
outflowed.

12. Calculation of the air temperature after mixing the Results

cold air from the street and the warm air from the room. / /

. . output
13. Calculation of temperature efficiency factor.

A 4

Tsum = Tsum T 27T

If
Asum SAmax

End

Fig. 4. Control-flow chart for calculation of efficiency factors of adsorptive
regenerator

Final temperature of cold air-in is calculated according to equation of thermal
balance [16]:

Lfin.r (Cr Lostr * vinf +4.19- Lostr * Vinf ) CG-.Etr-I_ﬂHads.:inf ) Iﬂads)/ (17)
(Cr ' vinf +4.19 - Vinf ' Cfin.r:'
where tg, . is final temperature of cold inflowed air, °C; C’ refers to volumetric
specific heat of air, kI/m*® -°C; ty. corresponds with temperature of external air
(near the cold end of regenerator), °C; Vs is volume of the inflow air passed through
a layer of heat storage material, m®; C, . is initial absolute humidity at the cold end
of the regenerator, kg/m?®; AH_a. ;n¢ is the heat of adsorption during inflow, kJ/kg;
M_g4< — mass of adsorbent, kg; C,, .. is final absolute humidity for the inflow, kg/m?.
The volume of air passed through the layer of adsorbent during the inflow or
outflow, Vinr or Vour, m® is determined according to Eq.(10).
The temperature of the outflowing air is calculated as the temperature after

mixing the cold air from the street and the warm air from the room under the outflow
stage [16]:
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Ltin.str.aftmix. = = ti;s;;_-i?l:‘t;tfmSJ’ °C (18)
where s straremie. 1S temperature after mixing the cold air from the street and the
warm air from the room when the outflowed, °C; V. refers to volume of air at the
outside end of the regenerator, m’; ty ., is the initial temperature of the outside air
when ejected from the room, °C; ts, o+ corresponds with final temperature of warm
air during outflow, °C.

Final temperature of outflowing air is calculated by thermal balance equation

[16]:

C ‘tor Vourf+4.19tor Vourr Cor+ AHads ourf "Mads o
Ciinstr. = ) C (19)

C "WVoues+2.19 - Vourr Canser

where ts, . 15 afinal temperature of outflowing air, °C; C'is volumetric specific
heat of air, kJ/m® -°C; ty, is temperature of indoor air (near the warm end of
regenerator), °C; Vs is the volume of air passed through the layer of heat-storage
material during outflow, m?; C, .. refers to initial absolute humidity at the warm end
of the regenerator, kg/m*; AH_s. ,.¢r is heat of adsorption at the outflow, kJ/kg; M.,
is adsorbent mass, kg; Csyp ¢r is final absolute humidity at the outflow, kg/m?.

2.2. Results and discussion

2.2.1 Performance of open-type adsorptive heat storage device

An adsorptive heat storage device is proposed to be used in the system of
decentralized heating of a private house with a total area of 95.85 m?, a height of 2.5
m.

The thermal load for the inflow air heating is 418.23 MJ/day. The results of the
calculation of the weight and volume of the composite ‘silica gel — sodium sulphate’
to cover this load are given in Table 1. According to the results of the calculation, the
lowest mass and volume of the adsorbent obviously correspond to a composite
containing 20% silica gel and 80% sodium sulphate. Therefore, this adsorbent is
further used as adsorption material.

Next, a mathematical simulation of the processes of operation of the adsorptive
heat storage device in the conditions of a typical living room was carried out. The
results of the calculations are shown in Fig. 5 — 7. The maximal values of the
efficiency factor are observed at a relative humidity of 55 — 60% and the thickness of
the layer of adsorbent 0.25 - 0.5 m and the velocity of the vapor flow of 0.4 — 0.6 m/s
(Fig. 5).

The maximal efficiency factors of 56 — 57% are stated at the airflow speeds of
humid air 0.4 - 0.5 m/s at a temperature of 50 — 60 ° C and a relative humidity of 60%
(Fig. 6). Regeneration temperature slightly affects the efficiency factors (Fig. 7).

To develop the measures for increasing the efficiency, the operational inputs
structure of an open-type heat storage device was analyzed (Fig. 8). According to its
results, the inputs for water evaporation and desorption are the most significant when
steam humidifying airflow (Fig. 8a). The input item for air humidifying can be
reduced very efficiently when ultrasonic moistened of airflow (Fig. 8b). As a
consequence, input for desorption will become the significant item.
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Table 1
The results of the calculation of the adsorption heat and the mass of the
adsorbent for heat load on heating the supply air 418.23 MJ/day

Silica gel | Content of | Maximal AH.gs, M, kg |V, m’
content, % Na,SOy, adsorption | kJ[>K/KT
% value,
Anmax, KI/KT
20 80 1.046 3486.67 118.80 |0.165
40 60 0.822 2740.00 151.17 |0.212
60 40 0.598 1993.33 207.80 |0.289
80 20 0.374 1246.70 332.25 |0.461

Fig. 5. The dependence of the efficiency factor vs. velocity of the humid airflow
(temperature 55 °© C) at a relative humidity of 30 - 60% and the thickness of the
adsorbent layer, m: a — 1.0; b — 0.5; ¢ — 0.25.
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Fig. 6. The efficiency factor of the open-type heat storage device vs. humid
airflow speed and relative humidity of 30 — 60 % and temperatures of airflow,
°C: a—40; b—50; c— 60. Adsorbent layer thickness of 0.5 m.

Inputs for water evaporation can be reduced by shortening of the mass of water.
As mass of water supplied into the adsorbent layer corresponded with initial absolute
humidity of airflow near the inlet of the adsorbent layer, such measures occur to
result in only an expansion of the interval of airflow speeds and relative humidities
when maximal efficiency factors are observed (Fig. 9). However, maximal values of
efficiency factors were reduced to 40 %.

Obviously, mass of water supplied into an adsorbent layer ought to be
corresponded with adsorption or water uptake which achieved under these
conditions. According to Eq. (10) and (14), it can be attained by variation of the
cross-section area and thickness of the adsorbent layer. Nevertheless, it results in
increasing the efficiency factor only up to 50 %.
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Fig. 7. The efficiency factor of open-type heat energy storage device vs. humid
air flow (temperature 50°C) at the relative humidity of 40 (a), 50 (0) Ta 60 (B) %
and regeneration temperature from 90°C to 120°C. Adsorbent layer 0,5 m.

More promising measure of improving the performance of adsorptive heat
storage device is ultrasonic moistening the airflow. It allows not only broadening the
interval of airflow rates when maximal efficiency factors observed, but increasing the
efficiency factor at least by 10 % (Fig. 11).

According to the results of mathematical modeling, the efficiency of the
adsorptive heat storage device is stated to depend on the humid airflow speed, as well
as its temperature and relative humidity, i1.e. absolute humidity of air near the inlet to
the adsorbent layer. The increase in speed leads to an increase in the efficiency factor
due to the increase in the volume of air supplied and, consequently, the amount of
water entering the adsorbent layer and the adsorption or water uptake. The maximal
values of the efficiency factors are observed at the speeds of flow of humid air of
about 0.3 — 0.5 m/s and the absolute humidity of 50 — 60%. The use of ultrasonic
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humidification can significantly reduce the inputs for humidifying the airflow and

increase the efficiency factor of the adsorptive heat storage device by not less than
10% compared with steam humidification.

Case heating
1%

Heating the
adsorbed water
6 %

Heat of
desorption
47 %
Heat of
evaporation
43 %
Heating the
water
3 %
a
Heating the Heating the
adsorbed adsorbent 2.5 %
water 11.2 % Humidifying

Heating the the air 1.3 %
water in the

humidifier

12 % Heat of

desorption
73 %

b
Fig. 8. Operational inputs structure for open-type heat storage device
under steam humidifying (a) and ultrasonic moistening (b).

MONOGRAPH 45 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 %

M, 70

Fig. 9. Influence of airflow velocity and relative humidity on the
efficiency factor of open-type adsorption heat storage device.
Temperature of airflow, °C: a — 40, b — 50, ¢ — 60.

MONOGRAPH 46 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 g \’i!#,r‘f*

n, % N, %
1 501 2 1
50 > 3
. 3 40 )
40 4
(1) H=1m; F=0.0831 n’ 0]
30 (2) H=0.75 m; F=0.1108 n? . 5
(3) H=0.5 m; F=0.1662 m? 2] (1) H=1m; F=0.0831 m"
20 (2)H=0.75 m; F=0.1108 m
101 10- (3) H=0.5 m; F=0.1662 m’
Mo 02 04 05 05 1o "do 02 04 06 08
’ ’ ’ ’ " w, m/s W, /s
b
a
n, Yo
50 1
A 3 2
40
30
20 (1) H=1 m; F=0.0831 m’
" (2) H=0.75 m; F=0.1108 m’
(3) H=0.5 m; F=0.1662 m’
0

0,0 0,2 0,4 0,6VV m/s
s

c
Fig. 10. The influence of design characteristics on the value of the efficiency
factor of the open-type heat storage device. The temperature of the air flow is
50°C. The relative humidity of the airflow, %: a — 30; b — 40; ¢ — 50.
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Fig. 11. Dependence of the efficiency factor vs. the speed of the humid airflow at
a relative humidity of 30 — 60% and temperature 60°C. a — steam moistening; b
— ultrasonic moistening.
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2.2.2. Performance of adsorptive regenerator of low-grade heat and moisture
Results of approbation of the suggested algorithm are given in Fig. 12.

t°C
01
sl T N 2
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Fig. 12. Periodic dependences of temperature for adsorptive heat regenerator
based on composite ‘silica gel — sodium sulphate’. 1,2 — calculation results; 1°, 2’
— experimental data; 1, 1’ — temperatures on cold end of regenerator; 2,2’ —
temperatures on warm end of regenerator. Developed by authors. Cited
according to [16]

An adsorptive regenerator can be promising for the inflow air warming in the
conditions of residential premises. The thermal load for heating the inflowing air for
three-room apartment with a total area of 77.5 m? and a height of 2.5 meters is
estimated to be of 338.26 MJ per a day according to the results of the calculation by
the Sanitary Regulations 2.04.05-91.

The most efficient adsorbents for inflow air heating are obviously composites
containing 80 % of sodium sulphate and 20 % of silica gel. The mass and volume of
the composite ‘silica gel — sodium sulphate’ to supply the calculated thermal load are
estimated to be of 96.5 kg and 0.134 m®. So, according to the system capability, it is
advisably to mount 4 adsorptive regenerators. So, mass of the composite is 25 kg per
regenerator, its volume being 0.035 m’.

Then performance of the regenerator based on the selected composite was
simulated in the conditions of conventional ventilation system of residential premise.
Switching over period, i.e. changing direction of airflows and amplitudes of time-
temperature dependences on both cold and warm ends of the device occur to be
decreased simultaneously (Fig. 13). It results in increasing the temperature efficiency
factor of the device (Fig. 14).

The value of the temperature efficiency factor of the adsorption heat and
moisture regenerator depends on the speed and time of switching (change of
direction) of the air flows.
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Fig. 13.Temperature dependences during operation of the adsorptive
regenerator based on composite ‘silica gel — sodium sulphate’ (adsorbent mass is
25 kg) on warm (1) and cold (2) end of the device. Switching over periods , min.:
a—5;b-10;c—-15;d - 20.
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Fig. 14. Temperature efficiency factor vs. airflow speed and time of switching
airflows for adsorptive heat-moisture regenerators based on composite ‘silica gel
— sodium sulphate’.
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Maximal values of temperature efficiency factor can be achieved when the
airflow speed and switching over period do not exceed the 0.22 m/s and 5 min.,
respectively. Time to achieve the maximal adsorption is strongly determined by the
airflow speed (Fig. 15). It is monotonously decreased when airflow speed magnified
because of simultaneous increasing the air volume and moisture quantity which
supplied to the adsorbent layer. Maximal times to achieve maximal adsorption are
stated at the airflow speed of 0.22 m/s which corresponds to minimal amount of
water supplied into the adsorbent layer.

Similarly, the increase in the absolute humidity of the outside air (Fig. 16)
affects the temperature factor. This is obviously accompanied by an increase in the
rate of adsorption processes and a decrease in the time required to reach the
maximum adsorption. The temperature of the outside air exhibit no effect on the
duration of reaching the maximum concentration.
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Fig. 15. Time of achieving the maximal adsorption vs. time of switching of
airflow. The speed of airflow, m/s: 1 —0.22; 2 — 0.32; 3 — 0.42; 4 — 0.52.
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Fig. 16. Influence of absolute humidity on the time to achieve maximal
adsorption.
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Conclusion

The operating processes of the open-type adsorptive converters of heat energy
based on the composite adsorbents ‘silica gel — sodium sulphate’ for inflow air
heating were studied. An algorithm for calculating the performance characteristics of
an adsorption heat accumulator and adsorptive heat-moisture regenerator is proposed.

The correlation of the composition of the adsorbent and the design
characteristics of the adsorptive heat converter is shown. A minimal amount of
adsorbent to cover the load on the supply air is set for a composite containing 20%
silica gel and 80% sodium sulphate.

Simulations of the operation of the adsorption heat storage device based on the
composite ‘silica gel — sodium sulphate’ in the conditions of a typical ventilation
system were carried out. Optimal parameters of operating processes have been
established: the flow rate of humid air is about of 0.3 — 0.5 m/s with an absolute
humidity of 50 — 60%. Comparative analysis of measures to improve the efficiency of
adsorptive heat storage devices was performed.

Mathematical model and procedure for estimation of performance of adsorptive
heat-moisture regenerator were developed. The proposed procedure includes
calculating the volume of air passed through the layer of heat storage material, the
absolute humidity of the inflow and outflow air, the adsorption (i.e. water uptake) and
the heat of adsorption for inflow, the final temperature of the cold air, the air
temperature after mixing the cold air from the street and the warm air in the room
near the warm end of the regenerator during inflow, the volume of air passed through
the layer of heat storage material, adsorption and heat of adsorption for outflow, the
final temperature of the air at the cold end of the regenerator, the air temperature after
mixing of the cold air from the street and the warm air from the room at the cold end
of regenerator during outflow, determining the temperature efficiency factor,
summarized adsorption and time to achieve maximal adsorption. The correlation of
air temperatures near the warm and cold ends of the regenerator and the temperature
efficiency factors calculated according to the suggested algorithm and determined by
experimental way is shown.

The operation of adsorptive heat-moisture regenerators based on composites
‘silica gel — sodium sulphate’ in the conditions of the typical ventilation system of
residential premises is simulated. An increase of the temperature efficiency factor
when airflow speed and time of its switchover is shown to result in increasing the
temperature efficiency factor. The maximal temperature efficiency factors are
corresponded with the airflow velocity at most of 0.22 m/s and the airflows switching
time about of 5 minutes.

The present work was carried out under partial support of Ministry of Education
and Science of Ukraine within the frame of taxpayer-funded research 0119U002243.
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CHAPTER 3.
APPLICATION OF VARIABLE FREQUENCY DRIVE IN WATER SUPPLY
SYSTEMS

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-038

Bsenenne

Bona sBisieTcss omHMM W3 HamOoJiee BaXKHBIX PECYpCOB M3 BCEX, JNOCTYIMHBIX
yenoBeuecTBy. [loTpebiieHHe BOAHBIX PECYpCOB B MHUPE HENPEPHIBHO BO3PACTAET.
Tak, Hampumep, MO JaHHBIM, MPUBEACHHBIM B [1], moTpebienue Boawrl B EBporme
yBeIMUUIOoCch ¢ 37,5 xkybudeckux kuinomerpoB B 1900 rogy mo 463 kyOuueckux
kriioMeTpoB B 2000 rony. Ecnu ydecTs pocT HacesleHus: 3eMJId, TO TEHICHIIUS pOCTa
noTpeOIeHHs BOJHBIX PECYPCOB B 0003pUMOM OyaylIieM Bpsi I U3MEHUTCS.

[TosToMy 3KOHOMHSI KaK BOJbI, TaK W DSHEPruU, 3aTpauuBaeMOW Ha ee
MOATOTOBKY M TIepe/iady K MOTPEOUTENsIM, OKa3bIBAETCS OCTPON U TpeOyromien s
CBOEr0 pEIICHUs] OOOCHOBAHHBIX M PAIMOHAIBHBIX TEXHHUYECKUX pPEIICHUN W
MPUMEHEHUs CaMOTr0 COBPEMEHHOro 00opynoBaHusA. Takxke MOXKHO CKa3aTh, UTO
Oospmme 00BEeMBI TOTpeOJEHUS BOABI B  COBPEMEHHOM MHpPE TPEOYIOT
3HAYUTEIBHOTO COKpalleHus pacxojia 3HepropecypcoB. B Pocuu, nanpumep, mno
JAHHBIM, TPUBEJICHHBIM B [2] HOpMa pacxojla BOJbl B JKWIBIX 3/IaHUAX C
IIEHTPAJIM30BaHHBIM TOPSYMM BOJIOCHAOKEHHEM W BaHHaMH, JUIMHOW Oojee 1500—
1700 mMm coctaBisieT 250 IUTPOB HA OJHOTO KHUTENSA B CYTKH.

3.1. IIpobsembl 3HeprocoepekeHnsi B CUCTEMAaX BOAOCHAOKEHUS

N3BecTHO, 4TO CUCTEMBl KOMMYHAJBbHOTO BOJOCHAOKEHUSA U BOAOOTBEICHUS B

pPa3IMYHBIX HACEJIEHHBIX IYHKTaX MPEACTABISIIOT COO0OW KPYMHBIX MOTpeOuTenei
aneKkTposHeprun. [ns obecriedyeHus: MOJHOLUEHHON pabOThl ATUX CHCTEM Tpedyercs
YIEIBHBIN Pacxoj] MEKTPUYECKOW 3HEPIUHU TOJIBKO JUIS JKUJIUIIHO—KOMMYHAaJIbHOTO
X0351MCTBA 3a OAHU CYTKH B cpenHeM oT 0,3 1o 0,4 kBt'u Ha onHoro xurens. Eciu
y4€CTh HPHU 3TOM HEOOXOJUMOCTb OO€cleueHUs BOAOM IPYyrux MOTpeOuTeneil —
IPOMBIIIEHHOCTh, TPAHCIIOPT U T.J., TO OYEBUJIHO, YTO PACXO]l SJIEKTPOIHEPTUU HA
IIEJIM BOJIOCHA0XKEHMSI CTAHOBUTCS €111e OOJIbIIIE.
B cucremax BOJIOCHAOXEHHSI OCHOBHBIMU MOTPEOUTEISIMU  BIEKTPOIHEPTHUU
SBJISIFOTCSL pa3JIMYHbIEe HACOCHBIE CTAHIIMM, O0ECIIEUNBAIOIIME MTepeady BOJIbI CAMBIM
pa3HbIM moTpedOuTensiM. Ha 3THX cTaHUMSX 3IEKTPOJBHUraTeld MHPHUBOJA HACOCOB
MPEICTaBIISIOT HanboJIee MOIIIHbIE AIEKTPOIPUEMHUKH, pab0Ta KOTOPHIX BO MHOTOM
OnpeaeseT BEIMYUHY NOTPEOIEHUS JIEKTPOIHEPTUH.

W3BecTHO, 4TO PEXUM MOTpPeOJIEHUsT BOABI B Pa3HBIX HACENEHHBIX ITYHKTaxX
OTIpECIISACTCS LIETBIM PAIOM (DaKTOPOB, HAMIPSAMYIO 3aBUCSIIMX OT PEXKHUMA )KU3HU U
XapakTepa TPYIOBOW NEATEIbHOCTHIO JKUTEIEH, MPOXKUBAIOMIMX M PaOOTAIOIMIUX B
ATUX HACEJEHHBIX MyHKTax. Camo ke moTpedsieHre BOAbI SIBISETCS HEPABHOMEPHBIM
KaK B TEYEHHM KaJEHJAPHOIO rojla Tak U B TeueHuu cyTok [3]. [ns mpumepa Ha
puc.l mpuBeIeH CyTOYHBIN rpaduK MOTPEOICHUS BOBI JKUIIOTO JIoMa [4].
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Puc. 1. I'pa¢uk norpedieHUuss BOABI dKUJIBIM IOMOM

Ha puc. 2 mpeacraBneH NpuUMEpHBIA CYTOUHBIN TpapuK BOAONOTPEOICHUS
HEOOJBIIOTO HACEeNEHHOr0 IyHKTa, Ha puc.3 — rpaduK MPUTOKA CTOYHBIX BOJ
CTaHIMHU a’3palluy 3a CyTKH [35].
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Puc. 2. Cyrounsie rpaduxu BogonorpedieHus 3a Tpoe cyTok (1-3)

DKCIUTyaTalnys HACOCHBIX arperaToB B MOJIOOHBIX YCIIOBUSAX MPU H3MCHCHHH
PacxoI0B BOJBI B MIMPOKOM JUATIA30HE IPUBOIUT K TOMY, YTO O0OpPYIOBaHHE
HACOCHBIX CTaHIIMH HEMATYIO YaCTh CBOEro pabouero BpeMeHu paboTraer 3a
ONTUMAaJIFHBIMU TPAaHUIIAMH paboueii 001acTH, 4TO HEN30€KHO MPUBOIUT K HU3KUM
3Ha4YeHUAM dHeprodpPekTuBHOCTH. OCHOBOM SKOHOMUYHOM pabOThl HACOCHOTO
o0opynoBaHusl, 00ECTIEUNBAIOIICH HU3KHE PACXO/IBI JICKTPOIHEPTUH HA MTEPEKAUKY
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Puc. 3 — I'padyk npUTOKA CTOYHBIX BOJ CTAHIIUU ADPAIMHU 32 CYTKH:
1 — MakCUMAJIBHOT0; 2 — cpelHero; 3 — MUHMMAJILHOTO MPUTOKA CTOYHBIX BOJL

BOJIbI, SIBJISIETCS COTJIACOBaHHAs paboTa Ha BOJOMPOBOJHYIO CETh, MPH KOTOPOM
paboyass ToYyka B pacCMaTpPHBaeMbli MOMEHT BpPEMEHU JO0/DKHAa HaXOJHWTHCS B
pabodeM nuamna3oHe XapaKTepUCTHUKU HAacoca WU ke O0im3ko k Hemy. ObecnieueHue
ATOTO YCJOBHUS ITO3BOJISIET OKCIIyaTHPOBAaTh HACOCHBIC arperatbl C BBICOKOM
3 PEKTUBHOCTHIO M HAJEKHOCTHIO MX PAOOTHI.

XKuznp morpebuTeneli KOMMYHAIbHBIX YCIYT OOYCIIaBIMBAET HHUKIMYECKUE
(cyrounble, HEACNbHBIC W T.J.) HU3MEHEHUS O0ObeMa TMOTPEOJICHUS ¢ CTOKOB.
TpebGoBanue perynupoBaHus pabOThl HACOCHBIX arperaToB — CJIEICTBHE TPEOOBAHMIA
pecypcocOepekeHrsT U JIOTUYECKOE CIIEJICTBHE — PETYJIMPOBAHHME MOJBOJUMON K
HAaCOCHOMY arperary HEepruu B COOTBETCTBUU C PEXKUMOM ceTH [35, 6].

Ho Ha mpakTuke I8 MHOTMX OpraHu3alyid, padoTaromux B 00JacTH
BOJIOCHAOKEHUS, CYIIECTBYET MpobiieMa HHU3KOW 3(PGEKTHBHOCTH DKCILTyaTaIHH
HacocHoro obopymaoBanus [7]. loBoapHO yacTto OOHMN K.I.J. HACOCHOM CTaHIUU
OKa3bIBACTCS 3HAYUTEIHHO HIDKE WHAWNBUIAYAJTBHBIX K.II.J. Pa3MEIICHHBIX Ha HEH
HacocoB. OMHONW W3 OCHOBHBIX NMPUYHMH TAaKOTO SBJICHUSI SBJISIETCS PETYJIMPOBAHKE
PEXKUMOB PabOTHI HACOCOB C MCIIOJIB30BAHMEM PA3IMYHBIX 3aJBUKEK, U3MEHSIOIINX
CEYCHHE TPYOOIIPOBOIOB U UX THAPABINYECKOE COTPOTUBIICHUE. B 3TOM citydae npu
YMEHBIICHUU CEUEHUsSI TPYOONpPOBOJAOB BO3pPACTAIOT IMOTEPU HA MPEOJA0JICHUE
MOBBIIIEHHOTO THUJIPABIMYECKOTO COMPOTUBIICHUS, YTO HETATUBHO CKa3bIBAETCS Ha
HPHEPreTUYECKUX TOKa3aTeNsixX padOoThl HACOCHOM CTAHIIUH.

3.2. Cioco0ObI noBbIIeHUA 3(P(PEeKTUBHOCTH MCIOIb30BAHUSA
3JIEKTPOIHEPTUH B CHCTEMAX BOJOCHAOKEHUSA
B coBpeMeHHBIX YCIOBHSX OJHMM U3 HaubOosiee 3(PEHEKTUBHBIX CIOCOOOB
CHIDKEHUS TIOTPEeOJICHUS SJICKTPOIHEPTHMH B HACOCHBIX arperarax, padoTalomuxX B
YCIOBUSIX TEpEeMEHHOro rpaduka pacxofa BOJBI, SBISETCS HCIOIH30BAHHE
peryiupoBaHus paboyrx mapaMeTpoB AIEKTponpuBoaa [4—6].
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[Ipou3BOAUTENBHOCTh  HACOCHBIX  YCTAHOBOK  CHCTEM  BOJOCHaOXKEHUS,
paboTaIMX HEMOCPEJACTBEHHO B CETh 0€3 MPOMEKYTOYHBIX HAKOMUTEIHHBIX
E€MKOCTEeH, JOJKHA OBITh B KK/IBI MOMEHT BPEMEHU paBHA BOJOMOTPEOJICHUIO (TIpH
OTCYTCTBUHU YTE€UEK U HEMPOU3BOJUTEIIBHBIX pacxoAoB). Ho B AeHCTBUTENBHOCTH B
0001 cUCTeMe BOJIOCHAOKEHUS UMEIOTCS YTEUKU U HEMTPOU3BOAUTEIILHBIE PACXOIbI,
KoTtopple  gocturator 15-20 % oOmeit mnomaum [5]. CnemoarenbHO,
MIPOU3BOAUTEIIPHOCTh HACOCHBIX YCTAaHOBOK JIOJDKHA OBITh TIO3TOMY HECKOJBKO
Oonbiie  BojomnoTpedsienus. C  pocToM  BOAOMOTPEOJEHHUS IMOJadyy HacOCOB
MPUXOJUTCS YBEJIMYUBATh, COOTBETCTBEHHO YBEIMYMBAIOTCA IOTEPH HAmopa B
TpyOax. UToOBl MX KOMIIEHCHPOBATh, CJICAYET YBEJIMYUTH JABJICHHE, Pa3BUBAEMOE
HAaCOCHBIMU YCTaHOBKaMmHu. [Ipu ymMeHbIlIeHHH BOAOTOTPEOIEHHUS 10/1aua U JIaBJICHUE
JIOJDKHBI OBITh YMEHBIIIEHBI. PekuM pabOThl HACOCHBIX YCTAHOBOK, MOJIAIOIINX BOY
MOTPEOUTENNIO Yepe3 AaKKyMYyJHUPYIOIMIHME €eMKOCTH (pe3epByap, BOJOHAMIOPHYIO
OamHiO W T. 1.), XapakTepeH TEeM, YTO B OTJEIbHBIC MEPUOABl BPEMEHHU IMojaya
HACOCHBIX YCTaHOBOK OTJIMYAETCS OT BojaonoTpedneHus. Eciam BenmumnHa momaya
OoJpIIe, YeM BOJOIOTPEOICHUE, TO YPOBEHD BOJIBI B pe3epByape MOJAHUMACTCS, €CIH
K€ MEHbIIIe, TO YpPOBEHb BOJBl CHIDKAaeTCcia. B cinydae paBeHCTBA IMOAa4Yu MU
BOJOIOTPEOICHUSI YPOBEHb B pe3epByape CTaOUIU3UPYETCs Ha OJHOW OTMeTke. B
ATOM CJIy4yae pEryJdpoBaHHE I10Jayd HACOCHBIX YCTAHOBOK OCYLIECTBIISIETCS
BKJIFOUEHHEM arperara MNpU CHIDKEHHM YPOBHS BOJBI JI0 3aJaHHOTO HUKHETO
3HAQYEHUSI U OTKJIIOUECHHEM IPU JOCTUKEHUM 33JJaHHOTO BEPXHEro 3HAUCHHS. 3aTeM
BECh IIUKJI IOBTOPSETCS.

C yBenuyeHUEM  BOJIOMOTPEOJICHHS  4YacTOTa  BKJIIOYEHUW  arperatron
YBEIIMUMBACTCSA, MPOJOJDKUTEIIBHOCTh May3 YMEHBIIAETCS, IMOCKOJIbKY TMpHU
YBEIIMUEHUH BOJIONOTPEOJICHUsT ObICTpee pacxojyeTcss Boja U3 pesepByapa. [lpu
ATOM YPOBEHB KHIKOCTH OBICTPEE TOCTHTAeT HUKHETO IOJIOKEHUS, U BCIICIACTBHUC
ATOr0 Yallle MPOUCXOJUT BKIIOYEHHUE JOIMOJHHUTENBHBIX HAcOCOB. Pexxum paboThI
HACOCHBIX YCTAHOBOK TMPU OTKAYKE JKUJIKOCTEH U3 TPUEMHBIX pPE3epBYapoB,
HampuMep  KaHalW3alMoHHbIX  HacocHbX  ctaHiui  (KHC), ananoruuden
PAacCCMOTPEHHOMY BBIIIE, HO HACOCHBIE arperaThl BKJIOYAIOTCS B padoOTy IMpHU
HAIOJIHEHUHU PE3EpPBYapoOB J0 BEPXHUX YPOBHEW, a OTKIIOYAIOTCS IMPU CHIKEHUH
YPOBHSI KUJKOCTA 1O HIDKHMX. UYHCIO omepaiuil BKIIOUEHHM U OTKIIOYEHUN 3a
cytku HacocHbix arperatoB B KHC c pesepByapamu pocturaer 40-50, a B psae
ciygaeB 100 [5]. Takoe 4yucio BKIFOUEHUW JJISI arperaToB OOJBIIOW MOITHOCTH
HEJIOIMYCTUMO, W3—3a HETaTUBHOTO BIUSHUS ITyCKOBBIX MEXAaHMYECKUX MOMEHTOB H
TOKOB, WMEIOIMNX OOJBIINE 3HAYCHUS, YeM MEXaHWYECKHE MOMEHTHI M TOKH B
paboueM pexXume, Ha SJIEKTPOABUTATEIM U JJIEKTPUUECKYIO ceTh. [lodTomy B
YCTaHOBKaxX C arperaraMu MOIIHOCTBIO Bblie 150 — 250 kBT HeobOxoaumo
MPUMEHSATh PEryJIUPOBaHUE PEKUMa PabOTHI OTACIBHBIX HACOCOB, BXOISIINX B
coctraB  KHC. IlpennamepeHHoe W3MEHEHUE TMOJa4d U Hamopa HacoCOB B
COOTBETCTBUM C U3MEHSIOLUMCS PEKUMOM pPaOOThl CHUCTEMbI BOJOCHAOKEHUS
Ha3bIBaeTCs peryiupoBaHueM. LIeHTpoOexkHbIe HACOCHI PETYIHPYIOTCS U3MEHEHHEM
CTENEHU OTKPBITUS 3aJBMKKA Ha HAMOPHOW JIMHUM BOAOCHAOXKEHUS WIH HKe
M3MEHEHHEM YacTOThI BpalleHus pabouux kojiéc (puc. 4 ) [5].
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Puc. 4. PeryaupoBanue pe:xuMa padoThbl HEHTPOOEKHOI0 HAcoca:
1 — xapakmepucmuxa Hacoca npu HOMUHATLHOU Yacmome 8paujenus; 2 — mo
Jice npu YMeHbUEeHHOU Yacmome 8paujeHus; 3 — xapaxmepucmuka mpyoonposooa
npuU NOAHOM OMKPBIMUL 3aME0Pa, 4 — mo dHce npu YMEeHbULeHUU CINENEHU OMKDPbLINUSL
sameopa, H;, H> — nanopwsi, coomeemcmsyrowue nooavam Q1 Oz Hep —
cmamuyiecKkas Cocmasuanwas Hanopa

[IpukpbiBass ~ 3aJABMKKY,  YBEJIMYMBAIOT  KPYTH3HY  XapaKTEPUCTUKHU
TpyOoOIpoBoJa (TUAPABINYECKOE COMPOTUBIIEHUE), IIPU 3TOM pabodas TOUKa Hacoca
A, nepemeniaercsi B mnosioxkeHue A,. B 3TOM ciaydae mopada yMEHbIIAETCS 10
3HauYeHUs (J», HANOp, pa3BUBAEMbIl HACOCOM, BO3pACTAET A0 3HaueHus H', a Hamop
Ha TpyOOIIPOBOZE 3a 3aTBOPOM CHHUXAeTcs 10 3HadeHus H,. CHIKeHue Hamopa 3a
3aTBOPOM MPOUCXOIUT 3a CYET NoTephb Hanopa AH B 3aTBOpE.

VBenuuuBass  CTENEHb  OTKPBITUS  33JBWXKKH, YMEHBIIAIOT  KPYTU3HY
XapaKTePUCTHKU TpPyOOIpoBoAa (CHIXKAETCS THAPABIMYECKOE COMPOTHUBIICHUE).
BcenenctBue sTOoro momada  yBEIMYMBAETCS, HANoOp, pPa3BUBAEMbIM HACOCOM,
YMEHBIIAETCS, @ Harmop B TPyOONpOBOJE 3a 3aJBUXKKOW BO3pacTaeT. DTOT CHOCOO
pEeryJIupoBaHus, UMEHYEMBII JIPOCCETMPOBAHUEM, CUUTAETCS HEOIKOHOMHMUYHBIM, TaK
KaK Ha TMpPEeoJ0JeHUE JIONOJHUTEIBHOTO TUIPABIMYECKOTO COMPOTUBIICHUS B
3aJIBHKKE

bonee 9KOHOMHUYHBIM  CIIOCOOOM  pEryJUpOBaHUS, IO CPAaBHEHUIO C
APOCCEIMPOBAHUEM, SIBISIETCS W3MEHEHHE YacTOThl BpalleHHsl pabdoyero Koseca
Hacoca. IIpu 3TOM HM3MEHseTCS MOJIOKEHUE HAIOPHO—PACXOAHOW XapaKTEPUCTHUKU
Hacoca. Y MEHbIIIas 4aCTOTY BpalIeHUs, IEPEMEILAIOT XapaKTEPUCTUKY HACOCA BHU3.

[Ipu sTtom pabouas TOyKa, MHepeMellaschb IO XapaKTEPUCTUKE HAIMOPHOIO
TpyOONpoBOJa, 3aHMMAET MOJOKEHUE ", CIENOBATENbHO, I0Jada BOJbI
ymeHbpmaeTcs. OJHOBPEMEHHO YMEHBIIAETCS HANOp B CETU M HANOp, Pa3BUBAEMBbII
HACOCOM. YBEJIMYEHHE € YacTOThl BpalleHHs paboyero KoJjieca YBEITUYHMBAET
M0/1a4y M Harop Hacoca, a TAKXKe Harop B CETH. DTOT Croco0 peryaupoBaHus Oonee
SKOHOMHUYEH, HO I CBOEM peanu3aluu TpeOyeT MNPUMEHEHHUS PEryIUpyeMoro
AIEKTPOIPUBO/A.
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3.3. YHacTOTHO—peryJupyemMblii 3JIEKTPONPHUBO/I B CHCTEMAaX
BOJOCHA0KEHHU S

OnHoM U3 TeHIEHIUH B 00J1acTH YHEProcOEperaronux TEXHOJIOTUN MOCIEAHUX
JeT SBISETCS NPUMEHEHHE YacCTOTHO—PEryJIHPYEMbIX IMPUBOJIOB HA OCHOBE
ACHHXPOHHBIX KOPOTKO3aMKHYTBIX JJICKTPOJABUTATENEH M MOJYIPOBOJHUKOBBIX
npeoOpa3oBaTeeii 4acTOThI, CHIDKAIOMIMX IMOTPEOJICHNE AJICKTPUUYECKOU JHEPTHH,
MOBBINIAOIINX CTETICHh aBTOMATHU3AIMHU, YA0OCTBO JKCIUTyaTallud 00OpYIOBaHUS U
Ka4eCTBO TEXHOJIOTUYECKUX MPOLEeCcCcoB [7-9] .

[IpuMeHeHrne 4acTOTHO—PETYJIUPYEMOTO MPUBOJAA Ha HACOCAX U BEHTHIATOpaAx
MO3BOJISIET OOECIEeUUTh CHIDKEHHE MoTpedssieMolt momHocth Ha 5-30% 3a cuer
HCKJTIOUEHHUSI B BOJASHBIX W BO3JYIIHBIX TPaKTax JPOCCENIEM U 3aCJIOHOK, a TaKkKe
YIYUYIIEHUs] TEXHOJIOTHYECKUX MpolieccoB. Hapsmy ¢ 3TUM 4aCTOTHO—PEryJIMpyeMbIi
MPUBOJ AAET P JOMOJTHUTENIBbHBIX peumymects [10, 11]:

— DKOHOMHMIO TEIJIa B CUCTEMaxX rOpsYero BOJOCHAOXKEHUS 3a CUET CHUIKCHUS
MOTEPh BOJbI, HECYILIEH TEILIO;

— BO3MOYKHOCTh CO3/1aBaTh MPU HEOOXOAMMOCTH HAIMOP BBIIIE HOMUHAIBHOTO;

— YMEHBIIIEHHE W3HOCA OCHOBHOTO OOOpYJOBaHHS 3a CYET IUIABHBIX IYCKOB,
YCTpaHEHUE T'MIPaBINYECKUX YIApOB, CHUKEHUE HAMOPA;

— CHIJKEHHE 1IIYyMa;

— BO3MOKHOCTh KOMILJIEKCHOM aBTOMATH3allUH CUCTEM;

— BO3MOXXHOCTh ONTUMHU3AIMU BbHIOOpa OOOPYIOBAaHHMS M €ro KOMIUIEKTHOU
MOCTaBKH.

YacrotHo-perynupyembiid npuBoj (UPII) kak nmpaBuiio COCTOUT U3 UHBEPTEPA —
npeoOpazoBareis MOCTOSHHOTO TOKAa B TEPEeMEHHBIM — U Tpexda3zHoro
ANIEKTPOABUTATENS TIEPEMEHHOro Toka. MHBepTtep obecrneunBaeT IUIaBHBIM MYCK
ANEKTPOJABUTATENST 0€3 TMYyCKOBBIX TOKOB W YAApOB, €r0 OCTAaHOBKY, H3MCHCHHE
CKOPOCTHU U HampaBjIeHUs BpaiieHus. JlaHHas cucteMa MOKeT ObITh BHEJIpEHA MOYTH
B 11000 TEXHOJOTHYECKHM MpOoIIecC.

YacToTHBI npeoopazoBaTeb B KOMILIEKTE c ACMHXPOHHBIM
ANEKTPOABUTATENIEM  MO3BOJSET  3aMEHUThb  PEryJUPYEMBIA  3JIEKTPOIPUBOJL
NOCTOSTHHOTO TOKa. CHCTEMBI PETYIMPOBAHUSA CKOPOCTH ABUTATENSl IMOCTOSHHOTO
TOKa JIOCTaTOYHO MPOCThI, HO CJIa0bIM MECTOM TaKOTO 3JEKTPONPUBOJA SIBISETCS
anekTpoasuratenab. OH opor W HeHajuexeH. [lpu paboTe MPOMCXOAUT HMCKPEHHE
IIETOK, IMOJI BO3JACHCTBUEM BJEKTPOIPO3UM W3HAIIMBACTCS KOJUIEKTOp. Takoi
ANEKTPOABUTATENIb HE MOXET MCHOJIb30BAThCS B 3albUICHHONW M B3pPBIBOONACHOM
cpene. ACUHXPOHHBIE AJICKTPOJIBUTATENIN MPEBOCXOSAT JBUTATEININ MOCTOSSHHOTO TOKA
10 MHOTUM IMapaMeTpaM: OHU MPOCTHI IO YCTPOMUCTBY U HAJECKHBI, TAK KAK HE UMEIOT
MOJABWKHBIX KOHTakTOB. OHU HMEIOT MEHBIIWE IO CPABHEHUIO C JIBUTATEJSIMU
MIOCTOSIHHOTO TOKa pa3Mephbl, MacCy M CTOMMOCTb NpPU TOH K€ MOIIHOCTH.
ACHHXPOHHBIE JBUTATEIN MTPOCTHI B U3TOTOBICHUH U SKCIUTYaTalNH.

OCHOBHOM HENOCTATOK ACUHXPOHHBIX 3JIEKTPOJBUIATENEN — CJIOXKHOCTb
PETrYJIMPOBAHUS UX CKOPOCTH TPATUIIMOHHBIMU METOJAMH (M3MEHEHHEM MUTAIOIIETO
HaIpsKEHUs, BBEJICHUEM JIOTIOJHUTEIBHBIX COMPOTUBIECHUH B 1IENTb 0OMOTOK).

VYrpaBiieHME ACUHXPOHHBIM DJIEKTPOJBUTATENEM B YAaCTOTHOM PEXHUME 0
HEJIaBHETO0 BpPEMEHU ObLIO OOJBIION MpoOJIeMOM, XOTS Teopusi YacTOTHOTO
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perynupoBaHus Oblia pa3paboTaHa elle B TPUALATHIX rojax. Pa3BuThe 4acTOTHO—
pPEryJInpyeMoro  JJEKTPONPUBOJAA  CAEPKUBAIOCH  BBICOKOM  CTOMMOCTBIO
npeoOpasoBareneit yactotel. [losiBnenue cunosbix cxeM ¢ IGBT-tpansuctopamu,
pa3paboTKa BBICOKOIIPOU3BOIUTEIBHBIX MUKPOMPOIIECCOPHBIX CHUCTEM YIPaBIICHUS
no3Bosinio pasnuyHbiM ¢upmam EBponel, CIIA u Slnonun co3path coBpeMEHHBIE
npeoOpa3oBaTeIn YaCTOThI JOCTYIHOW CTOMMOCTH.

CraTuueckue mpeoOpa3oBaTeIr 4acTOThI SBJISIOTCS HanboJiee COBEPIICHHBIMU
YCTPOMCTBAMH YIIPABIICHUS ACHHXPOHHBIM IIPUBOJAOM B HACTOSIIEE BPEMSI.

[IpyHIMI ~4YAaCTOTHOrO METOJA PEryJMPOBAaHHS CKOPOCTH ACUHXPOHHOTO
JBUTATENs 3aKJIIOYAETCsl B TOM, YTO, U3MEHSS YacTOTy fi MUTAIOIIETO HaNpsKEHUs,
MOXKHO B COOTBETCTBMM C BBIPOKEHHUEM U3MEHATb CKOPOCTb  BPAILCHHUS
ACUHXPOHHOTO JIBUTATEJIA:

2r- f
» (1
p

IJI€ P — YUCJIO Iap MOJI0COB ACHHXPOHHOI'O JBUTATEIIS.

Or1oT cnocold obecneunBaeT IJIABHOE PETYJINPOBAHME CKOPOCTU B LIMPOKOM
AUarna3oHe, a MEXaHWYECKHE XapaKTEPUCTUKU OOJalar0T BBICOKOW MKECTKOCTBIO.
PerynupoBaHue CKOpOCTH MPH 3TOM HE COMPOBOKIAETCS YBEINUYEHUEM CKOJIBKECHUS
ACMHXPOHHOTO JBUTATENsA, IIO3TOMY MOTEPH MOIIHOCTH IIPU PETYJIUPOBAHUU
HEBENUKU. {71 MOJydeHUs BBICOKMX JHEPreTHYECKHMX IMOKA3aTeNe aCMHXPOHHOTO
aBurarenasi — Ko3(G(UUIMEHTOB MOUIIHOCTH, IOJIE3HOTO JEHCTBUS, MEpErpy30uHOi
CIIOCOOHOCTH — HEOOXOAMMO OJIHOBPEMEHHO C YacCTOTOM HM3MEHSTh U IMOJABOAMMOE
HaIpsDKEHUE. 3aKOH H3MEHEHUs HAIpPsDKEHUs 3aBUCUT OT XapakTepa MOMEHTa
Harpy3ku M.. Ilpm mocTosHHOM MOMEHTE Harpy3ku M. = const HamnpspKeHUE Ha
crarope U; TOJKHO PETyIUpPOBATHCS MPOMOPIHMOHAIBHO YaCTOTE fi:

U,
— = const, (2)
1
JI711 BEHTWIIATOPHOTO XapaKTepa MOMEHTA HATPY3KHU 3TO COCTOSIHUE UMEET BU/I:

U _
—,— = const, (3)

1
[Ipu MoMeHTe Harpy3ku, 00paTHO MPONOPLUHUOHATBHOM CKOPOCTH:

1

Jh

Takum o0pa3om, Al IMJIABHOTO OECCTYNEHYaTOro PEryIupOBAHMS YAaCTOTHI
BpallleHUs] Bajla ACHHXPOHHOTO BJEKTPOJBHUIATENs, MpeoOpa3oBaTelib YacTOTHI
JOJKEH oOecreurnBaTh OJIHOBPEMEHHOE PETyJIMPOBAHME YACTOTHl U HANPSXKEHUS Ha
CTaTOpPE ACUHXPOHHOTO JBUTATEJIA.

[Ipumenenue PEryJIupyeMOoro AIIEKTPOIIPUBOAA o0ecrieunBaeT
sHEeprocOepe’keHue U MO3BOJIAET MOJy4yaTh HOBBIE KaueCcTBa CUCTEM U OOBEKTOB.
3HauMUTENbHAS YKOHOMHMSI AJIEKTPOIHEPTUM OOECIEYMBACTCA 3a CUET PETYIHPOBAHUS
KaKOTO—JIN0O TEXHOJIOTHYECKOTo mapaMmerpa. Eciu 3To TpaHcmopTep Ui KOHBEWep,
TO MOHO PEryJMpOBaTh CKOPOCTh €ro JBMKEHUS. EciiM 3TO HACOC WM BEHTUIISITOP
— MOXHO TOJJEPKUBATh JABICHUE WIH PErYJIUPOBATH MPOU3BOAUTEIBHOCTh. Ecin

= const, (4)
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ATO CTAHOK, TO MOXHO IIJIJABHO PEryJMpOBaTh CKOPOCTh MOJAYU WJIM TJIABHOTO
TBUKCHHUS.

OcoOp1if  3kOHOMHYECKHH 3()QPEeKT OT uCMmoNb30BaHUA TpeoOpa3oBaTeneit
YacTOThl JAaeT NPUMEHEHHWE YaCTOTHOTO  pEeryjJupoBaHUs Ha  OOBEKTax,
00ecreunBaIINX TPAHCIOPTUPOBKY kuAkocTedl [12]. Jlo cux mop cambiMm
pacnpoCTpaHEHHBIM ~ CIIOCOOOM  PEryJUpOBaHUS  MPOU3BOJIUTENBHOCTH  TaKUX
OOBEKTOB SBIISIETCS MCIIOJNB30BAHHUE 3aJBUKEK WM PETYIHPYIOMIMX KIAMaHOB, HO
CeroJHsl JOCTYHNHBIM CTAHOBUTCA YAaCTOTHOE PEryJUPOBaHUE ACHHXPOHHOIO
JBUTATENs, MPUBOJAILEIO B JBH)KEHHE, HAaNpuUMep, padoyee KOoJecO HaCOCHOIro
arperaTa Wid BEHTWIATOPA.

3.4. CTpyKTypa 4aCTOTHOIO nMpeodpa3oBaTeJisi, HCIOJb3yeMOIr0 B YACTOTHO-

peryJjupyemMoM npuBo/e

Hecmotpss Ha TO, uto mpeobOpazoBatenu yactoThl (I[TY) pazmuunbix dupm
OTJIMYAIOTCA THUNAMHU TMPUMEHSIEMBIX CHJIOBBIX TOJYIPOBOJHUKOBBIX MPUOOPOB,
WCIIOJTHEHHEM, BUJIAMU 3alUT, CICAYEeT OTMETUTH OOIIUE MPHUHIIUIBI MOCTPOCHUS
COBPEMEHHBIX YaCTOTHO-PETYJIIUPYEMBIX JIEKTPOIPUBOJIOB:

1. CunoBasi yacTh — mpeoOpa3oBaTeib YaCTOTHI — COCTOUT W3 BBITIPSIMUTEIS,
¢unbTpa moctostHHOoro HampspkeHus W IGBT wmm IGCT-unBeptopa ¢ mMomyiem
TOPMOKEHUSI B 3BE€HE IIOCTOSIHHOTO HampsbkeHus. JUIsi CHUKEHHST ypOBHS
paauonomMex (KOHIYKTUBHBIX — PAacIpOCTPAHSIONIMXCS MO MpoBojaM) Ha Bxojae T4
MOXET BKJIIOUAThCS OJIOK BXOJAHOTO (DUIIBTPA, JUIsl OTPAHUYCHHUS TIEpEHANPSIKEHUN Ha
3a)KMMax MPUBOAHOTO JIBUTaTeNsl M 3aIUTHl U30JSIUU €ro 0OMOTOK OT Hpo0os H
YCKOPEHHOTO CTapeHUsl Ha 3aXUMbl JBUTATENsl BKIIOYAETCS OJIOK BBIXOJHOIO
¢unbTpa.

