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SECTION 1 CHEMICAL TECHNOLOGIES

1.1 Thin-layer CoeSs Electrodes for Lithium Accumulators: Effect of
Modification and Electrolyte Features

The continuous development of technical progress dictates the growing need for
highly energy-intensive, environmentally-friendly power sources and efficient energy
storage technologies. Lithium-ion batteries (LIB) are considered as the most
important self-contained energy sources for widespread use in portable electronic
devices, electric vehicles, medical devices, energy-saving networks, etc. The need of
micro-batteries for such miniature devices as smart-cards, micro-sensors, micro-
robots, and etc., increases. The electrochemical activity of the electrode materials in
LIB depends on the methods and conditions of their synthesis. Electrolysis from
aqueous solutions is considered as an appropriate method for producing energy-
intensive thin-layer electrodes for use in lithium miniature batteries, as well as for
fundamental research of intercalation electrodes.

The technology of electrochemical production of materials in thin layers on a
metal base for use in LIB has been proposed for transition metal oxides (Me =V, Mn,
Mo, Ni, Co), as well as for metal sulfides (Me = Fe, Mo, Co, Ni) [1, 2]. In the first
edition of the monograph [1], the main emphasis was placed on aspects of the
electrochemical synthesis of thin-layer electrodes. It examines the determining
chemical synthesis reactions, optimized important electrolysis parameters, the
structure of the synthesized compounds, their chemical composition, the morphology
of the precipitation surface, their heat resistance, etc. In the second edition of the
monograph [2], we focus on the proposed mechanisms of electrochemical formation
of metal-oxide compounds on the anode of the electrolysis bath. The mechanisms of
phase formation, nucleation of the elements of the crystal lattice and bulk
crystallization with the participation of oxygen formed during the decomposition of

water molecules are considered.



After the release of the monograph [2], our studies were aimed at identifying the
patterns of the process of the electrochemical Li-ions insertion/extraction in the
synthesized thin-layer compounds. Though these processes were out of the authors
consideration in the first monographs, they are important both for solving problems
of the theoretical basics of electrochemistry of insertion electrodes, and for using
electrode materials in commercial lithium batteries. Further studies based on
experimental results and mathematical modeling addressed specific aspects. A
number of the synthesized and studied compounds were replenished.

The next monograph [3] can be considered as the continuation of the two
previous monographs. This is an overview of the research results of the staff and
Postgraduate students of the Scientific Research Laboratory of Chemical Power
Sources (SRLCS, Head of SRLCPS of SHEI «Ukrainian State University of
Chemical Technology» (USUCT), Dnipro is Prof. E.M. Shembel) and students of the
Department of technology of electrochemical industry and electrical engineering of
USUCT. Some results were obtained with the participation of scientists from Bar-Ilan
University, Israel: Prof. D. Aurbach, Prof. B. Markovsky and colleagues within the
framework of Joint scientific Ukrainian-Israeli projects.

In the monograph [3], only a fraction of the results of investigations of Fe-, Ni-,
Co-sulfides and new electrode bimetal-(Ni,Co)-sulphide materials was revealed. We
established the relationship between the conditions of electrochemical synthesis of
the above materials and the efficiency of their electrochemical performance in the
redox reactions with lithium. The latter depend on the composition, the nature of the
electrolyte, the electrode active mass, the morphology of the active material, the
nature of the metal base (current collector). The academic research was focused on
studies of kinetic and thermodynamic parameters of the synthesized compounds in
redox reactions with lithium. A new direction in the research of our labs is the
electrochemical synthesis and modification of sulfide thin-layer electrodes by carbon
nanotubes, SiO,- and TiO, oxides, etc. For increasing the adhesion of sulfide
compounds to the metal base (current collector), their precipitation with a zinc

sublayer, as well as with nickel-carbon composite (NiC) sublayer is proposed. Thin-
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layer NiS-, Ni(OH),-electrodes were synthesized by electrolysis and tested for
compatibility with supercapacitors.

The mathematical models of the process of intercalation/deintercalation of
lithium ions in the electrode materials of LIB are proposed taking into account the
phase transformation and the mobile phase boundary. In these models, intercalation
material is considered as a thin flat layer electrode, or as an electrode with cylindrical
symmetry. A comparison of cases of semi-infinite and finite diffusion of lithium ions
in two-phase and monophase systems is made.

The monograph consists of 6 chapters. Chapter 1 is devoted to thin-layer
electrochemically synthesized Ni-sulfides and Ni-oxide compounds for lithium and
lithium-ion battery systems, as well as for supercapacitors. The proposed
mathematical models of intercalation electrodes are presented in Chapter 2. The
features of monophase CogSg thin-layer sulfide synthesized for lithium and lithium-
ion battery systems are given in Chapter 3. Chapter 4 discusses the modification of
thin-layer electrodes by various proposed methods. In Chapter 5, an attention is paid
to FeS; disulfide in redox reactions with lithium. The role of electrolytes on the
performance of lithium batteries based on synthesized thin-layer electrodes is
discussed in Chapter 6.

Among the research studies of thin-layer metal-sulfide electrodes, a separate
niche is occupied by the authors' firstborn iron sulfides and their compositions. Iron
(1) sulfate and sodium thiosulfate were chosen as the basic components of the
solutions for electrolysis. It is possible to use sodium sulfide or ammonium sulfide,
thiourea, sodium dithionite, polysulfides or sodium tartrate as sulfur-gene component.
The optimal conditions in terms of stability of the electrolysis process and its
efficiency for the two-component solution are determined by the following
parameters: icode = 1.25-3.50 mA/cm?, t=20-25°C, pH 4.0-4.5. To ensure the
stability of the system in electrolysis and high quality of sediments in the electrolytes
for the deposition of iron sulfides, we added NiSO, and CuSQ,, which reduce the
intensity of hydrolysis in iron-containing solutions and reduce the harmful catalytic

effect on the release of iron sulfides at the cathode.



The formation of iron sulfides occurs at least via two stages - electrochemical
formation of sulfur and its reduced forms and chemical and electrochemical
interaction of reduced forms of sulfur with iron ions or hydroxides. The nature of the
precipitates, which are released in the presence of impurities NiSO, and CuSO;,
indicates a probable change in the dynamics of the cathode process, which is
manifested in the reaching an equilibrium between the two stages.

The phase composition of the obtained precipitates is determined significantly
by the ratio of concentrations of FeSO,4 and Na,S,0s in the precipitation solution. In
the first stages of the study, not only iron sulfides, but also sulfur and iron oxides
were determined in the sediments. Depending on the composition, pH of the
electrolyte and the intensity of the further heat treatment of sediments, it was possible
to obtain the following sulfides: FeS, FeS, (pyrite), FeS, (marcasite), FesS, in various
combinations. Deposition of individual iron sulfide is not an easy process.
Factors such as the oxidation of Fe (Il) at the anode and the formation of colloidal
sulfur in solution due to the decomposition of thiosulfate ions can be essential for the
kinetics of the cathode process. Under the same conditions of electrolysis at the
cathode made of stainless steel, precipitates were obtained, the components of which
were FeS, y-Fe;Os, S, while on aluminum compounds FeS, FesS4, y-Fe O3 were
formed.

The composition of the sediments is affected by their post-electrolytic heat treatment,
which leads to a decrease for sulfur. Impurities of NiSO, and CuSQO, contribute to the
reduction of precipitation of iron hydroxides and sulfur.
The size of the crystallites in the sediments was calculated to be 12-64 nm,
determined by the X-ray phase analysis at the peaks of the interplanar parameter d =
0.271; 0.285; 0.202 nm for FeS, FeS,, FesS,, respectively, according to the Debye-
Scherer method. The morphology of the surface of thin-layer sediments reflects the
tendency to agglomeration of fine-crystalline nanometer deposits with the formation
of ball-shape micrometer-size particles. The nature of the microstructure is
determined by the mechanism of sediment grain formation, which consists of three

stages, as follows:



— nucleation and avalanche-like growth of three-dimensional nuclei of crystals,
which stops at the initial stage of their development due to the sharp depletion of the
adjacent layer of solution by ions involved in crystallization, and active adsorption of
colloidal particles;

— formation of agglomerates of submicron deposits, the growth of which is
compressed under conditions of intensive adsorption of colloids;

— formation of larger agglomerates of micron size from submicron agglomerates
(a kind of growth stage).

The electrochemically synthesized compositions exhibit varying degrees of
electrochemical activity as an aluminum-based cathode material in 1.5 Volt Li-
accumulator (LiA). Iron-sulphide compositions obtained on stainless steel are also of
interest to be used in LIB as an anode material. The starting discharge capacity of
electrodes based on dispersed powder (FeS, FeS,, S) with loading of 10-14 mg/cm?,
which contain an electrically conductive filler-graphite or acetylene carbon black
(10%), is 650-950 mA h/g, depending on the heating intensity of the sludge. The
capacity decreases to 220-250 mAh/g in the 40-60th cycle at a current density of 0.2
mA/cm?. Thin-layer metal-sulfide analogues without graphite filler with loading of
2.0-3.4 mg/cm? on the 50th cycle can provide 300-500 mAh/g at a current density of
0.05 mA/cm?. Similar electrochemical parameters were obtained when testing most
of the synthesized metal-sulfide compositions.

Electrolyticaly obtained Cobalt-sulfides

The experience of electrochemical preparation of iron sulfides has become
useful for obtaining cobalt sulfides. Cobalt sulfides have properties that meet the
operational requirements of supercapacitors, magnetic, fluorescent and other devices.
They are of interest as active materials of low-temperature LiA and lithium-ion
batteries [4-5]. In the patent [6], we proposed a method for obtaining cobalt sulfides
by electrolysis from a cobalt sulfate solution in the presence of sulfur-gene
compounds based on stainless steel and aluminum (AMG-6). As a basic solution for
electrodepositing of cobalt sulfides, an analog optimal (modified) solution for

electrodeposition of iron sulfides was adopted, as follows: CoSO4x7 H,O — (0.05—
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0.065); CuSO, x 7 H,O — (0.003-0.0035); Na,S,03x5H,0—-(0.010-0.015); Na,S—
(0.012-0.013). Initial parameters of the electrolysis were: pH 4.0-4.5, t = 20—60°C,
icathode = 3—15 mA/cm?. Cathodes were flat plates of titanium VT-1 and aluminum,
anodes were plates made of titanium VT—1. The ratio “Scathode: Sanode™ ™= (1: 5) — (1:10).
To evaluate the efficiency of the cathode process, the deposition rate of sulfide on the
cathode (Vaep, Mg/cm?-h) was used. The following reactions are possible when

electrolysis is carried out using the above mentioned solution:

82032' +6H*+8e8 — 2S% + 3H,0 Eo =-0.006 V (1)
.08 + 6H* + 4 & 28 + 3H,0 Eo=+0.465V (2)

Co?* + 25 +4 & —CoS, 3)

2C0%" + CoS + 45% — C03S4 (CoS-Co0,Ss) (4)
Co?* +S* —CoS (5)

CoS +82032- — Co0S; + 8032' (6)

Co(OH), +25% +2H* — C0S, +2H,0 (7)
H,O +2¢&— H,; +OH". (8)

The optimal current density is in the range of 3—7 mA/cm?2. The dependence of
Vep — pH at 60°C and icathose = 10 MA/cm? on aluminum has the form of a symmetric
parabola with extrema at pH 4.5. The adhesion of the obtained compact cobalt-sulfide
precipitates to aluminum is satisfactory. The microstructure of the sediment surface is
characterized by the presence of chaotically located fine-crystalline formations of
inhomogeneous nature with an indeterminate crystallographic orientation. Such a
structure may be the result of the formation of crystals by the mechanism of
continuous degeneration at the initial stage of their development. The final product of
electrolysis is a multiphase system consisting of cobalt sulfides, which
possiblycontains copper chalcogenides, cobalt hydroxides, and colloidal sulfur. The
preferred components in the sludge at high of current densities and temperature are
sulfides Co04S3, C0ySs, C0S,. At low drying temperatures, the CosS; phase is more
often observed. CosS; and CoS; phases are preferred on stainless steel and CoySg
phase on aluminum. According to the thermo-analytical study, the weight loss of
sulfide compositions when heated to 600°C is 4%, which allows us to consider the