2. Cucrema ynpaBleHUS — MHUKPONpPOIECCOpHas, (HOPMUPYET CHUTHAIBI
yIOPABJICHUS] MHBEPTOPOM COTJIACHO QJITOPUTMY, TMO3BOJISIIOIIEMY MAaKCHUMAIBHO
UCIOJIb30BaTh HAMNpPSIKEHWE HCTOYHUKA C MHUHUMAIbHBIMH HCKAKEHUSIMU (DOPMBI
BBIXOJTHOTO HAMPSIKEHUsI, 00ecTieunBasi Ipu STOM:

— aBTOMATUYECKOE OIpEIeNIeHHE MapaMeTPOB MOAKIIOUYEHHOTO JABUTATEIS;

— CaMOTECTUPOBAHUE JBUTATEISI U TEXHOJIOTHUECKUX TATYMKOB;

— MHAMKAIMIO COCTOSTHUS ABUTATEIIS TUCKPETHBIMU CUTHAJIAMU;

— 1U@POBYI0 MHAMKALUIO Ha BCTPOEHHOM >KHIKOKPUCTALTMYECKOM JHCILIEE
TeKYIIMX 3HAYCHUI NMEPEMEHHBIX AJIEKTPONPUBOAA (33JaHHOTO W/MIH (HAaKTUYECKOTO
3HAYeHUs, CKOPOCTH, 3aJaHHOTO W/WiIM (HaKTUUECKOTO 3HAYCHHS I[apameTpa,
HanpuMep, JABJICHHS, Ha BbIXOJI€ Hacoca (KOMIIpeccopa) TOKAa CTatopa JBUTATEs,
HaIPSDKEHUS CETH, NOTPEOIIIEMON MOIIIHOCTH U Ap.);

— mapaMeTpoB peryisTopa (cmoco0a BBOAA 3a/laHusl, HA4aJbHOTO HAIPaBJICHUS
BpalllCHMs, BPEMEHU pa3roHa U TOPMOXKEHHUS, MAKCUMAJIBHOTO U MHUHHUMAaJbHOTO
3HAUYEHUH  BBIXOJHOM  YacTOThI, MPOMOPLMOHAIBHOTO, HMHTErpajlbHOTO U
muddepentpanbroro kodgduimenton [ JI-perynstopa u np.);

— 3HAQYEHUH YCTaBOK 3alllUThl (MaKCUMaJbHO-TOKOBOM, BpPEMS-TOKOBOM U
TEMIIEpaTypHON  JBUTATENs, MapaMeTpOB  YacCTOTHO-TOKOBOTO  OTpaHUYECHHUS,
TeMIepaTypHOH peodpa3oBaters);

— TMPOCMOTP W U3MEHEHHE TMapamMeTpoOB JBUTATENsl W PEryisaropa co
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BCTPOCHHOI'O IIyJbTa YIPABJICHUS IPU BBOJAE MNApOJsl JOCTyIla K PEXUMY
IIPOrpaMMHUPOBAHMUS.

VYka3anHble (YHKIUU BBIMIOJIHSIIOTCS C MOMOUIBIO CIEHUATU3HPOBAHHOTO IO
apXUTEKType MOJ 3aJa4d YIPABJICHUS 3JIEKTPONPUBOIOM OBICTPOJCHCTBYIOIIETO
curHaigbHoro mpoueccopa (DSP). Vmopasnenue 531eKTpONpPUBOIOM MOXKET OBITH
MECTHBIM CO BCTPOEHHOTI'O IyJIbTA YIPABIECHUS, JUCTAHIUOHHOE C JTUCTAaHIUOHHOIO
IyJIbTa YTPAaBIEHHUS, AWCTAHIMOHHOE OT BHemHedl ACY WM NepcoHaIbHOro
KOMIIBIOTEPA 110 KaHajaM Mocje0BaTeIbHOM cBs3U, nHTepdeiic RS485.

JUist mpuema yOpaBISIIONIMX M 3aal0IIMX CHUTHAJIOB 3JIEKTPONPHUBOJ MOXKET
coJlepKaTh:

— anazorossie Bxozbl B crangapte 0...10 B (0...5 B), 0...+10 B (0...£5 B);

— QHAJIOTOBBIE BXO/IbI C TAJIbBAHNYECKON pa3BA3Kou B ctangapte 4.20 MA;

— IUCKPETHBIE BXOJbI C TAJIbBAHUYECKOUN Pa3BA3KOM.

JUtst ynpaBiaeHUsl BHELIHUMU yCTPOMCTBAMHU 3JIEKTPOIPUBOJ MOKET COJNEPKATh
pelieliHble U aHajIoroBble BbIX01bl. HazHaueHus: nupoBbIX BXOJ0B U BBIXOJ0B MOTYT
ObITh  mepenporpammupoBanbl.  IlpenycmarpuBaeTcss  Takke  BO3MOXKHOCTD
YBEJIMYEHUS YUCIa BXOJIOB/BBIXO/IOB C MOMOIIBIO JOMOJHUTENBHBIX BCTPaUBaeMbIX
cyOMoyJiet paciupeHus.

3. Cucrtema 3amuT MIEKTPOIPUBOAA MOKET BKIIFOYATh 3ALIUTHI OT CJIEIYIOLIUX
¢bakTopoB:

— TOKOB HEIOIyCTUMOM MepPerpy3Ku U KOPOTKOrO 3aMbIKAHUS;

— 3aMbIKaHus Ha '"3emMii0";

— oOpbIBa (a3bl;

— IIEpEHANPSKEHNUN HA CUJIOBBIX 3JIEMEHTAX CXEMBbIL;

— HEIOMYCTUMBIX OTKJIOHEHHI U NCYE3HOBEHUS HANPSXKEHUSI IUTAIOIICH CEeTH;

— HEIOMYCTUMOT'0 MIEPETrPeBa CUIIOBBIX 3JIEMEHTOB CXEMBbI;

— HEHUCIIPaBHOCTEN U COOEB CUCTEMBI YIIPaBJICHUS;

— HEJOIYCTUMBIX OTKJIOHEHUI TEXHOJIOTMYECKOT0 apaMeTpa 1 Jp.

Kpome Toro, ™oryr OBbITh HPEIYyCMOTPEHBI PpEXHUMBl OTPAaHUUYEHUS
MaKCUMQJIbHOW M MHMHHMMAJIbHOW MOIIHOCTH 3JIEKTPONPHUBOJIA, MHUHUMAIbHOU
paboyeil YaCTOThI U APYTUX M1APAMETPOB.

4. Cuctema CUTHaJIM3aLUH AJIEKTPOIIPUBO/IA COOOLIAET O CIAEAYIOLUIEM: HATUUUU
HaNpsHKEHUsS! MUTAOLIEH CEeTH; BKIFOYEHHOM/OTKIIFOUEHHOM COCTOSIHUM; aBapUITHOM
OTKJIFOYEHUH U JIP.

JlononHUTEeNbHAST MHPOPMAIUS O COCTOSHUU AJIEKTPONPUBOAA BHIBOJUTCS Ha
AUCIUICH TyJbTa YIpPaBJICHUS B BHJE TEKCTOBBIX COOOIIEHUN WM KojoB. [lns
MIOJIyY€HHUs] BBICOKOTO KayeCTBA YINPABICHUS 3JEKTPONPUBOJOM B CTATUUYECKUX H
JUHAMUYECKHUX PEKMMax B IIMPOKOM JHana3OHE PEryJMpOBaHUS CKOPOCTH, B TOM
yrciie B 00J1aCTH HYJIEBBIX CKOPOCTEH, HEOOXOAMMO UMETh BO3MOXKHOCTh OBICTPOTO
HEINOCPEICTBEHHOIO YIIPABJICHUS MOMEHTOM 3JIEKTPOIBUTATEIIS.

CoBpeMEHHBIE  CpPEACTBA  MHUKPONPOLECCOPHOM  TEXHHUKH  IT03BOJIIOT
(OpMHPOBATH CIIOKHBIE 3aKOHBI YIPABJICHUS ACMHXPOHHBIM JBUTaTeieM, OJIM3KHE
II0 Ka4eCcTBY pEryJIMpOBaHUS MOMEHTA, CKOPOCTH M JPYIMX BEIWYMH K
AJIEKTPOIPUBOAAM C JIBUTATENSIMUA MOCTOSSHHOTO TOKAa. DTO CTAHOBUTCS BO3ZMOXHBIM,
€CIM  pa3feNbHO BO3JIEWCTBOBATH HA JIBE COCTABJSIOIIME CTAaTOPHOTO TOKA
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ACUHXPOHHOTO  JBUTATEJsl: HAaMarHU4MBAIOLIYH0, ONPEICIAIONIYI0  3HA4YCHHE
MarHATHOTO TIOTOKA JBWTATENs, W OPTOTOHAJIBHYIO €M COCTABJIAIOIIYIO TOKa,
ONPENEIAONIY0  MOMEHT  JBHrareiisd, TaKo€ BEKTOPHOE  IIPEICTABICHUE
COCTaBJISIFOLIMX TOKA JUIsl KaXKJ10M (pa3bl ABUTATENs MOIYYHSIO Ha3BaHUE BEKTOPHOTO
ynpasieHusi. UHpIMH clIOBaMU, B ACHHXPOHHOM JIBUTaTejie HE0OX0AUMO 00ECTIeUUTh
yIOpaBlieHUE Kak aMIUIMTYAO0M, Tak u (a3od ToKa craTopa, T.. OINEPUPOBAThH
BEKTOPHBIMU BEJIMYMHAMH, YE€M M OOYCJIOBJIEH TEPMHUH BEKTOPHOE YIpaBlICHUE.
CvuHOHMMaMHM  JAHHOTO  TE€PMHHA, OTPAXKAIOIIMMH  HEKOTOPOE  pa3Iuvue
UCIIOJIb3YeMbIX METOJIOB H3MEPEHHs NapamMeTpoB U yHpaBieHHs uUX (a3oii,
ABIAOTCS: "ynpaBieHue tmoneMm', "opueHTauus mnosig', "mpsAMoe ymnpaBJiEHHE
MOMEHTOM", "perynsaTopsl yria'.

OCHOBHBIM  y3JIOM BEKTOPHOIO YIIpaBJECHUS SABISETCS IpeoOpa3zoBaTeb
CUTHAJIOB 3aJaHHs] MATHUTHOTO MOTOKAa U MOMEHTA B CUTHAJbI 3aJaHUS TOKOB IS
¢a3 nBurarens. B cucremMax MHKpPONPOLECCOPHOIO YIMPABICHUS ACHUHXPOHHBIM
JABUTATEJIEM 3Ta 3a/laya pelaeTcsl mporpaMMHbIMU cpencTtBaMu. [1o coobpaxeHusM
YHUBEPCAJIBbHOCTU U MAacCOBOTO BBIIMYCKa IMOAABISIONIEE YUCIO (UPM IPOU3BOISAT
4aCTOTHO—PETYJIMPYEMBIE IEKTPOIPUBOABI C BO3MOXXHOCTBIO pealv3aluu Il HUX
BEKTOPHOTO  YIpPAaBJIEHHUS, MPUMEHEHHE  KOTOpPOro  ILieJecooOpa3Ho  Jid
AJIEKTPONPUBOIOB, padOTAIOIIMX B AMHAMUYECKUX pexuMax. /i aeKTponpruBoaoB
pabouyux MallMH C PEAKUMHU IyCKaMH MPOJOJDKUTENBHOIO pexruMa paboThl €O
CIIOKOMHOW  HArpy3koil BEKTOPHOE yIpPABJICHHE SBIsAETCA  (PYHKUHUOHAIBHO
M30BITOYHBIM.

B Hacrosmee BpeMsl B 4aCTOTHO-PETYIUPYEMBIX JIEKTPOIPUBOIAX MOLITHOCTBIO
1o 1 MBrt wucnons3ytorcss IGBT-unBepTOpbl, a B 3JIEKTpONpPHBOJAX OOJIbIIEH
MomHOCTH GTO wmmm IGCT-uHBEpTOpBHI. 3BEHO ITOCTOSTHHOIO TOKAa COCTOMT H3
HEyNpaBisieMoro BeIIpsMuTens u Quiubrpa. [lepeMeHHOe HanpsKeHue MUTAIOIIEH
CETH MpeoOpa3yeTcsi B HEM B HAINPSKEHHUE TOCTOSHHOTO TOKA.

CunoBoii  TpexdasHblii HMMIYJIbCHBI HMHBEPTOP COCTOMT W3  ILECTH
TPaH3UCTOPHBIX Kirouel. Kaxnas oOMOTKa 3JIEKTpOIBUTaTENsl OJIKIIIOYACTCS Yepes3
COOTBETCTBYIOIIMA KIIIOY K IIOJIO)KMTEIIBHOMY U OTPULATEIBHOMY BBIBOJAM
BeIIpAAMUTENSL. VIHBEpTOp  OCYLIECTBISIET  MpeoOpa30BaHUE  BHIIPSIMIIEHHOTO
HalpsDKeHUsT B Tpex(a3sHoe TMepeMEHHOE HalpsHKEHUE HYKHOM dYacTOThl H
aMIUIATY1bl, KOTOPOE MPUKJIAIBIBAETCS K 0OMOTKAM CTaTOpa AJIEKTPOIBUTATEIS.

B BBIXOAHBIX KacKaJax MHBEPTOPA B KAYECTBE KIIFOUEHN HCIIOJIB3YIOTCS CUIIOBBIE
IGBT—rpan3ucropsl. 110 cpaBHEHUIO ¢ TUPUCTOPAMHU OHU HUMEIOT 0O0JI€€ BBICOKYIO
YacTOTy TMEPEKIIOYeHHs, YTO TIO3BOJIIET BHIPAOAThIBATh BBIXOJHOM CHTHAI
CHUHYCOMIATbHON (HOPMBI C MUHUMAJIbHBIMU UCKAXKEHHUSIMH.

[Tpunumn paboTs! mpeodpa3oBaTess YaCTOTHI

BonbmmHCTBO cOBpeMeHHBIX IpeobpasoBareneit yactotsl (IIH) moctpoeno mo
cXeMe JBOMHOro npeodpa3oBanus. OHU COCTOST U3 CIEIYIOIIMX OCHOBHBIX YacTEW:
3B€Ha IIOCTOSHHOTO TOKA, CHJIOBOIO HMITYJIbCHOTO HMHBEPTOPA U CHUCTEMBI
yrpasienus [13].

Ha Bxoze atux nmpeoOpaszoBaTesniell ycTaHaBIUBAETCSs YIpaBiIsieMbld (puc. 5. a u
0) unu HeymnpasisieMbll (pyc 5 B) BRIIPAMUTEND [14].
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Puc. 5. ®yHKuHOHAJIbHBIE CXeMbI NIpeodpa3oBaTesieil YaCTOTHI:
a — cxema ¢ HaKONUMeIbHbIM KOHOeHCamopoM, 6 — cxema ¢ HaAKONUMENbHbIM
opoccenem, cxema ¢ WUpPOMHO—UMNYTIbCHBIM Pe2Yamopom

[Tocne nmpeoOpa3oBaHus BRIMPSIMHUTENIEM HSHEPIrUM CETH MEPEMEHHOIO0 TOKa B
SHEPrUI0 MOCTOSTHHOTO TOKa, OHA MOCTynaeT Ha BxoA uHsepropa (M) u 3aTem cHoBa
npeoOpa3yeTcsi B DJHEPrul0  Tpex(}a3zHOro MNEepeMEHHOT0 TOKa, MUTAIOIIETO
ACUHXPOHHBIN 35iekTpoaBuraresb (A/l), HO yXe ¢ peryiaupyeMbIMU NapaMeTpamH,
OnpeaesieMbIMA YCTpOCTBOM yrpaBieHus (YY).

Takum o6pazom, B [IY sTOro TMma mpOUCXOIUT JBOWHOE MpeoOpa3oBaHUE
DHEpPruM, 4YTO HECKOJbKO cHwmwkaer ero KIIJ[, omHako npyrue CymecTBEHHbIE
IpeuMyllecTBa 3TUX MpeoOpa3oBaTesied 00ecrneynBalOT UM JIOMUHHUpYIOIIEe
IIOJIOKEHUE B COBPEMEHHOM PETYJIIMPYEMOM dJIEKTPOIIPUBOJIE.

JInst DHEpPreTU4eCKOM pasBA3KU BBIIPSIMUTENS W HMHBEPTOPA MEXAY HHUMH
00s3aTeIbHO YCTAHABIMBAIOT HAKOMMUTENb YHEPruu. B 3aBUCMMOCTH OT BHA 3TOrO
HAKOIMUTENSl — KOHAEHCATOp WM JApoccenb (puc. 5) — MHBEPTOp padoTaer IBYX
pexumax: ucrouHuka Hanpsbkenus (MH), ucrounuka toka (MT). Hakonurens
SHEPrur HEOOXOIUM MOTOMY, UTO FHEPTHUS MOCTOSTHHOTO TOKA YMCTO aKTUBHAs, a IS
(opMHpOBaHNA MarHUTHBIX TOJIEH B IBUTATENE HY>)KEH OOMEH pEeaKTUBHOM dHEpruen
C UICTOYHUKOM MMUTAHUS, KOTOPYIO U 00€CIEUNBAET HAKOTUTENb.

IIpu nepexome AJl B TreHepaTOpHBIM pEXKUM HM3MEHSETCA 3HAK aKTUBHOM
COCTaBJISOLIEH TOKa cTaTopa, T.e. €€ (Pa3a Mo OTHOLIECHUIO K HAMPSKEHUIO. DTOT TOK
U HANpsDKECHUE NPUMEPHO COOTBETCTBYIOT BelIMYMHAM Ha Bxoxe M, mostomy npu
U3MEHEHUM pexuma AJl TOIDKHO H3MEHATHCS B3aUMHOE HAIPABICHUE TOKA H
HaIpsDKEHUsI B 3BE€HE MOCTOSIHHOrO Toka. Ho, cienyer yunteiBats TO, yTto B [ITHMH
M3MEHUTDH HAIIPABIICHUE MOKET TOJILKO HampsikeHnue, a B [IYUT — Toxk.

N3menenne Hanpasiienus HanpspokeHus B [TUNUT npu coxpanennu HanpasiieHUs
TOKa MPUBEAET K TOMY, 4TO Y B mepeiiier B pekuM MHBEPTUPOBAHUS U U30BITOUHAS
AIIEKTPOIHEPTHsi OyJIeT BO3BpaIeHA B CETh.

B IIYMH mnepexon A/l B reHepaTOpHBIM peKUM MPUBEIET K H3MEHEHHUIO
HaIlpaBJIEHUS TOKA B MHBEpTOpe. B 3TOM ciiydae u30bITOUHAs 3HEPrusi HE MOXKET
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OBITh BO3BpALLEHA B CETh YEPE3 BBIIPSIMUTEID U3 3a OJHOCTOPOHHEH MPOBOJUMOCTH
ero kimoueil. OHa MOXXET MO0 PEeKyNnepUpoBaThCS BEIOMBIM CEThIO MHBEPTOPOM,
BKJIFOUEHHBIM BCTPEUHO-TApaUIeNbHO ¢ YB, nubo ObITh paccesHHON Ha TOPMO3HOM
PE3UCTOPE, BKIFOYAEMOM C 3TOU LIEJIbIO HA BXOJE UHBEPTOPA.

Takum oGpazom, [TUUT oOecrieunBaeT NBYXCTOpOHHEE HaIpaBieHUE OOMEHa
sHeprueit mexay AJl u ceTpio 0e3 MPUMEHEHUs! JONOJHUTENbHBIX YCTPOWCTB W,
clieoBaTeNbHO, paboTy  JABUrareist B JBYX  KBaJpaHTaX MEXaHUYECKOU
XapaKTEPUCTUKHU (T€HEPATOPHOM U JIBUTaTeIbHOM), B TO BpeMs kak [TUMH tonbko B
OJIHOM KBaJIpaHTE (JIBUTATEIILHOM).

Tem He MeHee, Oosiee pacripocTpaHEHHBIMU Ha nipakTuke spistorcs [TUMH. Dto
CBA3aHO C TeM, YTO OoJiblllasg YacTh 3aJlay pPEryJMpoBaHUs MpPUBOAA HE Tpedyer
paboT1el A/l B reHepaTOpHOM peKHUME, a KPaTKOBPEMEHHBIE MOMAIaHus B 3Ty 00/1acTh
CBA3aHbl C YMEPEHHBIM KOJHMYECTBOM IPOU3BOAMMON HSHEPrUU, KOTOpas BIIOJIHE
MOXKET pacceuBaThbCcsi TOPMO3HBIM pe3uctopoM. Kpome Toro, apoccenb obnangaer
CYUIECTBEHHO XYJIIMMH MAacCcOradapUTHBIMHM TIOKa3aTeJIIMA [0 CpPaBHEHUIO C
KOHJICHCATOPOM.

Hpyroil kiacc mpeoOpa3oBaresieil co 3BEHOM IMOCTOSHHOTO TOKa COCTaBJISIOT
YCTPOICTBa, B KOTOPBIX (PYHKIMU PETYyJIUPOBaHUS OOOUX BBIXOJIHBIX IMapamMeTpoB
(aMIIIUTYIBI M 9YaCTOTHI) BO3JIOKEHBI HA UHBEPTOP, a B BBHIIPSIMUTENE UCIOJIB3YIOTCS
Heynpasisiemple auoabl. Takod tun IIY OTHOCAT K MIMPOTHO-HMMIYJIBLCHBIM
npeodpazoBarensam (LLIUII puc. 5 B), a uHBEpTOpP, pabOTAIOIINM B PEKUME ITUPOTHO-
UMITYJIbCHOM MOAYJISIUMM — K  MIKMPOTHO—MMIYJbCHBIM peryisaropam (LLIP). B
HacTosiiee Bpemsi, Ojaroapsi pa3BUTHIO CUJIOBOW 3JIEKTPOHHMKHM M, MPEXIE BCETO,
MOSIBJIEHUIO CUJIOBBIX TPAH3UCTOPOB € M30iaMpoBaHHbIM 3aTBOpoM (IGBT — insulated
gate bipolar transistor), atot Tun I[I4 cran nHanbonee pacnpoctpaneHHbIM. [loaTOMY
MBI OCTAHOBHMCS Ha €T0 YCTPOHCTBE O0siee moApOoOHO B CIEAYIOLIEM pa3iee.

[IMpOTHO-UMITYJIBCHOE YTIPABICHUE XAPAKTEPU3YETCS MEPUOIOM MOIYJIALMH,
BHYTPHU KOTOPOT0 OOMOTKA CTaTOPA 3JAEKTPOABUTATENS MOJKIIOYAETCS TOOUYEPEAHO K
[IOJIOXKUTEIBHOMY M OTPULIATEIILHOMY IIOJI0CAM BBINPAMUTENSA. JUIMTEIBHOCTD ITUX
cocrosHuid BHyTpH nepuoga MM mopynupyercs mo CHHYyCOHMJAIbHOMY 3aKOHY.
IIpu BeIcOKHX (00bIYHO 2...15 kI'm) TakTtoBBIX YacTtoTax IIIMM B o00MOTKax
AJIEKTPOJIBUTaTENsl, U3-3a UX (PUIBTPYIOLIUX CBOMCTB, TEKYT CUHYCOUAAJIBHBIE TOKH.

Taxum o6pazom, popMa KpUBOIl BBIXOJHOTO HAIPSHKEHUS MPENCTABISIET COO0M
BBICOKOYACTOTHYK0  JABYXIIOJSIPHYIO  MOCIEAOBATEIBHOCTh  MPSIMOYTOJIBHBIX
nMIyibcoB. Yacrota ummynscoB omnpeaensercs vacrtorou MM, nnurenpsHOCTH
(MpuHA) WMIYJIbCOB B  TEYEHUE TNepuoja BbIxogHOM yactorel AWH
IIPOMOAYJIMPOBAaHA N0 CHHYCOWIAIBHOMY 3aKOHY. @OopMa KpUBOM BBIXOJHOI'O TOKA
(TOKa B 0OMOTKaxX aCUHXPOHHOT'O 3JIEKTPOABUTATEIIS) MPAKTUYECKH CHHYCOUIATIbHA.

Bropoii crioco6 mosryuns pacnpocTpaHEeHHE B COBPEMEHHBIX IPeoOpa3oBaTeIsix
4acTOThl OJaroaapsi pa3BUTHIO COBPEMEHHOM 3JIEMEHTHON 0a3bl (MUKPOIIPOLIECCOPHI,
IBGT-tpan3ucropsl). Ilpu mupoTHO-UMIYyJIbCHOM MoOayisiiuu ¢opmMa TOKOB B
OoOMOTKax cTaTopa AaCHHXpPOHHOIO  JIBUraTelsd  IMOJy4yaeTcss  OJM3KOM K
CHUHYCOHUJAIBHOM Osarogapst GUIbTPYIOIIUM CBOMCTBAM caMUX OOMOTOK.

Takoe ympaBieHue mno3BoiigeT noyyuuTh Bbicokuil KIIJ[ mpeoOpazoBarens u
SKBUBAJICHTHO aHAJIOTOBOMY YIPABICHUIO C TOMOULIBI0 YacTOThl U aMIUIUTY/bI
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HanpspkeHUsl. COBpPEMEHHBIE WHBEPTOPBI BBINOJHSAIOTCS HAa OCHOBE ITOJHOCTBIO
YIOPaBISEMbIX CHJIOBBIX TOJXYMPOBOAHUKOBBIX MpubopoB — 3amupaembix GTO-
TUPHUCTOPOB, 1160 Ounossipubix IGBT—Tpan3ucTopoB ¢ H30IMPOBaHHBIM 3aTBOPOM.

Ho mpu ucnons3oBanuu 114 yxymmaercs snekTpoMarHuTHasi 00CTaHOBKA M3-3a
YBEJIMYEHHUS COJNEPIKAHMS BBICIIMX TAPMOHMK TOKA W HANPSKEHUS B JIEKTPUUYECKOU
CETH, KaK ITOKa3aHo Ha pHUC.6 U 7 — 3TH Pe3yJIbTATHI [TOJYYEHbl ABTOPAMHU CTATHH IPH
MPOBEJICHUH SHEPTETUUECKUX 00CIe10BaHU M.

WAVE FORM (DWENAIl .ABl)
[29/03/2017 15:05:00]

Wn F1: 225 (V) Wn F2: 228 (V) Wn F3:228 (V)

THD: 4.1 % THD: 4.2 % THD: 36 %

Maximum: 319 (V) Maximum: 332 (V) Maximum: 325 (V)

Minimum: =316 () Minimum: -332 (v Minimum: -324 ()
N

In F1: 29585 (mA) In F2: 94794 (mA) In F3: 28469 {mA)
THD: 73 % THD: 47 % THD: 73 %
Maximum: 95720 (mA) Maximum: 208760 (ma) Maximurn: 108560 (mA)
Minimum: 111440 (m&) Minimum: -211560 (mA) Minimum: -103800 (mA)
Act: 210 (V) Maximurm : 319 (V) Minimurn :-3186 ()

Puc. 6. I'pa¢uxu popmM HanpszKeHUs U TOKA

HARMONICS (DWENAII AZ])
[29/03/2011 15.06:00]

] | ] ||
s Ll Svnl2 i3 Zln Ll %ln L2 %l L3

0 5 10 15 20 25 30 35 40 45 50

W F1: 224654 (V) W F2: 228,366 (v) Wi F3 228773 (V)
In F1: 28959.220 (mA) In F2: 84987 395 (mA) In F3: 28957 224 (mA)

Selected Yariable: % Vn L1
Act:2 Fram: 2 To:80
Act: 0513 (3vn) taxirmum : 3.7196 (34%h) tinimurn : 0.070 [%£%n)

Puc. 7. I'paduk 3HaYEHNIT TADMOHUK TOKA U HATIPSIZKEHU S

Kak BumHO U3 puc. 6 u 7, KpuBbie (ha3HBIX TOKOB UMEIOT OOJBIITNE UCKAKEHUS,
U B MOTpeOJsieMbIX Tokax (a3 cojaepkarcs 3HAYUTEIbHbIE TAPMOHUKH, OCOOEHHO
msATas, CebMast U OJIMHHA/IIIATAS.

BoiBOABI

B nmpencraBnenHod  paboTre  pacCMaTpUBANKMCh  BOMPOCHI  ITOBBIIMICHHS
3(O(GEKTUBHOCTH  HMCIOJB30BAHUS  DJIGKTPHUYECKOH  DHEPrud B CHCTEMax
BojlocHaOxkeHus. IlokazaHo, 4TO BoJa B HACTOSINEE BpEMs SBISICTCS OJHHUM H3
HanboJiee BaXHBIX PECYpPCOB U MOTPEOJICHUE BOJAHBIX PECYPCOB B MUPE HEMPEPHIBHO
BO3pPACTACT, 4YTO MPUBOJUT K YBEJIWYECHUIO aKTYaJIbHOCTH JHEprocOeperaromumx
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MEPONPUATUNA HA HACOCHBIX CTAHIUAX PAZIUYHOTO HA3HAUYCHUS.

[IpoBeneHo cpaBHEHHE CIIOCOOOB PETYJIMPOBAHUS TPOU3BOAUTEIHHOCTH
HACOCHBIX arperaroB. BbpIsBIEHO, 4YTO pEryJupOBaHUE IMOJIA4YM BOJABI 34 CUET
U3MEHEHHUs 000pOTOB paboyero kojieca Hacoca OOECIeUMBAET CHIDKCHHE pacxoja
AJIEKTPOIHEPTUM IO CPABHEHHUIO C PETYJIUPOBAHUEM IIYTEM HU3MEHEHHS IMOJIOKECHUS
3anBkKd. Hanbonee mepcrneKTHBHBIM CIIOCOOOM H3MEHEHHs 000pOTOB pabouero
KOJIeCA SIBJIAETCS MMPUMEHEHHUE YaCTOTHO-PETYIMPYEMOro npuBoaa. Ho ayexTpoHHbie
npeobpa3oBaresid, BXOJAIIMNE B COCTaB TaKOTO TMPHUBOJAA, MOTYT HETraTUBHO
BO3/ICMCTBOBATh HA KAYECTBO JIEKTPUUECKOW DHEPTUHU, KaK MOKAa3aHO B HACTOALIEH
pabore.
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CHAPTER 4.
THE DEVELOPMENT OF THE 3D PRINTING CONCEPT OF FORM
BLOCKS

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-020

Beryn

B Ttenepimmniit yac TtexHoisorii 3D-ApyKy BiIKpHUBaIOTh HOBI MOKJIMBOCTI B
caMHUX pI3HUX O00JacTIX iSUTBHOCTI JIOAWHUA. 3D-Ipyk 103BOJIIE CTBOPUTH
TPUBHUMIPHY MOJIEb Oy/b-SIKOTO BUPOOY Ha KOMM'IOTEPI 1 3a JIIYEHUM 4ac, OTpUMaTu
MOBHOLIIHHUHN (13M4YHUIN 00'€KT, 1110 BIJMOBIIA€ 3aJaHUM TTapaMeTpaMm. OOMEKEHHS €
JUIIe KOHCTPYKIiS Ta po3Mipu 3D-nipuHTEpiB.

[lepeBarn BUKOpHCTaHHS cy4JacHUX 3D-pUHTEpIiB OYEBWHI: 3HMKCHHS
co01BapTOCTI BUTOTOBJIEHHS MPOAYKIIi 1 CKOPOYEHHS! TEPMIHIB ii MOSBU HAa PUHKY,
MOJICIIIOBAHHSI €JIEMEHTIB Oyab-sikoi (OpPMHU 1 CKIATHOCTI, MIBHIAKICTH 1 BHCOKA
TOYHICTh BUTOTOBJICHHS, MOKJIUBICTh BUKOPHUCTAHHSI PI3HUX MaTepiaiB.

B obnacti mpoMucioBoro BUPOOHHIITBA JjIsi MPOCKTYBAHHS HOBOI MPOJYKIIii
3aBXKJIU MTOTPIOHE CTBOPEHHS MOJIEIIeH - MPOTOTHUIIB MaOYTHHOI MTpoayKiii. J{ist rux
IIIJIEH 3aCTOCOBYIOTHCS TaKl TPaJuIliiHI CIOCOOW, SK MexaHiyHa o0poOka. Ha
BUTOTOBJICHHSI TPOTOTHUITY 3a3BUYail WIyTh TIKHI a00 HaBITh MICSI KPOIITKOI
pobotu. lle mocute moporuii eram BupoOHMIITBA. 3D-mpUHTEp T03BOJSE 1CTOTHO
MIPUCKOPHUTH BECh TEXHOJOTIYHUHN MPOIEC - MOYKHA OJIEP)KYBAaTH TOTOBI MPOTOTHITH
Ha IPOTA31 OJIHIE€T pOOOUOi 3MIHHU.

3aBASKA BHKOPHUCTAHHIO TPUBHMIPDHHX TIPHUHTEPIB CKOPOYYETHCS dYac Ha
KOHCTPYKTOPChKI poOOTH, Habarato OUIbII ONEPATUBHO MPUHAMAETHCS PILIECHHS PO
3aycK BUPOOU B CEPIIO.

Mertow naHoi poOOTH € CTBOPEHHSI MPOCTOro B €KCIUTyaTalii kKoHmenty 3D-
MpUHTEPY Ta APYKY GopM Ha JiHIT 3 BUTOTOBICHHS (PacCOHHUX OJIOKIB 1 OyAiBEIbHUX
YaCTHH, SIKI BAKOPUCTOBYIOTHCS B IIPOMHUCIOBOMY U ITUBUILHOMY OY/1iBHHUIITBI.

Oco05MBO akTyaJIbHUM Ha TEMEpilllHii Yac € po3poOka yHIBepcaabHOI MOJENi
3D-npunTepy, AKUI 3MOXKE MPALIOBATH B yMOBaX MPOMUCIOBOTO BUPOOHUIITBA.

4.1. Orasa konuentis 3D-npuHTeEpy

3D-tipuHTEp MpeAcTaBisie COOOK BHCOKOTEXHOJIOTIUHE OOJIaTHAHHS, SKE
CIIy>)KUTb JIJII CTBOPEHHS PI3HUX O0'€KTIB 3 JEKUIBKOX IIapiB, IPHU I[bOMY B SKOCTI
3pa3ka BUKOPHCTOBYETHCS TPUBHMIpHAa MOJENb. (751 CTBOPEHHS NMEBHUX MOJIEJCH
BUKOPHUCTOBYIOTHCSl CIEliajibHI MPOrpaMu, sKi MPU3HAYEHI MJii TPUBHUMIPHOTO
MOJIETTIOBaHHS.

3D-npunTEepu MOXKHA Ki1acu(iKyBaTh:

— 32 KIHEMaTUYHOIO CXEMOIO;

— 32 TEXHOJIOTI€I0 IPYKY;

— HAa MOHOXPOMHI, IO JPYKYIOTh OIHUM KOJBOPOM Ta KOJBOPOBi, IO
JTIO3BOJISFOTh CTBOPIOBATH P13HOKOIBOPOBI (P13MUHI 00 ‘€KTH;

— mpuHTepHu 3 37aTHICTIO 3D-mporortumyBaHHs. Taki TmpUCTPOi TO3BOJIAIOTH
BUTOTOBJISITA HAWAPIOHIII JIeTaJIl.

3 mnoOyaoBanoi wmoaem 3D-mpuntepy (puc. 1) 00'ekT HApyKy NOBHUHEH
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nepeMIIaThCs B TPhOX IUIONIMHAX: BIPaBO-BIiBO (Bick X), BOepea-Ha3aj (Bich Y) i
Bropy-BHHU3 (BiCbh Z).

KATYIIKA 3 FOJI0OBHHM

KATVIIKA 3 MaTepiaJIoM OCHOBH .
- MaTepianoMm (ABS-nnacTHK)

o [ Irpiloua ro;10BKa eKCTpyaepy
— (pvx 3aBicamu X, Y)

g

14 B

! roroedii 3D nporoToTHN

e

CTLT JJI8 JPYKY
(pyx 3a Biccw X)

3MiHHA OCHOBA

Puc. 1. - HpoéTopOBa Mojaeab 3D-npunTepy

MosxyTb OyTH pi3HI BapiaHTH APYKY, HAMpPHKIaJ, KOJHU TOJIOBKA MAa€ OAHY
CTYMiHb CBOOO M (ITTHIMAETHCS B TUIONTUHI Z), a poO0UHiA CTUT 3 00'€KTOM PyXa€eThCs
B JIBOX 1HIIMX a00 HaBMAKH — CTUI OIYCKA€ETHCS, TOMI K EKCTPYAEP MEPEMIIIAeThCs
Hag HUM 10 ocax X 1 Y. Lli BiAMIHHOCTI KiHEMaTMYHOI YaCTHUHHU, peasli30BaHi B
NEeSKUX MommupeHux mojensx 3D-npuntepis. ['ogoBHa ymMoBa, 1100 1€ HE CTalo Ha
3aBa/ll MOBHOILIIHHOMY MPOIIECY MO0y I0BU JIETAII.

[lepma 1 HaituncnenHima rpyna 3D-puHTEPIB: €KCTPYAEP MEPEMIIIAETHCS MO
ocsix X 1Z,amno oci Y nepemilaerbes miatdopma.

3 HaNOIbII NOMYJISIPHUX MPUHTEPIB 110 BXOAATH B 110 rpymy 1e Prusa Mendel,
PrintrBot, Ta inmi Rep-Rap-moni6ui koHcTpykii. BinMmiHHOIO iX 0COOIUBICTIO €
BiIKpUTa TutatrgopMa 1 JBa TPUKYTHUX EJIEMEHTH po3TamoBaHuX 3 OokiB. lle
COpOIIyE IMpoLEeC CKIaJaHHS, aje MOpOoJKye Macy IMpoOjeM, MOB'SI3aHUX 3
HEJOCTaTHBOIO JKOPCTKICTIO HECYYMX €JIEMEHTIB KapKacy, 0 HIpHU3BOJAUTH [0
Mapa3uTHUX BiOpaIliil BijJ SKUX CTPaXK/Ia€ TOUHICTD JPYKY.

Hpyra rpyna. ¥ koHcTpykiito PrintrBot‘a bpykoma [lpamma Oynu BHeceHi
JesKl 3MIHU, SKI TOKJIMKAHI TOJIMIIUTH >KOPCTKICTh Hecydoi pamu. Jlis 1mporo
BIJIMOBWJIMCH BiJl TPUKYTHOIO Kapkaca 1 3pOOMJIM Ba)kK4yOK OCHOBY 3 OJHOYACHHUM
PO3MIIIECHHSIM TaM €JIEKTPOHHUX KOMITOHEHTIB.[1]

Tpets rpyna. Cxema, 3a KOO JPYKYIOUMI By30J NEpeMilaeTbes mo ocl X, a
pobGounii cTil - mo ocsix Y 1 Z, HE OTpUMaia IIUPOKOro MOIIMPEHHS BHACIIJIOK
CKJIQJHOI peaizalii KOHCTPYKIIIi 1 HAJIaroJI)KEHHS IPUCTPOIO.

Yersepra rpyna. e Tak 3Bani genbra-npuHTepu. llpuHTepu, B AKX podounit
CTUI HEpPYXOMHUH, a MepeMIlaeTbcs TIIbKM JApPYKyloua TOJIiBKa €KCTpynepa, Lo
IPUBOJIUTHCS B pyX TPhOMa MAHIIYJISTOPAMU PO3TAIIOBAHUMU HaBKPYTH.

Buau 3D-nipuHTEPIB 32 TEXHOJIOTIEIO APYKY:

1) mpuHTEpHU SIK1 BUIABIIIOIOTH 200 BUIMBAIOTH a00 po3nuitootsh - FDM (fused
deposition modeling). [{e npuHTEpH, K1 BUAABIIOIOTH MaTepiall Iap 3a IapoM depes
comio-no3arop. Hanpukman, npuntepu Stratasys, pi3HI KyJIHApHI [PUHTEPH
(BUKOPUCTOBYIOTH TIJ1a3yp, CUp, TICTO), MEIUYHI - JIPYKYIOTh ">KUBUMH YOPHHIOM"
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(komu HaOlp XKUBHX KIITHH IOMIIIAETHCS B CHEIIAJbHUN MEIUYHHUN Teb SKi
BUKOPHUCTOBYETHCS Jalli B O10MEIUIINHI);

2) texnomnoris Polyjet, sika Oyna BuHaligeHa 13painbcpkoro komnaniero Objet. B
JaHii TeXHOJIOTil (OoTOmoJiMEp MAaJICHbKHUMH J103aMU BHUCTPUTIOETHCSI 3 TOHKHUX
come, SIK IpU CTPYMEHEBOMY JAPYKY, 1 BiApa3y MONIMEpPU3YEThCS Ha MOBEPXHI MiJ
BITUBOM YJIbTPag10JI€TOBOTO BUPOMIHIOBAHHSI.

[lepeBaru TexHOJOTI: a) TOBIIMHA IIapy A0 16 MIKpoH; 0) MBHUAKO APYKYE, TaK
SK PIIMHY MOKHA HAHOCUTHU JY>Ke MBUAKO. Heoiku TeXHOMOr1i: a) IPYyKy€e TUIbKU
3 BUKOPUCTaHHSAM (HOTOTOIMEPY — BYy3bKOCIICL1aII30BaHN M, JOPOTUH IJIACTUK, SKUN
YYTIUBUN 10 YABTPA(PIONIETy 1 TOCUTh KPUXKHUH.

3) LENS (Laser Engineered Net Shaping) texnosoris. Matepian y dopmi
MOPOIIKY BUAYBA€THCS 3 COIJIA 1 MOTparuisie Ha CPOKYCOBAHUUM MPOMIHB Jazepa.
YacTtrHa TOPOIIKY MpPOJiTaeE MOB3, a Ta YacTHWHA, SKa MOTparuisie y GoKyc jasepa
CHIKa€eThCS 1 MIap 3a IapoM (bopMye TPUBUMIPHY J€Tajlb. 3a TaKOI TEXHOJIOTIEIO
APYKYIOTh CTajieBl 1 TUTaHOBI 00'ektu. [lopomok pi3HUX MartepiandiB MO>KHA
3MINIYBaTH 1 OTPUMYBATH TAKMM YMHOM CILJIaBU IPU JIUTTI.

4) LOM (laminated object manufacturing) rexnosoris. TOHKI TaMiHOBaH1 JTUCTH
Martepiaiay BUPI3AIOThCA 3a JOTIOMOTIO HOXKa abo ja3epa 1 MOTIM CIIKAIThCs ado
CKJICIOIOTBCS B TPUBHMIPHHUM O0'€KT: YKJIaIa€ThCd TOHKWW JIMCT Marepiany, SKUN
BUPI3a€ThCS MO KOHTYpPY 00'€KTa, TaKUM YMHOM BUXOAUTH OAMH IIap, HA HBOTO
VKJIAJA€ThCsl HACTYNMHUM JUCT 1 Tak nani. [licig uporo BCl JIMCTU MpPECyOThesl abo
CHIKAOTHCA.

Takum unHOM ApyKyI0THh 3D-MO€m1 3 nanepy, IAcTUKy ado 3 anoMiHiio. s
IPYKY MOJENeil 3 allOMIHII0 BUKOPHUCTOBYETHCS TOHKa allfOMiHI€Ba (oJibra, sika
BUPI3AETHCS IO KOHTYpY IIAp 3a LIapOM 1 NOTIM CHIKA€ETbCS 3 JOMOMOIOO
yIIbTpa3ByKoBoOi BiOparii. [1-3].

4.2. Po3po0ka konuenty 3D npuHTEpy AJ1s1 IPOMHUCIOBOI0 APYKY (POpM 1/
BHUIOTOBJICHHSI Oy/iBeJIbHUX MaTepiajiB

B TemnepimHiii 9ac TEXHOJOTIs, fKa cTaja HAWOUIBII TONIMPEHOI — IIe
MOIIapOBE HATUIABJICHHHS, B SIKIM Ta y BCIX 1HIIMX PO3TISHYTUX TEXHOJIOT1SIX, MOJACIb
IpU JAPYKY CTBOPIOETHCA MOIIAPOBO. AJie 3a TexHojoriero FDM st BUTOTOBIICHHS
YeproBoro 1iapy TepMOIUIACTUYHUN MaTepiall HarpiBa€ThCs B IPYKYIOUil TOJIOBIII JI0
HAMIBPIAKOTO CTaHy 1 BHUJIABIIOETHCS y BUTIIAAI HUTKA 4Ye€pe3 COIJIO 3 OTBOPOM
MaJjioro JiaMeTpa, OCiIarouM Ha TMOBEPXHI poOOYOTO CTOMY (IS MEepIIoro Imapy) ado
Ha TOMNEpeIHbOMY Iapi, 3'€IHYIOYHCh 3 HHUM. [OJOBKa TMEPEMIIIIOETHCS B
TOPU30OHTANBHIN TUIOMIMHI 1 TMOCTYMOBO «MAaliO€» MOTPIOHMI mmIap - KOHTYpH 1
3alOBHEHHS MDK HHMH, MICIs YOro BiJOYBa€ThCS BEPTUKAJIbHE MEPEMIIECHHS,
HaW4acTilIe OMyCKaHHSIM CTOJIa, HA TOBLIMHY IIApy 1 MPOLIEC TOBTOPIOETHCS O TUX
nip, TOKKU MOJIEh He OyJie Mo0y0BaHa MOBHICTIO.

Ane mnpu JpyKy BeNUKOrabapuTHUX JeTalied, sKi MaroTh 3HAYHy Macy,
HEOOX1HO Tepea0ayuTy MiJHIMAHHS TOJOBKM eKcTpylaepa 1o oci Z. B
po3pobsieHoMy KoHIenTi 3D-mpuHTepy mnependadeHo, IO BHCOTY CTOJIY MOXHa
3MIHIOBATH B 3aJIEKHOCTI BiJl BUCOTH (HOPMHU.

Tak ax mozaem 3D-npuHTEpiB B IHIIMX TEXHOJOTIAX MAalOTh AYXE CKIAIHY
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KOHCTPYKIIif0O Oyso 3po0ieHo Tak, o0 Koprnyc OyB MaKCHMAaJIbHO JIETKUM B
MOHTaXy Ta JeMoHTaxy (puc. 2). Taka KOHIIEMIIs JOMOMOXKE B TPOBEICHHI
npo(UTaKTUYHUX POOOTAX Ta JO3BOJIUTH OOJETIINTH LULIXU HOoro monepHizauii. [Tpu
HE3HayHIN 3aMiHiI HarpiBaJbHOIO CTOJIY 1 XOJOBUX YaCTUH MOXKHA 30UIBLIIUTH HOTO
rabapuTH 110 JO3BOJUTH 30UTBIIUTH HOTO TPOAYKTUBHICTD.

(=)

L

Puc. 2. Konuent 3D-npuHTepy AJI51 IPOMUCI0BOIO APYKY MaTepiaJiB:
1 — 30ipHuii Kopmyc, 2 — HArpiBaJbHUM CTiJI, 3 — €JIEKTPOJABUTYH, 4 — IPYKYI04Ya
roJiiBKa, 5 — nu(poBuii ekpau, 6 — Bicb X, 7 — Bicb Y.

1

Takoxx Oyna 3poOsieHa 3amiHa YCIX JAeTalei, sKI IBUAKO 3HOIIYHOTHCS.
Hanpuknan, mnepecyBHI POJMMKM 3 IUIACTHUKY 3aMIHWAJIM Ha POJHUKH 31 CIUJIaBY
amominiro AJI9, Tak sSK BOHM MarOTh OUIBIITY MIITHICTH Ta JOBTOBIYHICTH, TOOTO
BJIACTHBOCTI MaTepiaiy, Kl XapaKTepH1 caMme JUIsi IPOMHUCIIOBUX YMOB.

OxpeMo pO3TiIsSHYJIH, T€ , M0 HAWUOUIBII Ba)XJIMBa 4YacTUHA Oyab-sikoro 3D-
IpUHTEpA 1€ IPYyKyloua rojoBka. BoHa ckiagaeThes 3 HarpiBaya, B IKOMY HUTKa a0o
MPYTOK 3aJJaHOTO MaTepiaxy pO3IUIABISETHCS 1 MOTIM BUAABIIOETHCS Yepe3 COIUIO 3
niametpoMm otBopy B Mexax 0,15-0,5 mm, a Takox MexaHi3My, IO 3a0e3neuye
J030BaHy Mojjauy MaTepiaixy B HarpiBad, KUl € eKCTPYJIEPOM.

Tak sx poboTa MeyaTHOi TOJOBKU MPOXOIUTH MPH BUCOKUX TEeMIIepaTypax, Ie
HEe 7103BoJisie 3D-mpuHTEpYy MpaloBaTH MOCTIHHO. AJle APYKY BEIMKOTa0apUTHUX
netaneid 1 BUpPOOIB moTpedye 3HAYHO OLIBIIOrO Yacy, TOMy OyJo po3poOieHe
KOHCTPYKIlIHHE pIIMICHHS MO 30UIBIICHHIO IMIBUAKOCTI OXOJIOJKYBAaHHSI TEYaTHOT
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TOJIOBKH IUISIXOM BCTaHOBJICHHS JIOJATKOBOI OXOJIO/KYBAJIbHOI CUCTEMU Ha BEPXHIO
YaCTHUHY amapary.

BurotoBneHHss TPHOBUMIPHUX TI€YaTHUX (PYHKIIOHATBHUX JeTaledl 3
KOMIIO3UIIIMHUX MaTepialliB 13 CKIAJHOI (OPMOIO Ta BHYTPIIIHBOK CTPYKTYPOIO,
BOJIOAIIOYMX BHUCOKHUMH (DI3UKO-MEXaHIYHUMU XapaKTEPUCTUKAMH, € CKIAIHOIO
3aJ1a4ero.

Tomy B kxoHCTpykuii 3D-mpuHTEepy MpH APyl CKIATHUX BHUPOOIB MOXKIMBO
nepeaoaYnTy MeXaH13M 10/1a4l UIACTUKOBOI HUTKH, MEXaH13M IMoAadl apMipyr4oro
BOJIOKHA, MEXaHI3M [UJIsl 3alliKaHHS apMyIuoro BOJIOKHA, MOJayl IUJIACTUKY s
IUTACTUKOBOTO BOJIOKHA, MOJayl TpyOONMpOBOMAIB JIsI apMIPYIOUMX BOJIOKOH Ta iX
BUPOOHUYUX BOJIOKOH, SIKMM MICTUTh B COOl HarpiBad, TepMomnapy abo TepMicTop,
JIBa BXIIHUX KaHajla - KaHajl JUIsl apMipyIOIIEero BOJOKHA 1 KaHaj Uil TUIACTUKOBOI
HUTKH, 1 COIUIO 3 BUXIAHUM KaHAJIOM JJI1 apMOBAHOTI'O IJIACTHKA, MPHU I[bOMY KaHa
JUIA TUIACTUKOBOI HUTKH 3'€THAHUM 3 KaHAJIOM JJIsl apMYyIOYOro BOJIOKHA BCEpEAHHI
HarpiBaJIbHOTO OJIOKY, @ BXIIHMM KaHAJ JJI1 apMyIYOro BOJIOKHA PO3TAIIOBAHHMA
CIIBBICHO 3 BUX1JJHUM KaHAJIOM JIJIi apMOBAHOTO TIACTUKY.[4].