synthesized material is quite heat-resistant. Electrochemical studies have shown the
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possibility of reversible conversion of cobalt sulfide compounds in the redox
reactions with lithium on aluminum-based cathodes with an average discharge
voltage of 1.4 V. The starting discharge capacity is about 500 mA h /g, while it
decreases to 300 mAh/g at the 40th cycle, and after 100 cycles, it reaches 200 mAh /g
for thin-layer electrodes with loading of 2.0-3.4 mg/cm?. The current density applied
was 50 pA/cm? in the electrolyte solution of ethylene carbonate (EC), dimethyl
carbonate (DMC), 1 mol/l LiClO,. During the galvanostatic cycling of cobalt sulfides
obtained on stainless steel in the potential range of 2.8-0.01 V, the dependence of the
discharge capacity on the mass of the sulfide material was revealed. At a mass of
about 1 mg /cm?, the discharge capacity obtained was 808 mAh/g at the 20th cycle,
and decreased to 190-220 mAh/g at the higher loading. A significant irreversible
capacity in the first cycle is a characteristic of the synthesized cobalt-sulfide
compounds, as well as of those prepared by non-electrochemical methods. The actual
discharge capacity exceeds the value of the theoretical capacity, probably due to the
heterogeneity of the interaction processes of a high specific contact surface area of
the nanometer active material with the electrolyte solution. Parasitic processes in this
case are similar to those observed in the case of non-electrochemically obtained CoS,
cathode, the starting capacity of which is 1280 mAh/g that exceeds the theoretical
value of 872 mAh/g [5]. Along with the decomposition of the electrolyte, the
parasitic process relates also to the dissolution of the intermediate products of the
electrode reaction such as LiySy in alkyl carbonate electrolytes. It is determined that
the anodic oxidation of the electrolyte on the electrochemically obtained cobalt
sulfide starts at 3.20-3.25 V vs. Li/Li*, which is due to the high catalytic properties of
cobalt sulfide. The analysis of the previous studies of electrochemically synthesized
Me-sulfide compounds (Me = Fe, Co), presented in monographs [1, 2], demonstrates
the possibility of obtaining by electrolysis Me-sulfide phases with the presence of
sulfur or metal oxide compounds capable of reversible electrochemical conversion
when interacting with lithium. Their exploration in lithium batteries and lithium-ion
systems required further improvement of the compositions and determining of the

mechanisms of the electrode processes that lead to the capacity fade. Thus, our
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research teams focused on finding ways to improve electrochemically synthesized
Me-sulfide materials.

The technology of the electrochemical production of bi-metal-(Fe, Ni; Fe, Co)-
sulfides has been proposed, which helps to combine the positive characteristics of
individual sulfides and improve the discharge characteristics of sulfide materials in
lithium batteries [7—9]. It was established that partial replacing of ferrous sulfate with
nickel sulfate in the electrolyte for the precipitation of iron sulfide increases the
stability of the electrolyte during storage and electrolysis. In addition, it was possible
to obtain single-phase component CosSg. Technological parameters of electrolysis to
obtain a single-phase compound of electrolytic CogSg on a stainless steel substrate are
as follows: electrolyte, g/L: C0SOs7 H20 — (25-30), Na:S;036H20—(3-5). pH=2.4-2.8.
telectroi=60—70°C, icathode = 2.5-4.0 MA/CM?, Scathode: Sanode= 1: 5. The mass of Co0oSg
deposits varied from 1 mg/cm? (thickness is ~2 pm) to 36 mg/cm?.

Charge-discharge cycling of CosSg electrodes was carried out using coin-type
cells 2325 with a lithium counter-electrode and PE with a polymer matrix PVDF
(polyvinylidene fluoride). PE was prepared by irrigation technology, described
briefly below. For the preparation of PE we used polymer PVdF Solef 21508; LiClO4
(Iodobrom, Saki, Ukraine), and solvents PC (propylene carbonate, Angarsk Chemical
Reagents Plant, Russia) and THF (tetrahydrofuran, Labskan, Ireland). The
constituents of PE (solvents, lithium salt, polymer) were mixed, if necessary, upon
heating, in a predetermined ratio and sequence. The resulting solution was poured on
a thin-layer test electrode, forming a polymer solid film with a thickness of 30-60 um
or a viscous gel-like mass. All operations were performed in a glove box under a dry
argon atmosphere. PE was prepared as follows. A portion of the polymer was
dissolved in a predetermined amount of solvent (THF), then a lithium salt was
introduced. After its dissolution, a plasticizer polypropylene carbonate (PC) was
added. The mass ratio of PVDF to 0.5 mol/L salt solution was 1.0: 5.5. Subsequently,
THF was removed by heating.

The components of the liquid electrolyte were: ethylene carbonate (EC, Merck):

dimethyl carbonate (DMC, Merck) = 1: 1 wt., 1 mol/L LiClO4 (Iodobrom).
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According to the International File (JCPDS-01-086-2273), the reflexes of the X-
ray diffraction pattern are fully consistent with those of CosSg cobalt sulfide (cobalt
pentlandite). The crystallite size of the synthesized sulfide material, determined by
the Debye-Scherer method, was around 49 nm. In an inert atmosphere, electrolytic
cobalt sulfide CogSg when heated to 600°C can be considered as a completely stable
structure.

The surface morphology of the electrolyticaly precipitated single-phase cobalt
sulfide Co0¢Sg, obtained from hot (80°C) electrolyte, is characterized as an
agglomerate of densely packed ball-shaped particles with an average size of 8-12 um
[10]. They in turn consist of smaller submicron particles of
300—400 nm.

The discharge-charging profile of the layout depends on the electrode loading of
Co¢Sg. This is evidenced by the comparison of discharge-charge curves of the
models, where the mass of the active component varied from 7.3, 3.8 to 0.003
mg/cm?. As the mass of active material on the substrate decreases, the capacity at
discharge to 0.05 V in EC, DMC, 1 mol/L LiClO4 solution in 20" cycle is equal to
225; 400; 1100 mAh/g. We continued testing of CogSg sulfide in gel-like and solid-
phase-like polymer electrolytes and its modification to improve electrode discharge
characteristics in the redox reactions with lithium.

Peaks of the FTIR spectra of deposits at wave numbers of 433.77; 442.78;
452.91 cm™! indicate the presence of CoySg in the as-synthesized products prepared
for our investigations (fig. 1). FTIR peaks at 575.61; 616.70; 685.37; 711.26 Cm™!
most probably belong to the ions adsorbed on the surface of the deposits from the
electrolyte for the synthesis of CoSs. They reflect the Co—O bonds of the cobalt
oxide compounds and SO4* ions [11].The discharge and charge profiles of CogSs
electrode in PE and liquid electrolyte indicate that the mechanism of electrochemical
performance may be similar in these two cases (figs. 2 a; 2 b).