Ockinpky TeMmIeparypa IUIaBJIeHHsA OuiblIocTi MartepiamiB s 3D-mpunrtepa
noctatHpo Bucoka 200-250°C 1 Bumie, TO HEOOXITHO 3a0€3MEeYUTH PO3ILIABICHHS
MaTepially caMe B COIUI 1 YHUKHYTH HarpiBy eKcTpyepa.

Comuo 3D-npuHTepa € BUTpATHUM MaTepiaioM: oro otBip aiamerpom 0,15-0,2
MM 3 YacOM 3aCMIUYEThCS, MpUIagaoyd HarapoMm. OUYMILEHHIO MIJJISATAl0Th JUIIe
otBopH aiamerpom 0,4-0,5 Mm.

VY o6inbmocti cydacHux 3D-npuHTEpiB 3aMmiHa comen He mnepeidadeHa. Tomy
aKTyaJbHOIO 3a/Jaueio € MiJBUIICHHS Mpare3gaTHocTi 3D-mpuHTepa 3a paxyHOK
3a0€3Me4YeHHs] TPUBAJIOI MPOXITHOCTI MEPETUHY coria. Tak sK COIUo € HalOLIbII
Bpa3IMBOI0 4acTUHOW 3D-mpuHTEpa, B pOOOTI PO3TISIHYTO CIOCOOM MOro 3axXuCTy
BiJl KOPO3ii, Harapy Ta 3acCMiu€HHA. 3alMpONOHOBAHO BUKOPUCTAHHS HIKEJIEBUX a00
MIJTHUX TIOKPUTTIB JUIsl 3axucTy cormia 3D-mpuHTepa Bl KOpoO3ii, Harapy Ta
3acMiueHHs [5].

4.3. BurorosjenHst ¢popm i marpuub Ha 3D-npuHTEpi Ta IX yTHII3aNis

VY 3B’s3Ky 3 BenMKUM 00OcsroM OyAiBHUIITBA B YKpaiHi BUHHMKAE MoTpeda y
¢daconHux Oyokax MeBHOI (GopmH Ta po3Mipax, BKIIOYAIOYM HECTaHAAPTHI OJIOKU
yHiKanbHO1 opMu. B poOOTI 3ampornoHOBaHO BUTOTOBJICHHS (pacOHHUX OJIOKIB 3a
JIOTIOMOTOI0 APYKY GopM 1 MaTpuilb Ha 3D-npuHTEpi 3 HACTYITHUM BUTOTOBJICHHSIM
3a 3BUYANHOI0 TEXHOJIOTI€I0 B YMOBAX CEPiiHOTO BUPOOHUIITBA [6].

XapakTepUCTUKU 30IpHOTO OJOKY PpO3pOOJISIIM BUXOASYM 3 KOHCTPYKINT Ta
po3mipax 3D-npuntepy. JlJiss TecTyBaHHS HOBOI JIiHIT Oyja po3poOiieHa Mojelb
Matpuili 3 ABS-mnactuky crangapTHOro 30ipHOTro jero-0oky (puc. 3).

Cama maTpuils CKJIajanach 3 JIBOX YaCTHH: MOBHICTIO JuTOro Kopmycy (1) 3
MO>KJTUBICTIO PETYJIIOBaHHS po3Mipy OJIOKY 3a TOMOMOT'OI0 BCTaBHUX YacTHH (2 Ta 3).

B mpomucnoBocti OyiBeNbHHX MatrepiaiiB THI JUTTS (PacoOHHHX OJIOKIB Ta
HOTO TOBIIMHA JIO3BOJISIOTH OaraTopa3oBO BHKOPUCTOBYBATH HAJIPYKOBaHY (GopMmy.
[Ipu nedopmaiiii moaiMepHoi hopMu i MOKIMBO IIBUAKO 3aMIHUTU HA BIAMIHY Bij
ICHYIOUMX METAJICBUX aHAJIOTIB.
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Puc. 3. Marpuus 3 ABS-nuiactuxy 30ipHoro jero-0/oky: 1 — auruii kopmyc, 2 —
BCTABHA YaCTHUHA /ISl IMPUHM, 3 — BCTABHA YaCTHHA JJIsl BUCOTH

Jiis npyky ¢opM 1 MaTpullb JOIUIBHO BUKOpUCTOBYBaTH ABS-muactuk, skuit
CTIAKHUHM JI0 BOJIOTH, KUCJIOT 1 Maclly, Ma€ JOCUTh BUCOKI MMOKa3HUKH TEPMOCTIMNKOCTI -
Bim 90 °© C mo 110 ° C. Hng 3anobiraHHs pyHHYIOTbCA MiJ BIUIMBOM MPSIMOTO
COHSIYHOI'O CBITJIA, IO JEHI0 OOMEXKYE 3acTOCyBaHHs mosiMepHux ¢opm, ABS-
MIJIACTUK JIETKO MiJJIae€Thesl papOyBaHHIO, 110 T03BOJISIE HAHOCUTH 3aXHCHI MOKPUTTS
HA HEMEXaHIYHUX eJIeMEHTaX.

He3Baxatoun Ha BIHOCHO BHCOKY TEMIIEpaTypy pPO3M'SKIICHHS (OJIU3bKO
100°C), ABS-miacTuk Ma€e BiIHOCHO HEBUCOKY TeMIepaTypy IUIaBJICHHS, fKa, 3
OrJIsily Ha aMOp(HICTh MaTepianxy, HE Ma€ BH3HAUEHO! TOUKH. TOMY NPUHUHATHOIO
TeMrneparyporo st ekctpys3ii ABS-miactuky BBaxaetrbcst 180°C. I OiibmIoro
3HIDKEHHSI JIMIIKOCTI TTOBEPXHIO (POPMU HEOOX1MHO OOpOOJISATH PO3UMHOM allETOHY
a00 MTOKPUTH TEILKOYTOM [7].

Jlnst exoHOMIT KOIITIB Ta €KOJOTIYHOCTI PO3pPOOJIEHOr0 KOHIENTY BXKMBaHI
dbopmu 3arponaHoBaHO MOJPIOHIOBATH Ta MEPEPOOIIATH Y BUXIJIHY MOJIIMEPHY HUTKY
st pyky Ha ekctpyaepi Filabot Wee, sikuii npuctocoBanuii s nepepooku ABS-
TUTACTHKY.

BuchoBku.

Jlis naHoro mpoekTy O0yB po3pobiieHo KoHuenT 3D-apyky dhopm st pacoHHUX
0JIoKkiIB Ta Mojaenb 3D-npuHTepy, SKHM 3a CBOIMH XapaKTEpPUCTUKAMHU 3HAYHO
MEPEBULIY€E BIJOMI AHAJIOTM: Ma€ OUIbIII TOKa3HUKM NPOAYKTUBHOCTI Ta
Mpare3aTHOCTI B YMOBAaX BUPOOHUIITBA 1 HEMAE HEJOJIIKIB, SIKI MalOTh YCl CepiiiHi
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Moei 3Bu4aitHuX (mo0yToBux) 3D-npuHTEPIB.

B pobGoti pexkomenmoBano 3D-mpyk ¢dopm s ¢dacoHHUX OJOKIB B
TEXHOJIOTTYHUN MPOIEC BUTOTOBJIECHHS OyAiBEJIbHUX MaTepiaiiB JJisl MOKPAIICHHS 1X
KOHCTPYKIIi Ta 301UIbIIEHHS ACOPTUMEHTY MPOJTYKIIIi.

3anpornoHoBaHa I1HHOBAIIfHa TEXHOJOTIS BUTOTOBJICHHA (AcOHHUX OJIOKIB
HOBO1 KOHCTPYKIIii, IKa CKJIaJJa€ThCS 3 HACTYIHUX €TalliB:

1. Ipyk nero-popmu Ha 3D-nipunTEpi.

2. 3anvBKa CUPOBHUHHU Y JIeT0-Qpopmy.

3. BurotoByieHHs1 pacOHHOTO OJIOKY CTaHAAPTHUM CITOCOOOM.

4. TlepepoOka siero-hopm, 1110 BUUIILIA 3 JIaay.

TakuM 4YMHOM, NPOMOHYETHCS HOBHM CIOCIO BUTOTOBJIICHHS OyAiBEIbHUX
MaTtepialliB IpU HE3HAUHIN MOJIEpHi3allii TEXHOJOTTYHOT JIHIi.
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CHAPTERS.
THE USE OF THREE-DIMENSIONAL MODELING
FOR HUMAN SPINE DIAGNOSTICS AND TREATMENT

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-048

Introduction

Today three-dimensional modeling [1-8] is widely used in different branches of
medicine because it helps to increase the reliability of diagnostics and conducting
rehabilitation measures.

During diagnostics, three-dimensional model of the human body [1, 5, 7] helps
to obtain objective parameters reflecting the condition of the osteomuscular system.
Such detailed information cannot yet be given by any other currently existing
technology for detecting problems of the locomotor apparatus.

Obtained data is processed by the computer and a voluminous model is
displayed on the screen together with all the qualitative and quantitative indicators of
the human body in calm state and in movement as well as a pictorial diagram of the
smallest deviations from the norm and all the weak points of the locomotor apparatus.

It gives an opportunity of using three-dimensional modeling effectively in
medicine for diagnostics, treatment and rehabilitation.

5.1. Analysis of the task status

The problem of diagnostics of the back is very important today.

According to medical statistics, 40-80% of people feel pain in the back in the
lower portion of the spine [8]. In 10-20% of patients of employable age, acute pain in
the spine becomes chronic. This category of patients often has an unfavourable
prognosis for complete recovery so that the expenses of health care system for the
treatment of persons of employable age suffering from chronic back pain in the spine
region make up almost 80% of all the funds directed to the treatment of this
symptom.

Postural disorders in people are becoming an ever more frequent phenomenon
with each year. Thus, according to statistical data [8], this pathology in some form or
other is found in 28% of children aged between 7 and 9 years, in 36% of children
aged 10-14 years and in more than 41% of children aged 15-17 years! On the whole,
up to 80% of the world population suffers from various postural disorders.

Backward curvature of the spine is called kyphosis. This physiological curvature
is observed only in the thoracic portion of the vertebral column and is considered
normal if the angle formed is no greater than 45 degrees. However, the thoracic
portion, in particular, is more prone to pathological changes than any other portion of
the spine. According to statistics of the World Health Organization, more than 70%
of pathological kyphosis come from the thoracic portion, almost 20% are found in the
sacrococcygeal region and only 10% come from the curvature of the cervical spine.

Backward curvature of the spine is called kyphosis. This physiological curvature
is observed only in the thoracic part of the vertebral column and is considered normal
if the angle formed is no greater than 45 degrees. Long-term clinical course of
kyphosis leads to the appearance of a wedge-shaped vertebral deformity as well as to
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the destruction of intervertebral cartilages. On the part of the muscular system, there
is a sprain of back muscles as well as a functional disorder of muscles forming the
anterior abdominal wall. Changes in the anatomical structure of the thoracic cavity
lead to decreased rib mobility, disorders of intercostal muscle activity, impairment of
respiratory function of the lungs.

Lordosis (fig. 1) is a saddleback-like spinal curvature in the sagittal plane; this
disease complicates normal function of the heart, lungs and gastrointestinal tract.
Patients suffering from lordosis experience metabolic disorders and deterioration of
general health condition as well as rapid fatigability.

P Wy
A

Lordosis Kyphosis Flat Round Scoliosis Norm
back  back

Fig. 1. Types of spinal deformities

Scoliosis (fig. 1) is a disease of the locomotor apparatus characterized by a curve
of the spine in the frontal plane with a rotation (torsion) of vertebrae around their
vertical axis. Formation process of a scoliosis deformity is a result of the interaction
between the factors which disturb the vertical position of the spine and the adaptive
responses directed towards maintaining the vertical position. Approximately in 80%
of all cases the reason for appearance of curvatures is unknown.

Along with an increase in the curvature, there is an increased tendency for
deterioration of problems of general health condition. Severe scoliosis can lead to
deformity of torso and its shortening and can result in the decrease of the volume of
the thoracic and abdominal cavities.

To determine the degree of scoliosis, doctors/diagnosticians measure the angle
of the curve (fig. 2):

1. First-degree scoliosis is a curvature of up to 10 degrees.

2. Second-degree scoliosis is a curvature from 10 to 25 degrees.

3. Third-degree scoliosis is a spinal curvature of 26-50 degrees.

4. Fourth-degree scoliosis is a spinal curvature of more than 50 degrees.

Medical professionals define a range of possible reasons for a spinal curvature,
and namely:

* genetic predisposition;
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» congenital scoliosis in children, congenital vertebral anomalies;

» different speed of healing in one side of the body;

* low density of bone tissue;

* high pressure on the spine and spinal injuries;

* concomitant diseases (osteoporosis, osteoarthritis, disc herniation);

» metabolic disorders;

« functional disorders of the central nervous system,;

» muscle disorders.

Proper posture means, first of all, a balanced body position when the load on the
spine is distributed evenly. Proper posture is based not only on the spine, but also on
the muscles adjacent to the spine. These muscles keep the vertebral column in proper
position.

107 il 25 : a0’ 50°+

0-10° 10°- 25° 25°- 40° 50°+

Fig. 2. Angles of spinal curvature

Main signs of proper posture:

» Straight position of the head and spine;

» Symmetrical shoulder girdles and shoulder blades;

* Practically horizontal line of the clavicles;

» Symmetrical position of the buttocks;

* Spinous processes of the spine (protuberances) forming a vertical line;

* Equal leg length;

* Proper foot position (when you put your feet together, their inner surfaces are
touching from the heels up to the tips of the toes).

Curvature of the spine is considered to be harmless.

Firstly, poor posture disturbs the even, natural line of bones of the skeleton
which causes chronic muscle tension.

Secondly, curvature of the back leads to reduced lung volume (for 30% or even
more). And the brain is the first to suffer from reduced oxygen volume: intellectual
abilities and response speed are decreased, sleepiness and depression are increased as
a result of oxygen deprivation.

And thirdly, poor posture disturbs the digestive process.

Doctors use a range of devices to examine the back. The most common one is a
scoliometer (fig. 3), i.e. an instrument that measures the parameters of trunk
asymmetry developing in case of scoliosis.

By its design, a scoliometer is a level with an arched cutout with degrees marked
upon it. The level is put against the spine of the patient who is leaning forward. A ball
rolling in the arched cutout indicates the angle of inclination of the surface of the
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back in relation to the horizontal line. It is possible to conduct measurements of
different regions of the back determining vertebral rotation which is one of the signs
of scoliosis.

Fig. 3. Scoliometer Fig. 4. Measurement of vertebral arches

There are also other mechanical devices (fig. 4). Their drawbacks include poor
measurement accuracy, extended waiting period for results, contact measurement
method and complexity of fixing the multiplicity of results.

There is a strong relationship between the condition of the spine and internal
organs (fig. 5). The majority of organs of the human body are controlled by spinal
cord through spinal nerves. Bad posture, excessive load that lead to the displacement
of vertebrae, destruction or compression of intervertebral discs also lead to nerve
compression. Connection of organs to the central nervous system is disturbed and
signals coming from them are distorted. As a result, the brain receives incorrect
information.

-

'_ nose, palate
mouth, salivary glands
thnmd gland

E heart
r’-:n lungs

=l d
@ stomach
'-:{ aorta and other vessels
7
pancreas
adrenal glands
small intestine
large intestine
- Kidneys
(5% urinary bladder
Fig. 5 Interrelatlonshlp between the spine and internal organs
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Depending on the location of problematic vertebrae, certain organs suffer, for
example, the nerves that come out of each vertebra and go to particular organs.
There is a mutual relationship between the spine and internal organs. In some
cases, it causes diseases of internal organs and in other cases disturbances of the
function of organs are reflected on the condition of different regions of the
vertebral column.

The provided data confirm the expediency of development and implementation
of the new, effective methods for examination of the human spine.

5.2. Computer diagnostics of the spine condition

3D GENERATION LLC (https://www.3dgeneration.com) and its subsidiary 3D
GENERATION UA are professionally engaged in the development and manufacture
of high-resolution panoramic scanners which can be used effectively in medical
practice. Fig. 4 represents one of them which includes 112 Logitech Rally cameras
(960-001227) with each of them having a resolution of 8 megapixels. Three-
dimensional scanning ensures high-accuracy colour imaging. Complex technologies
and artificial intelligence are used to obtain photorealistic quality of 3D models.

Fig. 6. Panoramic scanners made by 3D GENERATION LLC
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After obtaining a three-dimensional model (fig. 7), a person has an opportunity
to examine the back in detail contrary to the regular photography which provides
limited opportunities.

Fig. 7. Three-dimensional model of the human body

Methods of biophotogrammetry which are non-invasive methods of examination
help to build a digital model of the human body surface with high precision and to
visualize graphically its three-dimensional model.

Availability of three-dimensional model of the human body gives an opportunity
to study intersections in the frontal, sagittal and horizontal planes which is very
important for medical diagnostics.

Frontal Sagittal Horizontal
plane plane plane
Fig. 8. Types of planes

It is possible to move the planes for the purpose of examination and accordingly
receive different intersections in order to obtain a more precise diagnosis.

MONOGRAPH 78 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 ‘%

In the sagittal plane curvatures are regarded as the norm and straightening of
curvatures is regarded as a pathology. On the contrary, in the frontal plane straight
spine is normal and curvatures are regarded as a pathology (scoliosis).

After obtaining a three-dimensional model of the back, it is possible to evaluate
its conformity with the standard of a healthy human being and a number of
computerized studies are conducted for this purpose.

In other technologies, a patient cannot always see all his problems as it is quite
hard and often impossible to evaluate yourself from the side. In the best-case
scenario, an orthopaedist puts a patient before a mirror and shows him an existing
pathology. That is, the patient’s motivation is reduced to a minimum. Three-
dimensional technology eliminates this serious drawback.

Availability of a 3D model of the back allows to compare surface patterns of the
left and right regions of the back and to form an image of the surface which reflects a
difference between them (fig. 9). This surface is of a high diagnostic importance. It
can be used to make a spinal brace.

L

Fig. 9. Comparison of symmetrical regions of the back

Three-dimensional modeling allows for the fixity of scoliosis. For this purpose,
two three-dimensions models of the back are formed over a single time interval. One
model of the spine is formed with the patient standing and the other is formed in a
supine position (in this case, glass surface is required). After this, the angle of spinal
curvature is measured for both cases. In case of equal angles of curvature, scoliosis is
considered to be fixed or stable. If in the supine position, i.e. in the unloaded state,
the angle of curvature is smaller, then we are dealing with unstable or unfixed
scoliosis.

Based on different locations of curvatures, the following types of scoliosis can
be determined by using 3D models:

thoracic scoliosis, i.e. a curvature positioned only in the thoracic part of the
spine;
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lumbar scoliosis, i.e. a curvature positioned only in the lumber part of the spine;

thoracolumbar scoliosis, i.e. a curvature positioned only at the thoracolumbar
junction;

combined scoliosis, i.e. a double S-shaped curve.

Three-dimensional model allows to measure the distance between the levels of
scapular position (fig. 10). Difference of up to 1 cm is permissible and does not have
a diagnostic meaning. Assessment of scapular position symmetry is important for
diagnostics.

Fig. 10. Examination of the back

Availability of the three-dimensional model gives an opportunity to analyse
surface geometry of symmetrical regions of the back (fig. 10). For this purpose, a
pixel-by-pixel comparison of three-dimensional surfaces is performed. A doctor has
an opportunity to perform a measurement between any given points and to determine
the areas and volumes of anatomical structures.

An important peculiarity of three-dimensional modeling is a relatively easy
procedure for diagnostics of lower extremity shortening.

Within the norm, in a healthy human there may be a discrepancy of up to 0,5 cm
in the length of lower extremities. It can occur in 40-50% per 1,000 persons. The first
sign of a gait disorder (limp) begins to manifest itself in case of a unilateral leg
shortening for more than 2 centimetres. In case of 3 or more centimetres, the limp
becomes more noticeable on one side.

Persons with marked leg length discrepancy and limp get tired quicker than
other people because biomechanics of both legs is disturbed and a person spends
more energy.

During examination, there can be a difference in the level of position of
anatomical reference points, i.e. shoulder blades, greater trochanters, popliteal spaces,
anterior and posterior superior iliac bones and superior poles of the patella.

When even a single line is not parallel to other lines, then it means a functional
shortening of the lower extremity and when all the lines are oblique and parallel to
one another, than it means an anatomical shortening of the lower extremity.

Direct measurement of leg length is also possible as shown in fig. 11.

Head tilt and additional load on the spine can be easily determined (fig. 12)
using the three-dimensional model. It has a significant importance for rehabilitation
measures.
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Fig. 11. Measurement of leg length

Loading of the spine depending on the head tilt
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Fig. 12. Loading of the spine depending on the head tilt

Diagnostic importance of three-dimensional modeling significantly increases if
certain images are projected onto the surface of the back. In the simplest case, they
look like horizontal and vertical stripes.

Based on the form of overlapping stripes, a doctor can diagnose various spinal
defects.

Stripes can be easily identified on the three-dimensional surface of the back
because their colour differs from the colour of the skin. It allows to use computer
processing.

It is possible to use various moiré patterns for different purposes depending on
the diagnostics of certain disease.

Stripes can be easily identified on the three-dimensional surface of the back
because their colour differs from the colour of the skin. It allows to use computer
processing.
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Fig. 12. Overlapping of stripe images

Fig. 13. Overlapping of moiré image

Based on the form of overlapping stripes, a doctor can diagnose various spinal
defects (fig. 14).
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Fi. 14. Form of stripes in case of curved spine

Based on the stripes, a computer program allows to measure a range of different
body parameters, for example, volume and muscle tension to the left or right of the
spine (fig. 15), flexions, rotations at different levels, difference in the height of
shoulders, shoulder blades and hip bones, size of scoliotic arches and physiological
curvatures and many others. The obtained data are used to choose an individual
therapy program.

Fig. 15. Map of muscle tension

This examination gives an opportunity to evaluate in dynamics the efficiency of
the performed treatment by conducting repeated examinations as well as a
comparative analysis of changes in body parameters, allowing to correct the program,
if necessary.

Having a three-dimensional model of the back, a map of muscle tension (fig. 15)
can be formed and i1t can be further used for treatment and rehabilitation, and
specifically for massages.

MONOGRAPH 83 ISBN 978-3-9821783-0-1

52



g

Wissenschaft fiir den modernen menschen Book 1. Part 1

Scoliosis is a progressive spinal disease, it is expressed externally as a deformity
of the body and leads to a costal humpback. In order to cure scoliosis without a
surgery, it is reasonable to manufacture budget individual spinal braces based on a
3D model of the patient. Currently it is the only technology which allows to treat
scoliosis and other spinal diseases without surgical intervention. Furthermore,
wearing spinal braces is the only option in many cases. For example, when a surgery
is impossible due to medical indications.

Orthopaedic corset is used for treating spinal diseases as well as for prophylactic
purposes. It ensures vertebral fixation and spinal support in a given position as well
as muscle relaxation and back straightening.

Fig. 15. Brace for curved spine

Spinal braces are most frequently used for treating scoliosis, kyphoscoliosis,
kyphosis, lordosis; thoracic cage deformity; tumours and other pathologies of
vertebrae; after performing surgeries.

Chéneau-type brace was developed for treating scoliosis, this brace “functions”
in three planes and provides corrective influence on the scoliosis deformity, i.e. in the
sagittal, frontal and horizontal planes.

Properly manufactured spinal brace of this type allows to support and stabilize
the spine by preventing the progression of scoliosis in adult age.

3D method allows to precisely form the configuration of the spinal brace and, as
a result, to ensure individual approach to each patient; it shortens adaptation period; it
allows to eliminate problems with breathing, muscle atrophy; it does not require any
serious correction; it allows to correct the delivered patient in the digital model; due
to low content of plastic materials, this brace is lightweight and easy to put on.
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5.3. Conclusions
The use of three-dimensional modeling for spine (back) diagnostics has the
following advantages:

More expeditious performance of examination.

High reliability of diagnostics.

Opportunity of conducting examinations of patients in various positions.

Opportunity of measuring anthropometric parameters.

Absolute safety of this method as the body is not subjected to the influence

of irradiation. This examination can be performed on pregnant women,

children, persons suffering from oncology disorders or persons with cardiac
stimulators. It allows to timely detect spinal disorders and diseases in
certain categories of persons.

High demonstrativeness and realism of examination results.

Opportunity of properly selecting corrective means for treatment.

8. Opportunity of storing a three-dimensional model of the back for the
purpose of its use within a specified time interval. The data for all results of
examinations are stored in the database.

9. Opportunity of predicting the development of pathologies.

10. Expeditious development of treatment tactics.

11. Three-dimensional image may be reproduced in various planes, and namely
in the horizontal, frontal and sagittal plane.

12. Opportunity of examining selected areas of the back in detail through
scaling, rotation, metrological measurements.

13. Relatively low price of examination.

14. Non-contact method of examination which excludes possible errors.

15. This method allows to determine the degree of torsion and displacement
which is very important for determining the treatment.

16. Opportunity of remote transfer of the data for telemedicine purposes.

17. Three-dimensional model can be scaled up or down, the object can be
viewed from different angles. An important feature of the model is an
opportunity to conduct metrological examinations of the patient.
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CHAPTER 6.
KEY FEATURES OF ELECTRONIC DOCUMENT
MANAGEMENT SYSTEMS

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-023

Introduction

The degree of professionalism in documentation affects the success of the
enterprise management.

To automate the workflow, you must use modern specialized information
systems. Now special computer programs and information systems become the vital
need of companies. They allow you to support and coordinate the work of units
responsible for administration and Finance. It takes into account and automatically
handles a lot of requests and appeals specialists. As a result, this gives the company
additional competitive advantage.

With the use of information systems it is possible to remove professionals from
the routine work. This leads to savings of costs - time and labor. In the end, to the
fore in the work of the staff out of the strategic plans of the enterprise.

Now it is hardly possible to find companies where there are information systems
designed to simplify the workflow as a whole.

It is about the information systems, the purpose of which is to be used in the
management of the entire organization and the systems for doing document
management. The latter allows to translate all documents into electronic form.
Process documentation becomes easier. In addition, the company can operate more
efficiently because the time spent on preparation and processing of documents is
reduced.

It documented information on construction management, because the level of its
effectiveness is largely due to the production and consumption data. Now the
information is in the public consciousness is a complete production resource, without
this important element it is impossible to imagine social and political life.

How the quality of the information depends on the quality of management. To
increase it, it is important to improve documentation turned sufficient attention. This
1S necessary because database solutions is in the management of information,
structured in the form of a document.

Using workflow automation enterprise can rise to new level in its development.
Material and technical equipment is also improving.

If we analyze the goals and objectives of the company, it can be concluded that
the company "IRBIS" where is the author of this work, the profile in the logistics
field is very wide.

The abundance of orders and a large number of counterparties leads to the
problem associated with quick and adequate response to amendments to contracts,
and contracts concluded with customers.

Often the documentation which comes from customers, is not those of
professionals or delayed. This leads to difficulties. The company loses its ability to
respond in a timely manner to the needs of partners. This is fraught with the loss of
important orders, as well as large customers.
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Now the enterprise is experiencing natural growth, and this problem is among
the most urgent ones that need to be urgently addressed. Since there are practically
no automatic processes in the operations for sending and receiving documents, the
company management decided to introduce an electronic document management
system. It is entrusted with the task of solving the main issues in the field of
documentation, as well as accelerating the activities of the entire enterprise.

Among the characteristic errors that occur when an enterprise switches to
electronic document management is the lack of their elaboration. This reduces
system performance.

Often, company leaders believe that the organization of workflow is an
insignificant trifle, and you should not pay much attention to it. However, this is
precisely the decisive factor when it comes to making business processes more
efficient. If managers are not very interested in implementing the system, then it can
last a very long time.

6.1. Basic concepts of electronic document management system and its

components

Electronic document management system (EDMS) is based on the documents.
Under documents you know are fixed in a tangible medium information, which has
details. This gives the possibility of attributing such information or its media to the
documentary, in accordance with the laws of the Russian Federation.

The electronic document management system is a system designed to conduct
the exchange of documents with electronic form. Information technology is evolving,
and it opens up a document new perspectives.

The emergence and development of the Internet globally, and its major
component, e-mail, the question of the transfer of information over long distances is
removed. E-mail gives the acceleration of the receipt of an electronic document to
several minutes. However, the Internet brought new problems. Now you need to
worry about that information in electronic document was securely protected. This is
of particular importance today that becomes the basis of a consideration of some
issues in security.

The document cannot be conceived of in a separate structure in the processes of
the company. Document flows and has a close relationship with many other tasks
handled by the information system.

An important feature of EDMS is that its location — at the intersection of
traditional paper documents and new computer technologies.

The workflow system has a lot of features specific organizational, structural,
operational plan. It used proprietary system, corporate standards and requirements,
and procedures under which services and performers interact. In addition, the work of
EDMS is in direct proportion to how well technically equipped enterprise.

Selection, formation and construction of the system determined by these
conditions. Also plays a role the size of the company, then, what is the nature and
specificity of her work, what the qualifications of its employees, as well as what
financial opportunities available to the company. All this affects what will be a set of
subsystems (modules) with different functional and technological intensity, which are
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built using different SOFTWARE, one or several brands.

Of electronic document management deals with operations on creation on the
basis of networks of computers documentation, processing, transmission, storage,
output of information, which circulates inside the enterprise.

Electronic document management means working on the organization of
circulation of documents between departments and specific individuals.

Traffic documents means that the documents are not moved in the physical
sense, but the rights are transferred to their use, while specific users are notified, and
their work is monitored.

The author adheres to this definition of the assignment EDMS or Electronic
Document Management Systems (EDMS): With EDMS are ensured a process in
which is created, controlled access and apply a large amount of documentation by
means of computer networks, and controlled the flow of documents in the enterprise.

Often, the storage of documents is done using a special storage or use a
filesystem hierarchy.

The types of files, usually supporting EMS include documents in text format,
with images, spreadsheets, audio, video, and Web documents.

General features of EDMS allow you to create documents, control access,
convert data and to ensure their safety.

The main task is to organize the storage of electronic documentation and work
with it: search using attributes or content.

The system should provide the ability to automatically track changes in
documents, the deadlines contained in it, to go control all versions and podgorci.

The task of ECM is to covered the entire cycle of records management in the
company, starting from setting the task to create a document to cancel the archive.
The system shall realize the function of centralized storage of documents of any
format, which comprises complex composite documents.

The task of the system is the Union of the disparate threads of documentation, if
the company's units are removed from each other.

Using the system can flexibly control the documentation, rigidly defining the
routes of its movement, as well as using loose routing.

An important point in the system - the implementation of a strict distinction of
access that different users have different documentation. This is determined by their
expertise, position and authority.

In EDMS should be the ability to customize the existing company organizational
structure and its proceedings. In addition, it is necessary to provide possibility of
integration with systems that already operate in the company.

The main users of such systems include the enterprise, which are created,
processed and stored large volumes of documents. This is true for large public
organizations, banks, large industrial enterprises. All systems provide for the
presence of mandatory standard components:

- the repository where the cards (attributes) of documents are located;

- a repository where the documents themselves are located;

- the components by which the business logic of the system is implemented.

The task of the attribute storage is to store “cards”, which are a set of fields that
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characterize a document. As a rule, in systems, the concepts of types of
documentation are used - contracts, specifications, letters, etc. Each type has its own
card.

Each type provides for the use of required fields that are common to all
documentation. But each type of document has special fields that apply to it.

As common fields, it is possible to use a unique document number, its name,
author, date of formation. Documents of the “agreement” type may contain fields of
the date of signing, validity period, amount of the agreement.

Document types may have subtypes that differ by a common set of fields - the
same as the main type, but additional fields are provided that are unique to this
subtype.

Most developed systems are capable of supporting the large nesting of such
subtypes. Issues of typing documents, building a hierarchy, and designing maps are
one of the most important stages in implementing a system.

6.2. The structure and functional features of electronic document

management systems

The structure of the electronic document management system can be considered
both from the point of view of hardware and software complex, and from the point of
view of the functions performed.

From the point of view of hardware and software complex in the electronic
document management system includes a set of software and hardware components:
workstations, servers, software, network and supplementary equipment, which are
designed to perform specific functions of the system.

The server is used to perform the necessary operations with the documents and
data. It is virtual and dedicated, it depends on the applied working methods and
system supplier. The server also may contain a database of a document management
system.

Using workstations is the user interaction with the workflow system. All
workstations have a set of functions for managing documentation and information.

The use of the software is the main component of system of electronic document
circulation provides the necessary number of actions to manage the documentation.
In General, it is composed of the administrator, interface and functional parts. The
functional part is used to process and manage data. Using the backend performs the
necessary system setup. The interface part performs the presentation of data in the
form in which they are available to end users.

Due to additional equipment are possible to implement different kinds of
specific functions of electronic document management system. Such equipment may
include input devices and output, coding system and data encryption, etc.

Network equipment necessary to implement collaboration between users of the
system and interaction of the various components of the electronic document
management system.

From the point of view of the function performed in the structure of the
electronic document management system consists of modules performing the
following steps: input, indexing, document processing, access control, storage,
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routing documents, system integration.

An input module data used for inclusion in the electronic document management
system of the source data. These data can be obtained from a variety of sources:
scanners, email, paper documents, online forms, etc. the Application of this module
ensures the receipt and initial processing of information.

Module indexing. It is used for registration and systematization of information.
Thanks to him, the electronic document management system may organize the search
and storage of text documents according to certain parameters.

The module processing. After entering the data, they must be processed and
stored for further work. Using this module ensures the distribution of data and
documents according to certain rules.

Module access control. Thanks to this module is provided by the distribution of
data and documents by users. Each user has the right to work only with the necessary
set of documents.

The routing module is intended for organization of work with documents. It set
rules for processing and movement of documents. Before creating the routes of
movement of documents must be defined document processes.

Module system integration. Typically, the electronic document management
system is interconnected with other management systems. This module is a transfer
of information between such systems.

Module storage of documents and data. This module implements the functions
of the document database. It provides archiving, storage, recovery, backup,
documents.

In all the EDMS are mandatory components of the model: the storage of
documents; storage card papers; the components that implement the business logic of
the system.

Store document attributes used to store cards of a set of fields that characterize
the document. As a rule, in EMS there is the concept of document type (for example,
letter, contract, etc.) and each type starts its own card.

Card different types contain common to all documents the required fields and
special fields that belong to documents of this type. For example, the common fields
include a unique document number, author, name, creation date. The composition of
the documents of type “contract” may enter such fields as contract amount, expiration
date, date of signature.

In turn, the document types can have subtypes, which have a common set of
fields inherited by them from the basic type. More advanced document management
system can support large nesting of these subtypes. The most important step in the
process of implementing the EDMS is a typing documents, arrange them in a
hierarchical manner and design cards for them.

Also allows you to assign a category, in this case a single document can be
simultaneously belong to multiple categories. Categories can be placed in the
category tree. So, it is possible to search the document in this tree based on its
classification, one physical document may be located in different nodes of the
hierarchy.

In order to organize the cards, there are three ways: use our own storage

MONOGRAPH 90 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 R t ’

standard database management system or tools environment which is the basis
DBMS.

The obvious drawback of this approach is the fact that it is impossible to apply
the standard resources of the existing environment, as well as the fact that from the
supplier of the EDMS depends very important information.

When using a standard database management system is always possible
migration of information to a DBMS from a different vendor. In this case, will have
to abandon the use of certain electronic document management systems in General,
and migration of information from one system to another is much more complicated
than in the case of database management systems.

But such a method has drawbacks — implemented in most database management
systems the relational model is not convenient for data models used in EDMS. 1t is
very difficult to provide the desired flexibility in creating card papers, particularly in
the case of complex structures. The developers of the EDS raises the question: to
develop a simple but effective structure of data storage, giving up flexibility for
creating cards, or having cumbersome structure providing the desired flexibility with
reliability, transparency and efficiency of the system. The second disadvantage is that
when using an external DBMS, there are certain difficulties in the transition from one
electronic document management system to another or migrating from one version of
a database management system to another. Often this leads to some conservatism of
users with migration to new versions.

In the case of constructing the EDMS of a specific information environment, it
1s desirable to use its resources. There are two ways of storing documents: storage in
a specialized storage of the EDMS or in the file system. Large differences between
these two methods have not, however, certain features still exist.

The EDMS must be given their rights of access to the saved files it was not
available none of the users directly. Electronic document management system has its
own system user list with access rights, organizing file access through these rights.
The access system becomes difficult to maintain and not reliable enough from the
viewpoint of information security. In order to provide additional reliability, is often
used to encrypt files during storage. In addition, virtually all EDS use random file
naming, making harder to find the necessary file for unauthorized access to the
system. It should be noted that most EDSs store files on the file system.

When working with the file system, as a rule, electronic document management
systems require moving files to specially created directories.

Those systems that have their own file storage or use the storage of the
environment on which they are built, guarantee more efficient control of access to
documents and a more reliable solution to the problem of access control. However,
this raises issues that are related to the integrity of information, the availability of
effective backup tools and integration with archive storage on slow media. In almost
all systems, they are somehow solved, but it is possible to use only the tools available
in the system itself, while in the case of file storage there 1s always a choice.

6.3. Analysis of modern document classifications
As a rule, the definition of "systematization" refers to both the process and the
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outcome. I.e. it 1s understood as a classification and as a scheme, which 1s obtained
on its basis.

Systematization of documentation is a system during which documents are
subordinate to each other. Such a system is used as a means to establish relationships
between groups of documents and to better navigate their diversity. Mainly, the
systematization structure is depicted as a table or diagram.

The important distinguishing features underlying the systematization of modern
documentation consist in their essence of material and information components.
Because documentation works in society, the hallmarks to a certain extent depend on
the external environment. Given these circumstances, the basis of the overall
systematization of documentation are 3 blocks of distinctive features, which are built
on various indicators of the document (Fig. 1).

Blocks of signs of
classification of

documents
|
I I |
. . . Living conditions of a
Information Physical (material) 8
document as a system
component of the component of the -

abject in the external

document document

environment

Figure 1 - Stages of moving outbound documentation

Each of the blocks that are presented is considered a criterion that allows you to
build a systematic sequence. Inside it, there is one kind of priority distinguishing
feature, on the basis of which documents are divided into varieties and subspecies.
Such series form a multi-level structure of a systematized scheme consisting of
subsystems.

Conclusion.

The problems of information security of distributed information systems are
considered. The analysis of information security threats, channels and methods of
implementation of the security threats in distributed information systems is carried
out. A comprehensive approach to information security of distributed information
systems is proposed.
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CHAPTER 7.
THE PROBLEMS OF SYSTEMATIZATION IN THE ELECTRONIC
DOCUMENT MANAGEMENT

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-024

Introduction
The degree of professionalism in documentation affects the success of the
enterprise management.

7.1. Systematization of the documentation content.

Systematization, based on the distinctive features of the contents of the
document are considered to be semantic. Such systematization documents are divided
into types and subtypes according to distinctive feature, the documentary content in
the fields of knowledge, perspectives, themes and subjects [1, 2].

Systematization of documentation content is implemented in practice due to
systematization, the subject heading, systematic tables, and so on. Subject, topic and
the main aspects of the meaning can be described through lexical units. At the same
time thanks to lexical units it is possible to build the systematization of
documentation [3, 4].

The most developed are considered to be semantic systematization of
documentation, since they have huge practical significance in the sections of the
documents - communication region. The semantic systematization include 5 options.
Bibliographic systematization, Universal decimal classification, Decimal Dewey
systematization, systematization of unified literary works for book publishing and
other. There are substantial and systematic for certain types of documentation: in
particular, the classifier of state standards of the international classification of
inventions. Such systematization are considered to be the basis on which to organize
the vast number of information retrieval systems, and also arrays of different
documents [5, 6].

Today there is still no General semantic scheme of systematization of
documentation that would be universal for all States.

Among the systematized indicators of content, the structure of material
construction, the genre content of the work, the style with which it is presented, and
so on, are also distinguished.

Systematization of the documentation on the parameter significant means
of recording information. A symptom of the document is that the information that it
contains, are transmitted through specific signs. The signification is considered an
indispensable property of the document as it is the only form which coded signs, it is
possible to transfer the information Communicator to the recipient. Systematization,
taking into account the specifics of important tools that allow you to capture, to
Express and perceive a person information, you can refer to the group of formal
systematization [7, 8].

They emit non-textual and textual documentation.

In a text document as a sign is the alphabet of a natural language (patent,
journal, newspaper, newsletter, template, and so on). Text documents are often
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referred to as a verbal or verbal. Verbal document, usually submitted in writing. That
is verbal information, and the creation of a language fundamentally distinguish social
communication directly from biological.

The definition of "text document" you can use to written and Phono documents
containing speech, i.e. to the entire text of documents [9, 10].

A written document is one of the main types of text document, where
information depicted every written method. Typically, this written document and all
that it contains, is represented verbally in written form commit [11, 12].

Written documentation will include typed, handwritten, printed documents,
because existing them verbal information reinforced by written signs.

In order to create a text document apply cartographic, musical and other
nonverbal signs. These include: - sounding, multi-pattern, iconic and ideographic
documents. They are often referred to as non-verbal [13].

Iconic documents refer to those documents where the sign is similar to the
object that is reflected (image, movie, photo and so on).

Ideographic documents are documents that as a sign acts as a symbol, not
reflecting true phenomena or objects (drawing, map notes). This group of documents
include music and cartographic documents [14].

Sounding document provides fixation and transmission of information through
sounds and called fono document.

In matrix documents are the code cell - matrix, through which coded
information in the form available for "reading" the device (computer disks, punch
cards, optical and magnetic discs and the like). Matrix and sounding documents that
belong to the group of technically coded. They contain the record that is available to
play exclusively through those means [15].

Complex documents contain 2 or more iconic locking media (in particular, the
journal app as phonograph records; CDs with sound text entry and the like).

Systematization of documents on purpose in order to perceive information.

On the subject of perception directly to the semantic content of the whole
documentation is divided into information that can be "read" a man without those
special tools and machine-readable, and serves for auto playback of information from
the document, with printer, screen, TV and the like.

To human-readable documentation will include all types of publication
(brochure, magazine, etc.). Machine-readable documentation is a record, microfilm,
disk, tape and so forth on machine-readable media. The information on them is
recorded using that changes the structure of the media. At their outer type cannot be
anything definite to say about the nature of writing in such documents, as it made
some kind of technical method [16].

Systematization of the documentation on the channel through which perceived
information.

The information contained in the document can be perceived by different senses
(sight, hearing, touch).

The channel, allowing to perceive the signs used to write the contents. Allocate
tactile, visual, audio, visual and audio documentation.

The optic is a document in which the content is perceived by the recipient
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visually (different kinds of texts, images, photos, graphics, and so on. on any media,
including display, projector, computer device or TV).

What contains on a tactile document, perceive through touch (touch) (magazine
for the blind, owner).

Audio document is one that can be heard - its content can be perceived solely by
hearing (CD, records and so on).

Audial document is the one where the contents are perceived at the same time
visually and through hearing (with the sound film, Filmstrip, voiced, and so on).

According to statistics, 75% of all information people receive is through the
visual organs. Auditory information make up 13% of all data that comes through the
human senses.

Systematization of documents according to the method by which they are
documented.

According to the method of documenting a document is handwritten, printed,
magnetic, mechanical, optical, photographic, electronic and laser.

A hand-written document is considered to be written. When it is created, written
signs are applied by hand. Handwritten documents also include documents that are
executed by machine or computer. The manuscripts include deposited manuscript,
dissertation, monograph, etc.

A document is considered to be printed if it was created by using a printing or
other method different. This kind of documentation is produced by publishing houses
or printing houses. On a printed document there is evidence that a paint layer is
applied to its coating. Today's printed document is considered the most common
group of documentation: this includes magazines, brochures, newspapers, and so on.

Mechanical is a document where information is recorded mechanically.

Magnetic polarity. Magnetic tapes and the like [17].

A photographic document that is created by the photographic method is
considered photographic [18].

An optical document where information is recorded using a focused beam of
electromagnetic field of optical radiation.

A laser document where information is recorded and read using a laser beam.

Systematization of documentation based on the circumstances of their existence
in the external environment.

In accordance with this, the totality of documents is subdivided in accordance
with the circumstances of their existence in the external environment is considered a
universal feature of systematization. The document should not contain any
documents. The introduction of relative systematicity, time and place of exit of the
document in the external environment and so on.

Systematization of documentation on how regularly it appears.

By the systematic nature of the appearance, periodic documentation is issued
that comes out at specific time intervals, numbered or dated, issues that are issued in
the same way, and non-periodic documentation that comes out once and has no
continuation. The systematic appearance is distinguished by weekly, monthly and the
like. Periodic documentation includes a newspaper, a magazine, a newsletter, express
information, serial and continuing publications. Non-periodic documentation includes
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books, albums, and the like [19].

Systematization of documentation on the time of occurrence in the external
environment. By the time the document is released in the external environment, a
copy is distinguished and this document is considered the original. At the publishing
house - a publication that has undergone editorial and publishing processing, has been
signed into a set or print and prepared for delivery to the printing company. During
copying, the original is a copy of this document. A documentary copy is a document
reproducing the information of another document and all its external distinctive
features or some part thereof. External distinctive features are understood as those
that determine the method of recording information, physical condition, medium, size
of the document, and so on. All originally published copies of the same circulation of
the book are considered originals, and their reprints - copies.

7.2. Classification of methods and algorithms of workflow systems.

The initial data from the system of goals of an electronic document can be
conditionally divided into a number of groups. Office systems are read by one of the
groups. First of all, to solve the problems of document management of local
enterprises. Record keeping systems are considered pioneers in the computerization
of Russian entrepreneurs [20].

Such a system can be used extremely effectively in a structure where vertical
managers are clearly identified. As a rule, similar structures correspond to the
established and mandatory standards for the creation of documentation and a certain
nomenclature. If the document does not require compliance with state standards.
Management systems can be solved.

There are electronic archives for this. They differ from office systems. The
functionality of electronic archives is considered to be the storage of documentation,
ensuring rapid access to them. Archival organizations, security services, large
manufacturing companies. The convenience of their use lies in their compactness,
reducing the cost of storing documentation, and at the same time, the necessary data
1s discovered [21].

Today on the market there are a sufficient number of different types of
automated systems, which, in particular, CAD - an automated workflow system,
EDMS - an electronic document management system and so on. Each of them
independently carries out prioritization. To decide what kind of system it is, this is
the year for the customer completing the order.

You can analyze the systematization of systems.

Relatively Automated Systems

- paperwork in general;

- serious documentary circulation;

- serious detection and archive functions;

- documentation that is accounted for and controlled.

Authors and software developers.

Below are a number of types shown in Figure 1.
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V

DEM - Document
Management Svstem

Svstems in relation to applicable IT

Electronic archives

Business Process Automation Group Management Systems
Svstem (WSM) (GroupWare)

Business Process Automation
Swstem (WSM)

Figure 1 - Systematization of systems with respect to IT used

Here is a more detailed function and performance of systems of each type. The
DSM are systems that control the documentation. This system is universal, that is,
machines automate the entire set of tasks assigned to clerical work — from the
creation of the documentary project and until such time as he will be charged in the
case [22].

The DSM is a system that is based on the production DBMS: Informix, Oracle,
MS SQL Server, Sybase. Keeping you can perform in the database and in the file
system. The disadvantage of having to store information in the database can be
considered that they are closely tied to a specific system that manages databases of
information and complexity to restore them after failures, but directly in the file
system - weak security of stored information. The exchange of documents between
users is a special subsystem routing and exchange. The vast amount of DSM have the
editors of reference books, test registration cards to establish various types of
attributes documentation.

Business systems are systems of automation of business processes (so-called
workflow system). The basis of such these systems is the definition of the workflow.
The basic unit in such systems is work that must be performed with certain conditions
in a certain order and established performers. To perform work in a variety of time to
control time and content.

Information about the work of the workflow, the system stores in the database
information, records, or occurs on the server (in database, file system), or in
accordance with a map of the work being transferred physically from one artist to
another. If record-keeping is done on the server, the user transfers only the rights of
access to them [23].

An important part of these systems is considered a graphic workflow editor
works. Possible free, hard and combined routing, sequential and parallel execution of
the works. The advantage of such systems is the presence of open interfaces and
mechanisms for integration with other applications. These systems are primarily used
for automation of documentary turnover and multi-step routine office operations.
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Group management systems are systems that are based on group work
(groupware system). These include, first and foremost, Microsoft Exchange, Lotus
Notes and Novell GroupWize. Systems of organization of group work are considered
to be advanced options for your email program and from the outset its existence was
intended for the organization of data exchange in the group — messaging and not
documents. The development of groupware systems in the exchange of documents
was due to higher market competition among the developers of such systems.

Group management systems have limited the size of the database native format
or have the opportunity of ODBC connection with the database management system,
a partial SQL support, developed system full-text search. Built on the platform of
such system adopt the main disadvantages of the platform in the first place, document
flow and control and accounting functions, search functions and storage.

Electronic archives are automated systems that control the execution of the
documents. Their objectives are the basis of all of the documentation organization
and control of execution of documents. The system, based on a personal database
management system, plant log books and control or control and registration card
documentation information what about the approaching completion of the
enforcement of overdue documentation, issues the reporting information.

Electronic archive is an automation system, used primarily in order to realize the
storage of electronic copies of documents and discovery; it can also perform
functions of electronic documentary. Documents are stored in operating system files
or in the database. It is possible to search as the parameters, and internal documents.

Comprehensive systems that control documentation ECMS (Enterprise Content
Management System) is used to solve a lot of management companies. They can be
subjected to processing and storing virtually all kinds of documents from simple text
documents to email messages. The systems include functions of such systems, as the
electronic archives of the documentation management system and workflow system.
On the market of such products is mainly in foreign development, however it should
be noted that many Russian systems are practiced is to ultimately bring their
functionality to the capabilities of the systems.

All of the above types of systems must meet the current requirements of
portability, scaling, support mobile users and remote groups work through the
Internet, based on 3-level model "client - server", have a modular architecture, it can
be simple and easy to administer, have an intuitive interface, well-organized search
function. Systems should integrate with such standards as OLE Automation, ODMA,
ODBC, CORBA and with office applications and mail programs, have open APIs. A
significant role is played by the integration with documentation input systems: OCR -
programs, scanners, e-mail servers, fax servers, voice mail systems.