The discharge capacity of the CogSg/Li system with PE differs significantly in
the first and subsequent cycles similarly to what is observed with the

electrochemical conversion of CogSg in a liquid electrolyte. The starting capacity of
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CogSg may reach 600 mAh/g, exceeding its theoretical capacity as it was also found

with CoS; sulfide electrode [12].
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Figure 1. FTIR spectrum of the as-prepared CogSg deposit
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Figure 2. Discharge-charge curves of CogSg-electrodes in the electrolytes: a— EC, DMC, 1 mol/L
LiClO4 (m=3,0 mg/cm?), b — PVdF-CTFE, EC, DMC, 1 mol/L LiN(CFsSO2), (m=1,4 mg/cm?),
igischarge=0,05 MA/CM?, icharge=0,03 mA/cm?2. m — Sulfide mass.

The theoretical capacity of CogSg is equal to 544 mAh/g according to reaction

(9):
CogSg+ 16 Li*+16& — 9 Co + 8 LiyS. (9)
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This excess is explained by the heterogeneity of the process associated with the
significant specific contact surface area of the nanometer active material with the
electrolyte.

The reversible capacity of CogSg/Li in PE is about 280-250 mAh/g. The
discharge voltage in the first cycle is higher than that in the subsequent cycles. This
can be explained by the increased resistance of the surface film formed on the
sulfide in the first cycle, which transforms to a less resistant and stabilizes in
subsequent cycles.

The irreversible capacity of CogSg electrodes can be reduced by adding into the
electrolysis solution of an anion-type surfactant — polyacrilate (-CH,—CH-], COO
Na*) with the molecular mass of M=1500000. This surfactant was synthesized by
polymerization of sodium acrylate in the presence of K;S,0s When the CogSg-
electrode obtained in the presence of anionic surfactant Na-polyacrilate is cycled in
EC, DMC, 1 mol/L LiCIO, solution, the difference between the specific discharge
capacity in the first and second cycles decreases, as shown in (fig. 3).

EV
32

2
- 1
0 30 150 250 350
Q, mAb/g
Figure 3. Discharge-charge profiles of the CogSs/Li system with the cobalt sulfide deposited
onto aluminum substrate obtained in the presence of anion surfactant (0.04%). tireatment=180°C.

The discharge-charge characteristics of Co¢Ss with the same mass of 1.4
mg/cm? in solid and gel-like electrolytes differ from each other. The difference is
observed both in the starting curves and after cycling for 60—70 cycles.

When comparing differential capacity curves of specimens with the same

loading of CoeSg (1.4 mg/cm?), we observed some differences between the
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processes that take place around 1.4 V and 0.8 V in PVdF-CTFE, EC, DMC, 1
mol/L LiN(CF3SO;), solid-like and gel-like electrolyte solutions as presented in
Figures 4 and 5. In CogSs-electrodes, sulfide conversion occurs around 1.4 V
whereas a maximum electrolyte conversion activity in redox reaction with Cog¢Ss
can be seen around 0.8 V. In solid electrolyte (fig. 4), a maximum sulfide
conversion is observed around 1.4 V, whereas a maximum electrolyte conversion
activity can be seen around 0.8 V in gel-like electrolyte (fig. 5).

In a solid electrolyte at the 60" cycle, the main electrode process is the
conversion of a sulfide compound, whereas it is the electrolyte reduction in the gel-
like electrolyte. This can be explained by the lower electrochemical activity of the
reduction of the solid phase electrolyte than that of the liquid electrolyte. In the solid
electrolyte, the solubility of the electrochemically inactive lithium polysulfide’s,
which can be formed when the sulfide compounds are distorted during cycling, is

much lower than that in the liquid electrolyte.
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Figure 4. Dependence of differential capacity Figure 5. Dependence of differential ca_pacity
of CooSs-electrode on electrode potential inthe ~ Of CosSe-electrode on electrode potential for
solid-like electrolyte. Cycle numbers are cycle #60 in the gel-like electrolyte.
indicated.
The discharge characteristics of CoySg were improved by incorporation of the
Norit filler in CosSs. Norit carbon material has been shown to positively effect on

the electrochemical properties of LiMn,O,4 spinel in a model lithium accumulator
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[13]. In studies of CosSs electrodes with carbon conductive filler, Norit A SUPRA
USP 30 with surface area of 1900 m?/g was added (2 g/L) in the base electrolyte for
the synthesis of CogSg at pH 3.26. The electrolysis was conducted under the
following conditions: electrolyte temperature of 60°C, cathode current density of
2.0-2.5 mA/cm?, duration of electrolysis - 15 minutes, Scathode: Sanode = 1: 5.

The dependence of the differential discharge capacity of (CogSs, Norit)-
electrode on the electrode potential is evidenced by the inclusion of Norit in the
electrolytic cobalt sulfide, which is characterized by three phase transitions at
potentials of 0.19; 0.14 and 0.09 V. On the starting curve of the redox reaction in the
Li/CogSg cell without Norit in the range of 0.5-0.0 V, a transition process is only
detected at 0.3 V, which is related to the formation of a surface film on the cathode.
This was not observed in subsequent cycles. The transient processes in the range of
0.25 — 0.00 V are absent. The transients detected are presumably related to the
electrochemical activity of surface functional groups on the Norit carbon material,
which was subjected to acid treatment [14]. Oxygen-containing functional groups
determine the ion-exchange properties of the carbon material. During metal
adsorption, ion exchange processes are possible between a metal ion and surface
functional groups (for example, carboxylic). Secondly, the implementation of redox
adsorption is possible, because of which a part of the metal ions is reduced to metal
[14]. lon-exchange processes with the participation of lithium ions and hydrogen

ions of functional groups can be associated with the transients we discovered.

The discharge characteristics of the CogSg were improved by incorporation of
the Norit filler in CosSs. From (fig. 6), it can be seen that the capacity of the first
discharge cycle is 760 mAh/g and the reversible capacity is stabilized at ~400
mANh/g.
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1-discharge.
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N

N, cycle

Figure 6. Dependence of (CogSs, Norit)-electrode discharge capacity on cycle number.

It was established that the reversible capacity of CogSg was stabilized at ~400
mANh/g for electrodes obtained with Norit conductive filler added in the electrolyte
for the synthesis. A possible reason for improving the electrochemical
characteristics can be explained by the double positive effect of the Norit additive,
namely an increased electrical conductivity of the active mass of CogSg + Norit and

an improved adhesion of the sulfide deposit to the substrate.