Conclusions.

The document is considered the basis of the electronic document management
system. A document is in a certain way ordered information. In turn, a system is a
set of components that interact in an orderly manner with each other and with
elements of a subsystem, designed to perform certain functions and have certain
properties that are reduced to the properties of elements, more precisely, to their sum.
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These elements in the electronic document management system are documents.

The purpose of documentary circulation cannot be represented by some
isolated branch in the overall business process of the enterprise. = Moving
documentation is closely combined with other tasks that are solved by the company's
information system. In addition, the task of automating workflow lies at the junction
of traditional "paper" technologies for working with documents and new computer
technologies. The company’s documentary circulation system contains many special
production, structural and organizational aspects, corporate. settings, corporate
standards and requirements, certain procedures for interaction between services and
contractors, depends on technical equipment, etc.

Conclusion. The problems of information security of distributed information
systems are considered. The analysis of information security threats, channels and
methods of implementation of the security threats in distributed information systems
is carried out. A comprehensive approach to information security of distributed
information systems is proposed.
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CHAPTER 8.
INCREASING THE SPEED OF FRACTAL IMAGE COMPRESSION USING
TWO-DIMENSIONAL APPROXIMATION TRANSFORMATIONS
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Beryn

300paxkeHHs, K1 OpecTaBieHi B IUGpoBiid Gopmi, HEoOXiAHO 30epiratu Ha
HOCISIX Ta TIepelaBaTH KaHalamMu 3B’s3Ky. [l exkoHomii mamM’saTi Ta OuIbII
€()EeKTUBHOTO BHKOPHUCTAHHSI PECYPCIB CUCTEMHU CTBOPIOIOTH CIELIaIbHI aJIfTOPUTMH
konyBaHHs [1-4]. 3o0paxkeHHss — 1€ OCOOJMBHM BHJI JaHUX, SKUH Mae
HAJIJTUIIKOBICTh y JIBOX BUMIipax, IO JIa€ JOJATKOBI MOXJIMBOCTI JJISl YIIUIbHEHHS
[4]. OnHUM 13 MEPCHEKTUBHUX METO[IB YUIUIbHEHHS 300pakeHb € (pakTaibHU
Meton [4]. PpakTaabHE KOAYBaHHS — 1€ MAaTEMATUYHWUWA MOPOLEC ISl KOJIYyBaHHS
pacTpiB, sIKI MICTATH peaibHE 300paKeHHS, B CYKYITHICTh MaTeMaTUYHUX JIAaHUX, IO
OMHCYIOTh (PpaKTaybHI BIACTUBOCTI 300pakeHHs. llelt Bua KoayBaHHS 3aCHOBAHMIA
Ha TOMY, IO yC1 NPHUPOAHI Ta OUIBIIICTh IITYYHUX OO’€KTIB MICTATH HaIMIPHY
iH(hOopMaIlito y BUTISIAI OAHAKOBUX OJIOKIB 300payKE€HHs, 1110 MOBTOPIOIOTHCS. BoHM
oTpuMaiu Ha3By ¢pakrtaniB. OpakTan — 11e CTPYKTypa, IKa CKIAAAETHCS 3 MOTIOHUX
dbopM 1 MaTIOHKIB, IO 3yCTPIYAIOTHCS B PI3HUX PO3MIpax.

AKTYaJIbHICTh

Anroput™M (GpaKkTaabHOTO YIIIJIBHEHHS BIIOMHH THM, IO B JCSIKAX BHUIAIKAX
JI03BOJISIE OTPUMATH AY’KE€ BHCOKI KOE(ILIEHTH YUIUIbHEHHS (HalKpal NpuKiaad —
1o 1000 paziB npu OpUMHATHINA Bi3yadbHIM SKOCTI) ISl peanbHUX (ororpadiii
OPUPOAHUX OO0’€KTIB, IO HEMOXJIMBO JJI IHIIMX QJITOPUTMIB YIILJIbHEHHS
300pakeHb 3 BTpaTamu [1 — 2].

OCHOBHHMM HEIOJIKOM (PpaKTaTbHOIO METOJY € HU3bKA IMIBUAKICTH KOTYyBaHHS,
dKa TMOB’s3aHa 3 TUM, IO JJII OTPUMAaHHS BHUCOKOI SIKOCTI 300pa)KeHHS s
KOXXHOTO PaHroBOro OJIOKY HEOOX1JHO BUKOHATH TMepedip yCiX JOMEHHUX OJIOKIB, 1
JUISl KOSKHOTO JOMEHHOTO OJIOKY HEOOXIHO BHUKOHATH HE MEHIIE BOCHhMHU adiHHUX
nepetBopeHb [3 — 5]. OnHa 3 MOKIMBUX €PEKTUBHHUX Ta MIBUAKUX CXEM KOJIyBaHHS
300pakeHb (paKTaJbHUM METOJIOM, 3amporioHoBaHa ApHo JXakenom (Arnaud
Jacquin) [2]. Arne sKkm0 mNopaxyBaTh KUIBKICTh OIEpaiii MHOXEHHS JUIs
3HaXOJ/KEHHsI KoedilieHTIB adiHHUX IEPETBOPEHb OJHOTO PAHTOBOro OJIOKY B
300pakeHHi y rpajgamisx ciporo posmipom 512x512 (4*°=512, k=4,5) mikcenis npu
po3mipi panroBoro OJsioky 4x4 (n=4), nomeHHOro 8x8 1 Kpoli BHOOPY JTOMEHHHX
0JIOKIB 2, TO HaBITh VI AJITOPUTMY 3alIPOIIOHOBaHOMY JKakeHOM 3arajibHa KiIbKICTh
oreparlii MHOXKeHHsI OyJie JOCUTh BEJIMKOIO 1 ckiazae [1]:

M =8(4n" (" =3)+9n> )=8(4-4%° . (4° ~3)+9.47 )=8193152.

OTxe, 3a7a4a MIABUILEHHS MIBUAKOCTI YIIUIbHEHHS 300pakKe€Hb (PpaKTaTbHUM
METOJIOM € JOCUTh aKTyabHOIO. [Ipy MOKpalieHHi MOKa3HUKIB MIBUAKOIT alTOPUTM
(pakTanbHOTO YIIUIBHEHHS MOXKE CTaTH OJHUM 3 Hale(PEeKTHBHIIIUX aITOPUTMIB
VIITbHEHHS 300paXkeHs [1].
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8.1. MartemaTu4Ha MoJeJIb KOJYBAHHS-1E€KO1YBaHHS 300paKeHb
(ppakTaIBLHUM METOAOM

3 (pi3uvHOI TOUKH 30py PpaKTanbHe KOAYBAHHS I'PYHTYETHCS Ha TBEPIKEHHI, 1110
300paxeHHs] MICTUTh adiHHY HaJUIMIIKOBICTb. MaTreMaTuuHa MoJelb, SKa
BUKOPUCTOBYETbCA TpPU  (PPaKTAIBHOMY CTHCHEHHI 300pa)ke€Hb, HA3UBAETHCS
cuctemamu itepyrounx Qynkmiii (Iterated Function Systems — IFS). Cucremnu
iTepytounx (QYHKIIHA MICTITh HAOIp CTHCKAJIbHUX MEPETBOPEHBb w;, SIKI MOJIHBO
3a1aTu Tak [4]:

W(ES) = w, (S), (1)
ne S — 300paxeHHs.

BigmoBimno no Tteopemu banaxa, icHye TieBHMI KJac BigoOpakeHb, SKi
HA3WBAIOTHCA CTUCKAJIBHUMU 1 JUII HUX CIPABEJIMBO TakKe TBEPHKCHHS: SKIIO [0
SIKOTOCh 300pakeHHs f) MU TTOUHEMO Gararopa3oBO 3aCTOCOBYBaTH BijioOpakeHHsT W
TaKUM YMHOM, I1IO:

f, = W), f = W), (2)
TO TMPH «1», IO TPSIMYE 0 HECKIHUCHHOCTI, MU OTPUMAEMO TaKe came 300paKeHHS
HE3aJIe)KHO BiJ] TOTO, K€ 300pa’kKeHHSI MM B35LJTH 32 f) :

f=Limf, (3)

i—>0
300pakeHHsI f HAa3WBAETHCA HEPYXOMOIO TOYKOIO TMepeTBopeHHs W abo
aTpaKkTOPOM.
B sikocTi mepeTBOpeHb w;, BUKOPUCTOBYIOThCS aiHHI BiJOOpaKeHHS:

X a b 0| x dx

1 1

wly|=|c¢ d. 0 y+dy, (4)

1 1

z) 1o o s|z]| |o

i

ne a; b, c;, d;— adinni koedimienTn aedopmartiii, CTHCHEHHS, 00epTaHHs; dx, dy
— Koe(ilieHTH TepeMilleHHs; X, ¥ — KOOPAWHATH TOYKH, 110 MEePETBOPIOETHCS; Zz — 1l
IHTEHCUBHICTb. [lapameTp S, Kepye KOHTPACTHICTIO, @ O; — SICKPABICTIO 300pakKeHHS.
3Hauun Koe(i)il_[ieHTI/I UX NNCpCTBOPCHb, MU MOXKCMO BIJHOBHTH ITOYATKOBE 306pa>K€HH$I.

Anroput™m (pakTaibHOTO KOAYBaHHS 300pa)KeHb MOXHa omnucaTt Tak. [Ipomec
YIIUTbHEHHS] TIOYMHAETHCS 3 TOTO, 110 300payKEHHS CIIOYATKy PO3LISETHCS HA OJIOKH,
10 HE MEePEKPUBAIOTHCS (paHTroBi1 00JIacTi), a MOTIM Ha JOMEHI OJOKH, SIKI MOXYTh
B3a€EMHO NEPEKPUBATHUCS, SIK 1€ MTOKa3aHo Ha puc. 1 [2].

JloMeHu MOBHHHI MaTU XapakTepHi (hparMeHTH, siki Hajadl BUKOPHUCTOBYIOTHCS
JUIs TTIOOYIOBU JIEKOJAOBAaHOTO 300paskeHHs. Iliciisi 1IbOTO MOYMHAETHCS KOAYBaHHS
300paXeHHs MUIIXOM Mi00py JJIs1 KOKHOI paHTOBO1 00J1IacTi HalOLIBII BiAMOBITHOTO
JIOMEHa, 3a JIOTIOMOIOI0 SIKOTO PO3IOJLI SICKPAaBOCTI B PaHroBiil obsacTi Moxke OyTH
anpOKCUMOBAaHUN PO3IMOALIOM SICKpaBOCTI y JomeHi. Jlms Toro, mo06 oTpumaru
HaWKpalry ampoKCHUMAIlll0, JOMEHH MiIJaloThcsl aiHHUM TIEPETBOPEHHSAM, Y
pe3yabpTari SKuX Bi0YBa€ThCA HE JIMINE iX TeoMeTpudHa Aedopmailis, a ¥ 3MIHU
KOHTPACTY Ta SICKPABOCTI. SIKIIIO PO3MOIIIOM SICKPABOCTI B MEPETBOPEHOMY JOMEHI
HE BJIAE€THCS JOCSATTH 3aJI0BUIBHOI ampOKCHUMaIlii pO3MOLIy SICKPABOCTI Y PAHTOBIM
o0nacTi, paHroBa 00JacTh AUIUTHCS HA YOTUPU YaCTHHH 1 MPOIEC TOBTOPIOETHCA.
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A )

Puc. 1. Bin6ip 0.10kiB Ha 300paxeHHi: a — paneosux, 6 — 0oMeHHUX

SkicTh HEOOX1AHOI ampoKcUMallli 3aJa€TbCi Y BHUINIAAl JOMYCTUMOTO 3HAUCHHS
CEepeIHhOTO  KBaJpara  IOMUJIKM  amnpokcumamii  (CepeagHpboro  KBajpara
HEeB1AMOBIIHOCTI). HoMepu noMeHiB, BUKOPUCTAHUX MPU KOAYBaHHI KOXKHOT PaHTOBO1
o0rnacTi, a TakoX Koe(ilieHTH aiHHUX MEPETBOPEHb 3aNMUCYIOThCs y (aitn. Daiin
YIIUTBHEHOTO 300pa)kKeHHsSI MICTUTBH 3arojioBOK 3 1H(OpMAaI€ Mpo pO3TallyBaHHS
pPaHTOBUX 00JacTEH 1 JIOMEHIB, a TAKOXK TAONHII0 €(PEKTUBHO yHMaKOBaHUX aiHHUX
KOe(DIIIEHTIB J1JI KOXKHOT paHTOBO1 00J1aCTI.

OnHa 3 MOXIMBUX CXEM KOJyBaHHA 300pakeHb (PpaKkTaJTbHUM METOAOM,
3anpornonoBana ApHo XKakenom (Arnaud Jacquin), MiCTUTB Taki eTanu [4]:

— 300paxeHHs PO3IUIAETHCS Ha 00MacTi, 10 MPUMUKAIOTH OJHA JIO0 OJHOI
po3mipom NxN (paHroBi o0macri).

— 3amaetbcs  HaAOIp JoMeHHUX oOmacreir. JlomMeHHI 007acTi  MOXYTh
NEpEeKpUBaTUCh, BOHM HE TIOBUHHI OOOB’S3KOBO 3aKpUMBaTH BCIO IOBEPXHIO
300paskeHHs. Po3aMipu joMeHHUX oOnacteil 3Bu4aitHo Buobuparoth 2Nx2N.

— Jlns xokHOi paHTroBOi 00J1acTl MiAOUPAETHCS JOMEHHA O0NacTh, SIKA MICTS
adIHHUX TEPEeTBOPEHb HANTOYHINIE ampOKCHUMY€ paHroBy obOnactb. Ha mnpakrwuini
3aCTOCOBY€ThCSl BICIM BapiaHTIB BIJIOOpa)K€HHS OJHOIO KBajapara B I1HIIMA 3
BUKOpHUCTaHHSAM a(iHHMX IepeTBopeHb. Lle moBopotu 300paxkeHHs Ha kytu 0, 90,
180, 270 rpagyciB BIZHOCHO MOro LEHTpa 1 MEPETBOPEHHS CHUMETPii BIJHOCHO
OpPTOTOHATBHHUX OCEH, SIKI MPOXOAATH Yepe3 LIEHTP (PparMeHTy MepPHeHAUKYIIPHO
MO0 CTOPOHAM.

— TouHicTh anpokcumanii  F BU3HAYAETHCSH 324 JIOIIOMOTOO
CEpPENHbOKBAAPATUYHOTO KPUTEPIIO:

F=2(8d;+0;=1, ), ()
i

fie d, — 3HaYeHHs, OTPMMaHi B pE3yJbTaTi yCEpeIHEHHs IO (parMeHrax 3

po3MipaMu 2X2 €JIEMEHTIB JOMEHHOI 00JIacTi, 110 MPHUBOJIUTH ii PO3MIP A0 PO3MIpY
PaHroBOi 00JIACTi; 7; — 3HAYEHHs CJIEMEHTIB PaHroBoi obnacti. 3mimeHHs O, Moxe

OyTH SIK KOHCTAHTOIO, TaK 1 OMMCYBaTUCh IMOJIHOMaMH IIEPIIOr0, IPYroro, TPEThOro
MOPSAKIB.
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[TpupiBHABIIM 10 HYJIS YaCTKOBI MOX1H1 Big Bupasy 1o S1i O:

0L =0, (©)
oS 00
3HaiaeMo 3HaueHHs S 1 O, TpU SKUX JOCITAETHCSI MIHIMYM BUPa3y:
1 n n
O Lz 2 =82d, |, (7)
ij ij

2 n n n
n Zr,jd,-j —ZGZ%
7 T,
2 - $ 2 .
w3 <34,
ij i

JlomeH1 010KM 3BUYaiHO BUOUPAIOTH 3 KPOKOM #/2 Tipu n=4. Y BUX1IHUHN (aii
3aMUCYIOTHCS TaKl HapaMeTpH:

— Koopaunatu momeHHOT 007aCTi 3 HAWMEHITUM 3HAYCHHSIM F

— 3nauenss st O 1S, orpuMani 3rigHo ¢opmyi (7, 8);

— Howmep adinHOrO epeTBOPEHHS.

JlekonyBaHHS YIIUJIBHEHOTO 300pa)XK€HHS HOCHUThL I1TEpalliiHUM XapakTep 1
CKJIQJAETHCS 3 TAKUX €TaIliB:

1. CTBOpIOIOTECSL J1Ba 300pa)K€HHsS OAHAKOBOro po3Mmipy A4 1 5. Po3mip nmx
300paxkeHb HE OO0OB’A3KOBO JIOPIBHIOE pPO3MIpY IOYATKOBOTO 300paKeHHS,
MOYaTKOBUI MaJltOHOK obiacteld 4 1 B Oyab-siKuil.

2. 300paxkeHHs1 5 po30MBaeThCs HA PaHroOBl OONACTI TaK, SK Ha MEpIIid cTajil
MpoIIeCy CTUCHEHHs. [[ns KokHOT paHTroBOi oOmacTi 300pakeHHST A BUKOHYETHCS
adiHHE TIEPETBOPEHHS BIJIMOBIHOT JOMEHHOI 00yiacTi 300pakeHHsS A 1 pe3yabTar
MOMIIIAETHCS Y b.

3. Bukonyrotbcst  omepaiii  1A€HTHYHI  MONEPEAHbOMY  MYHKTY, TUIbKH
300paxeHHs 4 1 5 MIHSIOTbCSI MiCLISIMHU.

4. bararokpaTHO TOBTOPIOIOTBCA JPYrMd 1 TpeTId KpPOKH JIOTH, TOKH
300pakeHHA 4 1 b HEe CTaHyTh HEPO3PI3HEHUMHU.

OCHOBHUM HENOJIIKOM (PPAKTATBHOTO METOAY € HU3bKa IIBUJKICTh KOJYBaHHS,
sKa MOB’s13aHa 3 THUM, IO JJI1 OTPUMaHHS BUCOKOI SIKOCTi 300paXkeHHS JUIsl KOSKHOTO
paHTOBOIrO OJIOKa CIiJi BUKOHATH IMepedip yCiX MTOMEHHUX OJOKiB, 1 I KOXHOTO
JIOMEHHOTO OJIOKa CJTi/1 BAKOHATH HE MEHIIIE BOCbMH a(iHHUX MTEPETBOPEHB [5].

S =

(8)

8.2. Binomi cnoco0u nmiaBHIIEHHSI IBUAKOCTI (PPAKTATIBLHOTO AJITOPUTMY
ylliJIbHEeHHSI 300paKeHb

JIns miAgBUINEHHS IMIBUAKOAII Ta €(QEeKTUBHOCTI (paKTaIbHOIO KOJTYyBaHHS
300pak€Hb BHUKOPHUCTOBYIOTH psiJi METOAIB onTuMmizamii. Halinpocrimmid 1
HaWIMOBUIBHIIIMK CMOCIO (pakTaIbHOrO KOAYBAHHS MOJIATa€e y MEPEBIPLl KOMXKHOTO
JIOMEHHOT'0 0JIOKY 1 BUKOHAHHI 00UYHMCIIeHb 3riHO BUpa3iB (5), (7), (8). Takuit cnocid
Ha3UBAETHCS IOBHUM MOIIYKOM ab0 moBHUM miepedopoM. [Ipu kogyBaHHI 300pakeHb
MPUPOTHOTO TOXOKEHHSI MOKHA TIABUIIUTH IIBUIKOII0 KOXyBaHHS, MPUAHSBIIH
S = 1, OCKUIbKH, BpaxOBYIOUM CTATUCTUKY 300pak€Hb, 3aBXKIU 3HANIETHCS
JIOMEHHUN OJNOK, SKHI ampoOKCHUMY€ 3aJlaHui PpaHTOBUHA OJIOK 3 HEOOXITHOIO
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touHicTiO. Toxi 3 Bupasis (5), (7) oaepxKuMo:

F=2(d;+0;=1,)", ©)
i
1 n n

0=—A2r-3d, |, (10)
no\ij i.j

KoHTpacTHICTh EKOIOBAHOTO 300paKEHHS MOKE€ OyTH BIJHOBIICGHA 1HITUMU
MeTojaMu. Take CIpOIIEHHS 103BOJISIE 3HU3UTH KUIBKICTh apu(METUUHUX OIeparliii
Ha 60% 1, BIAMOBITHO, MIABUIIUTH MBUAKICTh YIITLHEHHS.

Haiiimomimii MeTOAM TMIABUIICHHA IIBUAKOJIT KOXyBaHHS 300pa’ke€Hb
(dpakTaTbHUM METOJOM TakKi [2]:

1. [Tomyk noMeHHUX OJIOKIB, ISl IKMX F HE MEePEeBUIILY€E 3aJaHOTO 3HAYEHHS.

2. JlokanbHUM Ta CyOJIOKAIHHUHN TOIIYK.

3. [3oMeTpuuHe nepeadaveHHs.

4. Knacudikamis JIOMEHHHUX 1 PAaHTOBUX OJIOKIB, PAaHTOBUI TOPIBHIOETHCS 3
JIOMEHHUMHU OJIOKaMHU TOTO ) CaMOTro Kjacy.

HeoOximno Bim3HauuTH Kiacudikaliro, 3anpornoHoBany AphHo JKakeHom [5].
Bona rpyHTYy€eThCS Ha TOnoJI0riT O6JI0KIB 1 Iepeadayae:

— O710KM 0€3 KOHTYPIB;

— OJIOKH, 1HBapIaHTHI JI0 OpieHTAIli (TeKCTypHI OJIOKH);

— KOHTYpPHI 010K (BUKOHY€ETHCSI IIOBHUI 11epeoip).

8.3. llinBuieHHs IBUAKOCTI QPaKTAJIBHOIO yIIIIbHEHHS 300pakeHb 32
PaxXyHOK ABOBMMIipPHOI allpOKCUMANT
JIs miABUIIEHHS MIBUAKOCTI YIIIJILHEHHS 300paxeHb 3a cxeMoro ApHo JKakena
IPOIMOHY€ETHCSI BUKOHYBAaTH IMOMNEpPEAHIN BIAOIp JOMEHHHMX OJOKIB Ha OCHOBI
Koe(ilieHTIB anpokcumanii [6-7].
Y Bunmajky JiHIMHOI ampoKCUMallil 3HAYEeHHS TIKCEes ISl JABOBHUMIPHOTO
300paK€HHsI BUBHAYAETHCS TaK:
f(x,y)=ax+by+c. (11)
VY 3aranpHOMY BHMAAKy 3HA4YCHHS f(X,)) BIIPI3HIIOTHCS B 3HAYCHHS TIKCEIS
Zxy. MiHIMaNIbHE 3HAUYEHHSA BIJCTaH1 JOCSTAETHCS MPU MIHIMAILHOMY 3HAYEHHI CyMH
KBaJpaTiB BiJcTaHeH, TOOTO:

N M
— 2 _ .
S—Z;Z;(ax-i-by-l-c—zxy) = Min, (12)
x=1 y=
ne M, N — po3mipu 300paskeHHSI,
Zyy— 3HAYEHH$ IIKCeJs B TOYLl 300pa)KeHHs 3 KOOPAUHATAMHU X, ).
®OyHKIiA S Mae MIHIMATLHUNA €KCTPEMyM y TOYIll, J€ YaCTUHHI MOXIAHI BiJ
KOe(ILi€HTIB JOPIBHIOIOTH HYJIIO:
oS oS oS
—=0, —=0, —=0. (13)
Oa ob oc

Takum 94MHOM, OTPUMAEMO CHUCTEMY 3 TPHOX PIBHSHB I TPHOX HEBIJOMHUX.
Jl1st panTroBUX OJIOKIB 3 pO3MipoM 7 = 4 cucTeMa pIBHSHb TaKa:
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4 4
120a +100b +40c = ZZnyx

y=1 x=1

4 4
100a+1205+40c =3z y (14)

y=1 x=1

4 4
40a+40b+16c=>"3 "z
x=1

y=1

Po3p’si3aBmin  cuctemy piBHSHB (14) MOXHA It KOXKHOT'O PaHTOBOIO 1
JIOMEHHOT'0 OJIOKIB BU3HAYUTH KOe(IIIEHTH anpoKcuMallii a, b, c.

OTtxe, mpoliec KoayBaHHs Oyjie MaTH Takl JOJAATKOBI KPOKHU:

1. Koxxen nomeHHUH 1 paHroBHil OJOK MOJAEMO Yy BHUIJISAL KOEQIIIEHTIB
anpokcumartii. Jlyis n = 4 xoedirientu anpokcumariii 3 (14) o0UnCIIOIOTHCS TaK:

4 4 4 4
-322% +1,2Zszyy

b: x=1 y=1 x=1 y=1 15
2 , (15)
4 4 4 4
3222xy —ZZnyx —20b
_x=1y=l1 x=1 y=1 , (16)
8
4 4 4 4
333z, >3 -8
a= x=1 y=1 ;—(1) y=l1 ) (17)

2. 11t KO’)KHOTO PAaHTOBOTO OJIOKY BUKOHYETHCS TOMEPEAHIN BiAOIp TOMEHHHUX
OJIOKIB 3a TpbOMa KOE(IIli€eHTaMHM ampoKCHMAallii, HANpUKIAJ, 3a KBaJApPAaTUYHUM
BIIXUJICHHSIM:

Srdl: (ar _ad)z +&r _bd)z +(Cr _cd)z’

Sa=(a, _bd)2 +(D, _ad)z t(c, _Cd)za

ne a, b, ¢, — xoediieHTH anmpoKCUMaIlil sl paHTOBOTO OJIOKY; a4 by Ca —
Koe(iIieHTH anmpoKCUMaIlii 1Jis TJOMEHHOTO OJIOKY.

3 BigiOpanumu OJOKaMH BUKOHYIOTbCS TEpPETBOPEHHS, XapaKTepHi s
dpakranpHOTO yIIUTbHEHHST MeToIoM JKakeHa. OCKiTbKM BHUOpaHUX OJIOKIB 3HAYHO
MEHIIIE 3arajbHOi KUJIbKOCTI JOMEHHUX OJIOKIB, TO CJIiJ] OYiKyBaTH 3HAYHOT'O BUTPAILITY
B IIBUIKO/II.

(18)

8.4. IlpakTnuHi pe3yjbTaTH

MonentoBaHHs, sike BUKOHAHO MOBOIO mporpamyBaHHs Python, mokasano, mio
3aMpPONOHOBAHUI METOJA MIABUIIEHHS MIBUIKOCTI (PPAKTAIBHOTO YIILIbHEHHS
300pakeHb J103BOJIAE TOCATTH MIPUCKOPEHHs y 5 — 10 pasiB, MOPIBHAHO 3 METOJIOM 3a
cxemoro ApHo JKakena (moBHMiI nepedip), 6€3 cepilo3HUX BTPAT Bi3yaldbHOI SKOCTI
300paxxeHHs (puc. 2).
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0)
Puc. 2. Pe3yabTraTi MOAEII0BAHHA IIBHAKICHOTO (DPAKTAJIBHOIO YINIIbHEHHS:
a — opucinanbHe 300padicents; O — 300paddcenHs, 6IOHOGIeHe NiC/isl KOOYBAHHS
3anpONnOHOBAHUM MEMOOOM.

Hanpuxnan, Ha ofHOMY i TOMY 5K KOMIT I0TEp1, JUIsl KOyBaHHs 300paskeHHs
po3mipoM 512x512 meronom 3ampornoHoBaHUM ApHO JKakeHOM MOTpiOHO OJIHU3BKO
52 XBUINH, a JJI1 KOJAYBaHHS 300payKEHHS 32 METOIOM 3alPOTIOHOBAHUM BHIIIE —
BCHOT'O 5 XBWJIMH, TOOTO IIBUIKICTh KOyBaHHS 3pocia y 10 pasis.

J171s1 TOpiBHSAHHS 3aMPOMIOHOBAHOTO MeToAy 1 MeToy ApHo JKakeHa B TaOiuIli
1 HaBeneH1 pe3yabTaTH AJi1 300pa’keHb PI3HOTO PO3MIpY.

Taoauus 1
IHopiBHSIHHSA Yacy KOXYBaHHA 300pakeHb Pi3HUX PO3MipiB
Po3mip [ToBHMI1 epebdip, | 3anponoHOBaHUIMA Koegimient
300paKeHHS cek (tg) METOJI, CeK (ts) MPHCKOPCHHA
’ (tg/ts)
128x128 9,7 1,4 6,9
256x256 195,5 23,7 8,25
512x512 3125 302 10,34
1024x1024 19333,12 1587,5 12,2

Yum Oumbmri  po3mipu  300pakeHHST THUM Kpamli pe3yJbTaTd 3a0e3mnedye
3alpONOHOBAHMM METOJI, OCKUIbKM MOMNepeAHiil BimOip 3MEHIIye Ui KOXHOTO
pPaHroBoro OJOKY IPOCTIp MOIIYKY JOMEHHHUX OJIOKIB.

BucHoBok

OCHOBHUM HENOJIKOM (PpaKTaTLHOTO METOJYy € HU3bKa MIBUAKICTh KOIyBaHHSI,
sgKa TOB’Si3aHAa 3 TUM, 110 JJISS OTPUMaHHS BHCOKOI SIKOCTI 300paKeHHS s
KOKHOT'O PaHroBoro 0jioka HE0OX1JTHO BUKOHATU Mepedip BCiX JOMEHHUX OJIOKIB, 1
JUIS KOYKHOTO JJOMEHHOTO OJIOKa HEOOXiJHO BUKOHATH HE MEHIIE BOCBMU a(iHHUX
MepEeTBOPEHb.

3anmpornoHOBAaHO METOJ MMiJABUIIEHHS MIBUAKOCTI (PpaKTaabHOIO YIIiIJILHEHHS
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IUISIXOM TIOJJaHHSI PAHrOBUX Ta JOMEHHUX OJIOKIB y BHUIVISAI KOe(DiIlie€HTIB
anpokcuMariii. lle m03Boisie BUKOHATH IIBMIKHWIA MOMEpeAHil BiAOIp JOMEHHHX
OJIOKIB, IO B pe3yibTaTl MiABUILYE IMIBUIKICTh (PAKTAIBHOTO YIIUIBHEHHS B
cepenapoMy y 10 pasis.
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CHAPTER 9.
METHODOLOGICAL JUSTIFICATION OF THE SYSTEM OF FINES FOR
CAUSING DAMAGE TO THE RECREATIONAL POTENTIAL OF THE
RESORT CITY

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-047

OcHOBHbIE IOHATHS.

AgnpecHbIi 00BEKT — (U3MYECKUN OOBEKT reorpaduyeckoi MPUBSI3KU BHUJA
PEKpeaIrmoOHHOTO MOTEHIIUAJIa UK 00bEKTa Ha MECTHOCTH.

Bnanenen oOwekta / 3acTpoMImuk Oyaymiero oObeKTa — IIOJHOMPABHBIC
COOCTBEeHHUKH 00BEKTa — reorpaduueckoro pacroIOKCHHS BO3HHUKIIEro yiepoa,
nu00 WCTOYHMKA yIiepOa, HAXOMSIIErocs B HOPUAWYECKH IIOJHOM BJaJgeHUU /
BPEMEHHBIC PACIIOPSIUTENIN HEMPUHATHIX B AKCILTyaTAI[UIO0 CTPOUTEIILHBIX 0OBEKTOB.

NMumx  «ropoma-Kypopra»' (HaXOOMTCA B CTaAMUd  METOHOJOIHYECKOTO
dbopMHUpOBaHUST — OIPEACIICHHEe HEOKOHYATEIhbHO W JIOMOJHSETCS HACTOSIIAM
MCCJICIOBAHMEM) — JIEJIOBAasl PEIyTaIlys TOpojia, MPU3HAHHOTO TEPPUTOPHUATHLHOM
KYPOPTHOU 30HOI? MpeAcTaBisiomas co00i OLIEHKY CTENEeHH yA00CTBa M Ka4ecTBa
peanu3yeMblXx B €AWHOW CHCTEME KaK TPHUPOAHBIX, KyJIbTYPHBIX H JIp.
PEKpEalMOHHBIX PECYpPCOB  (PEKPEAlMOHHOTO TOTEHIMAJIa) KypopTa TaKk |
MHOPACTPYKTYPHBIX JTOCTHKEHUH Topona (IO OTHOIICHWIO K SlnTte BmosHE
IPYMMEHAMA KOHCTPYKIHMS KypOPTHOM CTONMIBLI® KaK BBICIIETO YPOBHS TaKOTO
UMU/JIKA).

OO6bekT mTpada - OTHOIIEHHUS, OXpPaHSIEMble OT HETAaTHUBHBIX BO3JEHCTBHH,
KOTOPBIE€ BO3HHMKAIOT B PE3yJIbTaTe€ CHIKCHHS IIEHHOCTU OOBEKTa PEKpEearmOHHOTO
ITOTEHIHAAIA.

OOBEKT pPEKPEarMOHHOTO TOTCHIMAlla — HOCHTENIh Habopa peKpearinoOHHOM
IIEHHOCTH WJIK UX Habopa (KOMIUIeKCa) NIl PeKPEaHTOB.

VYiep0 ropoJcKoro peKpearioHHOro pecypca KypoOpTHOTO TOPOJia — CHUKEHHE
IIEHHOCTH PECYPCHOTO MOTEHIIMaNa U HHPPACTPYKTYPHBIX BO3MOKHOCTEH CHIDKCHHUS
J0CTyIa K HUM, BJIEKYIIEe K COKPAIICHHUIO TTOTCHIIMAIILHOTO JI0XO0/1a OT peau3aiuu
KYPOPTHBIX YCIIYT.

[TonaTre HEHaKa3yeMOI'o0 COCTOSHUS 11  OOBEKTOB PEKPEAIMOHHOTO

! KypopThl 0OT/IHYAOTCS OT PEKPEALMOHHBIX 30H TEM, YTO MMEKT B CBOEM COCTABE, KPOME MPUPOJIHBIX JIEUEOHO-
03/I0pPOBUTENBHBIX PECYPCOB (MCTOYHMKOB MHHEPAIBHBIX BOJ, JIEYEOHBIX Ips3eii, OJIaronpHusTHOTO KJIMMara), CUCTEMY
TEXHUYECKUX (TMAPOTEXHUYECKUX — IUTHEBbIE Tajepeu, OroBeThl, OaJbHEOTEXHUYECKHX — BaHHBIE  3/aHMUS;
KypOPTHBIE IApKH) ¥ MEIUKO-OPTraHM3allMOHHBIX PECYpCOB, a TakXke JieueOHO-NPOPMIAKTHIECKUE YUPEKICHUS —
CaHATOPUH U KypOPTHBIC NONHMKIMHUKY (M JPYrHe YUpeKICHUS ISl JICYCHUS M OTJbIXA) U TIO3TOMY MOTYT OKa3bIBATh
MEIUIITHCKYIO (CaHATOPHO-KYypPOPTHYIO) IMTOMOIIb OOJBHBIM PasziIHIHOro mpodmisi. B cBoro odepens, pekpeallnOHHBIE
30HBI (0a3bl (OMa) OTABIXA, B TOM YHCIIE B KyPOPTHBIX MECTHOCTSX) MMEIOT JIHIIb IPHPOTHBIE O3JOPOBHUTEIHHBIE
pecypchl M paccUMTaHBl Ha O3[0POBJICHHE 3[0POBBIX IOACH M NMPOQMIAKTHKY y HHX XPOHHUIECKHX 3a001eBaHMN
(Bukumenus).

2 Tlpouecc TMPUCBOEHMS CTaTyca KypOpTa TOPOJCKAM TIOCENEHHSM periiaMeHTHpyercs DesepanbHbIM 3aKOHOM OT
23.02.1995 r. Ne26-®3 «O npupoHbIX Je4eOHbIX pecypcax, JIeueOHO-03/I0POBUTEIILHBIX MECTHOCTSIX M KypopTax» (C
n3M. 28.12.2013 r.) u [locranoBnenuem npasutenbetBa PO ot 07.12.1996 r. Ne1426 «O06 yTBEep>KACHHH MOJ0XKEHHS O
NIPU3HAHUH TEPPUTOPHUH Je4eOHO-03/10pPOBUTEIBHBIMH MECTHOCTSIMH M KYpOpPTaMH (elepallbHOTO 3HAYECHUs» (B pej.
ITocranosnenus IlpaButenscrsa PO ot 20.12.2002 r. Ne909).

3 — KypOPTHBIE CTOJIMIIBI — KPYTJIOTOUYHBIE KyPOPTHl MUPOBOTO YPOBHS C IIMPOKUM CIEKTPOM CaHATOPHO-KYPOPTHBIX
U TYPHUCTCKHMX OpraHW3alMi, HAYYHBIX M Y4YEOHBIX 3aBe/ICHHH, M3y4aIOMIMX NPOOJIEMbl KypOPTOJIOIHH M TOTOBSIIUX
CHELHUATINCTOB B 00JIaCTH Typu3Ma
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NOTEHIMAJla —  COOTBETCTBHE  LIEJIEBOMY  HA3HAYCHHIO, TEXHOJIOTMYECKAS
3aKOHYEHHOCTh 0€3 CJIEIOB BETXOCTH, CBEPXHOPMATHBHOTO WM3HOCA, OTCYTCTBHUS
JOTIOJIHUTENIbHBIX KOHCTPYKIMU YW JUHUM (KOHIUIIMOHUPOBAHUS, CIYTHUKOBBIX
AHTEHH, DJIEKTPO-Ka0eJe U Pa3BOJKH CBSI3H).

PexpeanmoHHbId MOTEHIMAI - 3TO COBOKYIMHOCTh MNPHUPOJHBIX, KYJIbTYPHO-
HUCTOPUYECKUX U COIUATBLHO-YKOHOMUYECKUX 00BEKTOB/TIPEANOCHUTOK (YCIIOBUM) IS
OpraHu3anuu PEKPEAllMOHHOM AEATEBbHOCTH Ha OIPEJECICHHON
TEPPUTOPHUH (005A3aTENLHOCTH MPUBS3KU K TEPPUTOPHUN ).

PexpeaHT — moTeHIIMAIBHBIN MTOKYIIATENIb PEKPEalMOHHBIX YCIYyT (KaK MPOAyKTa
PEKpeaIMOHHOM eI TEILHOCTH).

PekpeanrionHast 1esTe€IbHOCTh - 3TO JAESITENbHOCTh YEJIOBEKa B CBOOOAHOE OT
paboThl BpeMs, OPraHM3yeTCs B paMKaX PEKPEallMOHHOM OTpaciii B CaHATOPUSIX,
MMAHCUOHATAX, IOMAX U JIAr€PsIX OT/IbIXa, B TYPUCTUUYECKUX YUPECKACHUSIX U T. .

PexpearnrionHbie pecypchbl COBOKYIMHOCTh OOBEKTOB U CHJI MPHUPOJIbI, 0OHEKTOB
KYJbTYPHO-UCTOPUYECKOTO  HACIEAWs, a TaKXKe PpPE3yJbTarTOB  YEIIOBEUYECKOU
NESATEILHOCTH, BBICTYMAIONIMX KaK BEAYIIME CcUcTeMooOpasyroue (aKTOpsI
Pa3BUTHS pa3HBIX BUOB U (HOPM PEKPEAIMOHHON JIeITETLHOCTH.

PekpeanimonHoe  XO3sMCTBO —  OTpacib  XO3sHCTBa, oOecrnednBaroIias
yJIOBJIETBOPEHUE MOTPEOHOCTH HACETICHUS B PEKpealluu.

Pexpeanrionnas reorpacdusi, Hayd. HampaBlieHUE B reorpaduu, uzydaromiee Tep-
PUTOPHUAIBHBIE 3aKOHOMEPHOCTH YEJIOBEYECKOM JI€STEIbHOCTH, HAIPABJICHHOM Ha
BOCCTaHOBJICHHE CIIOCOOHOCTH HaceleHus K TpyAy. PaccmaTpuBaeT 3aKOHOMEPHOCTH
dbopmMupoBaHUsl, pa3BUTHS, PA3HOOOPA3Us U PACTIPOCTPAHCHUS TEPPUTOPUAIIBHBIX pe-
KpEallMOHHBIX CHUCTEM, MEXaHW3M WX JCUCTBUS, CBSI3M MEXAY HHUMU W
B3aUMOJICMCTBUE C IPYTUMU I'€OCUCTEMAMMU.

TepputopuansHo-pekpeanriontas cucteMa (TPC) — 310 cnenuanu3upoBaHHast
TEPPUTOPHS, KOTOpasi MpeHa3HaueHa Jisi OOeCleUeHUs PEeKpealry U TOJydeHHUs
JI0X0/1a 32 CUET YUPEKACHU, CBI3aHHBIX C 00CITYKUBAHUEM PEKPEAHTOB.

Typucrtckass AeCTUHaLMS - PELIAIIIMI AIEMEHT TYPUCTCKOM cuctemsl. Ee
MOXHO  OXapakTepU30BaTh Kak IEHTp (TEPPUTOPHUI0) CO BCEBO3MOXKHBIMU
ynoOCTBaMU, CpeAcTBaMU OOCITY>KUBaHUSI W  yClIyramMu s oOecredeHus
BCEBO3MOYKHBIX HYXK/]I TYPUCTOB.

9.1. ITocTaHoBKa MPO0JIEeMHO CUTyalld¥ B BONIPOCAX OLEHKH NOTEPb
PeKpeanuoOHHOr0 MOTEeHHAIA.

[lon pexpeallMOHHBIM TOTEHIIMAIOM TeorpauuecKkux 30H MOpa3yMeBaeTcs
rpyIna HpUPOAHBIX, KYJbTYPHBIX, UCTOPUYECKHUX, COLMAIBHBIX U 3KOHOMMYECKHUX
YCIOBUM Uil BEIEHMS BOCCTAaHOBHUTENIBHBIX IPOLECCOB HAa KOHKPETHBIX
TEPPUTOPUAIBHBIX y4yacTKax. (OCHOBOMNOJAraroUI€l COCTABIIAIOIIEH BBICTYIAIOT
IIPUPOAHBIE 3amackl. B HacToOsAIIEM Cilydae TEPPUTOPHAIBHO MOTEHIUA OTPaHUYCH
IpaHALIAMKM Tropoja. J[aHHBIM MOAXOJ MOXHO CYUTaTh HECTAaHJIAPTHBIM TaK Kak B
KJIACCMYECKOM IIOHMMAaHUHU NOTEHLMAJ OLIEHUBAETCS B MacIuTabax:

o MUPOBBIX;

* TOCYTapCTBEHHBIX;

* PaliOHHBIX.
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I'panunpl ropona — OrpaHMYEHUE HCKYCCTBEHHOE, BMECTE C TEM MOKET
BKJIIOYATh BCE DJIEMEHTHI PEKPEALMOHHOTO OTEHIIMAIa TEPPUTOPHUH.

PexpeaninoHHBIN TOTEHIHANI TEPPUTOPHUM BKIIFOUAECT:

¢ PECYPCHYIO COCTABJISIOLLYIO;

¢ COLIMATTHO-3KOHOMHUYECKYIO COCTaBIISIOIIYIO;

* PEKpEaLMOHHbBIE PECYPCHI;

» MaTEPUATILHO-TEXHUYECKYIO 0a3y;

o TUMUTHPYIOIIKE (HAKTOPBI.

Ha TeppuTtopuu ropoga OHM MOTYT pacioJiararbcsi HEPaBHOMEPHO, HACIauBasiCh
Y YCUJIMBAs KaK MOJIOKUTEIbHBIN, TAK U HETaTUBHBIN 3(PQEKTHI.

Huxe cxemMaTMUHO NpPUBEAECH NEPEUYEHb KOMIIOHEHTOB, KOTOPHIE (POPMUPYIOT
pEKpealoOHHbIN TOTEHIMAl, puc. 1.

B oOs3arensHOM mOopsake OepeTcs BO BHHMaHWE  HAMPaBICHHOCTHh
pekpeallioHHOM 30HbI. Ha HayanbHBIX CTaAMsIX BBIIOJHEHHUS HCCIEIOBATEIbCKUX
MEpPOIPHUATHI TpeOyeTCsl MPOBECTH JETAbHBIN aHaJIN3 COCTOSHUS TEPPUTOPUU U €€
MOTEHIIMaja Ha KOHKPETHOM JTarle.

Yro kacaercsd r. SiThl, HAa OCHOBE KOTOPOIO MOATOTOBJICHA JaHHAsi METOIUKA, -
Oonpimasi  paboTa 1O 30HMPOBAHUIO TIPOBEIECHA  SIITMHCKUM  TOPOJCKUM
HCIIOJIHUTEJIbHBIM COBETOM JIEMIyTaTOB U FOPOJCKON aAMUHHUCTpaleil. 30HMpOBaHHUE
KypopTa IpOBEAEHO JOCTATOUYHO MOJPOOHO (Y4TO M OYIET YYTEHO MPHU YCTAHOBICHUU
MONPABOYHBIX KOI(DPUIIMEHTOB K OCHOBHOM CTAaBKE MO TUITY yIIepOa).

\J )

N
> <

Puc. 1. KoMmnoHeHTsl, (popMUpYIOLIHE PeKPeallMOHHBIN MoTeHuaJua [19]

IIpon3BoauTCcs OLIEHKA IOKa3aTeled NPUPOAHBIX 3amacoB. B mampHeliem
HY’)KHO H3YYHUTb MaTepUalIbHO-TEXHUYECKHE PECypchl U CPOPMHUPOBATH BBIBOJ O
MaKCUMAaJIbHOM IOTEHITMAJIE YJacTKa 0€3 HaHeCeHUs eMy yiepoa.

[IpyHuMass B KadecTBE TAaKOIO «ydacTKay TEPPUTOPUIO TOPOJa-KypopTa,
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OCHOBHOM aKIEHT JOJKEH ObITh cJieJJaH Ha CHUCTEMHOCTh M3Y4YEHHUS TaKoro
HMCKYCCTBEHHOTO 30HHMpPOBaHHsA Kak TOpOJCKas dYepra, TOr0 Tropoja, KOTOPBIHA
CIEHHATU3UPYETCS HA IPUHATUU TYPUCTOB-KYPOPTHHUKOB.

B mocneayromue Tpu JeCATUICTHS SKOHOMHCTaMH, Teorpadamu, y4eHBIMHU
APYTUX CIEHIHATBHOCTEN MOCTOSHHO YTOUYHSUIUCH COAEPKAHUE 3TOTO TOHSTHS.

Tak, mo omnpenenennro A.B.Tunbyra wu A.I'. Me3eHiieB omnpeaensioT
pPEKpearMoOHHbIE PECYPCHI — 3TO OOBEKTHI U SIBJICHUSI IPUPOJIBI U KYJIBTYPhI, KOTOPHIE
MOTYT OBITh HCIIOJB30BaHbl MJIi PEKPEAIMOHHOW JEeSTEeIBbHOCTH 4YeJOBEeKa MpH
OTIPEICJICHHBIX COIMATIBLHBIX, SKOHOMUYECKUX U TEXHUUECKUX YCIIOBUSIX.

T.B. HUKOJIa€HKO TpaKTyeT pEKPEAMOHHBIE PECYPCHl KAK KOMITOHEHTHI
MPUPOJHON Cpelibl M (PEHOMEHBI COLMOKYIBTYPHOTO XapaKTepa, KOTopbie, Oiaroaaps
ONpEeJEICHHbIM CBOMCTBAM, MOTYT OBITh HCHOJB30BaHbl JJII OpPraHU3ALMU
PEKpeamoHHOM AesTenpbHoCTH [1].

JlanHast ~ TpakTOBKa Ba)XHa TEM  4YTO  YCTaHaBIMBAaeT OWHAPHOCTh
PEKpealoHHOro pecypca Kak 00beKTa, COCTOSILIEr0 U3 MPUPOIHBIX U UCKYCCTBEHHO
CO3JIaHHBIX KOMIIOHEHT/()EHOMEHOB PECYPCOB PEKPEAIIMOHHOW HAMpaBIEHHOCTH.
Tako#t akiieHT 00OCHOBBIBAET BO3MOXXHOCTh KOMOWHAIIMU B YCUJICHUU TOJIE3HOCTU
pEKpearMoOHHBIX 00BEKTOB WM YCUJICHUS yIepOa Mpy MX MOBPEXKIACHUHU (CHUKECHUU
LIEHHOCTH).

ITo muennto B.A. KapranbHoBa u M.B. 30puHa, pekpealiiOHHbIE PECYPCHI —
3TO YacThb TYPUCTCKHX PpECYpCOB, KOTOpas MpeACTaBIsieT CcOOOW MNPUPOJIHBIE
Y aHTPOIIOT€HHbIE T€OCUCTEMBI, TEJIa U SIBICHUS IPUPOJIbL, apTe(aKThl, 00IaAat0NINe
KOM(OPTHBIMHU CBOMCTBaMU U MOTPeOUTEIbCKOM CTOMMOCTBIO NJIAA
PeKpeanuoHHON 1eiTeJIbHOCTH, U MOTYT OBITh KMCIOJIb30BaHbI JHS OpraHU3aluu
OTZIbIXa W O3[IOPOBJIEHUSI OMNPEJEICHHOr0 KOHTHMHIEHTA JIIOJed B (PUKCHPOBAHHOE
BpEMsSI C MIOMOIIbIO CYHIECTBYIOLIEH TEXHOJOIMH U UMEIOIIUXCS MaTepUATbHBIX
BO3MOXHOCTEM [2].

[IpuBeneHHoe  ompeneieHUE  BKJIIOYACT  TMOHATHE  «IOTPEOUTEIHCKOM
CTOMMOCTU», U KOHKPETHOE YCJIOBHE, U MECTO €€ BO3HUKHOBEHHUS, (POPMUPOBAHUS U
BO3MOKHOM MOTEPU — PEKPEALUOHHAS 1ESITEIbHOCTb.

B nHayyHOW JuTepaType  BCTPEYAETCA U TAKOE€  OINpENEJeHUEe, TAC
PEKpEAIMOHHBIE PECYPChl TOHUMAKOT KaK COBOKYIHOCTh KOMIIOHEHTOB MPUPOJHBIX
KOMIUJIEKCOB M OOBEKTOB  HMCTOPUKO-KYJIBTYPHOTO  Hacienus, (GOpMHUPYIOUIUX
TapMOHHIO LIETIOCTHOCTU JIaHAIIaTa, MpsSMOE WM OMOCPEIOBAaHHOE MOTpeOJIeHHE
KOTOPBIX OKa3bIBAaeT OJarompusTHOE BO3ZCHCTBHE, CIIOCOOCTBYET MOAJIEPKAHUIO
¥ BOCCTAHOBJICHUIO (PU3UYECKOTO U JYXOBHOTO 3/IOPOBBS UEIOBEKA.