In this way, we established and explained the observed differences between the
discharge characteristics of the CoySg-electrode in PE with gel-like consistency and
that with a solid-like film. The starting capacity of CogSg in gel-like PE as well as in
liquid electrolyte may reach 600 mAh/g, exceeding its theoretical capacity of 544
mAh/g. During prolonged cycling, the discharge capacity of CosSg decreases in gel-
like PE, as well as in liquid electrolyte. The reversible capacity of CogSg/Li in solid-
like PE is about 280-250 mAh/g at the average discharge voltage of 1.40-1.45 V. In
a solid-like electrolyte, the capacity fade was calculated as 0.3% /cycle at 70 cycles.
Critical factors of the discharge capacity fade of metal-sulfide materials/PE/Li are
an increased polarization resistance of the lithium electrode, as a result of disruption
of its contact with PE, and also drying of the electrolyte in the porous spaces of the

polymer gel matrix [15].
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The irreversible capacity of CogSg/Li can be reduced by incorporation of an
anion-type surfactant — sodium polyacrilate that was used as an additive in the
electrolyte for the synthesis of CogSs.  Norit conductive filler added in the
electrolyte for the synthesis of CogSg has been tested here to improve the
electrochemical characteristics of CogSg electrodes. The reversible capacity of CogSg
was stabilized at ~400 mAh/g for electrodes obtained with Norit conductive filler
added in the electrolyte for synthesis. The improved electrochemical characteristics
can be explained by the double positive effect of Norit, such as an increased
electrical conductivity of the active mass of CosSg + Norit and an improved

adhesion of the sulfide deposit to the substrate.

1.2 Features of UV Technology

3acToCyBaHHA Cy4YaCHUX XIMIYHHUX TEXHOJIOTIA CIpHUS€ MOJIMIICHHIO CTaHy
OPUPONY, BIAHOBICHHS 30MTKY, HAHECEHOTO HABKOJUIIHHOMY CEPEIOBHUIILY:
BUCHAKEHHS PECypCiB IUIaHETH, 3a0pyiHeHHs atMocdepu. [IpoTarom octanHiX pokiB
0COOJIMBO AKTUBHO MPOBOAATHCA pI3HI JOCHIJKEHHS B cdepi eKkojorii Ta
parioHam3aIli BILIMBY BUPOOHUIITB HA HABKOJIMIIIHE CEPEIOBUIIIE.

OpHi€ro 13 cy4aCHUX XIMIYHMX TEXHOJIOT1M MHUHYJIOTO CTOMITTS B mosirpadii
cTanu akTUBHO po3BuBaTucsa Y@ texnonorii. [IpuunHoo nporo Oyia mosiBa HOBHX
XIMIYHUX CHOJYK, a TOYHIIIIE — HOBUX THUIIIB aKPUJIOBUX OJliroMepiB 1 MoHOMepiB. Lli
IHHOBALlIHI MaTepiaau 3pOOMIIM PEBOJIIOIII0 HE TUIbKM B moiirpadii, age 1 B
0aratboX 1HIIMX rajay3sX MPOMHUCIOBOCTI, IO MOB'A3aHO 3 LLJIUM PSAIOM IEpeBar,
SIKUMH BOJIOJIIFOTH Matepianu Y ® noxiMepu3sartii.

[IpyurHOIO MMPOKOro MNOIIMPEHHs MaTepianiB Y@ mnomimepusanii € KiibKa
OCHOBHUX II€pEBar:

* GKOJIOTTYHICTh — Y@ wmaTepiaau HE MICTATh HISKMX IIKIJJWBUX BUKHU/IIB,
OCK1JIbKHM MatoTh 100 BIACOTKOBUI CyXuH 3aJUIIOK;

* BHCOKA TMPOJYKTUBHICTh 1 TEXHOJIOT1UHICTh. BHCOKa MIBUAKICTh BUKOHAHHS

TUpaXy — 1€ OCHOBa CyyacHOi mojirpadii, 1 NMUTaHHA BHCHXaHHSA MarepiaiiB €
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nepmopsaauM. B igeanmi wmatepianu Y@ mnomiMepusalili COXHYTh MHUTTEBO, a
OTpPUMaHUN CyXHi BIAOMTOK MOXHaA BUpPYOyBaTH, BUKOHYBATU TUCHEHHS, JIAKyBaTH,
yHaKoBYBaTH, BIAIPABIISATH TOTOBY MPOAYKIIIIO 3aMOBHUKOBI 1 OTPUMYBATH TPOIIIi;

* (Hi3UKO-XIMIYHI BJIACTUBOCTI TOKPHUTTIB — TMOKPHUTTS, IO YTBOPIOIOTHCA
dapbamu Ta nakamum Y@ momiMepu3aili, MalOThb BHCOKY XIMIYHY CTIHKICTh 1
MEXaHIYHY MIIHICTb.

Po3Butok Y® TEexXHONOTIH ICTOTHO PO3MIUPHIO MOXIMBOCTI mnomirpadii, ,
3'SIBHJIACS MOKIIUBICTH JPYKYBAaTH 3 PI3HUX OCHOB, B TOMY YHCII 1 HEBOMpAIOUYUX.
Bucuxanns tpaauiiitnux (ap6 Ha Takux 3acajnax yTpyJaHeHO, Tomy mepeBaru YD
MarepiaiiB 3 iX MUTTEBUM 3aKpIIJICHHSM B 11l 001aCT1 HE3amepeyHi.

Kpim mommepHux ocHoB Y@ ¢dapbamu MOKHa APYyKYyBaTH 1 MO MOPUCTUX
OCHOBaXx: MoJIIMepHu3allisl BiIOYBaeTbCI MUTTEBO, MaTepiail HE BCTUTAae BOUpATHCH 1
TOMY 00pOOKa BUXOAUTH OUIBII SIKICHOO.

Y@ TexHOJOrisIM MOXJIMBI HaWpI3HOMAHITHIII BUAM OOpPOOKH, IO TAKOX
00OyMOBJIEHO MUTTEBUM BHcHUXaHHAM Y@ kommnosuuiid. HakmaganHs Oarato pi3HHX
mapiB 1 301MCHEHHS IMOENHAHHS PI3HUX MarepianiB (J1akiB, (apO, MeTali30BaHUX
KOMITOHEHTIB, JIaKiB 3 TOPOIIKAMH 1 T. ]I.).

Tak camo, sk 1 3Bu4aiini, Y ®-apou ABIAIOTH COO0I0 CyMIII 3 TBEPIUX 1 PLAKUX
KOMITOHEHTIB:

* TBep/il KOMIIOHEHTH - MITMEHTH, (POTOIHIIIATOPU, HATTOBHIOBAYI il BICK.

* PiKki KOMIIOHEHTH - CMOJIH, JIaKu (OJIITOMEPHU) 1 PO3YUHHUKHU (MOHOMEDPH).