JlaHHOE ompeaeneHre BKIIOYAET 3JEMEHThl CyObEKTUBU3MA U B JaJbHEUIIEM
MOJKET YCIOKHUTH (OPMUPYEMYIO METOUKY.

AHanu3upysi M3J0KEHHBIE BBIIIE ONPEACICHUS MOHATUS «PEKPEAlMOHHbIC
pPECYPChI», aBTOpP paccMaTpPUBAET PEKPEAMOHHBIE PECypchbl B KaUeCTBE OOBEKTOB
U CUJI TpPUPOAbI, OOBEKTOB KYyJIbTYPHO-UCTOPUYECKOTO HACIEOusl, a TaKXKe
pE3yJbTAaTOB  YEJIOBEYECKOM  NIEITENBHOCTH, BBICTYNAIOIIUX KaK  BEAyLIUE
cucrteMooOpasyromue (GakTopbl pa3BUTHS Pa3HBIX BUJIOB U POpM pekpearmoHHOM
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nesTeTbHOCTH .

Cpenn 0cOOEHHOCTEHN MOHATHUS «PEKPEAIIIOHHBIE PECYPCHD» BBIICISIOTCS:

— Ka4eCTBEHHAs! PA3HOPOIHOCTh COCTAaBA PEKPEALMOHHBIX PECYPCOB;

— Ka4eCTBEHHAsl U KOJIMYECTBEHHAs! MCUEPIaeMOCTh, BO30OOHOBUMOCTb U BpPEMs
UX MPOU3BOJICTBA;

— HaJIMYMe CUCTEMHOT0 3(heKTa Npu X IKCIUTyaTallH;

— JIMNMUATUPYEMOCTh JIIOOBIM U3 MPHUPOAHBIX (HAaKTOPOB, MapaMeTpbl KOTOPOTO
MPU3BaHbI JUCKOM(OPTHBIMHU.

JlanHble OCOOEHHOCTH YYTEHBI IUIAHOM 30HUPOBAHMS TOpoOJa, M Kak ObLIO
YIOMSIHYTO paHHEe, JaHHbIM I1aH OyAeT BBICTYNAaTb OCHOBOW Jisi OLIEHKH
OOJILIIIMHCTBA PECYPCOB.

[Ipexxne Bcero HEOOXOAMMO OTMETUTBH, YTO OLEHUBATH BECh MOTEHIMAI — HE
1eJIb — 000COOUTH KaXK/IbIi KaK OCHOBA JJisl ITpada — BOT OTIUYHE U OJJHOBPEMEHHO
YKpYITHEHHas 3a7a4a (GOpMUPYEMON METOAMKHU.

Cy1iecTByroIIMe MHEHHS, (HOPMUPYIOITHE ITPOOIIEMY:

[Tockonbky cdepa TypusMa U 1O KOHTHHTEHTY OOCIYKUBAaE€MbIX, U IO
XapakTepy yupexXJIeHUi nis ux oOCIyKMBaHUS BO MHOI'OM COBHaAaeT co chepoi
peKpeanuy, IOCKOJIBbKY TPYAHO YCTaHOBHUTb, KTO HMMEHHO IIOJb3YETCS JaHHOMN
YCIYTOM — MECTHBIM PEKPEAHT WM NPUE3IKUA TYPUCT, IIOCTOJIBKY H3YYECHHUE
reorpaduu pekpeanuu 1 TypusMa (U COOTBETCTBYIOLIUX TEPPUTOPUAIBHBIX CUCTEM)
00BEMHAETCS B OJIHY JUCIMILIAHY".

Heobxoaumo nonsitue komiuiekcHoro tuna cpegaHero pekpeanta (KTCP) — kak
MOTEHIIMATBHOTO UCTOYHUKA MOJTYUYEHHUs J10X0/1a (TJIaBHOE OTJIMYKE OT MPEIbLIyIIUX
MIOAXO/I0B, ONPEAEISIONINX MOTEPU PEKPEALIMOHHBIX PECYPCOB M3-32 HEBO3MOXKHOCTHU
OTJIay¥ BJIOKEHHBIX CPE/CTB).

[Tog xommuiekcHbiM TUOM cpeaHero pekpeanta (KTCP) B nanHom
VCCJIEIOBAHUM CUUTAETCS MPUE3KUA TYpUCT, KOTOPBIA B pa3pe3e BIMSAHHS WMHJDK-
MOTEPH JIJIs TOPOJIA.

[lepBasi 0COOEHHOCTH OIpeNeeHUs] COCTOUT B TOM, YTO (DaKTHUECKU He
YUUTBHIBACTCSI MECTHBIA JKUTENb — HOTPEOUTHh PEKPEAMOHHBIX PECYpCOB B BUJIE
yciryr. OCHOBaHHEM JJIsl TAKOTO JIOIMYIIEHUS sSIBJISeTCs (PUHAHCOBAsi CTOPOHA BOMIpoca
OTJAAaYM Ha CO3JaHHBIA PEKpEallMOHHBbIM noTeHuuan. IlpoxuBas Ha TeppuUTOpUU
ropoja-Kypopra (Wil B HEMOCPEACTBEHHON OJIM30CTH) MECTHBIN JKUTEINb, MPEATOYTS
0oJjiee TPUBJICKATENbHBIA C €ro TOYKH 3pEHUsT OOBEKT pEeKpealud MOTPATHUT
JICHEKHBIE CPEJICTBA B MIPE/esiax PEKPEalMOHHON MIONIaAd ropoja (Wi OJIM3KOH 1o
IpaHMIIAM JIECTUHALIUU, HAallpuMep, B npeaenax bonpmoit Anter).

UTo KacaeTcss KaTEropun «IPUE3KUN TYPUCT» TO B €70 COCTABE MOHO BBIJEIUTH

4 XonmacbekoB  A.A., Mamamuspos M.JI., KommacbekoBa B.A. TYPUCTCKO-
PEKPEALIMOHHBIE PECYPChl KAK OCHOBA TYPUCTCKO-PEKPEALIMOHHOI'O
[MTOTEHLIMAIJIA // MexayHapoIHBIH >KypHaJl 3KCIIEPUMEHTAIBHOTO0 oOpazoBanus. — 2013. — Ne
11-3. — C. 213-214; URL: http://www.expeducation.ru/ru/article/view?1d=4357 (nara oOpameHus:
14.10.2019).

3 Tony6unk M.M., ®ait6ycosuua 2.J1., Hoconos A.H., Makap C.B. DxoHOMUUECKas U COHATbHAS
reorpadust / OCHOBBI HayKH; Y4eO. Ut CTyJ. BbICHI. yuel. 3aBeieHriH. — M.: ['yMaHUT. U3/ LEHTP
BJIAZIOC, 2004. — 400 c.: n.
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cienyrorue Tubl (kaaccudukarus I):

- OJHOpa3oBble TMOceTUTENW | (HEJOsIbHBIE W 0€3 MEepCHeKTUB CTaTh
JOSUTBHBIMU B OyAyILIEM);

- OJIHOPa30BbIE MOCETUTENU 2 (C MEePCHEKTUBON MPUOOPETEHUs JOSIBLHOCTU B
Oynymem);

- TpPaJAMIMOHHO  OTIBIXaWOIIME KypopTa HocCeTUTeNn 3 (MMEIoIIME
HEJIBUYKUMOCTD B TOPOJIE);

- TPaJMLUMOHHO OTIbIXaloIMe KypopTa nocetutenu 4 (0e3 NepCreKTUBBI
MpUOOPETEHUSI HEABUKUMOCTH B TOPOJIE B OYIyILIEM);

- TPAJUIIMOHHO OTABIXAIOIINE KypOpTa MOCETUTENN S5 (EPCTIEKTUBHBIE KIUEHTHI
MOKYIKHA HEJIBUKUMOCTH B TOPOJI€ B OyIyIIEM).

be3ycnoBHO, AJid KaXIOro W3 MEPEUUCICHHBIX THUIIOB MPHUE3KUX TYPUCTOB
MOTEHI[MANbHbIE MOTEPU OyIyT pa3IUYHBIMHM, OJHAKO HMCUHUCIUTH HMX C BBICOKOU
CTENEHbIO JIOCTOBEPHOCTH HEBO3MOXXHO. [IpM MOKYNKM Kakoro-nubo oObeKTa
MECTHBIM JKHTEJIIEM WJIH TYPUCTOM IOCJIEAYIOIINE TpaTbl HAa WHBECTULMOHHBIN
O00BEKT MOTYT OBITh MPAKTUYECKH HICHTUYHBIMU C TOYKH 3PEHHUS TOMOJHECHUS
MecTHOTO Oromkera. Baxxnocts Takoro genenust (kimaccudukanus [) Moxer
MIPOSIBUTHCS TIPU TOJICUETE KOJUYECTBA JHEH MpeObIBaHWSA TaKUX TYPUCTOB U TIPH
pPacCMOTPEHHUH 30HUPOBAHUS PEKPEALIMOHHOTO MOTEHIMANA C HAJIOKEHUEM Ha 30HbI
[0 TUIIAM 3aCTPOWKHM T'€HEPAJIbHOrO IUIaHa ropoja. Kmacc Kuinou HEOBUXKUMOCTH
KOppEJIMpYyeT C yPOBHEM pa3BUTHUS PEKPEAMOHHOW HUHQPACTPYKTypbl H
CYILLIECTBEHHO BJIMSET HA CIIPOC HA HEABUKUMOCTh IIPEMUYM-KIIACCA U «JE JIFOKCY.

[To MHEHHIO OTHOTO U3 CaMbIX aBTOPUTETHBIX OTEUECTBEHHBIX MCCIEN0BATENEH
COLIMAJIbHO-D)KOHOMHYECKON reorpauu U B TOM YHCIIE PEKPEallMOHHON reorpaduu
[Nomy6unka M.M., - «... eclii HaTypajbHbIE MTOKa3aTeNn (YUCI0 TYPUCTOB, IEPCOHAI,
3aHATHIA HETIOCPEACTBEHHO UX OOCTY>KUBAaHUEM) (PUKCUPYIOTCS OTHOCUTEIBHO TOYHO
Y CPAaBHHUMBI [10 CTPaHaM, TO HENb3s 3TOr0 YTBEPKAATh B OTHOLICHUH NTOKa3aTelel B
JNEHE)KHOM BbIpakeHHH. OTCYTCTBYeT €IWHas METOJMKAa IOACYeTa ... HE
YUUTBHIBAIOTCS JOXOAbl OT CJa4d BHAaeM T[OMEIIEHUH B YacCTHOM CEKTOpe
OTABIXAIOIINM, JAaYHHUKAM, OT MPOJAHHOW UM CEIbCKOXO3SAMCTBEHHOM MNPOIYKLIUU
JUYHBIX MTOJACOOHBIX XO3SUCTB, HE YUUTHIBAETCS EATEILHOCTh JETCKUX YUPEKICHHMI
JETHEr0 OTABIXA... TPYyIHO ONPENEIUTh JOJII0 JOXOIO0B OT IPHUE3KAIOIINX
PEKpPEaHTOB KakK MOKyIaTesel, MoceTUTeNeH yUpeKIeHn OOIIECTBEHHOTO TUTaHus,
OBITOBOTO OOCITY)KMBaHUS, KyJIbTYPHBIX yupexaeHui [19].

VYcraHoBiaeHue NTPOOIEMHOM CHUTyallud OLEHKH TOTeph PEKpPEalliOHHOTO
NOTEHIMAJIa KYPOPTHOI'O TOPOJa B CUCTEME €r0 OCHOBHBIX KaTEropuil MPEeACTaBICHO
B BHJIE CXEMbI CHCTEMHOTO B3aMMOJICHCTBHS yCTaHOBJICHHBIX MpPEAMETa, 00bEKTa U
cyOBeKTa BO3HUKHOBEHHS yuiepOa, puc. 2.

OOwmuit ypoH peKpeallmOHHOMY MOTEHLHATy KypOPTHOTO TOpoJa MOKHO
MIpeABAPUTEILHO CHOPMYTUPOBaATH BepOaibHO (He (PMHAHCOBO) KaK TaKOE COCTOSIHHE
pEeKpealoHHOro 00beKTa (COOBITHE), KOTOpPOE ISl peKpeaHTa BOCIPUHUMAETCS
HETAaTUBHBIM C TOUKHU 3PEHUSI HEOMIPABIAHHBIX OKUJAHUN OT HATMYHOTO COCTOSIHUS U
JTOCTYITHOCTH MPUPOJHBIX U COIMOKYJIBTYPHBIX OOBEKTOB, & TaK)KE€ BO3ZHHUKHOBEHUS
MOTEHIUATBHBIX YIPO3 UX dKU3HU U/ WU 3I0POBbIO.
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Cy0bexT — Bl1aJieNblibl (MM BPEMEHHBIE PacOPSAUTEIN HETPUHATHIX
CTPOUTENBHBIX 00BEKTOB — 3aCTPOUIITNKHN ) 00BEKTOB (MaTEpUaTHLHOW OCHOBEI
[IPUBSI3KH IIpeaMeTa U o0bexTa mrpadoB):

~~ ~ ~~

1. HOBBIX 2. y’Xe CyIIECTBYIOIHUX 3. ¢ 0co0BIM
3nanus (JIoma, IlamsTHBIC 3HAKH, 3erneHbIe Hoporu, Tpomsl,
IIPUIOMOBAS Ta0JINYKH, HaCaXJIeHUs CMOTPOBBIE TUIOIIAIKH,
TEPPUTOPHUS U yKazarew, (mepeBbs, TIEIIEXO/THBIE 30HBI
COOPYKEHHS Ha MeMOpHalbHbIE KITyMOBI, ajieu, (30HBI C OrpaHUYEHHBIM
Hel) JIOCKH U NapKy U T.11.) BBHE3/I0M)
:«ToqeqHHe» (4eTKO-ITOKaTM30BaHHBIC «ApeanbHble» (MOTYT 3aXBaThIBaTh U :
HepacuIMpseMble Ha TEPPUTOPHUH) HAaKJIAJbIBATHCS HA IPYTHUE)
N 2
w

IIpo6semMHas cuTyalusi — HEBO3MOXHOCTh OOBEKTUBHO-TOYHON MATEPHAJILHOM OLIEHKH
PECYPCHBIX OTEPb KYPOPTHO-TYPUCTKON JECTUHAIIMU C YUYETOM CTENIEHU UX BaXKHOCTHU B
pesyibTaTe AercTBuil (0o O6e37eiCTBYS) Cy0beKTa, a TAKKe MOPaJILHOI0 Bpeaa:

- UMHIXKY «KYpOPTHOrO Tropoja» (ImpuMmep ynoOCTBa M OPraHM30BaHHOCTH B paMKax

TYPUCTCKOM I€CTUHALINH);

- 3BaHMUIO <(BApPABHUIA CTPaHbD) (KOHKPETHOTO AakIeHTa Ha MEIULMHCKUE YCIYTH |
peanusalyy COOTBETCTBYIOIIUX (PaKTOPOB OOIIETO 0310POBICHUS, SKOJIOTUYECKOW YUCTOTHI —
MEAUIMHCKAs IeCTUHAINA);

- CTaTyCy «ropojia ¢ UCTOpHE» (IpUMep COXpaHEHHS UCTOPUIECKOTO HacIeausl (TypUCTCKast

IIpeamer (aeiicTBre/0e31eWCTBUE MOIIEPIKKH WITH YCUIICHUS

HETATUBHBIX COCTOSIHUMN MPH BO3BEIACHUM MJIM PEKOHCTPYKIIMH)

CHMKeHHNE LICHHOCTH BHEILTHETO Pocrta ¢pyHKIIMOHATBHBIX PUCKOB IPOTUBOPEUHS
BHJ1a (KpOMe UCTOPUUYECKON IIporpamMmamM: «aHTUTEPPOP», «IOCTYIIHAA cpeaa,
AOCTOBCPHOCTU U COOTBCTCTBUC «OKOJIOTHUA» (KQOMe KOMMYHAJIbHBIX PUCKOB
NepBOHAYAILHOMY ITPOEKTY) ROZMOXKHOTO TTOXANA. 3aTNIRHEAUS ROITHRIX NECVNCOR U
/\\
1F 1r

O0bexT mTpaga - CHIKEHHS LIEHHOCTH (B XY/IINX CIIydasX - IOTEPU) PEKPEALIMIOHHOTO
MOTEHITAa U3-3a; IeHCTBHs/0e3/IeHCTBHS HEIOOPOCOBECTHBIX BIIAJIEIIBIIEB/3aCTPONUIITUKOB
HaTPaBIIEHHBIC TPOTUB MOIJCPKKHA U COXPAHECHHUS PEKPEalMOHHOTO MTOTCHIINATIA)

* - PEKOHCTPYHPYEMBIE TOJIBKO C HHIUBUIYAIbHON OIEHKOW MTPOEKTa PEKOHCTPYKIIUH
Puc. 2. YcranoB/ieHue npo0JieMHO# CUTyalliu OLIEHKH NOTePb PEKPealHOHHOI0
NMOTEHIMAIAa KYPOPTHOI'0 rOpPoJa B CHCTeMe ero OCHOBHbBIX KaTeropuu

Bo3sBpamasce k puc. 1, MOXKXHO OTMETUTbH, YTO ISl YOPOILECHHS JaTbHEUIINX
paboT TO BBIJCIICHUIO U Pa3pabOTKH KPUTEPUEB CTAHAAPTU3AIUN U yYHUPUKAIIH
00BEKTOB PEKPEAITMOHHOTO MOTEHITAIA BCE €r0 KOMIIOHEHTHI MOKHO OOBEANHUTH B
CMBICJIOBBIE CBSI3KM THTA: [. «yHUKaIbHOCTh-aTTPAKTUBHOCTHY, Il. «Oe30macHOCTh-
TpaHcnopT-uH(pacTpykrypa». Ilokazarenb eMKOCTH  SIBISIETCS  BaKHEHIITUM
KOMIIOHEHTOM PEKPEAlMOHHOIO IOTEHIMaNa, €ro OLEHUWBAIOT HAa OCHOBE pacyera
CpeIHEN EIMHOBPEMEHHOM IUIOTHOCTH pPEKpeaHToB. JlemaeTrca 3TO C  LEINbIO
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YCTAHOBJICHUsI TIOPOTOBOTO 3HAYEHMS IOCEHICHUN TOTO WM HHOTO OOBEKTa, HE
MIPUBOJIAILIETO BOBHUKHOBEHUIO HEOOPATUMBIX U3MEHEHUN (HETaTUBHBIX).

OnHako B mpeiesiax TOPOJACKOW 4YEepThl pacueTbl TOJI0Bas peKpeanuoHHas
Harpy3ka (kak u 0oJjee JeTaau3upoBaHHBIC €€ PA3HOBUIHOCTH BIUIOThH 10 CYTOYHBIX
3HaUYCHMI) OyJeT MpaKTUYECKH BCErJa Ha BBICOKOM 3HAYE€HWW W WMEHHO OHa
00yClIaBIMBAET MAKCUMAJbHBIM Bpel JaXe OTHOCHUTEIBHO HEOOJbIIMM yHiepOam
PEKpearMOHHBIX O0BEKTOB B KypOPTHOM Topojsie. OCOOEHHOCTBIO SBISETCA TO, YTO
MPAKTUYECKU BCE OOBEKTHI B TOPOJIE YK€ HAXOASATCS IO MOIIHBIM aHTPOIIOTC€HHBIM
BO3JICMCTBUEM U CO3JaHbl C Y4YeTOM oOOecreueHus OOJIBIION MPOITYCKHOM
criocooHocT. Takxke K cnenu@uyeckuM 4YepTaMm KYpPOPTHBIX TOPOJIOB SIBIISETCS
YCTaHOBJICHUSI PUOPUTETA MEPONPUATUI 00eCTIeUeHUsI TTOBBIIIIECHHON 0€30MaCHOCTH
B MecTax OOJIBIIIOrO CKOIUIEHUs Jrofed (Hampumep, B Snre 3T0 ABTOBOK3aN).
BcenenctBue yero 6€30macHOCTb CTOUT MEPBOM B CMBICIOBOM CBSI3KE KOMITOHEHT
PEKpEaliOHHOTO MMOTEHIAaIa (Trn II. «06€301acCHOCTb-TPAHCIIOPT-
HHPPACTPYKTypa»). DTO O3HAYAET, YTO HEYJOOCTBO 3arpaauTeIbHBIX COOPYKEHUI
AHTUTEPPOpA IS JIIOJIEN Ha BOK3ajie HEJIb3sl CUUTATh YPOHOM JIJIsi PEKPEAIMOHHOTO
MOTEHI[MaJIa, HECMOTPS Ha 3aMETHOE YXY/IIICHHUE CKOPOCTH TEPEIABHUKECHHUS MEXKITY
miatgopmMamu ¥ T.1. HeoOX0aMMO OTMETHTh, YTO JaHHAas METOAWKA TOJHHMAET
npoOJjemMaTuKy, OoJjiee HAMpaBIICHHYI0O Ha MOPAJbHBIN yIIepd — pE30HaHC OT
KOTOPOTO MOXKET OBITh MOTCHIIMAIBHO 3HAYMTEIBHO BBHIIIE YEM HAJIMYKE MPSIMOTO
yiiep0a, Hampumep, 3€JIEHbIM HACaKICHUSIM, YOBITKM MO KOTOPHIM OyAyT paBHbI
CTOMMOCTH WX MPUBEJCHUS B IEPBOHAYATILHBIN BU/I.

MopanbHbiil yiiep0 Mo TeM K€ HACaKJICHUSIM MOXET ObITh YaCTO CBSI3aH C UX
HEMpe3eHTA0eIbHBIM  M3HAYAJIbHBIM ~ BHUJOM, HECOOTBETCTBYIOIIUM  CTaTyCy
KYPOPTHOTO TOpoja. 3ajaya TakoWd OIEHKH CYIIECTBEHHO CJIOKHEE M MOXKET OBbITh
peleHa Ha JaHHOM JTale pPa3BUTUS HAyKH TOPOJICKOTO XO3SUCTBA C OOJIBIIUM
KOJIMYECTBOM JIOMYIIIEHUH M CKOpee CTUMYJIHUPOBATh K JOCTHKEHUIO OOIEMHPOBBIX
cTaHmapToB  odopmieHus, UHPPACTPYKTYPHBIX  PEIICHUH,  MEpPONPHUATHIMA
0€30ITaCHOCTH T'OPOJICKOM CPEJIbl.

BTopoil acnmekT — 3TO 30HHUpPOBAHHE PEKPEAIMOHHOTO KOMIUIEKCAa ropoja B
3aBUCUMOCTH OT PEKPEAIMOHHON BaXKHOCTH.

YuuTtsiBasg, 4TO B TEMATUKE MCCIICAOBAHUS MPOMMCAHA TOPOJICKAS IE€CTUHALIMUS
KaK MECTO pealu3allMi PEKPEallMOHHOTO IMOTEHIMAJIa Ha IEePBOM MECTE CIEIyeT
3aKpENUTh HMEHHO TE€ acCMeKThl, KOTOpPhIE TMPHUCYIIM HMEHHO TOpPOACKOMY
00pa3zoBaHHi0, 00BEKTOB KYJIbTYphI, HCTOPUH, 3HAKOBBIX 00beKTOB «YHymec KOxxHOTO
bepera Kpsima» (k KOTOpbIM, Hampumep, oTHeceHa HalOepexnass um. JleHunna B
Snre).

OTTankuBasch OT 30HUPOBAHUS T'E€HEPAIBHOIO IUIaHa ropoja SiTel ObLIO
MPOBEJICHO TNPUCBOECHUE HHJIEKCA BaXXHOCTU ISl Kaxaoul tepputopuu. B
COKpAIIIEHHOM BU/I€ T€HIUIaH SIIThI MpeICTaBIeH Ha puc. 3.

[IpoBenneHHOE B paMKax BBITIOJIHEHUS pPabOT MO pa3pabOTKH HACTOSIICH
METOJMKH OBLJI0O OCTAaHOBJIEHO, YTO HA OCHOBE HCIOJb3YEMBIX ISl MOCTPOCHHS
TeHIJIaHa TMPUHIMIAX pa3paboTaHbl W TEHIUIAHBI JPYTUX TOPOJOB-KYPOPTOB B
Poccuitickon @enepanuu. Takke Hal0 OTMETUTD, YTO TOPOAA MOTYT CAMOCTOATEIIBHO
BbIpabaThIBACT €IMHBIN CTUJIb TOPOJIA, PEATU3YEMBbIX B IIpUPTAX U IEKOPE

MONOGRAPH 115 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1

DYHKUMOHANBHBIE 30HbI

SoHe SSCTPOMGA MHIMENIYSNBHBIMM XANLIMA JOMOMK
30HMpPOBAHUE, TUIT

«T»

3o SSCTPOMOM MENOITENHEMM MHOTOLESPTHDHEIMM JXOINEIMM J0MSMMA

3oMe $SCTPOMON CPEANEITENHE/MMN MHOTOKESDTHDHLMMN XN bMM TOMSMK

3oMe: ISCTPOMG MHOTDSTENHLMMN MHOTOKES PTHDHEIMM XIUNEIMM

Sornigyey i A———— 3oHupoBanue, TMI «10»
30#el TYPUCTHUSCKOTD UeHTPS -
30HE HEYUHO-NCCNEZ0BITENLCKOMD HISHAUSHNS 30HI/Ip0BaHI/Ie, THIT «4»

30mHs PEIPESLUMOHHLIX YUDEMISHMR
Joms 3eneHex HecaxIesui 0SWerD NoNsIoEaHKA

Rouunnrauue Tt «Ow

MnsxHee 10Hw

3onupoBanue, Tin «10»

30ME CAHETOPHO-KYDOPTHEIX YUPEXISHNN

o ol Y

s 30HMPOBAHKE, TUIT «8)
Somsl 5 = iX MpHp X TEPPUTODMIA
3o necos 30HHpOBaHUE, TUTT «O»
30w peswewerus npeanpuaATii lil knaccs of
Jouu pesmewesus npeanpuATia IV Knsccs onacHoCcTH 30HI/Ip0BaHI/Ie, THUII
3o PSIMELYEHMR NPEANPMATIA V KNSCCS ONacHoCTH «1» (633 Koppe](]_[p[p[)
3ovu peamewyenna npeanpuATia Ses xnacca onacw
3ome MnKEHEDHOH KNDPSCTDYETY R 30HMPOBAHKE, TUII «3%
Joms HCNOPTHOR MHPECTPYKTY

- “jL | 30HMPOBAHKE, THI «7» _|
30ME TPEHCNOPTHEIX COPUROPOE
3omu cenucroXoaRi woro i 30HUPOBAHUE, THIT «5»
3oxs paswewenns o5renTos UMaNeHOM id 3 2
2 - OHHUPOBAHHUC, THII «z»
3omel 2eNeMBIX HBCEX, i CREUMEnbHOrD JeHuA), 30HE HeDNSroNPUATHLE ANA MPEICCTPOMTENEHOMND OCBOSHMA
TS SRNGHON IRARDTIRIIVINAON CRTSN 3oHupoBaHue, TUM «1»
3ows semens cSwero nonssceanns (663 KODDCKHI/H/I)

NMPUMEYAHHWE

DYHIUMOHENEHEIE 30ML. YCTEBHOBNEHME KOTOPEIX BOSMONXHO NPM YCNOBAM YCTPEHEHNA
MPOTHEODESMI, BLSESHHBI! DECNONOMEHMEM B HMX 3eMensHeX yuscTeoe. oSpasoeanHex Ges yuers
OPaHMUSHMN, YCTEHSENMESEMEIX ANR 30H ¢ ocobDeium y wenos TEPPUTODMM B
COOTBETCTEMM C 38xoHOASTENsCTEOM Foccmmcron Oeaepaunn

30ME © HANOXEHWEM TDEMAL JEMENEHBX YUSCTEOE C PSINWUHBMKA BMISMM DSIDEWEHHOrD
WCNONBSOBSHMA WNM HANWUWEM NPOTHEOPeuMms npss cobcT 0B HEX YUSCTEOE
roCYASpCTEEHHBM MHTEDECaM

Puc. 3. I'enepajbHbIi JIaH Topoaa ATkl C yCTAHOBJIEHUEM THUIIOB K
NpPUMEeHsIeMOil MUHMMAJIbHOM CTaBKe BO3MellleHus yiiepoa
PEKPeallHOHHOMY NOTEHMATY IOpojia
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oopMIIEHHsI BBIBECOK MAarasMHOB, YUYPEKICHHI, CAHATOPHUEB, PEKJIAMHBIX ILUTOB,
(OHTAHOB, KOJIOHHAA M JPYTHMX MAaJbIX apXUTEKTYypHBIX 00BekTOB. Ilo nmanHOoMmMy
BOITPOCY OBLI UCCIIEN0BAH ONBIT ropoga-kKypopra Anana (Kpacnonapckuii Kpaii, PO)
u nocénka ButszeBo (okpyr ropojga AHama). B kauecTBe OCHOBHOTO CTHJIS BBHIOpaH
KJIACCUYECKHM TPEUYeCKU WIM 3JUIMHCKUM CTWJIb KaK B 4YacTU WIPUPTOB, Tak U
ApXUTEKTYpHBIX pemeHud. OTKIOHEeHHEe OT OO0IIero CTWJIA Ha OCHOBHBIX
TPAHCHOPTHBIX apTEPUAX U B MEHIEXOJHBIX TYPUCTHUYECKUX 30HAX MOKET CIIYKHUTh
OCHOBaHMEM [iJIsi O(OpPMIICHHS MpeANucaHusl sl NPUBEACHHS BHEIIHErO BHJA
00BbeKTa K OOLIEIPUHITON CTUITUCTHUKE.

9.3. Onucanue cucreMbl LITPagOBAHUA 32 HAHECeHUe yiepoda
peKpealMOHHOMY noTeHuuaay roposa b. flnra
PekpealluoHHbIII  MOTEHIMA  TEPPUTOPUM — OTO HAOOpP  MPUPOJTHO-
KJIMMATHYECKUX, UCTOPUKO-KYJIBTYPHBIX, JI€4€OHO-03J0POBUTENBHBIX, CIIOPTUBHBIX
COCTAaBIISIIOIINX, HMMEIONIMX OJIaronpusITHOE BO3ACHCTBHE Ha (U3NYECKOE U
IICUXOOMOLIMOHAJIBHOE ~ COCTOSIHME  4YenoBeka.  Teppuropum ¢ TaKuMU
COCTABJISIIOUIMMHU BO BCEM MHUpPE UMEIOT OCOOYI0 LIEHHOCTh. JlJIT MX COXpaHEHHS U
YMHOXKEHHSI pa3padaThIBAlOTCA CIHEUUaIbHbIE MPOrpaMMbl 3alllUThl U Pa3BUTHS,
KpOME TOT0, Ha Y4aCTKaX, OTHAJIEHHBIX OT NPUPOJHBIX PEKPEALMOHHBIX TEPPUTOPHUN,
CO3MAIOTCS  PEKPEAlMOHHBIE 30HBI — IIApKW, BOJOEMBI, CKBEpBI, aJUIEH,
HMCKYCCTBEHHBIE IUISDKM, M IIp. Takue 30HBI IPU3BAHBl CIY’)KUTh HCTOYHHKOM
BOCCTAHOBJIEHUSI BHYTPEHHHMX PECYPCOB YEJIOBEYECKOro opranuzma. CoxpaHeHue
TaKUX TEPPUTOPUU DPETYIUPYETCS OTAECIBHBIM 3aKOHOJATEILCTBOM, 34 HApyILICHUE
KOTOPOTO TIPEAYCMOTPEHAa OTBETCTBEHHOCTh. IOxHBIN Oeper KpbiMa sBisieTcs
MPUPOJHON pekpeaninoHHoN 30HOM. Okosio 40% Bcero TypUCTHUECKOTO ITOTOKA
Pecniy6muku Kpbim npuxonutces Ha Tepputoputo T. b. Snta. Teppuropus sBisercs
YHUKQIBHOM 110 CBOMM cCOCTaBjsirolMM. bosbmias flnra  wu3BecTHa CBOMM
ONMaronmpusiTHHIM  KIMMAaToM —  BBICOKOHM  CpPEAHEroJloBOM  TeMmmeparypoil,
MPOJIOJDKATENBHBIM ~ KyHNalbHbIM CE30HOM M OOJIBIIMM  KOJMYECTBOM JHEM
COJIHEYHOTO CHSIHUSA, @ TaK)K€ BBICOKOM BIIAXXHOCTBIO BO3ayXa. Bc€ 310 sBIsAeTCs
OCHOBOM pa3BUTHS Ha TEPPUTOPUM JIEYEOHOM U KYpOPTHOH JAesTenbHOCTH. B
canaTopusax FOxuoro Kpeima jedar 3a0osieBaHUsI ONIOPHO-BUTATENBHOIO alliapaTa,
OpraHOB JbIXaHWs, HEBPOJOrnyYecKne 3abojeBaHus, 3a00J€BaHUS BEPXHUX
JBIXaTeNbHBIX MYTEH, bIXaHUs, CePACYHO-COCYANCTON CUCTEMBI, (DYHKIIMOHAIbHBIC
paccTpoiicTBa  HEPBHOM  CHUCTEMBbI,  3aHUMAIOTCS  YpOJIOTHEH,  Je4yeOHo-
03/10POBUTEIBHON MPOPUIAKTUKON, MPOBOAAT OOIIeTepaneBTHUECKoe JieueHue. 7%
TEPPUTOPHUH BCErO OKPYra 3aHMMAIOT PEKPEALMOHHBIC YUPEKIACHUS.
Yuciio BUAOB TypH3Ma, KOTOPbIE BO3MOXHO OCYILECTBIIATh Ha TeppuTopuu b.
St npessiaet 15, 310 TakKe Kak:
® [ICHIEXOAHBIN TYPU3M;
® BEIIOCHUIIEIHBIN TYPU3M;
® CIEJICOTYPHU3M U CKaJIOJIa3aHUE;
® CIOpPTHBHBIE ITOXOBI;
® 3UMHHN OTIBIX B TOpax;
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® aBTOTYPHU3M, BOJHBIN TypH3M;
MOABOJAHBIN TYPU3M (JIaiBUHT);
BO3YIHBIN TypU3M;
OXOTHUYUI U PHIOOJIOBHBIN TYpU3M;
PEIUTUO3HBIN TypU3M;
HCTOPUKO-apXEOJOTUYECKUN TYPU3M;
VCTOPUKO-apXUTEKTYPHBIN U BOCHHO-UCTOPUYECKUN TYPU3M;
THOTpaUUECKUN U CETBCKUN TYPU3M;
® BHUHHBIM TYPU3M, CHOPTUBHBIN TYPU3M.

Bonpuiyro 4acTb TEPPUTOPHUH, OTHOCSIIECHCS K TOPOJACKOMY OKPYTY, 3aHUMAIOT
3amoBeHbIE W MapkoBbie 30HBI (55% oT Bced mmomaaun b. SAnTel), B rpaHunax
KOTOPBIX PaCIOJIOKEHBI BOJAONABI, 03€Pa, PEKU, @ TAKKE UCTOUYHUKU MUHEPAIBHBIX
Boa. Taxxke SlnTta pacnosaraer OOJbIIMM KOJUYECTBOM MAMSATHUKOB MPUPOABI — 25
00BEKTOB, U1 00OBEKTOB KYJIBTYpHOrO Hacienus — 6oisiee 650 en. OcoOyro 1IEHHOCTh
U1 TEPPUTOPUM IPENCTABISAET cOO0M OeperoBast JMHUS, MPEACTABICHHAs LEIMbIO
IUISDKEH MPUPOJHOTO U UCKYCCTBEHHOTO MPOUCXOXKJICHUS. YHUKAIbHBIA JTaHamadT,
B COYETAaHUMU C BBIXOAOM K UE&pHOMY MOpro, 00JagaeT BBICOKOW ACTETHYECKOMN
LIEHHOCThI0. HarmsagHo nocToMHCTBAa TEppUTOpHUM IpeacTaBieHbl Ha puc. 4 «Kapra
peKkpeanoHHOro mnoreHuuana r. Ante». TeppuToprs TopoACKOro OKpyra HMEET
XOPOIIO Pa3BUTYI0 MHPPACTPYKTYPHYIO CETh, 00ECTIEYMBAIOIIYI0 MECTHBIX JKUTEJCH
Y TOCTEH KypopTa BCEMH HEOOXOIUMBIMH OJlaramu.

Bcest cOBOKYIHOCTB BBIIIETIEPEUUCICHHBIX (DaKTOPOB, 0€3YyCIOBHO, OKa3bIBaeT
OJIaronpusITHOE BO3/EUCTBHUE HAa OPraHU3M UYEeJIOBEKa U XapaKTepusyeT TEPPUTOPHUIO,
KAK TEPPUTOPHUIO C BBICOKUM DPEKPEALMOHHBIM NOTEHIMAIOM, JJII COXPAaHEHHS H
YMHOXKEHHSI KOTOPOTO JOJDKHBI OBITh HMCHOJB30BAHBI CIELUUATIBHBIE MPOTPAMMBI.
[Ipexxne Bcero — 3TO MporpamMMbl KOHTPOJS HaJ COOJIIOJICHHEM MpaBUII
0JIaroycTpoiicTBa TEPPUTOPUH, HMMEIOIIMX OCOOYI0 PEKPEAlHOHHYI I€HHOCTb, K
KOTOpbIM OTHOcHUTCS b. fnTa, a Takke — HaJx COONIOAEHHEM 3aKOHOJATEIbCTBA B
0o0JlacCTH OXpaHbl OPUPOABL. OTH JABE COCTABJISIOIIME HMEIOT MEPBOCTENEHHOE
3HAQYEHUE B COXPAHEHWHW W PA3BUTUM YHHUKAJIbHOM cpenpl r. Snra. OmHako Ha
COBPEMEHHOM 3Tarne HaOJI0JaeTcsl HapylleHHWe OCHOBHBIX mpaswmil. [Ipoucxomut
3arpsi3HEHUE OKPYXKAloUlel cpenbl BCIEACTBHE BbIOPOCOB pa3IUYHBIX BELIECTB,
HECBOEBPEMEHHON WIM HE NPaBUIbHOW YTHUIM3AaLMM OTXOJOB, YTEUKH BEILECTB
BCJIE/ICTBUE aBapHUil U HECOOIIOACHUS HOPM UX NEPEBO3KU U XPAaHEHUS], U T.JI.

HabGuroiaercst 3acTpoiika MapKOBBIX U 3alIOBEAHBIX 30H, «CTOMETPOBOM 30HBI»,
CHOC OOBEKTOB, NPEICTABISIIOIIMX KYJbTYPHYIO LEHHOCTb, HCKakeHue (¢acaaoB
CTapMHHBIX 3[aHUN B IIPOLIECCE PECTaBpallUM W IIEPEIUIAaHUPOBKH, a TAaKXKE UX
ajanTalyy Mo pa3inyHble SKOHOMUYECKHUE OOBEKTHI. MIcTOpuUecKuii IEHTp ropojaa
Ha COBPEMEHHOM 3Tamne mnorepsH. [Ipou3ouuio ero BUIOM3MEHEHHE B pe3yibTaTe
HapylIEHUs MEPBOHAYAIBHOIO BUJA CTAPUHHBIX 3/JaHHI, XaOTHMYHOI'O BO3BEICHUS
MHOTO3TaXXHBIX 00BEKTOB, HE COOJIIOAIONINX OOIIMI CTHJIb CTPOSHUH LIEHTPATBHOM
YacTH, aKTUBHOTO pa3MEIIECHUSI HHPOPMAIIMOHHBIX BBIBECOK, IJIAKATOB, U MPOY.
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3arparuBas BONPOC O BO3BEJACHUM KAMUTAJIbHBIX OOBEKTOB HAa TEPPUTOPUHU
HUCTOPUYECKOIO IIEHTpPa TOpojaa, B CTOMETPOBOHM 30HE, W JPYIHMX OCO00 Ba)KHBIX
TEPPUTOPHUSAX, CTOUT OTMETHTh HAJIUYHE HAPYIICHUH B O0JACTH IEPHOJIOB
ctpoutenbeTBa. COracHO 3aKOHOJATENBCTBY, BEJICHHUE CTPOHUTEIBHBIX pabOT B
JIETHUH TIEPHOJ 3ampelIeH0®, OIHAKO 3TO NpaBUIO B OOIBLIMHCTBE CIy4acB HE
coOro1aeTcsl.

Taxokxe 1o Bceld TeppuTOpHH HAOIOMACTCS 3arpaKACHHE, TIPUCBOCHUE BHIOBBIX
TUTOIIAJIOK, IUISDKHBIX U MAPKOBBIX TEPPUTOPUN, HAHECEHHUE yIiepOa 3eJIEHBIM 30HaM,
3arpakJICHUE TCIICXOJAHBIX 30H M 30H OTIbIXa aBTOMOOWIBHBIMH CpEICTBAMH,
XaOTHYHAs 3aCTPOMKa TICPBBIX OTaXEW CTAPUHHBIX 3JaHUA  PA3IUYHBIMH
MPUCTPOIKAMK, HAPYIIAOMIMMH dCTCTUYHBIN BUJI YIIUI, apXUTEKTYPHBIX aHCaMOJIeH,
u T.1. HemocraToyHoe BHHMMaHHUE YJIENSCTCS OXpaHE NAMSITHUKOB TPUPOJIbI —
HAOJIOaeTCsl WX 3acCOpeHue, TMopya, 4YacTUYHOE pa3pylIeHHEe, 3acTpoiKa.
Henammexammii  yxox  3a  NaMATHUKAMH  KYJbTYpPhl,  HECBOEBpPEMCHHAS
PEKOHCTPYKIUS BEAYT K MOTEpe WX IEPBOHAYAIBHOTO BHIa. MHOTHE OOBEKTHI
SIBIITFOTCS. aBapUHWHBIMH, W HE JOCTYITHBI JJIS IOCCIICHUs TypucTaMHu. B kauecTBe
npuMepa YKa3aHHBIX HAPYIICHUH MOYKHO MPEICTaBUTh CIICIYIOIICE:

1. 3arps3HeHWe W 3acTpOWKa - TEPPUTOPHU SIITHHCKOTO TOPHO-JIECHOTO
3armoBeHuKa (puc. 5):

Puc. 5. SAlnTHHCKUI TOPHO-/IECHOM 3alI0BEIHUK

% Tloctanosnenue Anamunuctpanuu ropoga Shira Ne 1491-im or 30 mapra 2017rosa «O PUOCTAaHOBJIEHUH BCEX
BUJIOB CTPOUTEJIBHBIX PadOT HA TEPPUTOPHUU MYHHUIMIIAIILHOTO 00pa30oBaHust TOPOJICKOM oKpyr Snta Pecriy6nuku
Kpbim»
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2. KanurtanpHoe CTPOUTEILCTBO B CTOMETpPOBOM 30HE (T. Snta, Ilpumopckuit
napk), puc. 6:

@R

igﬁrih‘m :
i i
ﬂ ,

Puc. 6. CTpouTe/ibCTBO B CTOMETPOBOIi 30He

3. 3arpoMo’KJIeHHUE TEMIEXOIHBIX YIIHI] aBTOMOOUIBLHBIMH cpencTBamu (T. fna,
yi. Uexosa), puc. 7:

Y

Puc. 7. llemiexoanas yjauua B r. flara

4. V3MeHeHre nepBOHAYAJILHOTO BHAA (hacajoB CTapUHHBIX 31aHuil (r. fnra,
yi. JlJomonocosa u ['padckuit mpoesn), puc. 8 u 9:

Puc. 8. Pazpymienue ¢pacagoB cTapuHHBIX 31aHUI
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3. I[OBG,ZIGHI/IG HCTOPHUYCCKH 3HAYNMBIX 00BEKTOB J0 aBapHﬁHOFO COCTOAHUA:

:
o |\

Puc. 9. ABapuiinble cTApMHHbIE 3AHUA HA TeppuTOpHUM I. Siara

E e 02

Ha dotorpadusx 10.1, 10.2 — 37anus, HaXoagIIKUecss Ha TEPPUTOPUU UCTOPUUECKOTO
eHTpa SnThl:

Puc. 10. 3a0poumieHHble NAMATHUKH aPXUTEKTYPbI B HCTOPUYECKOM LIEHTpe
SAarel

CocTosiHME BBIINIEYKAa3aHHBIX MaMSITHUKOB apXUTEKTyphl HE IMO3BOJISIET
OCYILECTBIJISITh UX OCMOTP; TEPPUTOPHUH, MPUJIETAIOIINE K HUM, TAKKE HAXOIATCS B
3a0pOILIEHHOM COCTOSIHMM, YTO HE MO3BOJISIET CAENATh 3TU OOBEKTHI MOCEHAEMbIMHU.
Uepes HUX HE MPOJIETAIOT TYPUCTUUECKHE MapIIPYThl, 00BEKTHI HE BXOJST B CIIHCKU
OKCKYpPCUH, W HE JOCTYIHBI B3Iy TYpPUCTHYECKMX Macc. Takum o00pa3oMm, B
pe3yJibTaTe XajaaTHOTO OTHOIIEHHUSI K COCTOSTHUIO UCTOPUYECKH 3HAYUMBIX OOBEKTOB,
TepputTopus T. b. Sliita TepseT 0koJio BOCBbMU apXUTEKTYPHBIX MaMsATHUKOB. Hanmuuue
MOJOOHBIX HApPYHICHWH BEAET K TOTEepe MPHUBIEKATEILHOCTH TEPPUTOPUHU JUIS
MOCEUICHUSI TYPUCTaMH, TO €CTh, K CHUXKEHHMIO PEKPEALMOHHOTO MNOTEHIHMala H
MOCTYIUICHUH B MyHULIUIIAJIbHBINA OO/IKET.

Pemennem paHHOW mpoOJSEeMbI MOXET CTaTh BHEAPEHHE HAa TEPPUTOPUU
s GeKTUBHON cUCTEMBI IITpadoBaHUs, pa3padOTaHHOM ¢ yIETOM e€ 0cOOeHHOCTEH 1
noTpeOHocTeit. st sTux mened ObLT MpPOBEAEH aHAIW3 3aKOHOAATEILHOW W
HOPMaTHUBHO-TIPABOBOM 0a3bl, Kacarolieics JaHHoro Bonpoca. Ero pesynbratom
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6. JloBeneHue KyJbTYpPHO-UCTOPUUECKHX OOBEKTOB /10 aBAPUHHOTO COCTOSHUS
(nrt. Cumen3, Bumma «Kcenmsi», Bumna «Meutay). OOBEKTHI 3aKpBITHl IS
MOCEIIEHUS, TOCKOJIbKY CYIIECTBYET yrpo3a oopyienus, puc. 11.

i

Puc. 11. llonypa3pyuieHHbIe NAMATHUKHA AapXUTEKTYpbI NrT. CuMmens, b. flnra

CTaJIO MOATBEPKJIECHUE OTCYTCTBUS €JUHON CUCTEMBI KOHTPOJISI HaJ MOIAEPKAHHEM
Y Pa3BUTHEM DPEKPEALMOHHOrO IMOoTeHuuana teppuropuu. He Bce cyiectByromue
npo6sieMbl cHOPMYIHPOBAHBI U IPOMUCAHBI B 3aKOHOAATEIbHBIX aKTax, HET YETKOTO
ompeneneHusi OTBETCTBEHHOCTM — naérca Juiib cHocka Ha  Kopjeke
aIMUHUCTPATUBHBIX MPABOHAPYIICHUM, TO €CTh, OTBETCTBEHHOCTh MPEAYCMOTPEHA B
OOLIENPUHATHIX paMKax — 3TO 1TpadoBaHWEe BUHOBHBIX JUll. He nemaercs akueHt
Ha YHUKQJIbHOCTU TEPPUTOPUHU, HA €€ 0COOOM 3HAYEHUU [IJISl HACEJIEHUS — HE TOJIBKO
MECTHOTO, HO HACeJIEHHUs CTpaHbl B LEJIOM, KAaK HMCTOYHMKA BOCCTAHOBJICHHUS
(U3UYECKOT0 M MCUXOAMOIIMOHAILHOTO 3/I0POBbs, a TAKXKE Ipak/iaH 3apyOexbs — B
nepcnektuBe. HopMaTuBHO-mpaBoBasi 0a3a peruoHa HE ONEPUPYET MOHATUIMHU
PEKpEAIMOHHON I[IEHHOCTH M PEKPEallMOHHOIO TMOTEHIMalna: Ha TEPPUTOPUHU, B
o0lIeM NpeaCTaBISIIOIIEed COO0OW pPEKpPealMOHHYI0 30HY, MPOUCXOAMT BBIJEICHUE
JIOKaJIBHBIX PEKPEANMOHHBIX 30H — M0 aHAJIOTHH C MPOMBIIIIEHHBIMU o0nacTamMu. B
TO XK€ BpeMs, GefepalibHbIM 3aKOHOIaTeILCTBOM OTOBOPEHO JOIYIICHUE BHECCHHUSI
M3MEHEHUN B MECTHBbIE HOPMATHUBHBIC AKThI, COTJIACHO OCOOCHHOCTSIM TEPPUTOPHI.
OTaenbHBIM BOMPOCOM SIBIIIETCS AKOHOMHYECKAass 000OCHOBAHHOCTh CyMM IITpadoB,
B3MMAEMbIX B CJIy4asX BBISBJICHHBIX HapylieHUil. OHU TakKe HaAXOJATCS Ha YPOBHE,
YCTaHOBJICHHOM T'OCYAapCTBOM, B TO BpeMs Kak JIFOOOH ymiepd, HAaHOCHMBIN 30HE C
0Cc000 pEeKpearMoHHON IIEHHOCTHIO, UMEET OoJblliee CyMMapHOE OTPHIATEIhHOE
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BO3JICHCTBUE, YEM HA MHBIX TeppUTOpUsiX. PerymupoBaHue 3TuX mnpoOieM AOJKHO
HOCHUTb TPHOPUTETHBIN XapakTep, OCOOCHHO B Ciydae, KOTrJa MEepPCHeKTHUBOM
pazButus Kpbsima B 1enom, a B yactHoctd — FOxHoro bepera, B coctaB KOTOpPOro
Bxoaut B. SlnTa, ykas3eIBaeTCs CO3MaHKMe KPYIJIOTOAMYHON KypOPTHOM TEPPUTOPUH . .
B pamMkax peajiusaldd OSTOTO HANpPaBIEHHs Pa3BUTUA® OTCYTCTBHE CHCTEMBI
KOHTPOJISI HaJ COONIOIGHHEM 3aKOHOJATelIbcTBa B OOJACTH COXPAaHEHUSA H
YMHOXXEHHSI  I[OTEHUMala TEPPUTOPUM  HEJOIYCTUMO. BakHO  mOBBIIATH
KOHKYPEHTOCIIOCOOHOCTh ~TEPPUTOPHUH, CIIOCOOCTBOBaTH POCTY CIpoca Cpeau
TYPUCTOB, COXPAaHEHUIO YHUKAIbHOCTH, U PA3BUTHIO TEPPUTOPUU. ITOTO MOKHO
NOCTUYb, IYTEM CHUCTEMATU3UPOBAHUS 3aKOHOHATEIBLHOW W HOPMATHUBHO-IIPABOBOU
0a3bl, UMEIOIIEH SKOHOMUYECKOe 000CHOBaHKEe. BHeapenue cucteMsl mrpadoBanus,
MOCIY)KHJIO Obl OCHOBHBIM MEXaHU3MOM COXPAHEHUsI M pa3BUTUS YHHKAJIbHOU
pekpearmoHHoi cpeanl. s 3TuUX 1enaed cocTaBUM TaOJMIy BO3MOXHBIX BHJIOB
HAapyLIECHUN, UMEIOIIMX NPSMOE WM KOCBEHHOE BO3JICMCTBUE HA PEKPEALMOHHBIN
noteHnuain r. b. Slnra, ykpynmHuB UX M0 OCHOBHBIM TpynmaM (tabmn. 1). M3 Tabmuiisl
BUJHO, YTO 4YETBEPTasl rpymnmna yuiepda He MMeeT KOHKPETHOTO PEryJupOBaHUs CO
CTOPOHBI 3aKOHO/IATEIbCTBA, B TO BPEMS KakK SABIIETCA 0CO00 3HAYMMOMN JIJIsl JTIH0O0T0
CyOBbeKTa, OCHOBHAsI OTPACiib KOTOPOro — Typu3M. To ecTh, HE MPOUCXOAUT Jaxe €€
BBIJIEJICHUs] Ha 3aKOHOJATelIbHOM YypoBHe. Haubonbliee unciao HapylmieHUH
INPUXOJUTCS Ha IOCIEIHIO TPYIIy, YTO UMEET 0co00 HEraTMBHBbIE MOCIEACTBUSA
IUIsl 01arococTosiHUSL U pa3BUTUs TeppuTopun. CyliecTBYIOMMI ypOBEHb ITPAPOB
He o0ecreynBaeT NOKHOrO 3¢@deKkTa B 3allUTe MNOTEHLMANA TEPPUTOpUU (HH
MICUXOJIOTUYECKOT O, KaK UHCTPYMEHTA peaynpexIeHUs BO3MOKHBIX
HEMIPAaBOMEPHBIX,  HAHOCIIIMX  yumepO  JeHCTBHA, HHM  3KOHOMHYECKOTIO,
BBIPAXKAIOIIETOCS B KOMIICHCALIMHM YIIEpOa, yXK€ HAHECEHHOIO PEKPEAlIOHHOMY
noreHuuany teppuropuu). Ilog  ymepbom  pekpeanMoHHOMY  MOTEHIUAITY
TEPPUTOPUU CTOUT ITIOHUMATh HE TOJBKO H3MEHEHUS OKPYKAIOIIEW Cpeipl, Kak
TaKOBBIC, HO ¥ BO3HMKAIOILEE BCIEICTBHUE 3TOTO CHUKEHHUE CIIPOCA HA TEPPUTOPHUIO
CpeIu TYPHUCTOB, T.€. — yMEHbILIEHUE 00BEMA TYPUCTUYECKOTO ITOTOKA.