Ta6mms 1
PisHuus ckaany rpaguuiinaux ¢papo ta YD-¢apo

3Buuaiini odcerHi papou Y®-odcetHi papou
[Tlirmentn [lirmenTn
TBepai cmonu (PpeHobHI, Omniromepu (enokcuau, nomiedipw,
denonodopmanbaeriaHi) MOJIIypeTaH! Ta iH.)
Macna (pociuHHI, MiHEpaJIbHi) Monomepu (pO3UHMHHUKH)
Cukatus doToiHIIIaTOP
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Jlomimiku (BOCKH, HATTOBHIOBAY1) Jlo6aBku (BOCKH, HATTOBHIOBAYI )

IHiemenmu. IlirmenT nornvHae Y ®-BUNIPOMIHIOBAHHS 1, BIATIOBIIHO, B1J HHOTO
3aNIeKUTh HACKUIBKHU TIMOOKO Y D-BUNIPOMIHIOBAHHS, IO MAJIa€ 3 JKEpesa CBITIA Ha
MOBEPXHIO 3aTBEPJiHHA, MPOHUKHE B Macy marepiany Ijs Toro, moO0 37ificHuIacs
o6'emHa mojiMmepu3ailis. Pi3HI mirMeHTH mnoriuHawTh Y D-BUNPOMIHIOBAHHS B
pI3HUX [lama3oHax JOBXKMH XBWUJIb 1 1HOAI CHEKTp MOTJIMHAaHHA (OTOIHIIIaTOopa 1
INICTMEHTY TIePEeKPUBAIOTHCS, 1 TOAI MITMEHT 1HTIOye TMpolec IHIIiFOBAaHHS
noJiiMepH3aItii.

Monomepu. Mouomep B ¢ap0bi Biamosimae 3a ii pi3HI PEoJOTIUHI BIACTUBOCTI -
TUIMHHICTD, JIMMKICTh 1 B'SI3KICTh. SIKIIO MU BI3bMEMO pPI3HI MOHOMEpH, MaTepialiv
MOXYTh MOJIMEPU3YBATUCA 3 PI3HOIO MIBUAKICTIO, IO BIUIMHE Ha (PI3UKO-XIMIUHY
CTIMKICTb IUTIBKH, SIKY YTBOPIOE CBITJIO 3aTBEP/Iija KOMIIO3HUIIIA.

Onizomepu. BoHu BIINOBIAAIOTH 3a aare3it0, MIBUIAKICTH MOJIMEpH3allii 1 3a
TJISTHEIb.

Domoiniyiamopu. Pi3H1 (HOTOIHIIIATOPU BIUIMBAIOTH HA MIBUJIKICTH 1 HA THII
noyiMepu3ailii, ika OyBae oBepxXHEBa 1 00'eMHa.

Homimxu. Jlomimuku B Y®-ap6d rparoTe Ty K pojib, IO 1 B TPaJIULIHHHUX
bapbax.

Y ®-papbu BUpOOIIAIOTH TAK Camo, K 1 TpaaMLiiiHI odceTHi GapOu: 3MINIYIOTh
pinky (a3sy, mirmeHnTu 1 106aBku. J[o ckiiamy 10Aal0Th HU3BKOB 3K MOHOMEPH, SIKI
3a JII€}0 HaraayloTh pPO3UYMHHUK. BOHU 3BOJOXKYIOTH MITMEHT, a 3HAYUTH -
KOHCHCTEHLIIS 1 TEKY4ICTh (papOu 3MIHIOIOTHCS.

[Tlin BrumBoM Y ®-BUNpPOMIHIOBAHHS, IO BXOAUTh B ckian (apbd 1 maxis,
(GOTOIHIIIATOp AaKTUBI3YEThCS 1 YTBOPIOE BUIbHI paJuKaaud abo KaTIOHM, SKi,
BCTYIAIOUX B PEAKI[II0 3 KOMIIOHEHTAMH 3B’ 3yBaHHS — MOHOMEPAMH 1 OJIITOMEPaMH,
BUKJIMKAIOTh «3IIUBAHHS 1 MOTIMEPHU3AIIIIO MIapPY.

Pinka ¢dasza mpakTUYHO MHUTTEBO MEPEXOAUTh B TBEpAHM cTaH - 0e3 3MiHU
TOBIIMHU mapy. BigapykoBaHna nmpoayKiis MOXe Biipasy mepeaaBaTucs Ha HACTYIIHI
03700 TI0BaJIbHI ONeparii.

JlpyKkapHi mpaIforoTh 3a 1BoMa 0a30BUMHU CXEMAaMHU:
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s ecmoxkmyrouoi ocnoeu — YOD-cyminag Ha npuiiomii. Jlinig 3 2-3
CBITHJIbHUKAMU TOTY>KHICTIO /10 200 BT / cM 3Ha100MThCS pH Py TPiaaoko.

JIJ1sl HeécmoKmylOUUX NOGEPXOHB — TIO OJTHIN JIAMITI TIICIS KOXHOI CEKIIii, TUTIOC
CyIIIKa Ha MPUHOMIII.

Hpyry cxemy peKOMEHIyIOTh BUKOPUCTOBYBATH 1 IPU POOOTI 3 TTOBHOKOJII PHUM
MaTioHKOM. Toxi ynbTpadiolieToBe BHUIPOMIHIOBAHHS NPOHUKHE B yCi IIapu

MOBEPXHS MPABUIILHO MOJIMEPU3YIOTHCS.

[o nonimepwu3adii

Hocin

Micna nonimepwu3adii

Hocin

@ nirvent @ Onirovep @ Monomep O dotoiniuiatop

Pucynok 1. Y®-¢papbu 110 1 micist noiaimepu3sanii

@ikcalisi — pe3yJabTaT KUCHEBOTO OKHUCIEHHSA 1 MOJIIMEpHU3alii CIOIyYHUX
enemeHTiB. B Y®-ckinanoBux 6arato CMKaTUBIB, AKPWJIATHUX OJIITOMEPIB, 1 TOBEPXHS
«CXOIUTIOEThCS» 32 CeKyHAu. IIpu poOOTI 3 HEBCMOKTYIOUMMH IOBEPXHSIMHU B
YOpHUJIO JJis1  yiabTpadioneToBoi oOpoOkM AojaroTh mojiedip abo moiypeTaH
akpuiart. [{i peyoBUHM 301IBITYIOTH a/Ir€3110.