Takum oOpa3zoM, TmOCTpoeHHUE cHucTeMbl ITpadOBaHUA JIODKHO HMETh
CIEAYIOIINE ITAIbI:

1.BBenenue MoHATUN peKpearmoOHHOr0 MOTEHIUAaNa, yiepoa peKpealoHHOMY
NOTEHIIMALy, TOHSATHS 30H 0C000ro KOHTpOJIS (WM «BU3UTHOM KapTOUKK»
TEPPUTOPUM); pa3leIC€HUE BUIOB HApPYLIEHUH B COOTBETCTBMM C OCHOBHBIMHU
rpynmnamMu yuiep0a pekpealnoHHOMY IMOTEHLUAy, a TAKKE UX OTIEIECHUE OT IPOUYUX
aAMUHUCTPTUBHBIX TPABOHAPYIIEHUI B OTJEIbHYIO IIaBY, HJIA JOKYMEHT.

2. Beigenenue 30H 0co00Oro KOHTPOJISL B OTIAEIBHO KOHTPOJIMPYEMYIO T'PYIIILY,
Ui KOTOPOW JOJDKHBI OBITH OMpPENETICHBl COOTBETCTBYIOIIME BHUIBI M OOBEMBI
OTBETCTBEHHOCTH.

" 3akon Pecriy6muku Kpeim Ne 51- 3PK «O TypucTckoii aesrensHocTu B Pecy6uke Kpbivy» ot
30.07.2014 r., C.6.

8 CTparerus conuanbHO-3KOHOMHYECKOTO Pa3BUTHs MyHUIIUIATLHOTO 06Pa30BaHus TOPOICKOiL
okpyr Snta Ha nepuoa 1o 2030 roga. Mocksa, 2016 T.
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Taoauna 1

Buabl Hapyuienui B r. b. fliiTa 10 0CHOBHBIM rpynnam
I'pynn 3aKoHOJATENFHOE PETyIUPOBAHNE I'panunp
a mrpadon
Ne Conepxanue pag
ymep6
a
S
3PK «O pacTuTenbHOM MHUpPE» 5
3PK «O perynupoBaHHU BOJIHBIX =
oTHomeHuit B Pecry6muke S
Kpsim» B
3PK «O XUBOTHOM MHpE» S
= . | 3PK «O6 ocobo oxpaHseMbIX 2
= - 3arpsA3HEHHE BOMBL, BO3MyXa pa3IHIHON s
2 U TIPUPOTHEIX TEPPUTOPHUIX 5
Q
o . Pecrry6mxn Kpsivy» 5
g - 3arps3HEeHue, BBIpYOKa, 3aCTPOHKA, | o' o 6
5 N . «O TIpHPOAHBIX JEe4eOHBIX s
g MPUYMHEHUE HHOTO Bpe/ia 3all0BEHON 30HE; =)
& - YHHYTOXXeHHe, TPUUMHEHWE Bpefa peikum | Lo ooPeaXs neueGHo- e
1 S| y > 1p pena  pen
5 o 03/I0POBHUTENBHBIX MECTHOCTSIX H | - =
2 BH/IaM PAaCTEHHI U KUBOTHBIX; KypopTax 5
o . =
- HaHEeceHHe ymiep0Oa maMsATHUKaM IIPHPOJIBI .
= ymep PHPOIET, 3PK  «O KpacHoél  KkHure =
) - YHHYTOXXECHHUE, 3arps3HEHHe HCTOYHUKOB (B »
& | 19 vume ATHHBIX): Pecny6mmxu Kpbivy» 0
E« 'H'TH P ? 3PK «O perynupoBaHUM JECHBIX <&
. OTHOIICHWII HA  TEPPHUTOPUH 2
Pecrry6muxn Kpeivy» P
3PK «O kypopTax, HIPHUPOAHBIX S
ne4eOHBIX pecypcax H JiedeOHo- 9’.
03/I0POBHUTENBHBIX ~ MECTHOCTSIX o =
Pecniy6nuxu Kpbim» R E
- HaHECEeHHWE MOBPEXACHMH, 3arps3HEHUE,
ropya, YHHYTOXXEHHE OOBEKTOB, HMMEIOMNX Ko
HCTOPHYECKYI0 U KyJIbTYpHYIO II€HHOCTH, a A
= TaKoKe TEPPUTOPHIA, IPIIIETAIOMNX K HIM; I
E - OrpaHHYEHNE IOCTyNa K 00beKTaM, HMCIOIIM PK | 1000 -
o HCTOPUYECKYIO U KYJIBTYPHYIO LIEHHOCTb; 500 000
Z .
- HCKaxeHHe (acajoB CTAPUHHBIX 3JaHUH B 6. B
g acax p 8 3PK «O6 00bekTax KyIbTypHOTO Py,
> | Impolecce pecTaBpallMd M MEperuIaHUPOBKH, a 3aBHCHMOC
2 ] Hacienus B PecriyOinke Kpoivy»
s TaKke HMX  aJanTalMd  TOA  pa3luyHbIe TH oT
S
£ | oKOHOMHUecKHe OOBEKTEHI; cTaTyca
S - JIOBEJICHUE 00BEKTOB, HMEIOIINX BHUHOBHOTO
= HUCTOPHYECKYI0 ¥ KyJIBTYPHYIO L€HHOCTB, O mna
COCTOSIHUSI, HE TOMJIEXKAIIET0 BOCCTAHOBICHUIO
(B T.u. Oe3nmeiicTBHE M HECBOEBPEMEHHOE
HNPUHATHE MEP T10 UX MOIEP>KAHUIO)
- U T [IpaBuna
- 3arpsA3HEeHHe, 3acTpoiika, OrpaHHYECHHE 3PK «O06 0coBo OXpaHseMbiX 6maroyct
s JOCTyIa K IUIDKaM; poiicTBa
Z TIPUPOTHBIX TEPPUTOPHUAX
= - SArPKICHUE, 3ArPA3HEHME, YHWITOKCHHE | oo o o o oo TEpPUTO
o]
g TPOII 3/10pPOBbSI, BEJIOCUIIETHBIX M IEMIEeXOIHbIX 3PK y«O X op N — puu 1 000 -
=l TYPUCTHUECKHX MapLIPyTOB, MECT OTABIXA; ypopTax, TpHp MYHUII 500 000, B
8 nedeOHBIX pecypcax | JiedeOHo-
g | - PpasMelleHHe TPaHCMOPTHBIX CDEACTB HA | o oo oo ox  MecrHocTsx | MEBHOT 3aBHCHMOC
=
3 o) MeNIeX0 HbIX yIHLax; p 0 TH or
2 Pecrry6mxn Kpsivy» 6
g - PpaspylieHHe, 3arpssHEHMe, TPHBEACHHE B | ani.” " o oprammsamun 1 obpazoBa craryca
= COCTOsIHHE, HEMPUIOHOE VLA MCHOMBSOBAHUA, | (o0 oo ronin noredi x| 0 BHHOBHOT'O
£ | 0OBEKTOB, MMEIONIUX CHOPTHBHYIO LIEHHOCTD, B TOPOACK auna
5 o3goposineHuss B PecmyOnmke %
= T.4. pa3JMYHBIX TIPHPOJTHBIX OOBEKTOB (CKal Kobivb ol OKpyr
© TeIiep, XaocoB, OyXT, U T.1); P Slinra
- U T PecnyOn
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- HaHECEHHE pa3IMYHBIX BHJOB yIiepba UKH
00BEKTaM, MMEIOIIUM OCOOYI0 IIEHHOCTb IS Kpsim
TEeppUTOpUM (MCTOPHUYECKHH IIEHTp TOpoja, He
YHUKAJIbHBIE MPHUPOJIHBIE, KyJTbTYPHO- ITonoxe JNS.
X | ucropnueckue, ApXUTEKTYpPHBIE, HHE O Ec;{y py
% HHPACTPYKTYpHBIE ~ OOBEKTHl,  OTHENHHEIE B3aumon | Ko OTICTBHO
S yIHUIBl, OOBEKTH JKUBOTO MU PACTUTENHHOTO eifictBuu | A TOIBKO };a
S | Mupa, cTOMeTpoBas 30HA, U IIPOY., UMEIKOIIEE I
2 o0mmx
= 0co0yl0  TOMYJSIPHOCTh  CPEeAM  MECTHOTO 3PK «O6
S . « OCHOBAHUS
= HaceNeHUs] ¥ TocTel KypopTa — T.e. BCE TO, UTO ocobo < s
E JeTaeT TEPPUTOPHIO Y3HABAEMOH ), B T.U.: OXpaHsie COOTBETCT
3 - HM3MEHEHHEe HCTOPUYECKOTo LEHTpa TIopoja MBIX B c
= | MOCPEACTBOM  BO3BEJCHHS  MHOTOITAXHBIX, HPUPOJH O ——
=
S CTIJINCTHYECKH HE COTJIACOBAaHHBIX, M T.JI. BIX
Q He perynmupyercs otaensHo HOPMaTHB
4 £ | o0BEKTOB  KalHTAIEHOTO CTPOUTEINBCTBA, TEpPUTO Ho
3 HCKaXAIOIINX ICTETUYECKUI KOMILIEKC, pHsX
Z . TIPaBOBBIM
o MEMIAIOIHUX 0003PEHHIO, U T.1.; Pecrry6n "
o -
S 3arpsi3HEHHE  TOPOJICKOTO  MPOCTPAHCTBA UKH J1OKyMeHTa
8 Pa3IMIHOTO BUAA OTXOAAMU; Kpsivm» -
; - XaoTHYHOE  pa3MeNIeHHEe  PEeKIaMHBIX 1 '000
= _
| et g 1
- ’ 4 » M Ap- 3aBHCHMOC
2. | - YHUYTOXEHHWe, pa3pylIeHHe, OrpaHUYCHUE ™ or
5]
= JOCTyIIa K CMOTPOBBIM, BUJIOBBIM, TAHOPAMHBIM cratvea
~ wiomankam (B T.4. BO3BEIEHHE IpeJ HUMHU M
BHHOBHOTO
00BEKTOB, MEIIAONINX 0030pYy, U CYILIECTBEHHO -
HapyIIAIONIMX 3CTETUYHBIH BUA 0003peBacMoil
TUTOIIA]TH );
-U T

3. IlepecMoTp cymM B3uMaeMbIX WITpadoB MyTEM BBEACHUS MOBBIIIAIOIIETO
Kod(dduimenTa ajig BCel TEPPUTOPUM B IIEJIOM; MEPECMOTP OTBETCTBEHHOCTU 3a
HaHeceHue yuiepOa MPUPOIHO-KIMMATUYECKON COCTABISIOMIEH TEPPUTOPUH, Kak
OCHOBHOT'O 3JJIEMEHTA OCYLIECTBIICHUS TYPUCTCKO-PEKPEAMOHHON NEATEIbHOCTH;
orpesesieHue MTPaQHBIX CyMM JIJIsl 30H 0CO00T0 KOHTPOJIS.

4. Co3naHue cHeuuanbHOrO caidTa, NPEJHA3HAYEHHOIO Il KOHTPOJIS 3a
HAapyILIEHUSIMH, HECYLLIMMH HETaTUBHOE BO3JECHCTBUE HA PEKPEALIMOHHBIN ITOTEHIAAI
TEPPUTOPUH.

B kayecTBe OCHOBBI JUIsl OINpeAENieHUs MOBBILIAIONIIEro KkKoddduunenrta
IIpEUIaraeTcsl UCIOJIb30BaTh OLIEHKY PEKPEAlMOHHOIO IMOTEHLIHAIA TEPPUTOPUHA —
CBOJHBIM  [OKa3aTellb, XAPAKTEPU3YIOIIMH  CTENEHb  KAadecTBa  IPUPOJTHO-
KJIIMMAaTUYECKUX PECypCOB, HCTOPUYECKYIO, CHOPTHUBHYIO, CAHATOPHO-JICYEOHYIO
LIEHHOCTH TEPPUTOPUU, A TAKKE CTENEeHb €€ HHPPACTPYKTypHOW pPa3BUTOCTU B
OTHOLIEHUW K oOuiel miomaaun teppuropun. Hubke mpencraBieHa pa3paboTaHHAS
MeToMKa pacuéra. PaccMOTpuMm €€ 371€EMEHTHI.

L. ITIpupoanas ieHHocTh (dhopmyna 1):

E 5 JAMN0OBEJHHKOE,[IAPpKOE,CA00E,
JAKASHHKOE,30003pKOE,H O, Komu4ecTEo NaMAETHHKOE OpHpOSBI

Ki= + (1)

5 0BWas TEpPUTOPHH 5 o0mwas TeppUTOpHH

II. CanaTopHo-yieueOHas 1eHHOCTH (hopmyrna 2):

KoausecTso ne<edgamy,

MHHEPATRHELX, S pexpealHoHHEX
Ap. HCTOYHHKOE S masmen TeppHTOpHE
Ki = —=F + + Koo + : )
5 oBmas TeppUTOpUH 5 o6mas TeppUTOPHH £ ofmas TeppHTOPHH

riae: Kex — koadpummenT 61aronpusaTHOCTH KiIMMata (paccuuThiBaeTces 1o hopmyie 3).
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Koau=ecTso
MECALEE [Mpogo/oEHTEIBHOCTR
KyMaleHOrg CesoHa COJEEYHOrD CHEHHE
Kok = P + 8760 + Temneparypa (6ayu1) + BraxkHocTs (6ain) (3)
s

bannel MMOCJICHUX  COCTABJIAIOIIUX  OHIPCACIIAOTCA B COOTBCTCTBUH C
MpEACTaBJICHHBIMU HUXKE Ta6J'II/II_IaMI/I, OCHOBAHHBIMU Ha I'padalilii 3THX rokKazarejen
B 3aBUCHUMOCTHU OT 6HaFOHpI/I}ITHOCTI/I BOSHGﬁCTBHH Ha OpraHu3M 4YCJIOBCKaA.

Taoauna 2
O1eHKa BJIaKHOCTH BO3yXa HA TEPPUTOPUM:
1 2 3 2 1
H | | | | | H
| | | | |
0 10 20 30 40 50 60 70 80 90 100
Taoaumna 3

OueHka TeMnepaTrypbl Ha TEPPUTOPHH:

(98]

1

ffffffffff M| m—

10 15 20 25 30 35 40 45

3UMHUE MECAIIBI JleTHHE MeCAIIBI

III. KynpTypHasi IEHHOCTS:

KomusecTeo 00BEKTOE KyJARTYPHOrO HacaegHA

K =

4)

5 00Was TEPPHTOPHH
IV. CnopTuBHas LIECHHOCTD:

Kiy = cTenens 61aronpuaTHOCTH pebeda I pa3BUTHs CIIOPTHBHOM PEKPEau

)
*Omnpenensercs B COOTBETCTBHHU € JAHHBIMH, TIPEICTABICHHBIMY Ha PHC. 4.
V. PazButocth HHOPACTPYKTYPHI
Ky = S ZacTpOeHHEIX TEPPHTOPHH 4 OQ0mans NpoTsMEHHOCTE A5TOMOGHIBHEIX Jopor (6)
£ TeppHTOPHIH HACENEHHEIX MVHKTOS £ TEppHUTOPHIH HAcENEHHBIN IVHKTOS

Takum  00pa3oMm,  peKpealuoOHHBIM  MOTEHIHUAT  TEPpUTOpUH  OyaeT
PacCUUTHIBATHCS CIAEAYIOLUIUM 00pa3oM:

PIL =X K;; Kips Ky Ky Ky (7)

Ha ocHoBe naHHOM METONMKH NPOU3BEAEM PACUET OLIEHKU PEKPEALUOHHOTO

noTeHIana tepputopuu b. Sntel. JlanHbie, He0OX0OAMMBIC TSI pacYETOB, CBEIEM B
ob6o01aronyro Tabauiry (Tadsn. 4).
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Taduauua 4
XapaKkTepUCTHKA PeKPeallMOHHOI0 NOTeHnaaa Teppuropun b. Siarel
DNeMEHThI E nuauib
[Tmomans Tepputopun b. Anra 283 km?
[TpoTsx€HHOCTH OEperoBoil TMHUK 72 xM
[IpoTs>KEHHOCTD TIISKEN 59 kM
ITmomans misHken 0,6 km?
[IpOoTs:KEHHOCTD 3a110BEHON 30HBI 40 xm
ITmomanas 3ammoBeIHON 30HEI 148 xm?
KonuyecTBo napkoBbIX 30H * 13 en.
[Tnomans mapkoBbIX 30H * 6,2 KM?
OOm1ast 10 b PEKPEALMOHHBIX YUPEKICHHH 10 xkm?
KonraecTBo BOJHBIX 00BEKTOB 11 en.
OO6m1ast TPOTHKEHHOCTH PEK 65,4 xm
Hanuune ucTouyHnKoB (MUHEpPAJIbHBIE BOJIbI) 4 en.
KoymmuecTBO BO3MOKHBIX BUOB CHOPTUBHO-03/I0POBUTEILHON JIEITEIHLHOCTH >15en.
[TaMATHUKH DPUPOJIBI 25 en.
OOBEKTHI KYJIBTYPHOTO HACJICIUS 667 en.
JUTMTeNnbHOCTh KYMAIBHOTO Ce30Ha 5 mec./T.
[IpoaoIKUTENBHOCTD COTHEYHOTO CHUSIHUS 2233 4
Cpenssisg TeMnepaTypa JeToM 22-27
biaronpustHOCTB
KIIMMATHYECKHUX YCIOBHM Cpensi Temneparypa = 13-15
Cpenssisg TeMnepaTypa 3uMon 8-10
Cpennsist BIa)KHOCTh BO3/lyXa 73%
KonngecTBo ocankoB (MM) 560

* primouas Teppuropur Hukutckoro 6otannueckoro cana (2,8 km?) u Slnturckoro soomapka (0,03 xkm?)

Jlasiee MOYKHO TTPOBECTU CaM PACYET:

62 , 25
4KI _Dz:Saa * 283 (1’01 (8)
Ki=—+-—+5I15+-—=52 9)
LEES LE_?BB 283
Kee=—+—-+2,5+2=5,15 (10)
12 8?6055?
K111=283:2,3 (11)
KIV =5 (12)
Ky=—*"7=25 (13)
PII, = 20,25 (14)

Pexpeanmonnsiii nmoteHuuan teppurtopun b. Antel MoxHO onenuts B 20,25
6atoB. Ha »Toit ocHOBe mpuMmeM MOBBIIAIMMN Ko3(dunmeHt, paBubid 2,0, u
OCYILIECTBUM Iepepacy€T CyImeCTBYIOMUX rpaHull mrpados (Tadm. 5).

Kak yxe roBopuiioch BbIlIE, YETBEPTas TIpyINNa HMEET OCOOYI0 LEHHOCTh IS
tepputopuu r. b. fnra, mostromy mnpu mnepepacuére rpaHul] mwTpapoB IS HEE
npejyiaraeTcsl UCMob30BaTh YIBOCHHBIN MOBBIIIAOMUNA K03 duiiueHT (4,0).

Emé omumm sTamom BBeneHHsI CUCTEMbI MTpadoBaHUS yKa3aHa HEOOXOIMMOCTH
IIEPECMOTPA OTBETCTBEHHOCTH 332 HAHECEHUE Bpea MPUPOTHO-KIMMATUYECKON
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Taduauna S
Ilepepacuér rpanun mrpadgos no rpynmnam ymepoa
Cy1ecTByroniye rpaHuIbl [epepacuér rpanun mrpagos
No ['pynna ymepba 1rTpados
500 - 50000 py6., B|3 400 — 1700 000 pyo., B
1 HpI/IpOILHO- 3aBUCHUMOCTH oT craryca | 3aBUCHMOCTH oT craryca
KJINMaTUYECKUI BUHOBHOTI'O JIMIIAa BHUHOBHOI'O JI1a 148 TAKECCTHU
yiiepOa
1000 — 500000 py6., B|1700 — 850000 py6., B
2 | UcTOpuKO-KYJbTYpHBIA | 3aBUCUMOCTH ~ OT  CTaryca | 3aBUCHUMOCTH oT craryca
BUHOBHOTO JIUT[A BUHOBHOTO JIMI[A TSDKECTH yIiepoa
1 000 — 500 000, B| 1700 - 850000 py6., B
3 CriopruBHo- . 3aBUCMMOCTH  OT  CTaTyca | 3aBUCUMOCTHU oT craryca
PEKPCAOHHbIH BHHOBHOTO JIMIIA BUHOBHOTO JIMIIA TSDKECTH yIiepoa
.| 1 000 - 500 000, B|3 400 - 1700000 py6., B
Yiep6 «BU3UTHOU
4 KAPTOUKE» TepPHTOPHH 3aBUCUMOCTH  OT  CTaryca | 3aBHCHUMOCTH oT craTtyca
BUHOBHOTO JIUT[A BUHOBHOTO JIUTIA. TSHKECTH yiiepOa

coctaBisitonieil tepputopur.  I[lockosibKy OHa $IBIsIETCS OCHOBOM TYPHUCTCKO-

PEKpEAlMOHHON  AEATEIbHOCTH, OCYIIECTBISEMOW Ha JAaHHOM TEPPUTOPUH,
MpEeAJIaracTcs MPUHATH €€ HA YPOBHE YETBEPTOU TPYIIIIHI.
JlanHple  cTaBKM ~ OyQyT  cuMTarbcss B~ METOJMKE  Oa3ucHble  —

KOHKPETH3UPOBAHHBIN pa3Mep OyJEeT yCTaHABIMBATHLCSA HA OCHOBE WHIWBHIYaTbHOM
OIICHKH KaXXJI0TO yiepoa.

9.3. IlocienoBaTeIbHOCTH paccyeTa yuepda Ha OCHOBe LIECHHOCTH PeCyCHOM
COCTABJIAKOIIEH PEKPEeallHOHHOT0 00bEKTAa U YCTAHOBJIEHHOI0 (paKkTa
norephb

Bcio mocnenoBaTenbHOCTh MOKHO MPEACTABUTh B BHJIE TPEX B3aUMOCBSI3AHHBIX
ATAIOB U 3aKIIIOYEHUS:

1. VYcranoBinenue Qakra NOTEPU  LEHHOCTH
PEKpPEalMOHHOr0 MOTEHIINANIa KOHKPETHOTO;

2. OreHKa CTENEeHH MOTEePU LUEHHOCTH PEKPEAlMOHHOIO O0OBEKTa PEKPEallmOHHOrO
MOTEHIMaNa KOHKPETHOTO 00BeKTa (IpU HEOOXOAUMOCTH C HCIOJIb30BAHUEM
MOBBIIIAIOMIET0 KO3 duLrenTa™);

3. VYcraHoBieHue ycyryonstommx (OTAromamnmx) (GakTropoB Mo  ciaydasm
PE30HAHCHON MOTEPU PEKPEALMOHHOIO MOTEHI[MaNa, a TakKe MPU3HAKU CIIy4aes,
CHIKAIOIIMX OTBETCTBEHHOCTh IO BBIABICHHBIM IOTEPSM PEKPEALMOHHOTO
MOTEHIMANA TPUPOJHbIE (DAKTOPBI, ACHUCTBUS TPETHUX JHI], BaHAAIU3M U T.II. K
OOHapY>KUBIIUMCS TIOTEPSIM PEKPEAIMOHHOTO MOTEHIINANIA;

3akiiouenue:_ Pacu€r oOmeli  cyMMBbl  mTpadHBIX CAHKIMKA 32 TOTEPH
pPEKpealoHHOro0 TMOTEeHIMana Oe3 YTOYHEHHS BKJIaJa KaXJO0r0 BHHOBHOTO H
IPEINHCAHUIN 110 UX YCTPAHEHHIO (CHIKEHHIO (PAKTOPHOTO BIUSAHUS)’.

OcobOeHHOCTH caMO#l MOCHeA0BaTEIbHOCTH MPOBEACHUS MPOIEAYPhl 0OOCHOBAHUS

peKpearmoHHoOro  00BeKTa

- Ha ocHoBe THOKOH cucTeMbl au(dEpPEeHITMPOBAHNS KOMIIIEKCHOH OIIEHKH OOBEKTa

PEKPEALIMOHHOTO0 MOTEHIMANA (YUET IFIOTHOCTH paclpeAeeHUsI PEKPEAHTOB).
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mTpadHBIX CAaHKIMKA 32 TMOTEPI0 PEKPEAMOHHOTO IOTEHIMAla TOpPOIY-KYypOpTY
MOYKHO OIICHUTh Ha OCHOBE CIIEIYIOLIEro allrOpUTMa, puc. 12.

1. YcranoBiaenue ¢pakra norepu HEHHOCTH PEKPEAMOHHOI0
00bEeKTAa PEKPEANHOHHOI0 MOTEHIHAJIA KOHKPETHOI0

Toaroroka obparuenue B ['occiyxObl,
PEryIupyoKe OTINYHbIE OT LEJIEBOr0
TUIAa HAPYLICHUS

4

Ja

CoObITHE IPOU3OILIO U
KJIaCCU(ULHPYETCs TOIBKO KaK
1[eTIeBOe

\ 4

2. OneHKa cTeneHy NOTePH HEHHOCTH PEeKPEeallHOHHOI0 00bEeKTA PeKPeallHOHHOT 0
MOTEHUNAJIA KOHKPETHOr0 00beKTa (P He0OX0AUMOCTH € UCNOJIb30BAHNEM
NnoBbIMaKIero ko3gduumnenra*)

IIpuMensieTcs MOBBIMAIOMNN KOd(QOUIIUEHT,
OTPAXKAIONIMIT OTKIIOHEHUE OT OOBIYHBIX
MOCNEACTBUIT coOBITHS (cymMMa IuTpada

VBEIMYHBACTCS )

2 CreneHp IOTEpH LIEHHOCTH
Bosspar x PEKPEaioHHOr0 00BEKTa ONpPeIeIIeTCs
IrOPHTMY HpeJBapUTENILHO B CyMMe, OIpeJiesseMoit
nocne Ha OCHOBE Pacyera PernOHAIbHON
YMHOXCHHS Ha Her BEJIMYMHBI PEKPEALIMOHHOTO TIOTEHIHAIG
K03 pUIHEHT KypopTHOro ropoja**
CyMMBI yiiepba
\ 4

3. YcraHoBiieHne ycyry0Jasiiomux (OTAromanimux) Gpakropos no pakraM pe3oHaHCHOMH
NMOTEPU PEKPeaAlOHHOI0 MOTEHIHAJIA (C Y4eTOM 30HUPOBAHMA B COOTBETCTBHH C
reHepajJbHbIM IIJIAHOM FOPoJa-KypopTa), a TAK/Ke NPU3HAKHU CJIy4aeB, CHHKAIOIIHX
OTBETCTBEHHOCTH 110 BBISIBJICHHBIM IOTEPSIM PEKPEALMOHHOI0 MOTEHINAJIA IPUPOIHBIE
(paxTOopbl, KeiicTBUA TPETHHUX JIMI, BAHJAIU3M H T.I. K 00HAPYKHBIIMMCS IOTEPAM

CokpatieHue o01el CyMMbl YObITKa Kak
OCHOBBHI 1ITpada Ha BenmunauHy ot 10 10 50%
(cymma mtpada yMEHbIIACTCSI, B 3aBUCHMOCTH
OT OTCYTCTBHS HH(POPMALMH O POCTE PHCKA
MOTEPU PEKPEAIOHHOTO IOTEHIINANA)

y N

Ja

Kpome nprMeHeHust KOpPEKTHPOBOK
Ha OCHOBE KO3 QHULHEHTOB
30HUPOBAHUS — APYTUX
KOPPEKTHPOBOK HE MMEETCS

Her

\ 4

Pacuér o0meil cyMMbI IITPa(QHBIX CAHKIUH 32 MIOTEPH PeKPealiOHHOI0 MOTEeHIHAJIa
0e3 yTOUYHeHHs BKJIaJa Ka:KI0r0 BHHOBHOI'0 ¥ NPeINHCAHUI 10 UX YCTPAHEHHIO
(cHMKeHNI0 (PAKTOPHOTO BJIUSIHUS)

Puc. 12. Aliropurm nocJjie10BaTeJJbHOCTH NMPOBEACHUS OLCHKH CTENeHH

NOTEPU PEeKPealMOHHOI0 MOTEHNAJA M0 00BEKTY U pacyeTy CyMMBbI

IlepBblii_3Tan («YcranoBineHue ¢akTa MOTEPH IICHHOCTH PEKPEAIMOHHOTO
00BEKTa PEKPEAMOHHOTO TMOTEHIIMala KOHKPETHOTO OOBEKTa») BKIIOYAET Kak
MUHAMYM JBa crienmduueckux acriekra. [IepBolii cBsi3aH ¢ camMuM OOHApYyKEHHEM
(dakTa TOTEpU HUMEHHO PEKPEAIMOHHOTO pecypca B MPHUBS3KE K (HU3HIECKOMY
oObekTy. Jlemo B TOM, 4YTO, HampuUMep, 3aXJIAMIICHUE TEPPUTOPHUH TOIMYJISPHBIX
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TYPUCTHUECKUX TPOI B 30HE FOPHO-JIECHOTO 3arnoBeIHUKa STl MOKET HOCUTH HE
TOJIbKO HETaTUBHBINA A3CTETUUECKUN BUJI HO U SIBJISIETCS SKOJOTMYECKH HEOE30MaCHbIM
(B 3aBHCUMOCTH OT BUJa MyCOpa) UM MOKapOOIACHBIM.

To ecTh (hakTHUECKH 3aBEJOMO HEOOXOAUMO OTIEIUTh YIIEpObI, KOTOPHIE
PEryJIUPYIOTCS APYTUMHU CIy>k0aMu ropoja (PKOJOTUUECKUMHU) I KOMIIETEHTHBIMU
opranamu (MYUC, I'AU u ap.).

JlemapTaMeHT apXHUTEKTYypbl M TPaJOCTPOUTENbCTBA SNThI OTBEYAeT 3a
NPUHATUE MEp, HaNpaBIEHHbIX Ha CO3JaHUE JCTETUYECKON Ccpeabl ropoja,
(cpencTBaMM ~ CHUHTE3a  MOHYMEHTAJIBHOIO,  MOHYMEHTaJIbHO-IEKOPATUBHOIO
MCKYCCTBA U apXUTEKTYPhbl, 00OBEKTOB MAaJIbIX apXUTEKTYPHBIX (OPM U TOPOJCKOrO
IU3aiiHa, peKJaMbl, BHU3yaJlbHOM uWHGOpPMAIMKU, JaHIAPTHON apXUTEKTYpHI,
IIBETOBOTO M CBETOBOr0 O(OPMIICHHS] TOpoja, PEryjJupoBaHUE HMX pa3MELIECHUs B
npenenax MmocraBieHHbIX [lenapraMeHTy uesnei u 3aaay);

Bropoii 3Ttan («OueHKa CTeneHu MOTepU IIEHHOCTU PEKPEAlMOHHOIO0 O0BEKTa
PEKpEaIMOHHOTO TIOTEHI[Malla KOHKPETHOTrO OO0BbeKkTa (MpU HEOOXOIUMOCTH C
HCIIOJb30BAaHMEM TMOBBIIAIONIETO KO3 PUIMEeHTa»)), coJaepkKaHUe IJAaHHOIO ATamna
COCTOUT B HUJIEHTU(DHUKAMU 000COOJIEHHOTO (IPUPOJAHO-KIMMATUYECKHI, UCTOPUKO-
KyJIbTYpPHBIH,  CIOPTUBHO-PEKPEALIMOHHBIN,  ylIepd  «BHU3UTHOM  KapTOYKE»
TEPPUTOPUH, B COOTBETCTBHH € Ta0J. 5) WM KOMILJIEKCHOTO yIepoa.

[lozunMoHMpoBaHUE  Kjacca  NOTEHUHMAIbHBIX  MOTEPh 1O  OOBEKTY
pekpeartmonHoro aHanmsa (rmo tuny VRIO-ananu3a gectuHanuu o3nopoBieHus [19])
B 3aBUCHUMOCTH OT aJIpECHOTO OOBEKTa W IMPUCBOCHHBIN KJacC NPEJICTABICHBI B
Tabnuie 6.

HeoOxoaumMo OTMETUTh, 4YTO CTENEHb MPEBAIMPOBAHMUS OJHOTO THMA HaJ
ApPYTUM HE YCTAHaBIUBAETCS, KOMIUIEKCHOCTh OTPAXKAeTCs TOJBKO Kak (akT
coueTanus ymepOa cpa3y HECKOJBKHUM BHIAM PEKPEAlMOHHOrO TMOoTeHIMana. Yem
TEMHEE «3aJMBKa» KaXJ0ro OJIOKa, TeM CYIIECTBEHHEE MOTEHIMAIbHbIE MOTEPH OT
3aKPEIUIEHHOT0 B OJIOKE THIA PEKPEALIMOHHBIX PECYPCOB.

OcoOble 30HBI B IMpefenax 4YepThl Tropoja (MMEKIIME CaMOCTOSATEIbHOE
3HaUYEHHE, HE CMOTPS Ha 30HUPOBAHUE rOPOJa MECTHBIM OPTaHOM BJIACTH) 3TO TAKHUE
KaK:

1. «Busutka ropoma» - HamboJiee KpyNHbIE MOABE3AHbIE MYyTH B TpaHUIAX
ropojia ¢ MaMsATHBIMU 3HAKaMU (COOPYKEHUSIMHU) MPEJCTABISIOMMMU TOPOJI (Ha4aIo
TOPOJICKOW YepThl), MPUMEHUTEIBHO K TOpoay SiiTa aHHbIE TEPPUTOPUH BKIIOYAIOT
30HBI «TUM 10» B COOTBETCTBUHU C ['€HEepalibHBIM IJIaHOM ropojaa fAiTsl, puc. 3.

2. «Bopora ropojma» - BOK3albl M TPAHCIOPTHHIE CTaHIMU, OCHOBHBIE
MOABE3/IHbIE YT KypOPTHOI'O Topojia (pa3MelleHbl B 30Hax ¢ TunoMm 7, 9 u 10, puc.
3);

3. «/lyma ropoja» - ucCTOpUYeCKHil LEHTp (cTaphiii HEeHTp — «down-towny,
HaOepexHas, TpoMeHaI-ajiesl U UX COUETaHUs U JIp.), - OCOOEHHOCTh — CBEPXBBICOKAS
IJIOTHOCTh TEPPUTOPUU B BEUEpPHEE BpEeMs M IKCTpeMajibHas IUIOTHOCTb B JHU
MPOBEACHUS TMPA3IHUYHBIX MEPONPUITHI (pa3MEIleHbl B 30HaX C TUIOM 7, 9 u
10, puc. 3);
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Tadauua 6
ITo3uHOHNpPOBaHME KJIACCA MOTEHUMAJIBHBIX OTEPh M0 00bEKTY
PeKpeanMoHHOro aHaau3a Juppepenurnposanus neHHocTy 1 (mo tuny VRIO-
aHaJIM3a JeCTHHALMHU 0310POBJICHHUS) HATHYMSA COYETAHUS HECKOJbKHMX THIIOB

pecypcoB
s é 2 o o s é 2
Bug notepb B 3aBUCUMOCTHU 0 D I. UeHHbI/peaknit . ) x 0 <
OT COYeTaHMA TMNa pecypca | = 3 o Bocnpoussoaumelii | = 3 5
B rpaHMLIaX aApecHoro a9 Z[ (npupoaon) I Z[
06BbEeKTa pecypcos u S O'EJ < S O'EJ v
NPUCBOEHHDIN KNnacc . = °© - = °
1. YHUTapHbIY (B 1 3 (1;1) (1;n) 4
06bl4yHOM 30He
pekpeauuu (1) nnu s 2 2 (2;1) (2;11) 3
0COobbIx 30Hax (2))
2. KomnneKcHbIn
(oTHOCKTCA K (3;1)

HECKONbKUM TUMaM
PEKPeaLNOHHbIX
pecypcos (3) nnu
BAapMaHT KOrAa BKAOYEH
B HECKO/IbKO
PEKPeaLNOHHbIX
obnacTei, ogHa 13
KOTOpPbIX ABNSAETCA

ocoboli (4))*

*CTelneHb NnpeBaJIMpoOBaHusA OJHOI'0 THIla PECYPCOB HaJ APYIMM HC YCTAHABJIMBACTCHA, KOMIUICKCHOCTb OTpaAXacTCA
TOJIBKO KaK q)aKT COUCTaHHuA ymep6a Cpa3y HECKOJIbKUM BUJaM PEKPCAIIMOHHOT'O OTCHIIMAJIa

4. «'octu B JOM» - 30HA TOCTENPUUMCTBA — TEPPUTOPUU CAHATOPUEB U
KYPOPTHBIX TOCTUHHUIL (pa3MeIIeHbl B 30Hax ¢ TunoM 9 u 10, puc. 3).

[To3unmmoHupoBaHUE CTENIEHU PEATBHBIX MOTEPHh MO OOBEKTY PEKPEarlnOHHOTO
ananu3a (mo turry VRIO-ananm3a) npencraBieHo B Tab. 7.

[Ipumep pacuera nuddepeHIPOBaHHOTO YOBITKA PEKPEAlMOHHOIO MOTEHIIMaja,
YYHUTHIBAIOIIETO TO3UITMOHUPOBAHKE 110 TabJ. 6 (coueTaHus W IIEHHOCTH pecypca) u
XapakTepa MoBpexACHUM (Ta0. 7).

JIist  5TOTO NBYXKOMITOHEHTHBIE IIOKa3aTeNM KaXKI0M W3 YKa3aHHBIX TaOJIHII
nepeBeieM B CyMMAapHbIE PEUTHHTH CIIEAYIOIIUM 00pa3oM:

ITo nepBoit koopauHate (apadckue HUdps):

1 =100 6ayutos; 2 = 200 6amnoB; 3 = 300 6amios; 4 = 400 6ayUIOB;

1o BTOpO# KOOpAMHATE (pUMCKUE IUDPBI):

I = 600 6ayutos; II = 400 GasioB.

Hampumep, mo Tabm. 6 mis KOMIUIEKCHOTO BHJa TOTE€Ph, KOTOPBIA BKIIIOUCH B
HECKOJIBKO PEKpealMoOHHBIX 00JacTed, OJHa M3 KOTOPBIX SIBISAETCA OCO0OM, HO
pecypc Mpu3HaeTcs BOCIPON3BOUMBIM mpupoaoi (4;11): 40 + 40 (II) = 800 6aos.

MunumMansHoe KoiudecTBo O6aiioB Oyner 500 6amnos, makcumanbaoe — 1000
0a1oB (TO €CTh AMANa3oH Mo JaHHOMY BHY XapakTepucTuk coctaBuT 500 6anioB).
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Tabmmua 7
IHo3uunoHNpoOBaHUE CTENEHH PeaAIbHBIX MOBPEXKICHNS 10 00bEKTY
pexpeannoHHoro anajausa (mo runy VRIO-ananu3a gecTuHalMu 0310POBJICHUSA)

l. 2.
0 o o 0
s 5 = | OoarocpoyHbin | KpaTKocpouHbl | s 5 =
X om o<
Bua cnoxuswerocs pgedekra- ez ; addeKT addeKT ez ;
nospexKaeHua ? S I ? S
o0 T PN o0 T a
C o C o
=k 3 =k ‘;'
o R
1. YacTmMuyHoe noBpexaeHue 1 3* (1;1) (1;11) 4
(nokanusoBaHHbIe AedeKTbl
(1) van nnowagHble notepm 2 2 (2;1) (2;11) 3
(2))
2. YHnUTOXKEHMe (c
BO3MOKHOCTbIO (3) nnn 6es
BO3MOXHOCTH
BOCCTAHOB/IEHWNS YE/NIOBEKOM
(4))

* TUIBI IPONMCAHbl KYPCUBHBIM IIPUGTOM ISl OTIMYHS OT THUIIOB Ta0I. 6

AHanornyHo OyJeT OCYLIECTBIECHA KOPPEKTUPOBKA U MO MPU3HAKY (XapaKTEpUCTUK
yiiep6a). O0muii 1uamna3oH BapuaHnToB OyaeT paBeH Toicsuu (1000).
Torma CKOppEKTUPOBAHHBIM B MaKCHMMaJIbHOM JHarna3oHe Kakou-1nbo yiiepo
(o BUIaM mpeacTaBiIeHBI paHee, cM. Tabil. 5) Oyaet nuddepeHIpoBan caeay MM
obpazom, Tabur. 8.
Tadauna 8
Pacuér 3HaueHus kaxaoro 6aJa 1iaqa nuddepeHunanu cTeneHu ymepoa
peKpeanoOHHOMY MOTEHI[HAJTY FOpPoJa B pa3pe3e oT/AeJbHbIX TPy

No I'pynna yimep6a HoBslie rpanuiis Jwnanazon «Becy onHoro 6amra B
- mrpados (py6.) | B pyO. | B 6ammax pyo.
1| TpupOAHO-KIMMATHUCCKHH | 3400 _ 1700000 | 1696600| 900* 1885.0
2 | UcTOpuKO-KYJIBTYpHBIN 1700 — 850000 | 848300 900 944.,0
3 CnoptuBHO-
pEKpeaMOHHbBIN 1700 — 850000 | 848300 900 944,0
4 Yiep6 «BU3UTHOU
KapTOYKe» ropoja 3400 — 1700000 | 1696600 900 1885,0

*3a MuaycoMm 100 6amioB, cooTBEeTCTBYIOIINX MHHUMaNbHOH BenmmanHe B 3400, 1700 py6., B 3aBHCUMOCTH OT TPYTIITEI
BHUJIOB yIepOa peKpealliOHHOMY ITOTEHIHAITY.

Tpertuii 3Tan - YcraHoBieHHe yCyryonsomux (OTaromarnmx) GakTopoB 1o
(dakTaM pPE30HAHCHON MOTEPH PEKPEaAlIOHHOTO MOTEHIMaNa JH00 CMITYaroUIX
MPUYUH Pa3BUTHS MTOTEPD.

[Ipy HaMMUUU TMOCHETHUX, - BO3MOXKHA KOPPEKTUPOBKA B BHUAC COKpPAICHUS
oO1elt cymmbl yObITKa Kak OCHOBHI miTpada Ha BenuuuHy oT 10 go 50% (cymma
mrpada yMEHBIIASTCS, B 3aBUCUMOCTH OT OTCYTCTBHUSI MH(OPMAIIUK O POCTE pUCKA
MOTEPU PEKPEaAlMOHHOTO TMoTeHIuMana). To ecTb BHYTpu MmTpadHON (yHKIUU
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BO3MOXKHa pean3anus MOAPYHKINH CTUMYJIMPOBAHHUS CKOPEHIIETO HCIPaBICHUS
YCTaHOBJIEHHOIO yiiep0a M MPENnSTCTBUE €ro JalbHEWIIEMY paclpOCTPaHEHUIO
(ycyrybnenuto). Ecnu coOCTBEHHUK MPUBA3KU 00BEKTa yiiepOa ycTpaHseT IpUIUHbI
yiiep6a peKkpearmoHHOMY MTOTEHITHATY U caM BHEITHHUM BUJ — CyMMa mTpada MOXKET
ObiTh cHkeHa Ha 50% MakcumyM. Eciin cOOCTBEHHHK B TEUEHHH Mecsla O
MIPEABSIBICHUN TTPETCH3UU MPECTABISET CMETY U TUTAH UCIPABJICHUS MaTepUaTbHOM
OCHOBBI yiepOa (HampuMep, BHEIIHETO BHUJA) BO3MOXKHO mpemocrtaBieHue 10%
CKHJIKM Ha BEIWYMHY ITpada Kak KOMIICHCAIIMM IOATOTOBUTEIBHBIX padoT. Bce
OCTaJIbHBIE BapHaHTBI COKpaleHue oOmeld cyMmMmbl mTpada MPUHUMAET MECTHBIHA

OopraH caMOyIpaBJCHUS aJMUHUCTPATHBHON €IMHUIIBI.
Paboma noocomoenena 6 pamxax evinonnenus npoexkma 19-410-910009 p _a
Memooonozuueckoe ob6ocHo8anue cucmemvl Wmpaghos 3a npuiuxerue yuepoa
PEeKPeayuoOHHOMY NOMEHYUATY KYPOPMHO20 20p00ad Pediu308anH020 NPU NHOOOepIHCcKe
Poccuiickoeo @onoa Dynoamenmanvhvix ucciedosanuti (Homep LJUTuC AAAA-A19-
119070390022-2).
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CHAPTER 10.
APPLICATION OF MULTIFACTOR MODELS FOR FORECASTING OF
PSA (PHTHALIC ANHYDRID) EMISSIONS IN AIRPLANES

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-012

Introduction

In the 21st century, the number of passengers who prefer to travel by air is
increasing every year. In the cockpits of modern aircraft supported by various
parameters of the internal environment such as pressure, temperature and humidity
[1]. The air characteristics in aircraft cabins are similar to the indoor air parameters of
residential buildings and office premises. However, aircraft cabins differ from
buildings in many respects, in particular, space per passenger, the need to seal the
cabin, a forced lack of activity during the flight, etc. [1].

Modern aircraft are equipped with an Environmental Control System (ECS),
which provides safe, comfortable, and healthy flights for both passengers and the
crew. Factors affecting the quality of internal air in aircraft can be divided into the
following categories: pressure; temperature; humidity; oxygen content; concentration
of pollutants in the air of the cockpit [2, 3].

A sudden change in the level of one or more of these factors or the interaction
between them can cause a deterioration in the quality of internal air and, therefore,
can have a negative effect on the health of passengers and crew [3-5]. Therefore,
research in the field of ensuring air quality in aircraft cockpits is an urgent problem.
This paper considers the development of multifactor mathematical models that take
into account the influence of aircraft parameters on air quality in the cockpit.

10.1. Common problems of modeling

Modeling corresponds to replacement of one object (original) with other object
(model) and fixation and analysis of model characteristics. The replacement is
executed for simplification, reduction in a cost, for acceleration of original
characteristics analysis [6].

In the general case as the object—original may be considered natural or artificial,
real or imaginary system. It has parameters set Sy, and it is defined with certain
characteristics. Characteristics set Y is quantitative measure for system features, the
system displays its characteristics under influence of external actions X.

The set of parameters and their values S reflects its internal content, namely the
structure and operation principles. S characteristics are generally its external
attributes, which are important during its interaction with other S. S characteristics
are in functional subjection to its parameters. Each characteristic of system yo,cY) 1s
defined generally by limited number of parameters {Sox}=So. Remaining parameters
are noncritical for the value of this S characteristic. As a rule, only some
characteristics {y}cY, of S are interesting for a researcher at specific exposure on
the system {Xmn}CX.