Anresia Y ®-¢papb Ha pi3HHX MaTepianax CTaHOBUTH:

100 - BigMiHHA afaresis;

75-80 - HOpManTbHA aare3is, ajie PEKOMEHAYEThCS MONIEPETHE TECTyBaHHS

HOBHUX MaTepialiiB 1 MOBEPXHEBE JTAKyBAHHS;

50 - mpuiiHsITHA aare3is, ajae Kpalie BAKOHATH TOMEePETHE TECTYBAHHS 1

MOBEPXHEBE JIAKYBAHHS.

[ToBepxueBuit HaTsar YD-dap0, mpuzHaueHUX I IPYKYy HAa HEBCMOKTYIOUHUX

Marepianax, 3a3Bu4ail craHoBuTh 32-35 mN / M. [{ns rapHoi aaresii moBepXHEBHIA
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HATAT MaTepiaiy, 10 33JApyKOBY€eTbcsl Mae 0yt Ha 10 mN / M Bule, HIX y Gapou.

Ile B incanpHOMY BUnanky. Jlomyctumuii MiHiMyM - 38 mN / M.

Taomung 2
Ilosepxnesuit namsaz mamepiamy
[To3nauenus Marepian mN/Mm
PE IHoniemunen 31
PP Ioninponinen 29
PS IHonicmepon 32-35
ABS AKpuno-nHimpui- 33-36
CMUpOIbHUILL conoaimep
PVC Ionigininxnopuo 39-40
PC Honikapoonam 46
PETP Jlagcan 43

JIs1 30UTbIIIEHHS] TOBEPXHEBOT'O HATSTY MaTepially BUKOPUCTOBYEThCS 00poOKa

KOPOHHHM PO3psiioM a00 HAHOCUThCA CHellianbHuil Jak-npaimep. [lepea qpykom Ha

HEBCMOKTYIOUHMX MaTepiajlax HeOOXI1IHO 3aBXIM KOHTPOJIFOBATHA MOBEPXHEBHUM HATAT

3a JIOMOMOTOI0 CHEIlalbHOrO0 YOpHUIa a00 TECTOBHUX OJIBIIIB, TPOBOJUTHU MOIMEPEIHI

BUNPOOYyBaHHS. Y D-TeXHOIOTisI 3HAYHO PO3UIMPIOE ACOPTUMEHT MaTepiaiiB, sKi

MOKYTbh BUKOPUCTOBYBATHUCS ISl ApyKy. KpiM manepy 1 KapToHy, MOXKHa JpyKyBaTH

Ha PI3HUX TOJIMEPHUX IUIIBKAaX, IUIACTUKY, JIaMIHOBaHHX,

Marepiaiax.
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SECTION 2 COMPUTER AND SOFTWARE ENGINEERING

2.1 models and methods of electronic digital signature

Texnomnorist 3actocyBanHs cucteM ELIIl € choromni HaiOiNbII NPUHHATHUM
CrocoO0OM BI3yBaHHS JIOKYMEHTaIlli, 0COOIMBO 3a HEOOX1THOCTI BEJIEHHS JOKYMEHTO-
00iry B yMoBax KOpOHaBIpycHOI nmauaemii. Takum crocid po3paxoBaHUil HA MEPEKY
a0OHEHTIB, 10 TOCWJIAIOTh OJUH OJHOMY €JIEKTPOHHI JOKYMEHTH, HANpPUKIA]l
wiatixHi qopydyeHHs [19]. AGoHeHTaMu MOXYTh OyTH KIII€EHTH OaHKY 1 caMm OaHK y
cucTeMl KiIieHT— OaHK a0o OaHkM mif yac oOMiHY JOKYMEHTaMU B MIKOAHKiBCHKOi
Mepexi. Jlesdkl 3 1mux aOOHEHTIB MOXYTh TUIBKM MEPEBIPATH MIANUCAHI IHIIUMU
MOBIJOMJICHHS, 1HI (Ha3BeMO iX a0OHEHTaMU 3 MPAaBOM IIJIIKACY) MOXYTh SK
MepeBIPSATH, TaK 1 MIANUCYBaTU MOBiIOMIIEHHS. KpiM TOoro, MoxxyTh OyTH BUITaJIKH,
KOJIM XTO-HEOyab Moke crtaBuTH cBid ELIl Timpku sK Apyruil miANMCAHT MiCIIA
MIJMUCY MEBHOrO0 a0OHEHTa-HauYajJbHUKA (HANpPUKIaA, AUPEKTOp OyXrairep); 1€ He
3MIHIOE CYTi CIIPaBH.

PosrasiHeMo panmi, Takl MOKJIMBI JIBI CUTYyallil: mepiia — SKIIO B L1 Mepexi €
LHEHTp (a0OHEHT, HAAUIEHU 0COOJUBUMH MTOBHOBAXXEHHSIMHU), Ipyra — BCl a0OHEHTH
3 MpaBOM TMIJNUCY piBHOMpaBHI. He BUKIIOYEHOIO € 1 CUTyallis, 3a KOl (PYHKIII
[IEHTPY BUKOHYIOTH KUTbKA <«JIOKAJTBHHUX IIEHTPIB». Y Mepexkax i3 IeHTpaMu MOXYTh
OyTH 3aKiiaJieHl pi3HI CTYIEHI «JIOBIpU» IEHTPY A0 aboHeHTiB. ToOTO, HEeHTpU B
Mepexax MOXyTh (MOTEHIIITHO) ab0 MOBHICTIO KOHTPOJIOBATH a0OHEHTa, abo
BUKOHYBATH YMCTO (popMasbH1 (DYHKIIIT aIMIHICTPYBaHHS.

[Tepen migmucyBaHHSM HEOOXiTHO TepenOadyuTH TEBHI 3amoODKHI 3axonu. Y
pasi mporpamMHoi peaiizallii, ik MPaBUJIO, CCKPETHUN KJTIOY TIAMUCAHTa 30epiracThCs
Ha WOro ocoOmCTii dien-KapTil, 3aXUIIeHOI Bif KomitoBaHHA. OgHAK 1I,OT0 OyBae
HEJOCTaTHBO, apKe (QUIeH-KapTy MOXKYTh BHKpacTh abo mpocto BTpaTuThH. OTXKE,

HEOOXITHUM 3aXMCT BiJI HECAHKI[IOHOBAHOTO JIOCTYNYy OO CEKpEeTHOi 1H(opmalii
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(xmroua). [lpupoaHum BUpIIIEHHAM Ii€l mpoOjaeMu € mapojibHuil 3axuct. [laponem
MOXKYTh 3aXMINATHCS He jauine (yHKIi (Omiii) MoCTaBIeHHs MIAMUCY 1 TeHeparrli
KITIOYiB, @ ¥ (PYHKIII1, 110 3MIHIOIOTh BMICT KaTaJOry BIAKPUTUX KJIIOYiB aOOHEHTIB
Mepexi 1 1H.