The model is also the system with its own parameters set S,, and characteristics
set Yn. Some parameters of the original and the model are similar and some

MONOGRAPH 135 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 R t ’

parameters are different. Replacement of one object with other object is legitimate in
the case if interested for the researcher characteristics of the original and the model
are defined with one—type subsets of parameters and are connected with theses
parameters by means of identical dependences [6, 7]:
YOk:f({Soi}a{Xon}aT); (1)
Yon=T({Smi}, {Xmn}, Tm) (2)
where, ymn — k—th model characteristic, ymnCYm; Xmn — €xternal action on the model,
XmnCX; Tm — simulated time.

Substantially cognition of every system (S) comes to its model creation. A
model—design of each device is developed before its manufacturing. Mathematics
achievements resulted in spreading of mathematical models for different objects and
processes. It was noticed that functioning dynamics of different in physical nature
systems is described with one—type dependences. This fact permits to model them by
means of computers [8].

Methodology development of simulation modeling by means of computers
raised modeling to the new level. Now it is difficult to specify an area of human
activity without modeling application. Models for cars manufacturing, wheat growth,
functioning of human separate organs, atomic explosion, etc were developed.

Automatic control systems for technologic complexes, economic—organizing
complexes, designing processes, data banks are used widely in practice. But every
from these systems wants for information about controlled object and controlled
object model, modeling of controlling decisions.

Usually development process of complicated system is executed iteratively with
utilization of design decisions modeling. In the case if the characteristics dissatisfy
demands, then the design is corrected by results analysis and modeling is repeated.

During operating systems analysis by means of modeling it is determined
system serviceability borders. It is executed simulation of experimental conditions
that can appear in the process of system functioning. Artificial generation such
conditions at natural system is difficult and can bring into a state of catastrophe [6-8].

Physical models. Model abstracting degree from the original is assumed as
classification principle. Preliminary all models may be separated in 2 groups, namely
physical and abstract (mathematical) models.

Physical model is usually the system that equivalent or similar to the original.
This model may have other physical nature.

Natural models are real researched systems (prototype, pilot model). They have
perfect adequacy with the system—original, however they are very expensive.

Quasinatural models are a collection of natural and mathematical models. This
form is used in the case, if the model of system part cannot be mathematical owing to
its description complexity (the model of person—operator) or if system part must be
researched in interaction with other parts, however these parts are not existing or their
inclusion is very expensive (computing polygons, automatic control system).

Scale model is the system with the same physical nature that the original. This
model scale differs from original scale. Similarity theory is methodological
foundation of scale modeling. During BC designing scale models may be used for
analysis of layout decisions.
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Analogous models are the systems with physical nature that differs from the
original and with functioning processes that are similar to the original. Mathematical
description of researched system is necessary for creation analogous model.
Mechanical, hydraulic, pneumatic and electric systems are used as analogous models.
Analogous modeling uses computer aids at the level of logic elements and electric
circuits, and also at system level in the case if system functioning is described, for
example, by means of differential or algebraic equations.

Mathematical models are formalized presentation of the system by means of
abstract language, mathematical relationships that reflect the process of system
functioning. Whatever mathematical means, namely algebraic, differential, integral
calculus, set theory, algorithm theory etc. may be used for mathematical models
creation. Substantially all mathematics was created for composition and researching
of models for objects and processes.

10.2. Types of multiple classification

1. Deterministic analysis is the procedure of factors influence research.
Association of these factors with effective indicators is functional, i.e. effective
indicator is expressed as product, quotient, and algebraic sum of factors.

2. Stochastic analysis is the procedure for factors research in the case if
association of these factors with effective indicators is probabilistic (correlation).

3. Procedure of direct factor analysis. In this case the research is executed from
general case to particular case (deductive approach).

4. Procedure of inverse factor analysis. In this case the research is executed from
particular case to general case (inductive approach).

5. Procedure of single—stage factor analysis. In this case the factors of one level
(degree) are researched without subordination.

6. Procedure of multi—stage factor analysis. In this case the research is executed
with factor detailing. Thus it is researched influence of the factors with various levels
of hierarchy.

7. Procedure of statistical factor analysis is used during the analysis for relevant
date.

8. Procedure of dynamic factor analysis is the procedure of research for cause—
effect relations in dynamics.

9. Procedure of retrospective factor analysis is used for research of increase
reasons for effective indicators of past periods.

10. Procedure of perspective factor analysis is used for research of factors and
effective indicators behavior in perspective.

10.3. Multifactor mathematical models

During modeling of complicated technical devices or technological processes in
dynamics it is necessary to work with multifactor dependences. In this case the value
of one indicator or indicators group is defined by behavior of many factors
simultaneously, rather than one factor. Really, if we take any indicator in complicated
technical device and look after factors, influencing onto this indicator, we will see
that all indicators are formed under influence of many various reasons and conditions.
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It 1s most difficult to find single—factor dependence rather than multifactor
dependence for the task of forecasting for complicated technical devices. It is obvious
that in sense relationship single—factor model reflects the processes in complicated
technical devices more exactly than trend model. However during creation of single—
factor model it is necessary to simplify simulated reality presentation. In this case
only one factor is selected instead of modeling of many factors action on predictable
indicator. This factor is assumed by the forecaster as most basic. In this situation
every single—factor model is so conventional and rough, that its application in
forecasting may give only very approximate reference points. If an expert wants to
execute exact forecast by means of mathematical model, then he must select such
model that reflects the essence of current events and describes they to the best
advantage. As far as virtually all indicators are formed under many factors influence,
then the model for forecasting must be multifactor model.

Therefore multifactor model can give greater accuracy than single—factor model,
as far as it models reality more detailed. The task of creation of mathematical models
for some objects and phenomena on the base of experiments or observations for
forecasts creation may be solved successfully by means of correlation—regression
analysis (KRA). Regression models are mathematical relationships of defined type
between indicators of object operation or characteristics of observed phenomenon Y,
Y; ,... Ym and conditioning values X;, Xs,..., X, . Models may be classified as
single—factor and multifactor models depending on quantity of Xi (independent
factors), whose influence must be determined, on conclusive (dependent factor) Y of
the model.

10.4. Stages of construction for multifactor regression model
The process of correlation—regression analysis (KRA) consists from followings
stages:
o Preliminary treatment of statistical data and choice of factor indicators.
The factors, included in developed regression model, must meet following
requirements:

— each factor must be grounded theoretically;

— the factors must be most significant, they must render essential influence on
researched dependent factor. It is recommended that the quantity of model factors
was no more than a tierce from value of observations in the sample;

— the factors must be not linear dependent among themselves. Presence of such
dependence signifies that these factors characterize analogous features of
researched factor (phenomenon of multicollinearity);

— it is recommended to include into the model only such factors that can be
numerically measured;

— cumulative factor and particular factors, formed it, must be not included into one
model. Simultaneous including of such factors results in their increased influence
on dependent factor, in distortion of actual reality.

Preliminary treatment of statistical data is ended with compiling of the matrix
for correlation coupled coefficients. The matrix for correlation coupled coefficients is
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quadratic and symmetric in regard to leading diagonal. Correlation coupled
coefficients are used for quantitative evaluation of interconnection for two data sets,
given in dimensionless form.

Sample correlation coefficient is the covariance of two data sets, divided on the
product of their standard deviations.

Correlation analysis gives possibility to determine whether data sets are
associated by magnitudes; i.e. large magnitudes from one data set are connected with
large magnitudes from other data set (positive correlation) or small magnitudes are
connected with large magnitudes from other data set (negative correlation), or data
of both ranges are not connected (approximate to zero correlation);

o evaluation of connection tightness between factors and detection of connection
forms.
Evaluation of connection tightness between factors is executed by means of
Cheddock scale [6, 8] on the base correlation coefficients (from correlation matrix):

Table 1
Relationships between factors on the Cheddock scale based on correlation
coefficients
Indications of
connection tightness | 4 63 | 9305 | 05207 | 07-09 0.9-0.99
(correlation
coefficient)
Characteristic of . . .
connection strength weak moderate | appreciable high very high

Evaluation of correlation connections permits to define influence degree of
each independent factor on dependent factor. Such independent factors, which have
very weak connection tightness with researched dependent factor (correlation
coefficient is lower than 0.1), may be deleted as inessential.

Choice of connection form is complicated problem, as it is necessary to find
such function in infinite set of functions, which expresses really existing connections
between researched dependent factor and independent factors better than other
functions.

The correlation coefficients of 82 parameters with respect to the concentration
of PSA (Phthalic anhydrid) (ppb) were calculated. After analyzing the experimental
data on the basis of the Cheddock scale (Table 1), 15 factors were selected for the
further development of mathematical models.

1. Takeoff, climb, cruising.
2. Cruising , descent, landing.
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Table 2
15 factors for the further development of mathematical models
Takeoff, climb, cruising cruising, descent, landing
parameter Column | correlation parameter Column | correlation
Excel Excel
2161F5101— 2120F2401-
AIR1 ZCAB E 0,853488 AIR PCK2 FLAP OUTPOS AG 0.894244
2120P4701- 2120H2401-
AIR1 PCK1 INCP TEMP A 0,849876 AIR PCK1 FLAP OUTPOS AF 0,884633
2120P6201 N 0,822761 | 2120K1101 1 0,74571
31D120001- 31D120001-
ALT PEDI D 0,803895 ALT PEDI D 0,687719
2120K1101 1 —-0,8004 72320160A-0OIT2 CHA CE 0,664577
2120H2301- 7231N160A—~
AIR1 PCK1 OUTCP TEMP AN 0,795786 OIT1 CHA CD 0,660497
2120N6201— O 0,783943 | 2120P6201 N 0,659451
2120C2401- 2120N6201
AIRI PACK2TEMP DMD Y 0,743352 (0] 0,628326
2120C2501- 31WIN4001-
AIR1 PACKITEMP DMD X 0,720851 ENGI1 EPRA FWCI BV 0,625405
2120P6301— 31W104001-
AIR1 FD UPTRMVLVTEMP BE 0,72021 ENG2 EPRA FWCI BW 0,608462
2120H2101- 3612G4101-
AIR1 PCK1 OUT TEMP AR 0,711061 BLD1 PCL OUTTEMP2 L 051148
2120D7101— 3612G4001—
AIR1 CKPT DUCT TEMP BD 0,691584 BLD2 PCL OUTTEMP2 M 0,489962
2120P6101 AH —-0,6903 7231N440A-N2A1 CHA BX 0,473356
2120F2301- 7231J650A-ENGI1A T3
AIR] PCK2 OUTCP TEMP AO 0,683686 CB 0,466671
2120N6101 Al -0,67797 | 72320440A-N2A2 CHA BY 0,463755

Multifactor linear connection

1. Direct

a) at increase of factor and effective attributes

Vxz = Vmin 1+B{d i

Xmin

+d ]
Zmin |
Z max)j| )

0) at decrease of factor and effective attributes

Vxz = Ymax% - B(d1_ Xi

X max

+d, z

2.Inverse
a) at increase of factor attributes and decrease of effective attribute

+d j
1 —0-1
Z min

0) at decrease of factor attributes and increase of effective attribute
Vxz = Ymin{u d_xi + a{z:'ﬂ
X'max Z max
3. Combinational

a) at direct dependence Y from X and inverse dependence Y from Z:

+d Z,.]
! 1_Zmax

Vxz = Vmax 1—B£d -

Xmin

Vxz = Vmin 1+B{d i

X'min
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0) at inverse dependence Y from X and direct dependence Y from Z:

1+B{a{Xi+de ﬂ
X max Zmin71

Calculation of comparison coefficients for effective attribute is executed with
taking into account of the change of its values:

Vxz = Vmin

Jati Y |

a) at increase -1;
ymin

0) at decrease 1——— .

) y

max

Following formulas are used for computation of dependence parameters,
estimation of the tightness and stability:

Dependence parameters

a) for single—factor dependence

Z(Y;jin _lj Zdy

b= =5

1) >

Xmin

0) for multifactor dependence '
z(y;}in B ) _ z dy
Z( Xi —1)+Z( Zi _lj d.d +>.d’

Xmin Z min

B =

Single—factor correlation coefficient
2.d,d,
[y = e

V242 d,
Correlation index (single—factor and multifactor)

Vi Vx, ’ .
Z[(Ymin N 1) - (Yxm,.n - 1]} ~ \/1 Z(dy - dyx) )

Z( Y 1) 2.4,

Ymin

Coefficient of connection stability

D.|d - bd,
K= ]——Zd ,
y
10.5. Linear multifactor model
Each function of many variables may be reduced to linear form by means of
taking the logarithm or variables change. Taking into account this fact the equation of
multiple regression is constructed in linear form:
y=a,+ax+ax,+..+ax, (3)

where y  — theoretical values of effective attribute, received by means of
substitution of appropriate factor attributes into regression equation; x,,X,,...xX,—
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values of factor attributes; aq,,q,,a,,..a, — equation parameters (regression

coefficients).

Each equation coefficient: a,,4q,,a,,..,a, (regression coefficient) indicates

influence stage of appropriate independent factor on analyzed factor at fixed state (at
middle level) of other factors. Dependent factor varies on appropriate regression
coefficient together with change of each factor on the unit;
o Development of multifactor model for researched phenomenon and its analysis.
Creation of regression model is executed by means of electronic technology of
Data analysis batch in Excel.
It is necessary to analyze following data for determination of statistical
significance for received regression equation:
— the value of multiple correlation coefficient R that indicates on the connection
tightness between dependent variable and aggregate of all independent factors;
— the magnitude of coefficient R? (R’ must be >= 80%);
— F-—statistics: Fp (F calculated) must be less Fk (F critical tabular value) — Fp < Fk;
— Remainders ¢, = y — j are the difference between observed values and regression

line (predicted values). The remainders must be independent.
— Presence or lack of autocorrelation phenomenon defined by means of Darbin—
Watson criterion.

Regression equation parameters may be determined by means of the least—
squares procedure. In this case such model parameters are determined, at which it is
minimized the sum of deviates squares of empirical (actual) values for effective
attribute from theoretical values, received in accordance with selected in accordance
with regression equation, i.e.

5= Z(yi_yi)z - Z(yi_ao_alxli “dX>, _"'_amx”u’)z — min @
i=1 i=1
On the base of extremum condition for the function of many wvariables
S(ay,a,,...,a,), which represents (1.4), it is necessary to equate to zero part

derivatives for these variables or in matrix form it is necessary for past derivatives
vector

da | 6a, éa,’"”
If we consider S as parameters function a, and execute mathematical

as_(as oS as}

transformations (differentiation), then we receive the system of normal equations
with m unknowns (in accordance with parameters quantity a,).

Y y=nay+ta ) x+a,) X, +..+a, ) x,,
< Z:yx1 = aOle +alZ:x12 + azzxle +...+am2xmx1,

Zyxm = aOme + a12x1xm + azzxzxm +...+ amin. 5)

where n — observations quantity, m — factors quantity in regression equation. System

MONOGRAPH 142 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 E jﬁfg

solution permits to receive the values of regression parameters a, .

The solution for system equations (5) may be discovered by means of Gauss
method, Kramer method, inverse matrix calculation method or other methods for
solution of linear equations systems.

On the ground of stated above it was developed linear correlation—regression
model for forecasting of System solution emissions:

1. Takeoff, climb, cruising.
YL1=-33.50228905+a, - E+a, - AJ+a, -N+a, -D+a, -I+a, - AN+a, -O+ag - Y+a, - X+

+a,, -BE+a, -AR+a,, -BD+a,- AH+a,, - AO+a - Al

6
where a,...a,; — regression coefficients; a,=0.000208738; a,=0.095245203; ©
a,=0.364856759; a,=0.000792502; a,=0.287628844; a,=0.199535917;
a,=—0.148935295; a,=0.027481093; a,=-0.236603449; a,,=0.454039607;
a,,=0.222784416; a,,=0.485501771; a,;,=1.045999553; a,,=0.074313633;
a,,=1.332143551. The error is equal to 5 %, R* =0,94.

2. Cruising, descent, landing.
YPL1=24.23834606+a, - AG+a, - AF+a, -I+a, - D+a, - CE+a, -CD+a, - N+a, x 7

xO+a, -BV+a ,-BW+a,, -L+a,, -M+a,, -BX+a,, -CB+a,, - BY,
where a,...a,; — regression coefficients;
a,=0.986569671; a,=0.376956249; a,=0.177502136;a,=—7.13304E-05;
a,=1.222818509; a,=0.991524157;a,=0.113506088; a,=0.075409215;
a,=—12.78214729; a,,=13.93375454; a,,=0.028261583;4,,=0.015099345;
a,,=0.356149675;a,,=0.007847947; a,,=—0.441642012;

The error is equal to 6 %, R* =0,89.

10.6. Nonlinear multifactor model

Multiplicative (nonlinear) models of forecasting are used widely in practice of
estimation. All variables in multiplicative model are multiplied not by their
coefficients. Instead of this they are raised to power or they serve as exponents. Then
results are multiplied. It is necessary initially to transform the model into additive
form for estimation of parameters.

If we have attributes nonlinear dependence, which is reduced to linear form,
then coefficients values of multiple regression determined by means of least—square
procedure. The distinction is that this method is applied to transformed data rather
than initial information.

Let us consider power function

1 2 3
y=a,-a -a, -a; -..-a, (8)

where a,,...,a, are regression coefficients;
We transform the function (1.8) into linear form:
In(y) =1In(a,) + x,In(a,) + x,In(a,) +...+ x,In(a,), 9)
where the variables are expressed in logarithms.
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Further least—squares method is applied as earlier: normal equations system is
created and values In(q,), a,, ..., a, are determined. We find antilogarithm of In(a)
and determine the value for parameter @ and view for power function equation.

So long as the parameters of power function are elasticity coefficients, they are
comparable in accordance with different factors. On the ground of above stated
method it was developed nonlinear correlation—regression model for PSA (Phthalic
anhydrid) emissions:

1. Takeoff, climb, cruising.

_ o B 457 N D I AN O Y X BE AR
YNl=a,-a; -a,” -ay" -a,” a5 -a,"" -a,” -ay -ay" -a,, -q

X
BD AH AO Al (10)
XAy Gy Gy s,
where a,...q,; are regression coefficients;
a,=0.006842089; a,=1.000024862; a,=0.991198893; a,=1.0222879; a,=1.00001889;
a,=1.004654298;a,=1.021243538;a,=0.999380163; a,=0.999033173;
a,=1.004514485; a,,=1.076381442; a,,=0.987488691; a,,=0.974034468;

a,,=0.997858045; a,,=0.998046044; a,=0.98574593.

. 2
The error is equal to 2 %, R* =0,98.
2. Cruising, descent, landing.
_ AG AF 1 D CE CD N 0] BV BW L M BX
YPNl_ao'al a, +dz 4y ds dg cdg; cdg Qg tdy 4y 4y g

X
(11

)

CB BY
Xy, s

where a,...a,; are regression coefficients;

a,=178.5970;a,=1.161811; a,=0.884452;a,=0.946524; a,=0.999966509;
a,=0.803535464;a,=1.207008624; a,=1.037623115;

a,=0.970508824; a,=0.057582885; a,,=15.16904501; a,,=0.992998308;
a,,=1.005735521;a,,=1.076433038;4a,,=1.001860549; a,,=0.911682722; The error is

equal to 3 %, R*=0,92.

10.7. Method of deterministic stochastic factorial analysis

Deterministic stochastic analysis corresponds to research procedure for study of
the factors influence. These factors connection with effective indicator has functional
character, i.e. effective indicator of factor model is expressed in the form of factors
product, quotient or algebraic sum. There are following methods of factor analysis:
chain substitution method, absolute differences method, relative differences method,
integral method, method of taking the logarithm.

This form of factor analysis is the most popular. It is sufficiently simple in
application (as compared with stochastic analysis), it permits to understand the logic
of operation for main factors, to estimate quantatively their influence, to define the
factors, which may be changed, to estimate the proportion and appropriateness of this
change for improvement of complicated technical system.

Stochastic analysis corresponds to research procedure for study such factors,
which have connection with effective attribute, however this connection, in contrast
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to functional connection, is incomplete (correlation). If we have functional
(complete) dependence, then appropriate function change occurs always at argument
change. If we have correlation connection, then argument change may give several
values for function increment subject to combination of other factors defining this
attribute. There are following methods of stochastic factor analysis: approach of pair
correlation; multiple correlation analysis; matrix models; mathematical programming;
method of operations research.

On the ground of executed correlation analysis for 82 factors it was selected 5
factors, which differ in flight configuration. These 82 factors influence on detection
and changing of PSA (Phthalic anhydrid) concentration in the air of airplane cabin.
(Takeoff, climb, cruising); (Cruising, descent, landing) [9]. Method implementation
is started from selection and calculation of approximating—interpolating functions that
describe the connection for each factor. Calculated functions are presented below:

I. Takeoff, climb, cruising
1. Parameter 2161F5101-AIR1 ZCAB
yy=a+bx+cx’ +dx’ +ext + fi’, (12)
where a=0.20515394; b=0.005864127; c=6.5302e—06; d=2.94496e—09;
=5.0896e—13; f=3.04646¢-17.

(E) AIR1_ZCAB
Rank 66 Eqn 6002 y=a+bx+cx2+dx3+ex*+ix5
2=0,82139644 DF Adj r2=0.82108842 FitStdEm=3.2788035 Fstat=3200.8989
a=-0.20515394 b=0.0058641267 c=-6.5302092¢-06
d=2.9449572¢-09 e=-5.089594e-13 f=3.0464576e-17

35 35

30 A 30

o MO mém s @mm s L25

20 F20

ppb
ppb

[ [t M — —— | — R S e — | — " TR D 115

10

¢ : ; 0
0 2000 4000 6000 8000
ft

Fig.1.

2. Parameter 2120P4701-AIR1_PCK1 INCP_TEMP

y,=a+bx+cx’ +dx’ +ext + i’ +gx® + hx', (13)
where a=692.387293; b=63.75570925; ¢=2.47853327; d=0.052804729;
e=10.00066516; f=4.94676e-06; g=2.008e-08; h=3.43145¢e-11.
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AJ AIR1_PCK1_INCP_TEMP
Rank 60 Eqn 6004 y=a+bx+cx2+dx3+ex*+fx35+gxé+hx”

r?=0.89168501 DF Adj?=0.89143579 FitStdErr=2.5541091 Fstat=4090.2932
a=-592.38720 b=63.755709 c=-2.4785333 d=0.052604729

£=-0.00066516374 f=4.9487588e-06 g=-2.0080015e-08 h=3.4314459¢-11

35 : / 35
30 el 30
25 : 25
20 20
e e
a2 o
o o
15 15
10 10
5 5
o b 0
40 140

3. Parameter 2120P6201
yy=a+bx+cex’ +dx’ +ext + 7+ gx’,

where a=229842.993;  5=8397.912450;
=0.00462236; f=1.10646e—05;

(14)
=-127.322046; d=1.025139880;

g=—1.0982¢e—-08.
N -
Rank 62 Eqn 6003 y=a+bx+cx2+dx3+exd+ix2+gx8
r2=0.9616621 DF Adjr?=0.96158485 FitStdErr=15195575 Fstat=14527.73

a=-229842.99 b=8397.9124 ¢=-127.32205 d=1.025139¢
e=-0.0046223593 f=1.106456e-05 g=-1.0981826e-08
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Fig.3.
4. Parameter 31D120001-ALT PFDI1

yo=a+bx+cex’ +dx’ +ext + i+ gx® + hx',

where a=1.148207505;
e=4.517e-15;

b=0.000771207;
£1.72589¢-19; g=3.198¢-24;

200

(15)

¢=3.5994e-07; d=5.93112e-11;

h=2.29665e-29.
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D ALT_PFD1
Rank 55 Eqn 6004 y=a+bx+cx2+dx3+ex4+fxS+gx8+hx’
12=0.9561614 DF Adj r’=0.95606053 FitStdErmr=1.6248883 Fstat=10836.924
a=1.1482075 b=0.00077120719 c=-3.5994236e-07 d=5.931118%e-11
e=-4 5169577e-15 f=1.7258875e-19 g=-3.1979839e-24 h=2.2966514e-29
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Fig.4.
5. Parameter 2120K 1101
ys=a+bx+cx’ +dx’ +ext + i’ + g’ + hx', (16)

where a=0.317724914; 5=0.137436621; ¢=0.026640819; d=—0.00270663;
e=4.2532e-05;  f=5.8269¢-06; g=2.8342e¢-08; h=23.8971e-09;
I

Rank 51 Eqn 6004 y=a+bx+cx2+dx3+exd+ix5+gx8+hx?
2=0.93278404 DF Ad]r?=0.93262939 FitStdEm=2.0120157 Fstat=6895.0951
a=0.31772491 b=0.13743662 c=0.026640819 d=-0.0027066341
6=-4.2532416-05 =5.82689540-06 g=2.8341959-08 h=-3.897112e-09
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Fig.5.

II. Cruising, descent, landing
1. Parameter 2120F2401- AIR_ PCK2 FLAP_ OUTPOS

v, =a+bx’, (17)
where a=2.886808804; 5=0.025384438;
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AG AIR_PCK2_FLAP_OUTPOS
Rank 3 Eqn4 y=a+bx2
2=0.80781147 DF Adjr2=0.8077114 FitStdErr=1.7002965 Fstat=16148.788

2=2.8868088
b=0.025384438
25 25
15 4 | S L16
o e ! o
101 T e e L10
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0 | IRREN LAY 0
15 20 25
%
Fig.6.

2. Parameter 2120H2401- AIR PCK1 FLAP_OUTPOS
_(a+cex+ ex” + gx’)
T bt di + )
where ¢=5.970722012; 5=-0.26412007; ¢=1.58410213;

e=0.131778761; f=0.00058599; g=-0.00320155;

AF AIR_PCK1_FLAP_OUTPOS
Rank 52 Eqn 7905 y=(a+cx+ex2+gx3)/(1+bx+dx2+fx3) [NL]
r=0.84026933 DF Adjr?=0.83998011 FitStdErr=1.6238558 Fstat=3390.417
a=5.970722 b=-0.26412007 c=-1.5841021 d=0.022438223

(18)
d=0.022438223;

e=0.13177876 f=-0.00058599175 g=-0.0032015544

25 25
: / — i

5

0

20

Fig.7.
3. Parameter 2120K1101
Vs =(a+bx+cx2+dx3)2, (19)

where a=2.324320019; 5=0.013792734; ¢=0.00075387; d=—8.8517e-05;
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-
Rank 82 Eqn 6122 y%-3=a+bx+cx2+dx3
r2=0.80876096 DF Adjr2=0.80856324 FitStdErr=1.7761236 Fstat=5455.4845
8=2.32432 b=0.013792734
¢=-0.00075387261 d=-8.8517441e-05
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5 5
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-40
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Fig.8.
4. Parameter 31D120001- ALT PFDI
Y, —a+bx+Srd + S +fx + = +hx , (20)
X X x’

where a=358.3005514; b=0.02756409; c=2.3421e+06; d=1.13003e—
06; e=7.39319¢+09;  f=2.3284e-11; g=8.8982e+12;  h=1.92756e-16.

D ALT_PFD1
Rank 53 Eqn 6203 y=a+bx+c/x+dx2+e/x2+fx3+g/x3+hx?
r2=0.58283312 DF Adj2=0.58105131 FitStdEr=0.53014015 Fstat=374.02958
a=358.30055 b=-0.027564087 c=-2342114.7 d=1.130027e-06
=7.3931935e+00 f=-2.3284248e-11 g=-8.8982084e+12 h=1,9275626e-16

25

20+
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0 10000 20000 30000 40000

Fig.9.
5. Parameter 2120N6201

Vg —a+bx+S+dy + +fx (21)
X

where a=11875.0106; b=87.55710321; c=793516.2960; d=0.31823701;
e=—2.0857¢e+07, /=0.000457021.
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)
Rank 137 Eqn 6201 y=a+bx+c/x+dx2+e/x2+fx3
122069224045 DF Adj r?=0.69176293 FitStdEr=22537353 Fstat=1740.0506
a=-11875.011 b=87.557103 c=793516.3
d=-0.31823701 e=-20856753 f=0.00045702068
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Fig.10.
It 1s necessary for further computation to determine average value for received
coefficients y,, ..., ¥

1Y
y=;Zyi, (22)
i=1

General view of mathematical model is described by means of following expression:

n yl
YY(I,II) = ZT s
N\ Y

y y oy oy 'y 'y 'y y Yy Yy Yy Yy Yy Y Yy
(23)

The error of developed model is equal to 0,75 %, R*=0,985.

Conclusions

Based on experimental data, mathematical models are developed for predicting
the emissions of PSA (Phthalic anhydrid) in airplanes. Three types of mathematical
models are obtained. The first mathematical model. The linear correlation-regression
model for forecasting PSA emissions (Phthalic anhydrid) for two flight modes: a)
takeoff, climb, cruising; b) cruising, descent, landing. The error of this mathematical

model is 6%, and R”>=0,89. The second mathematical model. Non-linear
correlation-regression model for forecasting emissions of PSA (Phthalic anhydrid):
for two flight modes: a) takeoff, climb, cruising; b) cruising, descent, landing. The
error of this mathematical model is 3%, R* =0,92. The third mathematical model. A
mathematical model based on the method of deterministic stochastic factor analysis
proposed by the authors for two flight modes: a) takeoff, climb, cruising; b) cruising,
descent, landing. The error of this mathematical model is 0.75%, R*> =0,985.
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CHAPTER 11.
PROBLEMS OF INFORMATION SECURITY IN DISTRIBUTED
INFORMATION SYSTEMS

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-028

Introduction

The relevance of the problem of protecting information technology in modern
conditions i1s determined by the main factors: the aggravation of contradictions
between the objectively existing needs of society in expanding the free exchange of
information and excessive or, conversely, insufficient restrictions on its distribution
and use; expanding the scope of use of computers, the diversity and widespread
dissemination of information management systems, the high rate of increase in the
fleet of computer equipment and communications; increasing the level of confidence
in automated systems for managing and processing information, using them in critical
areas of activity; involving more and more people and organizations in the process of
information interaction, a sharp increase in their information needs, and the presence
of an intensive exchange of information between participants in this process. The
paper discusses the protection capabilities of distributed information systems.

11.1.Problems of information security of distributed information systems

The rapid development of information technology, large-scale use of
information systems, the everyday use of the global Internet are changing the
economic and social aspects of society. Information systems is one of the backbone
factors of modern society, and the impact of information security and all aspects of
life of people over time will only increase [1, 2].

Due to the ever-increasing role of information in modern society of information
security tasks occupy a special place and call to him to attract more and more
attention. Information security is one of the problems faced by modern society in the
process of mass use of automated tools. Modern information systems have already
been inconceivable without the use of information security solutions and the creation
of a comprehensive information security system [3, 4].

The practice of developing modern information systems shows that most of
them are distributed in nature.

Distributed information system - an information system resources which may be
related to the physically different communication lines (network) servers, but which
retains the logical integrity of information and provides uniform access to it (single
user interface), through any point of entry.

For distributed information systems include computer networks (CS). Along
with computer networks to distributed IP also applies to multiprocessor computers
and multiple computer complex.

Heterogeneity, the heterogeneity of distribution of components of information
systems, the complexity of their construction, open communication protocols, a huge
number of subscribers to be included in the network are causing problems of
information security, monitoring network status [5, 6].

Statement of the problem of information security these days gets a number of
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features:

- protection of information is becoming increasingly important for the mass of
objects (large and small, public and non-state affiliation);

- dramatically expanding the variety to be protected information (public,
industrial, commercial, personal, etc...);

- to the fore the problem of complex information protection.

The successful implementation of these measures is possible only in the
presence of scientific and methodological foundations of complex information
protection, which are understood as a set of approaches, principles and methods
(scientific and technical fields), which are required for the study and analysis of
complex protection issues [7, 8].

The main purpose of creating a complex protection system information (KSZI)
i1s to ensure maximum efficiency of the protection by the simultaneous use of
appropriate techniques, resources and tools that preclude unauthorized access to
protected data and provide physical security of carriers in the system.

Despite the fact that information security in our time is one of the most urgent
problems, however, in the Soviet literature there is no established terminology base
of IB because of the absence in the country legally significant basic definition of
information security.

In everyday life, often information security (IS) is understood only as the need
to combat leakage of confidential and dissemination of false and hostile information.
However, this understanding is very narrow.

In the literature marked ambiguous approaches to the definition of information
security concepts, which displayed some of its properties.

Doctrine of the Russian Federation Information Security defines the main terms
and concepts of the protection of state information. In particular, under the
information security refers to "the state of protection of its national interests in the
information sphere, determined by a combination of balanced interests of the
individual, society and state".

The academic literature provides the following definition of information
security:

Information security - the security of the information and supporting
infrastructure against accidental or intentional exposure to natural or artificial nature
that could harm the owners or users of the information and supporting infrastructure.

Information security is not confined solely to the protection of information and
computer security [9, 10].

The protection of information - activities to prevent leaks of protected
information, unauthorized and unintended impacts on the protected information, ie a
process aimed at achieving this state.

The object of information security is the information affecting the state, service,
commercial, intellectual and personal interests, as well as facilities and infrastructure
processing and transmission.

IB subjects are bodies and structures that are in one way or another involved in
its provision.

Ensuring information security in a distributed system involves the creation of
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obstacles to the attempts of unauthorized access to data theft or modification of the
data transmitted over the network. An important is the preservation of such properties
information such as:

1) accessibility - the property information and its ability to provide timely and
unhindered access of users to the right data;

2) the integrity of the - existence information unchanged;

3) Confidentiality - the need to introduce restrictions on access to information, a
limited number of users [11, 12].

In order to fully assess the potential real damage from the loss of or damage to
the information distributed system or transmitted over communication channels, it is
necessary to consider the information security threats to the development of adequate
measures to prevent them.

11.2. Analysis of information security threats, channels and methods of
implementation of the security threats in distributed information systems

information security threat - a set of conditions and factors endangering
violations of information security.

Threats to information security can be classified by the following features:

1) On the purpose of realization of threats:

- violation of the integrity of information;

- breach of confidential information;

- disorders (partial or complete) IP operability and its components.

2) According to the principle influence on objects of IP threats can be
implemented:

- using the access system entities (users, processes) to IP objects (the
communication channel, data files, etc.);

- using covert channels (the way information transfer, allowing two processes to
communicate ways that violate system security policy).

3) The nature of actions on the object threats may carry out:

- active effect, is always associated with the execution of user-defined actions
that go beyond the responsibilities of the user and violate the existing information
security policies (eg, access to programs, data sets, password crackers, and so on);

- passive effect, carried out by the user observing certain side effects (e.g., the
program) and analyzing them. An example of passive exposure - listening
communication links between the nodes in the network. Such passive exposure is
associated always exclusively with violations of confidentiality of information, as in
this case there is no activity with the objects and subjects of IP.

4) In the same manner influences on objects of attack (if the active exposure)
may take place:

- direct impact on the objects of attack, for example, access to data sets,
programs, channels and so on, using an error;.

- the impact on the permissions system (including the seizure of privileges).
Unauthorized actions are carried out on the rights to the object, and the same access
to the object and then carried out lawfully.

5) According to the classification of the object of attack threat suggests that the
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impact may be subject to threats AIS components [13, 14]:

- automated information system as a whole;

- specific system objects - the program or data to the RAM, the external data, the
external and internal devices of the system (disk drives, flash drives, routers, and so
forth.);

- the subjects of the system, ie the processes and sub-processes with the
participation of users;

- data channels, ie data packets that are transmitted over the communication
channel, and the channels themselves.

6) By means of attack used. For the impact of IP attacker can be used as
standard software, and specially designed programs. In the first case, attacks are
usually predictable feedback as standard software in their most well studied.
However, the use of specially designed programs can become more dangerous in this
regard, it is recommended to avoid without the permission of the network
administrator to add software.

7) The threats can be classified as an object of attack. Attack object can be in
one of three states:

- Storage - on a magnetic or optical storage, in RAM or any other place in the
passive state;

- transmission - for a communication link between network nodes or a node
within. Exposure to involves any access to the fragments of the transmitted
information, or just listening to the use of covert channels;

- treatment - in situations where the object of attack is a user process.

8) By means of the impact of information security threat objects are subject to
the following classification.

On each of the infrastructure construction of the threat levels distributed
information systems and their sources (including intruders) are different (Table 1).

Table 1
Threats IB distributed at various levels of IP
Level Types of threats of information security
at the physical, external sources of threats face, spreading viruses and other malicious programs,

network levels and | hackers and persons engaged in network attacks and unauthorized access (unauthorized
the level of access) to the IP information;

network internal sources of threats, realizing the threat within its powers and their limits (staff
applications entitled to access to the hardware, including network administrators of network
applications, etc.);

Combined sources of threats, internal and external, acting jointly and / or in concert, in

collusion
at the levels of internal implementing threat within its powers and their limits (system administrators,
operating systems, | IT-professionals);
database external sources of threats face, spreading viruses and malware, hackers, and other
management persons engaged in network attacks and unauthorized access (unauthorized access);
systems Combined sources of threats, internal and external, acting jointly and / or in concert, in
collusion
at the level of internal sources, realizing the threat within its powers and their limits (users and IP
applications and operators, employees of the organization);
information Combined sources of threats: external (eg hackers) and internal acting in collusion.
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Under the threat of security of personal data (PD) at their processing within the
information system to understand the totality of the conditions and factors that create
a risk of information leakage, unauthorized access and unintended impacts.

Thus, the security risk of access can be associated with unintended actions
employees of the organization, and with a specially implemented by the unlawful
actions of offenders, as well as other sources of threats [15, 16].

Among the threats to the security of sensitive data can be identified:

- threats related to intentional or unintentional actions of employees who have
access to information resources;

- threats related to intentional or unintentional actions of persons who are not
staff members and realizing the threat from external networks;

- threats, depending on the properties of the hardware of the organization;

- threats that arise as a result of the introduction of hardware bookmarks and
malware.

The impact on the project can be identified:

- threats to security of personal data processed on users' workstations;

- security threats, processed in the selected processing means (printers, monitors,
video projectors, media sound, etc.);

- security threats PD sent over networks;

- the threat of software applications with which handled confidential
information;

- threats to the system software.

Channel leakage of information - uncontrolled physical path of the restricted
information source outside the organization or group of persons who have protected
information, whereby the possible misuse of confidential information by hackers to
master.

Conventionally, the entire set of channels of information leakage can be divided
into two groups: the potentially existing and specially created.

Classification of possible channels of information leakage can be carried out
also based on the type of agent, which is basic for obtaining information on the
possible channel leakage: anthropogenic channel (human), technical channel
(hardware and telecommunications lines) software [17, 18].

With regard to the users of your PC, the following leakage channels:

- theft of media;

- reading information from the screen by another party (while displaying
information on a person or in the absence of its screen the workplace);

- reading information from unattended print programs.

Under technical channels can be identified:

- Connect to PC devices specially designed hardware, providing access to
information;

- the use of special technical means to intercept the electromagnetic radiation PC
hardware.

In a group of software tools, which are channels of information leakage can be
identified:

- unauthorized access to program information;
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- decrypting the encrypted program information;

Leakage of information through the channels PEMIN (side electromagnetic
radiation and crosstalk) may be generated by means of:

- adverse electric and magnetic fields produced by BAS informative signals,
information processing hardware, as well as auxiliary means and systems [19, 20];

- electric and magnetic fields generated harmonics AC power SVT modulated
components informative signal;

- crosstalk informative signal in lines and data channels and auxiliary systems, a
power supply circuit, ground and other conductive communication with access data
beyond the security zone;

- radio emission generator included in the BAS and other equipment, as well as
generation of parasitic emissions arising during unstable operation elements,
amplifiers, signal generators [21, 22];

- unevenness of the current consumed by SVT on the power supply.

All infiltration channels in the system and leakage of information is divided into
direct and indirect. Under the indirect understand such channels, the use of which
does not require penetration into the premises, where the components of the system.
To use direct channels such penetration is needed.

access channels by the method information is divided into:

- physical;

- solenoid (intercept radiation);

- information (program-mathematical).

When a contact tamper possible threats IB implemented by accessing the
elements of the system, storage media, directly to the input and output information
(Scoring and data), software (including OS), as well as by connecting to the
telecommunications lines.

When non-contact access (e.g., for electromagnetic channel) information
security threats are realized interception information in communication lines, the
interception of radiation equipment, including induced in conductive communication
and supply circuits, commissioning link false information, visual observation
(photographing) the information output devices , interception employees and PC
users [23, 24].

Possible channels of attacks that can be used to access protected information
infringer:

- channels direct access to the object (visual-optical, physical, audible);

- electronic media (internal and removable), put in repair and released into
disrepair;

- paper media;

- regular firmware EC funds;

- cable system, communication lines and the network equipment located within
the monitoring zone and are not protected from unauthorized access to the
organizational and technical measures;

- unprotected communication channels.

information security threat is realized in the form of attacks, with the result that
there 1s a violation of information security of distributed information system.
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The attack on the information system - a search and / or exploitation of a
vulnerability of a particular system. In other words, the attack - is the realization of
threats to system security [25, 26].

Vulnerability referred to any characteristic or property information system, the
use of which an attacker can lead to the implementation of information security
threats.

It is possible to identify the main causes of the vulnerability of distributed
information systems:

1) openness to global networks, unlimited access to information on the protocols
and mechanisms for the protection of [P-based networks;

2) errors in the system software: operating systems, utilities that are published
openly [27, 28];

3) the heterogeneity of software releases and versions of operating systems;

4) complexity of design protection systems in an interworking heterogeneous
systems;

5) incorrect or erroneous administration of systems, IC design flaw;

6) "savings" on and software information security or neglect of such means.

In terms of security, distributed systems are characterized, above all, the
presence of remote attacks.

In modern conditions the security of information resources, distributed
information systems can only be achieved comprehensive information protection
system (CIPS).

11.3. A comprehensive approach to information security of distributed
information systems

The complex system of information protection is a holistic set of tools and
sufficient protection against current threats to information security, which is
integrated into the protected system. To protect the interests of the subjects of
information relations, a combination of measures of the following levels (see Table
2).

Accordingly, the information security system should include protection of each
IP-level control, as described in Table 2.

The difficulty of managing distributed information systems and security
associated with the complexity of the construction of these systems, and therefore the
control is associated with:

- centralized management of the entire distributed system;

- control units, applications and servers;

- Manage the local network and Internet access;

- control of the end-users [29, 30].

These four levels of control can be the target of threats for enterprise
information security. Accordingly, the information security system should include
protection for each level of management of the distributed information system.

When designing an integrated system of information protection (KSZI) should
consider the following general requirements:

- Information security must be ensured at all security levels and at all stages of
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Table 2
Levels of information security

Level Characteristic measures applied
Legislative Regulation by law and regulatory | - measures to establish and maintain in the
action acts with the information and | negative society (including punitive) related to
equipment, and liability for violation | violations and violators of the IB;
of the correctness of such actions - directing and coordinating measures to
improve public education in the field of
information security
Administrative | general actions taken by supervised- | - development of a security policy of the
and stvom to form the IB program and its | enterprise information systems;
organizational | implementation - the allocation of resources for the
implementation of an information security
program IC
Procedural security measures, focused on the | - Activities in the construction and equipment
organization of the staff, and the | of computer systems;
principles of building secure systems | - development of rules of access users of IP;
- Selection and training of personnel; and so
on.
Software and | Using special software and hardware | - the identification and authentication of users;
hardware and perform (either alone or in - access control to resources;
combination with other agents) - cryptographic transformation;
security features - checking the integrity of the system;
- anti-virus protection and so on.
the life cycle of IP;

- CIPS architecture must be distributed and layered structure corresponding to
the structure of the information system;

- solutions which form CIPS, are chosen based on the scalability and modular
design principle [31, 32];

- the introduction of security measures should be implemented across the
infrastructure (not just the critical resources);

- Integrated IP protection information system should be integrated with built-in
protection of information application systems, operating systems and services.

In the combined information protection system in the enterprise can distinguish
the components described in Table 3.

As part CIPS can also be identified:

- to ensure the integrity of the subsystem;

- Subsystem for intrusion detection;

- cryptographic protection subsystem;

- protection of personnel data subsystem in the system from leakage due to stray
electromagnetic radiation and interference (PEMIN);

- other subsystems of the complex system of protection.
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Table 3

Components of comprehensive information security system

number subsystem CIPS Characteristics KSZI subsystem
1 Subsystem designed to manage information security processes on the basis
management of laws and regulations and the rules of procedure for access to
CIPS protected information and control processes CIPS
2 Security subsystem designed to monitor and stay on the territory of the enterprise
from physical objects GI personnel and prevent uncontrolled stay of
unauthorized access unauthorized persons, for notification of unauthorized access
3 analysis subsystem, risk Designed to reduce internal and external threats to information
management, control of security in distributed networks, the danger of making a wrong
IP protection decision and the reduction of possible negative consequences of
undesirable events
4 identification and It is designed for authentication / identification procedures,
authentication subsystem | network entities that are part of a distributed IP
5 filtering and firewall intended to implement filtering of open and encrypted of IP-
subsystem traffic, fixing it in domestic journals, filtering service protocol
packets and registration of the requested application-level
services
6 Security subsystem It designed to protect distributed IP from tampering with
from malicious computer viruses and other malware
programs
Conclusion

The paper is devoted to the analysis of information protection capabilities in
modern distributed information systems. The main characteristics of the respective
approaches are given.
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CHAPTER 12.
PROBLEMS OF INFORMATION SECURITY IN DISTRIBUTED
INFORMATION SYSTEMS

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-029

Introduction

Modern educational organizations can be quite distributed. For them, the tasks
related to the protection of information are very relevant. This paper discusses the
features of information security for distributed educational systems.

12.1. Characteristics of distributed systems of a university with distance

educational technologies

Information and computer technology (ICT) play nowadays a key role in the
processes of production, accumulation and dissemination of new knowledge. The
penetration of information and communication technologies in the educational
process creates conditions for a major upgrade as a meaningful target, and
technological aspects of training. It is shown that significantly enriched the system of
didactic means, methods, learning technologies and generated non-traditional forms
and information and computer technology training.

In recent years, the practice of realization of educational services of Russian
higher education confirms the advantages of a distributed University over traditional
local institutions. The solution to the problem of availability of education in a
distributed University provided through a network of branches, representative offices
and remote training system [1, 2].

The distributed University is understood as a set of territorial units (branches),
giving the opportunity to each education, almost same as in the parent organization.
Representation of the distributed University act as "entry points", the places of
admission of applicants to study at the University or one of its affiliates [3, 4].

The school having a network of branches and representative offices, covering a
specific territory, providing its educational services. For this activity, the University
must distribute its educational, scientific and administrative potential of all their
units. Computer network of distributed branches of the University are training local
area network, the resources which are available to all users [5, 6].

In the implementation of educational programs in the school used e-learning,
distance education through the operation of a single electronic educational
environment of the University. The participants of the educational process interact
through the mass of information infrastructure with heterogeneity and distribution
architecture.

Distance learning (DL) is a set of technologies that delivers trainees the basic
volume of the studied material, interaction between learners and teachers in the
education process, providing trainees opportunities for independent work on
mastering of the studied material, and control in the learning process.

Progress in the field of transmitting information using computer
telecommunications helped to increase educational services to a new level. Distance
learning has made available a high quality education and a prestigious diploma for
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students from remote communities, where economic reasons may not be placed
higher educational institution or its branch. Distance learning get also wanting to
improve their skills, get a second degree in a relevant field. The main form of
distance learning is the student independent work on the training material.

A special case of the system DL the advocates of online education - so called
massive open online courses with interactive participation (MOOCS), designed for an
unlimited number of listeners [7, 8].

Distance education is carried out with a predominance in the educational process
of distance learning technologies, forms, methods and means of learning and using
information and educational arrays the global Internet.

System DL University represents a distributed system consisting of a Central
(brain) of the computer or server on which the database software, database server,
web server and other components required for data processing by students.

Students working remotely for client computers (nodes), connects to the server
of the branch or head of the institution through communication lines, via the Internet
or Intranet, satellite or radio communications.

On the client level, the system DL is divided into several functional modules
designed to automate the activities of the educational process.

Schematically the components of a distributed information system of the
University can be described in figure 1.

Currently used models of distance education are based largely on the advances
of network technologies, primarily on the use of the global Internet. The personal
computers of remote students be terminals, workstations exhibitors BEFORE, and the
network property of connectivity provides direct communication between teacher
(tutor) with the trainees and between the trainees themselves.

Communication provides a broad opportunity of interactivity, feedback in
training, and process control for distance learning at the University. The learner uses
the Internet as a source of information resources in databases (knowledge), digital
libraries, information sites, educational institutions and other institutions present at
multiple servers in the global network [9, 10].

Popular and convenient means of information on the Internet has become a
services Word Wide Web (world wide web) - hypertext, hypermedia, distributed,
integrated, global, decentralized information system that implements the most
advanced and massive technology direct access to information on a network
application layer Protocol http (HyperText Transfer Protocol — the "hypertext
transfer Protocol"), which is based on technology "client-server". The basis of
modern technologies of distance learning is the use of http Protocol and web site.

Information technology architecture of the educational environment of the
University distance learning includes the hardware and software platform of the
implementation, organizational form of database architecture and topology of
computer network, telecommunications, complex of technical means of data
processing.
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Figure 1 - Components of distributed information systems of a university
with distance learning

Currently, the distance education system built using the architecture "client-
server": this duplex building ("thick client") or, more applied, three-level (multilevel)
build ("thin client").

Software educational environment of distance education is arranged so that the
executable code simultaneously on both the server and client.

Typically, the server side performs any SOL server, and a client task is the
provision of a dialog operation with a user, querying, retrieving and displaying
results. As client applications are most often used web browsers, providing access to
databases inside corporate intranets (Intranet) and the Internet.

The full application of Internet technology to implement a LMS in an
educational institution does not involve the equipment of specialized classrooms.
Sufficient computer classes with access to the Internet for all kinds of work, current
control and intermediate attestation. Every teacher should be provided the
opportunity for academic dialogue in on-line and/or off-line modes and work with
information and educational resources DL for management of educational activity of
students [11, 12].

To connect computer labs to the Internet uses telephone lines, fiber optic lines,
satellite communications, radiotelephone communication channels (for example, a
GSM connection).

Popular technology is transfer DL the trainees educational content (electronic
textbooks, video lectures, video seminars, slide lectures, etc.) through:

1) satellite bilateral or unilateral constraints, implying the scheme: "the
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University of teleport — satellite — satellite (receiver) TV/computer";

2) telecommunication systems with access to the global Internet or a corporate
network, which implies a scheme of interaction: "the University web server (web
portal) — Internet/Intranet computer (mobile device)".

Satellite telecommunications information technology educational technology
remote, which is mainly based on the use of space satellite data and TV broadcast, as
well as global and local networks to provide access for students to information and
educational resources, presented in the form of broadcast, digital library, video
lectures and other learning tools [13, 14].

Satellite communication can be asynchronous (one-way) and synchronous (two-
way). In the first case, the user receives via satellite the equipment information from
the provider, and the information in the reverse direction is transmitted through PSTN
(modem connection) or wireless communication channels (e.g. wifi, GPRS). Modern
satellites use very small aperure terminals technology transfer VSAT (Very Small
Aperure Terminals) to the terminals VSAT and antennas with a diameter of 1 m with
an output power of about 1 watt. The satellite channel has a bandwidth of 19.2 Kbps,
while satellite — more than 512 Kbps, the terminals can not directly work with each
other only via telecommunications satellite. To solve this problem, there are
intermediate ground-based antennas with high gain. The structure of a satellite
communication system has the following components:

- a space segment comprising one or more satellite transponders;

- a ground segment that has a system control center, command and
measurement stations, a communications control center and gateway stations;

- a user (subscriber) segment that communicates using personal satellite
terminals;

- terrestrial communication networks with which gateway space communication
stations are interfaced via an interface.

Despite the high speed of information delivery and television broadcasting
using satellite equipment, remote access to the resources of the central university is
currently being implemented more and more through wired technologies, which
include telephone lines, fiber optic lines, cables [15, 16].

The most promising technology is Internet connection through dedicated high-
speed fiber-optic communication lines - FTTB / PON technology (Fiber to the
Building / Passive Optical Networks - home optics).

These telecommunication lines currently provide faster, more convenient and
cheaper two-way communication between units of a distributed university, between
teachers (consultants, tutors) and trainees in the DL system, practically replacing
satellite technologies in training [17, 18].

12.2. Problems of information security of corporate networks of a
distributed university

The corporate network is a distributed University with distance learning - an

information  system including computers, servers, network equipment,

communications and telecommunications, software system designed for solving

problems of University management and conduct educational activities. The
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corporate network of the distributed University is usually United not only its
structural divisions, regional offices, branches, centers of access.

Information-educational space of the distributed University is the information
contained on servers in corporate networks, educational institutions, electronic
libraries, databases and the global Internet, electronic media, and transmitted by
television and satellite communication links of the distributed University.

In distributed information systems of higher educational institutions is stored
and processed a huge number of different data associated not only with the support of
the educational process, but also with research & development, financial information,
personal data of students and staff, official, commercial and other confidential
information [19, 20].

Problems of complex information security of corporate networks of the
distributed University is much broader, more diverse and more acute than in other
systems. This is due to the following features:

1) a large area, which is a distributed University, you have remote branches,
representative offices;

2) a huge flow of heterogeneous information circulating in the information
environment of the educational institution;

3) the presence in the information environment of the University the various
developments in the field of research and teaching activities, which are objects of
intellectual property;

4) a large number of users with access to information resources of the
University, the majority of which are students — young people aged 18 to 23 years,
and from the point of view of information security it is this category of people is most
vulnerable;

5) the heterogeneity of the enterprise networks of the University as on
equipment and software due to the fact that networks were created over a long period
of time for different tasks in the various divisions of the University;

6) on the same corporate network of the University are solved two main tasks:
provision of educational and research activities and the solution of the problem of
management of educational and scientific processes. This means that at the same time
in this network has several automated systems or subsystems within a control system;

7) in distributed information systems of the University is handled by a large
number of personal data: faculty and staff of the University, students, their families,
which leads to increased risks of unauthorized access to personal data [21, 22];

8) the volatility of the auditorium of the University, ever-changing users of
various skill levels and capabilities, presence of potential "criminals", which include
students;

9) complexity of the correct authentication of learners accessing remotely to the
information resources of the University in the system of distance educational
institutions [23, 24].

Another problem of information security of the University is that the perimeter
of a distributed network of the educational institution is not defined and continues to
erode, mobile devices, tablets, other endpoint devices, and web applications are
irreversibly changing the educational process, providing the opportunity to access
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learning materials from anywhere in the world. All this increases the risks of
information security of the institution [25, 26].

The problem of information security of a distributed network of the University
includes the protection of information resources of the corporate network of the head
of the University, and LAN its branches, representative offices, centers of access [27,
28].

Consider the main information security threats in remote branches of a
distributed University with distance learning technologies. Local area network of the
branch is part of a corporate network of the University, but it has a certain autonomy
— its own infrastructure [29, 30].

12.3. Modeling of objects of protection, threats to information security and
IS breach channels in a university branch

In the information systems of subjects of protection are the information storage
medium or an information process in respect of which it is necessary to provide
protection in accordance with the intended purpose sewn information.

The security elements called in the information system data set that may contain
protected information. It hardware (basic devices: memory, CPU, control unit, input
devices, output devices); software system (operating system, complex maintenance
programs, software packages) that can form single-machine data processing system
or computing systems.

The owner of the information — the entity engaged in the ownership and use of
information and implementing the authority's orders within the rights established by
law and/or the owner of the information.

The user (consumer) of information — the subject using information received
from its proprietor, owner or agent in accordance with the rights and rules of access
to information or their violation [31, 32].

In a distributed information system of the branch of the University with remote
forms of training the objects of information security are information resources and
their speakers are hosted in the local network: servers, workstations,
telecommunications lines, network equipment, software, information databases, and
areas, which are the components of the information systems educational resources
and personal data. The subjects of information security LAN of the branch of the
University are all users of information systems, the school staff, students, applicants.

Users of distributed information systems branch of the University can be divided
into categories (table 1).

From the point of view of architecture in the corporate information environment
of a branch of a distributed university, there are 4 levels of IS objects:

1) equipment of the computer network, channels and data transmission lines,
user workstations, data storage systems;

2) operating systems, network services and services for managing access to
resources, middleware;

3) application software, information services and user-oriented environments;

4) databases, electronic libraries, personal data, electronic educational and
methodological complexes, electronic archives of regulatory documents and so on.
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Threats to information security of a distributed network of a branch of a
university of branches involves internal and external potential security threats. The
table in Appendix D lists information security threats by the level of IS objects and
by groups of external and internal threats.

Table 1

Main categories of users of information systems branch of the University

User Category User Feature Access levels
Information Employees of the IT - possesses complete information on system and
Systems department who are application software, on hardware and
Administrator | involved in configuring, configuration of IP;
implementing and - has access to all technical means of processing
maintaining IP information and data;
- has the rights to configure and administer
hardware and LAN
Teaching Employees of the - possess all the necessary attributes (for example,
association educational-methodical | a password) that provide access to a certain subset
employee department, heads of of access;
structural divisions - have all the rights of access to the databases of
IP management of business processes of the
university and educational planning
Teacher Teachers, laboratory - have rights of access to all information and
assistants educational resources of the University and the
head of the branch;
- have a limited level of access to documents of
the electronic document
Accountant Accountants, cashiers, - have the ability to access the financial
employees of financial information of the university;
and economic - have all the rights of access to IP accounting and
departments tax accounting, to electronic reporting systems
Student Students, course - have access rights to the information and
participants educational resources of the head university and
branch within the framework of their curriculum

Physical access channels in a computer system include technological control
panels; internal installation of equipment; communication lines between the
hardware of a given computer system; spurious electromagnetic radiation of
information from system equipment; incidental information on the power supply and
grounding equipment.

Types of security threats to educational institution facilities can be represented
by a generalized classification in Figure 2.

Twpes of threats to the university’s mformation security by fzcility

! } ! ! !

Perzonsl datz of Commetcizl snd Intzll=ctusl Information shout Information on
emplovess znd Confidsntizl Property the processes of functicning IP,
shudsnts Informaztion miotmation their

Figure 2 - A generalized classification of threats of information security of a
university by its objects
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Sources of possible threats of the information are:

- computer classrooms;

- mobile device;

local computers of University employees, unskilled in the area of is;

- the Internet.

In the system of distance training are also possible jeopardization of test
procedures and electronic exams: challenges identification of students, cheating,
forgery, plagiarism, proper functioning of the system of knowledge evaluation. For
systems characterized by the following main channels of access to information:

terminals (work stations, personal computers) users;

server or specialized workstation of the system administrator; the information
display means;

- documentation of information; the means of loading software into a computer
system; storage media;

- external communication channels.

Information resources containing educational information located on the servers
of the head of the University and protected by security policies, tools and
technologies on the corporate network of the Central University.

In a local network of branches distributed University circulates information
relating to the activities of the branch including the financial information the branch
of the University, documentation of administrative and regulatory nature relating to
the organization of work in the business unit, employees ' personal information,
service information and other sensitive information.

Confidentiality of information - binding for the entity to obtain access to certain
information, the requirement not to transfer such information to third parties without
the consent of its owner (article 2 of the Federal law "On information, information
technologies and protection of information").

Confidential information includes all types of restricted information protected
by the law: trade secret, proprietary information of businesses, private (personal)
data.

Educational institutions must also comply with requirements for the protection
of personal data processed in automated information systems, and to take measures to
ensure the security of personal data during their processing.

In this regard, the actual threats to information security in schools are also
threatened breach of confidentiality and unauthorized access to information systems
of personal data.

Attention in educational institutions should be given to the channels of leakage
of confidential information, including personal data, educational materials faculty
members who are intellectual property.The main channels for confidential
information leakage are:

1) theft of computers, including network workstations, servers and laptops;

2) the Internet, including e-mail, IM-clients, social networks and other services
of the global network;

3) removable storage media.

As channels of information leakage in a branch of a distributed university, they
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are much rarer, but they can also be used: direct or contactless (induction) connection
to a telephone line, a radio relay room ("bug"); Wi-Fi wireless network
electromagnetic radiation of low and high frequency electronic circuits of the
organization.

The corporate networks of the university’s branches are usually based on the
concept of poor financing, which does not allow the purchase of equipment for
hardware and cryptographic protection of communication channels, separate a
separate information security service from the educational institution, and use
specialized software systems for intrusion detection and monitoring network activity.

Conclusion

In the paper the characteristics of distributed systems of a university with
distance educational technologies are considered. Problems of information security
of corporate networks of a distributed university are shown.

Modeling of objects of protection, threats to information security and IS breach
channels in a university branch is carried out.
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CHAPTER 13.
THE INFLUENCE OF TRAFFIC FLOWS ON THE LEVEL
ENVIRONMENTAL SAFETY OF LIFE UNIT OF SOCIETY

DOI: 10.30888/978-3-9821783-0-1.2020-01-01-004

Beryn

[Ipomec ypbanizarii cepesoBenia BYJIUYHO-JOPOKHBOI MEpPEXl MPOMHUCIOBUX
30 (CBAMII3), mo m03BOJsiE€ SIKICHO TOJIMIIUTH SKICTh COINAIBHOI CKJIAJ0BOT
CBIMII3, mae i obopoTHy cTtopoHy. JlroguHa, mo € ckiagoBoro CBJIMII3, Ta
AKTUBHUM CIIOKHMBA4Y€M TPAHCIIOPTHUX IMIOCAYr MiAnagae ImijJ OaraTouyucesbH1
PU3HKH.

TeopeTnyHO-HAyKOBI MEXaHI3MHU OLIHKK PiBHA 3a0e3nedeHHs] e(PEeKTHUBHOCTI
3aXO0/1B, COPSIMOBAaHUX Ha JIOCATHEHHS CYMICHOCTI BITUBY TPAHCHIOPTHUX MOTOKIB Ha
BEIIMYMHY BHTpAT, IO BUIUISIOTHCS HA MIATPUMKY 370POB'S OJWHHII COIIyMY,
0a3yr0ThCA Ha peaizailii KOMIUIEKCY CITIJIOTICTUYHUX PIIIeHb, 010 MONEPEKEHHS
ta 3anoOiraHHs Hag3BuuanHux cutyaui (HC) 1 3HM)KEHHS HEraTMBHOIO BIUIMBY
TpaHCIIOPTHUX cucTteM Ha JMoBkiumt CBJIMII3. Peanizamis maHoro crekrpa 3axojiB
BHMarae 3HauHHuX (DIHAHCOBUX PECYPCIB.

Opnak, B yMoBax iX JAe(ilUTy y Oprasis, 1o 3a0€3MeuyloTh KUTTEISIbHICTD
Bcix cy0'extiB B CBJ/IMII3 BuHMKa€e HEOOXIAHICTH IPOBEICHHS OIIHKU €()eKTUBHOCTI
CITUJIOTICTHYHUX pIlIEHb 1 BHOOpY HAWOUIBII  pe3ylbTaTUBHUX 3  4YHUCIIA
aNbTEPHATUBHUX.

13.1. TeoperuyHuidi MeXaHI3M OLIHKM e(EKTHUBHOCTI CiTiJIONICTHYHUX
pilliecHb, IIOA0 3a0e3MeYeHHs] EKOJIOTiYHOI Oe3lmeKH couiymy B yMoOBax
€KO0JIOTIYHOr0 KapKacy cepeloBela BYJIHYHO-I0POKHHOI MepexKi MPpOMHCI0BHX
30H

Bukonanuii TeopeTMUHMN aHANI3 MIAXOJIB JI0 OIUHKH €(GEeKTHUBHOCTI
€KOHOMIYHHMX BKJIQJI€Hb MYHIIUNAIBHUMHU OpraHaMy YIpPaBIiHHS, K1 CIPSIMOBAHO
Ha 3HWKEHHS HETaTUBHOIO BIUIMBY BiJl TEXHOTEHHUX (DAKTOpPIB Ha MOBKIIIA
CBJIMII3 na npukiami micta Mapiynodns (puc.1) [1] moka3as, o BOHH 3aCTOCOBaHI
TUTsl OOTPYHTYBaHHSI €)EKTHBHOCTI CITIIOTICTUYHUX PIMIEHb TUTHKU B YACTHUHI OI[IHKH
€KOHOMIYHOI JOLUIBHOCTI JISUTBHOCTI MPOMIIANPHUEMCTB Ta EKOJIOTIYHOTO CTaHy
akBaTtopii A30BCBKOTO MOpS, Ta HE MICTITh PEKOMEHJAIlil [0 BH3HAYEHHS
€KOJIOT1YHUX 1 COIIAIbHUX €(EKTIB B BapTICHOMY BHPAXEHHI, [0 JOCATAIOTHCS Bif 1X
IMIJIEMEHTAIlli B CTPYKTYPY VYIPABIIHHS EKOJOTIYHOI OE3MEeKOI TPaHCIIOPTHUX
CUCTEM.

Takuii cTraH BUKJIMKAE HEOOXIJAHICTh YIOCKOHAIIOBATA METOJUKY OI[IHKH
e(DEeKTUBHOCTI aCHUMUIAILIT €KOHOMIYHMX BKJIaJ€Hb B CIT1 JIOTICTUYHI PIIIEHHS B
YacTUHI BIJOOpaXeHHS iX ocoOauBocTel mpu (¢GOopMyBaHHI IMOKA3HUKIB, IO
BUKOPUCTOBYIOTBCS B PO3paxyHKax  €KOJIOr0-€KOHOMIYHOI 1  COIlaJbHOi
€(DEeKTUBHOCTI CITUIOTICTUYHUX PIllIeHb, SKI IMIUIEMEHTYIOTbCsS. DopMyBaHHS
NPOMO3UIIN 1010 BIOCKOHAJICHHS MexaH13My NPU3BOJUTE 710 HEOOX1THOCTI
JIOTIOBHUTH CHUCTEMY TpaI[I/IHH/IHI/IX HpI/IHI_II/Il'IlB AKl 3aCTOCOBYBAIOTHCS IPHU
BU3HAUEHH1 €()EKTUBHOCTI ACUMUIALIT EKOHOMIUYHUX BKJIa/leHb. Lle 103BonuTh
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Ha nignpyemcTaax «A3oBcTants
'l Ta «MMEK im. Innivaz nposeneHi
12 poboTH, CNpAMOBaHI
Mani 3 £ Ha 3HHHEHHA KINbKOCT
apiynonb rigHo Ypan nnaHyeas . KENepHMeHT BMKWiB B aTMOChepY
nocigae 3 POENOPALKEHHAM PO3POBMTH KOHUENUi0 byno
3-Te Micue MNpezuneHTa Yepainm, Ta flepxasHy nporpamy 3aBepweHo
8 CPCP B MicTi Mapiynons woao crabinizauii Ta Ha NpoXaHHA
3a KinbKicTio 3aNpoBaHEHD AOAINWEHHSA EKONOTIMHOT NpencTasHUKIB MpoBeaeHHA eKoNOrYHOrO
NPOMUCAOBHX EK0Noro- cuTyauii e floneusko- oBnacHKx MITHHIY «[laiTe KinCHI».
BHKHOIB EKOHOMIYHMA MpuoHinpoBcEkoMYy LepHABHMX KineKicTs yHacHuKis:
B atMochepy EKCNEPHUMEHT perioHi afamMiHicTpawii > 2000
A\ P —
1970-Ti pokw 9. MpoeeneHHs ekonorivHoro
| MITUHIY «CTon, CMOr».
KinekicTe yuacHukie: 5 000
=]
| ‘_]\5 i
| e = MiHicTp ekonorii Ta NpHPoaHUX
: v i :
| Haceneuua: o 3a ngquﬁmlcbxpanu,_ pecypeie O. MpockypaKkoe
| ;2;;';;33 PYAHEHOCTI nNaHyBae po3pobuTK
o P
NOBHICTIO 3ANEXMWTb :gﬂ;ﬂ”m;mﬂ? SRONQTEIRD:
: Bl BUKOHAHHS =N 6n m
THC. OCIB MIANPUEMCTBAMM [ MNporpamMa pospoGneda He Gyna
- -, CBOIX
. 1 = MPUPOOOOXOPOHHMX
. . s 3AX0AIB n
[ - oyana poboTy nepecyeHa
- exonoriusa naboparopis

«ATMOChepan.
Maui eumipie nybnikyoTeCA
Ha CaiTi Micbkol paam

Al

e

-

lpoMagcekuM pyxom «CuneHi
rpoMaam» 6yno npoeeaeHo
ONUTYBAHHA Mapiynonsie.

Tpomagow micTa Bynu nigroToneHi
MporpaMu oXOpPoHK Ta BIAHOBNEHHA
Aoekinna Micta Mapiynone

QcHoBHMM hakTOpoM 3a6pyaHEeHH:
MicTa € nignpuemeTea
XiMiYHOT, MeTanyprifimoi Ta

MalwWHoByAiBeNbHOT ranysi, (Ha 1999 p., 2006 p., :': 32% onuTaHux BBANKAIOTH
WO PO3TalEBaHI B MicTi Ta 2006-2010 poku) 1 EKOMOTIMHY CHTyauilo
- i\ FONOBHOK NPoBAEMOlD MicTa

Puc. 1. Jlanuior 3axo4iB B 4aCOBOMY IPOCTOPI, 10 CIPSIMOBAHI HA
3HMKEHHS] HETATUBHOI'O BIUIMBY BiJl TEXHOT€HHMX ()AKTOPIB HA JOBKIJLIA

CB/MII3
HUcmounux: [1]

OIIIHWUTH 1 BpaxyBaTH B BapTICHOMY BUPaXE€HHI BC1 MOXKJIMBI €KOJIOTO-€KOHOMIYHI Ta
couianpHi Hacmigku HC: mpuHOMNM KOMIUIEKCHOTO BpaxyBaHHs HachiakiB HC,
«3a0pyaHioBad mIatuTh» (Kiomcwvka KOHBEHINS), OOJIKY MPUYWHHO-HACIHIIKOBUX
3B'SI3KIB, JIEKOMITO3UIIi1, YHIBEPCAIbHOCTI, BAPTICHOI OLIHKHU BCIX CKJIQJIOBUX 30UTKY
(edexry) [2, 3]. Jlns Bu3HAYEHHS EKOJOTO-CKOHOMIYHHMX €(EeKTIB HaJaHa
1HTepIpeTallis 3araTbHONPUHHATAX TPUHITUIIB TX OI[IHKH, @ B OCHOBI METOY OITIHKH
colianbHUX €(EeKTIB MPOMOHYETHCS BUKOPUCTOBYBATH NPUHIMUIN BHU3HAYEHHS
ACUMUIALIIIHOTO OTEHIIaTy 1 BpaXyBaHHs TUHAMIKH JIIOACHKOTO KaIiTaly.

B pe3ynbrati peanizaiiii HeOe3neku npu podoTi TPAHCIOPTHUX CUCTEM B YMOBaAX
exoJioriunoro kapkacy (EK) CBJIMII3 3aBnanuii 30MTOK CKIAIAETHCA 3 COIIAIbHUX,
MaTepiaJIbHUX 1 €KOJIOTIYHUX BTpaT.

3anpornoHoBaHa 1 BUKOPUCTOBYETHCS MPHU PO3paxyHKaX MaTeMaTH4YHA MOJIEIb
YVIOPaBIIHHS 1HTErPOBAaHUMHM pU3MKaMU TexHoreHHux aBapiii B CBJAMII3 [3, 4].

I{st Mozens BU3HAUA€ KOMIUIEKCHUMO MOKA3HUK OE3IEKH, SIKUM BiI0OpakeHU B
€IMHOMY BapTICHOMY €KBiBaJeHTI 1 00'elHye B coO1 O4iKyBaH1 30MTKU COIIaJIbHUX,
€KOJIOTIYHUX 1 MaTeplaJbHUX BTPAT:
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R(Vy)=R(Ve)+R(Yy)+R(YS)

n m o

R(VO)=D DI RAE) Y - (1)

i=1 j=1k=1

m

R(\TM ) = Z Z Z Rq (En) ’ “\"r.\lijr ?

i=1 j=1r=1

n m

R(V5)=2 2 2 Ry(E,) V.

i=1 j=1q=1

ae:
R(VE) — IHTETPOBAaHUM PU3HK;

R(Y ) — pusuk comiansHOro 30Uty V  (KOJICKTHBHUH PU3HK);
R(Y,,) — pusuk MaTepianbHOro 30utky ¥
R(Y,)) — pusuk exonoriqsoro 3ourky v ;

N — KUIbKICTh MOXJIMBUX Bpa)KalOUMX YMHHUKIB, 110 (POPMYIOTHCS B pe3yJIbTarTi
peanizamii Ha 00'exkTi icHyrOuux HeOe3mek (BUOyX, MOXKeXa, BUKHIUA XIMIYHO
HeOe3MeYHUX PEUOBHH);

m — KUIBKICTh 30H PHU3UKIB, PO3TAIIOBAHMX B MEXaX CEKTOPY BIPOT1THOI
MOPa3Ku;

0. — KUIBKICTb CTYNEHIB Ypa)KE€HHS JIIOJIUHU;

® — KITBKICTh CKJIQJIOBUX MaTEPiaibHOTO 30UTKY;

1 — KUTBKICTh CKJIQJIOBUX €KOJOTIYHOTO 30UTKY;

R(E) — moreHmidHuii puU3WK BUHUKHEHHS HAJI3BUYAMHOI CHUTyarii s
penunienTa Bursiny E.

Cnin 3a3HaYUTH 1O B OCHOBY MOJIEN 1HTETPOBAHOTO PHU3MKA TOKJIAJICHI
GopMynM MaTeMaTHYHOTIO OYIKYBAHHS BIAMOBIAHMX BTpaT (O4YIKYBaHUH 30HUTOK),
peanizalii HECHPUATIAMBOI TMOJII, 1O (YHKIIOHAIBHO 3B'SI3yIOTh YacTOTY
(BIpOT1AHICTE), 1 30MTOK, HAHECEHUU [1aHOK HECTIPUSITIMBOIO TMOJ1€10. 30UTOK
BU3HAYAETHCS TUIIOM HEOE3MEKH, 10 PEaTi30BYETHCA, 1 BUJIOM pELHUIMIEHTA ii.
Perunient aii 8 CBJIMII3 € ¢i3uyna (oguHuis couiymy) abo opuauyHa oco0a, 1o
CIO’KMBAE PECYPCH Ta BIUIMBAE HA CTAH E€KOJOTIYHOI OE3MEKH B CEepelOBHUIII, L0
OOCIIKYy€eTbesa). YacToTa HeOMaromiitHoOi MoAil XapakTEepU3yeEThCS MOTEHUIMHUM
PU3UKOM — CTOXAaCTUYHOIO (IMOBIPHICHOIO) CKJIaJI0BOIO OYIKYBAHOTO 30UTKY.

13.2. MaTreMaTH4YHa MOJeJIb €KOJIOTIYHO-0€3MeYHOr0 NMpoCcTopy AisIbHOCTI
onnuuui couiymy B ymosax EK CB/IMII3
Exonoriuno-6e3neunuii npoctip (EBII) nns ogunuii comiymy B mexax EK
CBAMII3 moxxe Oyau TpeACTaBI€HO HE TUIBKM  KOOpAWMHATaMH  HMOTO
po3TamryBaHHSIM B reorpadiyHOMYy IPOCTOpi, aje 1 HOro po3TallyBaHHSIM BITHOCHO
JI0 TEXHOTEHHOI1 CKJIaJ0BO1 CEPEIOBUILIA.
Texnorenna ckiagoBa EBIl y mocmimxyeMomMy cepefoBHILI PO3TIIAIAETHCS HE
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TUIbkH sk reorpadiuna mommHa CBJMII3, sxy 3alimae nroguHa, ajne 1 SK
GYHKIIAHUN CEKTOp B COIllyMe, SIKUA BU3HAYA€THCS EKOJOTIYHHMM MOTEHI1aIoM
JIOJTMHU, Ta 3aJICKUTh B1J KOHIICTIIII, [0 peajli3y€eThCs B Cy9YaCHUX YMOBAX PO3BUTKY
CBITY, a came KoHIenili «3mopooro mictay (anri. — Healthy city) [5, 6].Po3poOka
moneni EBIT normomoxxe HajgaTu BIANOBIAb HA Pi3HI MUTAHHA, a caMe: K1 € IPUYNHH
3MEHILEHHS MOTEHIIaly JIOAUHA B yMmMoBax icHyrouux mex EK CBJIMII3, mo B
CBOIO UEpry MPUBOAUTH 10 aBapiil Ha MapripyTax; NPUYAHUA 3HUKEHHS PIBHS
HUKIIYHOT B3aemMoii ckianoBux cyo’ektiB CBJIMII3 ta 6araro iHmmx.

OyukuiiHicTh EBII MOXIMBO BU3HAUMTH 32 XapaKTEPUCTHKOK MPOLECIB, IO
CIpsSMOBaHI Ha 3MEHIICHHA BIUIMBY «OpYAHOTO pecypcy» Ha JIOJUHY Ta
MPEACTABUTH SIK MOJIEIh JUHAMIYHOI CUCTEMU (pucC.2).

[Ipouecu, mo cnpsamoBani Ha 3abe3neueHHst (yHkuiitHocTi EBII 3amatorbes 3
ypaxyBaHHAM BEIUYMHHU AePIUUTY BUTpaAT Ha 3a0€3MEUYEHHS €KOJOrIYyHOI Oe3IMeKH
KUTTS OJIMHUIN COIIyMYy, IO CHHTE3YEThCS POOOTOI0 TPAHCIOPTY B MexkKax
CB/IMII3 Ha 3aganOMy 4acOBOMY ITPOCTOPI.

daxkropu, 1m0 BU3Ha4YalTh ¢GyHKIIOHATBHICTE EBII, 3amaroThecs momycTuMoro
obnacTio 3Ha4YeHb crany (piBeHb nedinuty) — Coi — Cri HA BU3HAYCHOMY YaCOBOMY
npoctopi Ty — T (puc.2).

(@)
3
T

Cor~ 1

To

«a-2» — BiAp130k Bucokoi ¢pynkiiitHocti EBIL, 110 moB’sa3aH0 3 HU3BKUM PIBHEM
nedinuTy BUTpAT Ha 3a0€3MeUeHHS €KOJIOTIYHOT 0e3MeKn KUTTS onuHuUlll coriymy C;
«6-6» — BiIp130K HU3bKOI QyHKIiitHOCTI EBIL, 1110 MOB’A3aHO 3 BUCOKUM piBHEM
nedinuTy BUTpaT Ha 3a0€3MeUeHHs €KOJIOTIYHOT Oe3MeKu KUTTS oauHulll coriymy C.
Puc. 2. Illpunuunosa cxema 3Mid nokazuuka EBII EK CB/IMII3 Cyi— C7i 3a
yac Ty — T; B nBomipaomy npocropi CB/IMII3 no i-my ¢akTopy — piBeHb

norenuiany EBII, sk ckiaaxosoi apxitekrypu EK
Asmopcovka po3pobka
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Mogens npeacTaBiieHa Ha OCHOBI aHATITHYHOI T€OMETPIi B JTBOXKOOPIMHATHIN
CUCTEMHU. 3 OISy Ha CKJIQJHICTh Y3TOJDKEHHS PO3MIPHOCTEH, B MOMAIBIIOMY
OyInyTh pPO3TISIATUCS BIAHOCHI TOKA3HUKW IUX BEJIMYMH B YacTKaxX OJWHUII, a
BeNMYMHA 1X 3MiH (A) Oyae BU3HAUATUCS 32 a0COFOTHOIO BEJTMYUHOIO.

Jlis  crpolieHHsl po3paxyBaHHs, mporec, 1o BiaOyBaeTbcss B EBIl Oyne
XapaKTepU3yBaTHCS IUIOLICI0 NPAMOKYTHHKA (S), yrBopeHoro Biapizkamu AC 1 AT B
PO3TIISIHYTIN TBOX KOOPJAMHATHOI CUCTEMI:

S=AC -AT, (2)

Buxoasun 3 MaTeMaTUYHOTO aHaMi3y IUIOMIA MPSMOKYTHUKA yTBopeHoro AC i
AT mMo>XHa BU3HAYUTH 32 BUPA3OM:

C,
S= [f(c)dC. 3)

[Ipu mpomy BBaxkaemo, 1o f(Cy = 1C 0, J(ty = T;. OgHuM 3 OCHOBHHX 3aB/IaHb
minimizamii HeOesnekun EBII B ymoBax EK CBJIMII3 € 3nmwkeHHs aedinuty i-ro
dakTopa (piBenb notenmiany EBII, sk ckmagopoi apxitekrypu EK) C;; no C,., T.e.
BuzHaueHns f (Ci) — C,;. B ymoBax EK CBJIMII3, moxna npuitasaty, mo C, = Cy;
(C,; — m1aHOBUH MOKAa3HUK, BCTAHOBJICHUI OIOXKETOM TEPUTOPIaIbHOI rpoMau  abo
IHIIMMU TOKyMeHTaMu Juist 1-ro ¢akropa). Ilpu upomy mapametp (T) Bu3Ha4daeThCs
YMOBaMH IIpalli Ta BiIMOYMNHKY MpalliBHUKA.

OpHak /U1 OpoIIeCiB PETyIIOBaHHS MapaMeTpoM € (i310J0TIUHUNA CTaH JIIOUHU
F, axuit Takox (QyHKIIOHAIBHO MOB'13aHO 3 (hakTopamu (Cy, ... .Cy,). EQexTuBHiCTh
MPOLIECY PETYIIOBAHHS, 10 BU3SHAYAETHCS PIBHEM J1e(DILUTY BUTPAT HA 3a0€3MCUCHHS
€KOJIOT1YHOI O€3MeKH >KUTTSA OoAuHUIll coliyMmy (O) Oyne BU3HAYATUCS BEIMYUHOIO
BUMIpIoBaHHA I1ux ¢aktopiB. 3Minu (aktopiB EBIl (AC) Oyae Bu3zHavaTHuCs
MOKa3HUKAMHM BUTpAT (pecypcu) Ha oauHUIlO (A3) «obpobitoBaHoro» oocsry EBII.

EBII moauHu 3 CUCTEMOIO perystoBaHHs i YMHHHKIB MOXKHA YSIBUTH B TPbOX
KOOPAWHATHO1 cucteMi (puc.3).

Cx
Cs
Cq
Ci

Chi O

‘_d_.-“'

- .
Cia i Cx Cr

Cau / T

Ca

Puc 3. IIpoctoposa moaess EBII 3 cucreMor0 pery/iroBaHHs ii eKOJIOTIYHHUX
¢paxropiB Cy, Ci, Cy B TPUBUMIPHIili cHCTeMi KOOPAUHAT
Aemopcovka po3poboka
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OO6car napanenemninena abo MacuB, YTBOPEHUN BiAMOBiAHMMU BekTopamu (C;,
Cy, Cy) Oyne BHU3Ha4YaTHU pe3ysbTaT — BUKOHAHHS HOPMAaTHBHMX BUMOI JO SIKICHHX
nokasHukiB (ctanom) (O) EBIl momuau B EK CBJMII3: C; — piBesb
acuMurALiiiHoro norenuiany; C; — ouinka norenuiany EK; C; — o0cAar crnoxuBaHHs
«OpYyIIHOTO PECYPCY».

OO6csr napanenernimnesa, MoOyI0BaHOTO Ha BEKTOPaX, JOPIBHIOE:

O0=C,-Cy-Cp=(cyr =€) (Cy =€) - (€59 = C1g)- 4

MarematnyHy Mojenb, (YHKIIIOHAT $KOI TOJIATae B OIIHIN AeIIUTY
€KOHOMIYHOTO pecypcy HEOOXiMHOTro [uisi 3a0e3meueHHs EKOJIOTIYHOI Oe3neKu
omunuill comiymy B EBII sk cknagoBoi EK CBJIMII3 wmoxnmuBo 3amucatu y
BEKTOpHIiH (popMi B anreOpaiuHiil mpoekIii oocary Ky0a, MmonepeiHbo NepemMiCTUBIIH
HOro B MOYaTOK KOOPJIMHAT 1 BUBHAYMBIIN KOOPAUHATH BEKTOPIB [4, 5, 6]:

Ca=10, 0, Co},
Ci =10, Cy, 03}, (5)
Cf: { CZf’ 09 0}

Busnaunuk (A) TpeThOro NOpsSAKY 3HAXOUTHCS 3 BUPA3Y:

A=X\VoZy =X ¥V 3Zy + Y Z9Xq =V 23Xy + 2, XY 5 —ZX3¥ 5 (6)

[ligcTaBuBIIM BiJMOBIIHI 3HAYEHHS BEKTOPIB 3 BUpaxkeHHs (5) B Bupas (6),
OTpUMAEMO HaCTyIHUM BUpa3 [4, 5, 6]:
A=—=Cy-Cpy-Cyy. (7)

[IpocTopoBy o0O6OsacTh mnapayieneminega MOXXKHAa BH3HAYUTH 32 JOMOMOTOIO
noTpiiiHoro iHTerpana [4, 5, 6]:

Caz Cy

c.
0= [dC,- [ dC,- [ £(C,.C,,C,)-dT . ®)

(<1i (-.1'. C 1f

MiHimi3allist TIpoliecy peryitoBaHHs Oyjie BU3HAYATUCS MIHIMIZAIE ASPIIUTY
BHUTpAT Ha 3a0e3MeUYCHHS €KOJOTIUHOI OE3MEeKH KUTTS OJMHMIN COLiyMYy (MiHIMi3arlii
A3) mpu BUKOHAHHI BUMOI IIOAO MiHIMI3alli exonoriyHoi Hebesneku (AC) micis
peryioBaHHs (pakTopiB po6ouoi chepu, sike BUSHAYAETHCS BIIXUICHHSAM MOKA3HUKIB
B1/1 HOpMaTUBHOTO 3HaYeHHs (Cp).

Ane B Mozienb BKJIOUEHI TUIbKU Tpu Qaktopu C;, Cy Cp a B peaJbHUX yMOBax
ix Habararo Oible 1 ToMy Tpeba 6 BBecTr C;— BUIPOMIHIOBAHHS, BIJIXOIU, IITyMOBE
3a0pyaHeHHs; Cs — JIOJICHKUM TOTEHITIAN 1 1HIII. BBeneHHs mux (akTopiB BUMarae
nepexoy 10 YOTUPUBUMIPHOMY 1 msITiMepHOM BuMipaM. [lepexia B 4OTUpUBUMIPHUIA
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BUMIP BHCYBa€ HEOOXIJHICTh MNOOYJOBH YOTHUPUBUMIPHOTO 00'ekTa. PimeHHs
3aBaHHs MiHIMI3alli B YOTHPUBHUMIPHOMY IMPOCTOPI MOKe€ OyTH BHUKOHAHO 13
3aCTOCYBAHHSAM 3aBJAaHHA JIHINHOTO MPOrpaMyBaHHS.

MiHiMi3alisi eKoJOoriYHOi HeOe3MeK:u MpH 3aCTOCyBaHHI CHUCTEM PETYJIIOBaHHS
¢akropis EBII B ymoBax EK CBIMII3 Oynemo Bu3HayaTH HACTYMHOIO 3aJI€KHICTIO:

f(0)—-Ogupu O = -0y - ©)

Tobto 3'aBnsieThes 3amaua no BuzHadeHHIO (yHKINT y = f(O), sska Mae mMexero
yuciio Op npu O, mo CTpUMHUTHCS J0 Omin Ipu MasioMy &> 0 npu SIKOMYy MOKHA
3HAWTH Take 4ucio o> 0, 1o BiJMOBI A€ BUBHAYCHHIO / MEX1 (PYHKIIII.

Toni:

‘f(O::I—Oﬁ‘CE , (10)

SK TIJIBKU:

‘O_ O['_]i[]| < 6 "

I{e MOkIMBO 3amyMcaTé HACTYITHUM BHAPA30M:

limf(0)=0, . (1)
npu

0—=-0

min *

[Ipu anasni31i KOHKPETHUX MOJENIEH MpoLeciB peryntoBanHs YuHHUKIB EBII, mis
TPHOX KOOPAMHATHOI CUCTEMH HEOOXIJHO BH3HA4yaTH 3HAY€HHS €, O 1 ). ExcrneprTHa
OLlIIHKA LMX MOKA3HMKIB 1 Oy/ie KpUTEpieM MiHIMI3allll MaTEMaTUYHOI MOJIENl Oe3MeKH
EBIT EK CBJAMITI3.

[Tpu mocmigkeHHI B IKOCTI OCHOBHUX TOYOK, 110 BU3HAYAIOTh BIIXUJICHHS €, O 1
Y MOXYThb OyTH oOpaHi YyCepeIHEH1 ITOKa3HHWKH, SKI BHU3HAYAIOTHCSH 32 TaKUMU
BHpa3aMu:

s C; Ci]_:@‘ (12)
1 !} .
i Cy: Cyy= ﬁ , (13)
TS Cf: C. - CE! _CH (14)
(.

TakuM YMHOM, MOYKJIMBO 3aITMCATH:
C,+e<C,<C, —¢, (15)
Ciy+6<Cyy<Cyy -0, (16)
C]f+x{cﬂ'l'{c2l'_:{ J (17)

npu g 01y —0.
BucHoBKH

OCHOBHOIO METOI ICHYHOYHMX MEXaHI3MIB 3a0€3MEeUeHHSI SKOCTI COLIaIbHOI
cknagoBoi CBJIMII3 € pocsrHeHHS CyMICHOCTI BIUIMBY TPaHCHOPTHUX MOTOKIB Ha

MONOGRAPH 175 ISBN 978-3-9821783-0-1



Wissenschaft fiir den modernen menschen Book 1. Part 1 g \’i!#,r‘f*

BEJIMYMHY BUTPAT, IO BUAUIAIOTHCS HA MIATPUMKY 310pOB'S. OJUHUII colliymy. Jls
peamizamii OTpUMaHUX PIMICHh 3aMPOIIOHOBAHO MaTeMAaTHYHA MOJCNb YIPABIIHHS
IHTErpOBaHMMH pPHU3UKaMHU TexHOreHHux amapii B CBJIMII3, sk KoOMIUIEKCHOTO
MOKa3HUKa HOro Oe3rneku, sIKui MpeACTaBICHUN B €JMHOMY BapTICHOMY €KBIBaJICHTI
1 00'e1Hye B co01 O4iKyBaH1 30MTKH COLAIbHUX, €KOJIOTIYHUX 1 MaTepiajJbHUX BTpAT.

[IpoBenenuit anami3 3a0e3MEUYEHHA >KUTTEAISUIBHOCTI COIIlyMy B YMOBax
CBJIMII3 nokaszas, 1110 AJIs OI[IHKK MaTEPiaibHOTO Ta €KOJIOTIYHOTO 30UTKY ICHYIOTh
odi1iitHO 3aTBEPPKEHI METOJMKHU, a JJIsl OI[IHKM €KOHOMIYHOT'O €KBIBaJICHTa BUTpaT
Ha 3a0e3rnedeHHsT 0e3MeKH KUTTSA OJUHHUII COIlyMYy Takoi METOAUKH HeMae. AHali3
MEXaHi3MiB, PO3POOJIEHUX BUCHHMH B 11 Tally3i, J103BOJIUB 3pOOUTH BUCHOBOK, IIIO
OUIBIIICT, 3 HUX TPYHTYIOTHCS Ha BHU3HAYEHHI BEJMYMHU EKOHOMIYHMX BTpaT B
yMOBaxX aHalli30BaHOTO CEpEJOBHUINA BiJA TpaBMaTu3My 1 Mpo¢3aXBOPIOBaHb
IpaliBHUKIB, Kl BUCIOBIIOIOTHCS y BUIJIAI BTpAT MPUOYTKY BiJ HEAOOTPUMAHOL
MPOJIYKIIii; y BUTJISAI BUTPAT HA OIUIATY JIIKAPHSIHUX JINCTIB, CAHATOPHO-KYPOPTHE Ta
npoQUTaKTUYHE JTIKyBaHHS, BHUILIAT JOMOMOTH (TEHCIM) Yy 3B'A3Ky 3 BTPATOIO
roJlyBaJbHUKA 1 TUMYACOBOI BTpaTH mpare3natHocTi. OaHakK, 3aCTOCOBaHHS JIUIIE
TaKUX KPUTEPIiB HOCUIO O OOMEKEHUU XapaKTep, OCKUIbKH IIKOJIa 3aBIAETHCS HE
TUTBKH CY0'€KTaM JOCIIKYBaHOTO CEpeIoBUINa, a i onuHuill coriymy. Came ToMy,
aBTOpaMH TPOTMOHYETHCS JJIsi  OIIHKM EKOHOMIYHOTO €KBiBaJeHTa BUTpaT,
CIpsIMOBaHUX Ha 3a0e3MeYeHHs OE3MEeKH KUTTS OAUHUII COIIyMY, BAKOPUCTOBYBATH
npuHIUNK KoHUenii: «Human Capital» [5, 6].

3riIHO 3 MOJOKEHHSIMH IIl€i KOHIEMIII, IIOKa3HUK €KOHOMIYHOI'O €KBIBaJICHTA
3a0e3reueHHs] O€3MeKu >KUTTS OJMHMIN COIllyMy BijjoOpa)kae He TIJIbKH BUTpATH,
BKJIQJICHI B OJMHUIIIO COIIlyMYy JOMAIIHIM TOCIOJAapCTBOM, IOPUIUYHOIO 0CO00I0,
JIEp’)KaBHUM OPraHoM, a W e(EeKTHBHICTh IIUX €KOHOMIYHUX BIMBaHb, BIJIOOpaKEeHY
yepe3 MOKa3HUK HOPMU BijJiayi, B SIKOCTI SIKOTO HA PiBHI HApOJHOTO rOCIOAapCTBa
MO>K€ BUCTYIATH BHYTPILIHIN BaJOBUI MPOAYKT Ha OJMHUIIIO COLIIYMY, SIKHI KUBE B
nesHomy cexropi EK CBIMII3
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I'opoxos. 2018. C. 268-271.

22.Crenanuyk A.Il. O6 onTUMHU3alUK MPOIIECCOB BHIPAOOTKH YIIPABICHYECKUX
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opranm3anusx // B cOopHuke: AkTyanabHbIe MPOOIEMBI Pa3BUTHS XO3SHCTBYIOIINX
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7.I'yceBa K.P., Kuszer B.H. Pa3zpaboTtka u uccinenoBanre aBTOMaTU3UPOBAHHOM
MH(OPMALIMOHHON CUCTEMBI IPEANPUITHS C TPUMEHEHHEM CPEJICTB MOJCIUPOBAHUS
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5. Maitnanrok  B. II. Acmektu ontumizamii MIBHAKOCTI  (PaKTAIBHOTO
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Arseniuk, O. O. Lishchuk // Journal of Engineering Sciences. — Sumy : Sumy State
University, 2019. — Volume 6, Issue 1. — P. E16-E20.

Chapter 9.

1. 3akon PecnyOmmku Kpeim Ne 51-3PK «O TypuCTCKON N€ATEIbHOCTH B
Pecny6ommike Kpeim» ot 30.07.2014 r.

2. Crparteruss COLUMAIBHO-O)KOHOMHYECKOTO Pa3BUTHS  MYHULMIAIBHOTO
oOpazoBaHus ropojickoit okpyr Sira Ha nepuon 10 2030 roga. Mocksa, 2016 r.

3. IlpaBuna OnaroycTpolcTBa TEPPUTOPHUU MYHHIIUIIAILHOTO OOpa3oBaHUS
ropojckoi okpyr Snrta PecniyGauku Kpbim.

4. 3akon Pecnybmuku Kpsim Ne 5-3PK «O06 0co00 oxpaHseMblXx TPUPOIHBIX
tepputopusix Pecniyomuku Kpsim» ot 10 Hosi6pst 2014 ropa.

5. 3akon PecniyOnmuku Kpbim Ne 29-3PK «O xuBoTHOM Mupe» OoT 15 nexaOps
2014 rona.

6. 3axkon Pecnyomukum Kpeim Ne 50-3PK «O pacturensHOoM mupe» oT 25
nexadps 2014 rona.

7. 3akon Pecriy6muku Kpeim No53-3PK «O perynupoBaHuy BOJIHBIX OTHOIICHHMA
B PecniyGnike Kpeim» ot 21 aBrycra 2014 ropa.

8. d3 Ne 26-®3 «O npupogHbIX JEYEOHBIX pecypcax, JedeOHo-
037I0pPOBUTEIBHBIX MECTHOCTSIX U KypopTax» oT 23 deBpans 1995 rona.

9. 3akon PecnyOmuku Kpeim Ne 65-3PK «O KpacHoit kuHure PecnyOnuku
Kpsim» ot 13 suBaps 2015 roga.

10. 3akon PecnyOnuku Kpbim Ne68-3PK «O0 00BbeKkTax KyJIbTypHOrO HACHEAUS
B PecniyOnrike Kpbim» ot 11 centsaops 2014 ropa.

11. 3akon Pecnyonuku Kpeim Ne 76-3PK «O kypopTax, OpUpOJHBIX JI€YEOHBIX
pecypcax U Je4eOHO-030POBUTEIBbHBIX MeCTHOCTAX PecnyOnuku Kpeim» ot 28
saBaps 2015 roaa.

12. 3akon Pecnyonuku Kpeim Ne 107-3PK «OO6 opranuszanuu u obecriedueHuu
oT/bIXa JeTel U ux o3xaoposieHus B Pecnyoauke Kpeim» ot 02 utonst 2015 ropa.

13. 3akon PecnyOmuxku Kpeim Ne 112-3PK «O perynupoBaHuUU JIECHBIX
oTHomeHui Ha Tepputopuu Pecnyonuku Kpeim» 22 urons 2015 rona.

14. Konexc Peciy6nuku KpbiM 00 aIMUHUCTPATUBHBIX MTPABOHAPYIIICHHUSIX.

15. Hypees P.M. Kypc MUKpPOIKOHOMUKH: YUeOHUK JJIs1 BYy30B. — 2-€H3/1., U3M.
— M.: Hopwma, 2005. — 576 c.

16. MunucrepctBo KypopToB M Typu3zMa PecmyOmuku Kpbeim. Exxemecsunas
crpaBoYHasi ”HPOpPMAIUsS O KOJIMYECTBE TYPUCTOB, nmoceTuBIMX Pecrybnuky Kppim.
URL: http://mtur.rk.gov.ru/

17. Bce HoBoctu. B Snrte nHapymuTenu O1aroycTpoidcTBa B 3TOM TOAY
3amjaaTiIM B TpU pasza Oosbiie mrpados, yem B 2016 romy 15 centsOps, 16:20
http://yalta-pulse.ru/index.php/36596-v-yalte-narushiteli-blagoustroystva-v-etom-
godu-zaplatili-v-tri-raza-bolshe-shtrafov-chem-v-2016-godu.

18. CommanbHO-3KOHOMUYECKass reorpadus : Y4eOHHMK A1 aKaJeMHUYECKOTO
OakanaBpuata / M. M. lN'omy6uuk, C. B. Maxkap, A. M. Hoconog, 3. JI. ®aitbycoBud.
— Mocksa : U3narensctBo FOpaiit, 2015. — 419 c. — (bakanaBp. AkaJeMHU4eCKUii
Kypc). — ISBN 978-5-9916-4520-1. — Texcr : anektponusiii // DbC KOpait [caiT].
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Multichannel sniff recognizer and its their concentrations (MSRC-1) // Proceedings
of the International Ukrainian-Japanese Conference on Scientific and Industrial
Cooperation 24 — 25 October 2013. Odessa. — P.139-141.
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T.9. Ne 1. C. 36-39.

5.IIpeoopaxenckuit FO.II. O noBbimieHHH  3PGHEKTUBHOCTH  PabOTHI
MPOMBIIUICHHBIX Npeanpustuii // B cOopHuke: MccrnenoBaHne WHHOBAaLMOHHOTO

MONOGRAPH 190 ISBN 978-3-9821783-0-1


https://biblio-online.ru/bcode/383883

Wissenschaft fiir den modernen menschen Book 1. Part 1 E jﬁfg

noTeHlMaia obuiecTBa U (OPMUPOBAHME HAMPABICHUNA €ro CTPaTernyecKoro
pa3Butus. COOpHUK HayuHbIX cTaTel 8- Bcepoccuiickoil HaydHO-TPAKTUYECKOM
KOH(pepeHInH ¢ MexXTyHapoaHbIM yyactueM. 2018. C. 45-48.
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