VY pasi mporpamHoi peaiizaiii He0OXiTHO MEPEBIPUTH BIACYTHICTh y CHUCTEMI
«KpHUIITOBIPYCOB», KI MOXYTh 3aBAAaTd ICTOTHOI IKoaW. Hampukiang, B MOMEHT
MIIMACAHHS «KPHUIITO BIPYCH» MOXKYTb MEPEXOIMUTH CEKPETHI KJTI0Ul 1 CKOIIIOBATH iX.
KpiMm TOro, mix dYac mepeBipKH MiJMUCYy BOHU MOXYTb 3MYCHUTH CHCTEMY
TOBITOMUTH», IO MIJAMKC € BIPHUM, XOdYa BiH, HACMOpaBii, € HENPaBUILHUM.
MOXIIMBUM € KPUNTOBIPYC, SKHI, MOTPanmMBIIM B CHUCTEMY OJHOPA30BO Mij dYac
reHepallii KiIo4iB, 3MyCUTh CHCTEMY 3reHepyBaTH cialki kimtoui. Hanmpuknaza, axmio
KJIIOUl TEHEPYIOThCS Ha OCHOBI JlaTYMKa BHUIIAJKOBHX YHCEIl, SIKUA BUKOPUCTOBYE
BOyJI0BaHUM TaliMep, BIpPYC MOKE 3MIHUTHU CBIIUCHHS TaliMepa, a MOTIM BITHOBUTH
«CTaTyc KBO». 3roJIoM I KJIIOYl MOXYTh OyTH JIETKO PO3KPHUTI 3JI0BMHCHHKOM.
[IpoTn Takux KpUNTOBIPYCIB € JIMILIE OJUH 3aXHCT — 3aBAHTAXKEHHS 3 «UHUCTOTO»
CUCTEMHOTO HoCis 1HGOpMAIlii, 1 BAKOPUCTAHHS «YUCTOT0Y» MPOTPAMHOTO TIPOIYKTY.

Jist ctBopennst ELIIT 111 KOHKpETHOTO TOKYMEHTY HEOOXITHO BHUKOHATH TaKi
7IBA €TaIlH.

1. T'eneparia xmtouiB. Ha mpomy etami Jj1si KOKHOTO a0OHEHTa TE€HEPYETHCS
napa KJIIOYiB: CeKpeTHUM 1 BIAKpUTUNA. CeKpeTHHI KiIto4 30epiraeTbcsi aDOHEHTOM Y
TaeMHulll. BiH BUKOpucCTOBYeTbes it (GOpMyBaHHS MiANUCY. Biakputwii kirod
TMTOB'SI3aHKM 13 CEKPETHUM OCOOJIMBUM MaTEMaTUYHUM CITIBBITHOIIICHHSM 1 € BIZIOMHM
yciM iHIIMM KOpHCTYBayaM Mepexi Ta IpH3HAYEHMI Ul mepeBipky migmucy. Horo
CII PpO3MJISIAATH SIK HEOOXIMHMM 1HCTPYMEHT Il TEPEeBIPKU, IO JO03BOJIE
BU3HAYUTH AaBTOpa MIANUCY 1 JOCTOBIPHICTH EJEKTPOHHOIO JOKYMEHTa, aje He
J03BOJISI€ OOUUCTUTH CEKPETHUH KITIOU.

MosknB1 1Ba BapiaHTH MPOBEACHHS 1bOTO eTamy. [IpupoaHum € BapiaHT, KOIH
reHepallio KJIIo4iB aDOHEHT MOJKe 3/IIMCHIOBAaTH caMOCTiiiHO. He BUKITIOU€HO, OJTHAK,
0 B MEBHUX CHUTyaIisX If0 (YHKIIO JOIUIPHO TEpenatd IMEeHTpY, SKuil Oyne

BUPOOJIATH JUIsl KO)KHOTO a0OHEHTA Mapy KIII0YIB CEKPETHHUM 1 BIAKPUTHH 1 3aliMaTHCA

25



ix mommpeHHsM. Jpyruil BapiaHT Mae psJl rmepeBar aJMiHICTPATUBHOIO XapakTepy,
OJIHaK Ma€ MPUHLHUIIOBY BaJy — y a0OHEHTa HEMae€ rapaHTii, o0 HOro ocoOUcTUi
CEKPETHUH KIIIOY € YHIKAIBHUM 1 LIEHTP MOXKE MiIPOOUTH Oy Ib-SIKUM ITiIITHC.

2. Ilinnucanus nokyMeHnTa. Ilepin 3a Bce, TOKYMEHT «CTHUCKAIOTh» J0 KUIBKOX
JecsITKIB a00 COTeHb 0aMTIB 3a JOMOMOTOI0 TaK 3BaHOI XEHI-(PYHKIII1, 3HAYCHHS SKOi
CKJIQJTHUM YMHOM 3aJI€KUTh BiJl 3MICTY JIOKYMEHTA, ajieé HE JO3BOJISIE BIIHOBUTH CaM
OOKyMeHT. Jlo OTpMMaHOro 3HA4YeHHS XeHI-QYHKI[I 3aCTOCOBYIOTH II€BHE
MaTeMaTH4HE TepeTBOPeHHs (3aiexHo Big obpanoro anroputmy ELIIT) 1 oTpumytoTh
nianuc gokyMmenTa. Llel mianuc Moxe OyTH CKIIaJeHUM 13 YNTaHUX CUMBOJIB (OyKB),
ajie 4acTo MOro MpeACTaBisIOTh y BUTJIS1 MOCTIJOBHOCTI JOBUIBHUX CHUMBOJIB, IO
«He yntarThes». EIII mosxe 30epiraTucst pa3om 13 JOKYMEHTOM, HAIIPUKJIIA, CTOSTH
Ha MoYyaTKy abo B KiHIli, 200 B OKpeMoMmy (aii.

[Tix yac mepeBipKU MiIMKUCY NEPEBIPSIOUNI MOBUHEH MOCTYTYBaTUCS BIIKPUTUM
KJIIoueM a0OHEeHTa, KU mocTtaBuB mianuc. lleit ko4 noBuHeH OyTH ayTeHTU(dIKO-
BaHHMM, TOOTO MEPEBIPSIIOYNII IOBUHEH OyTH MOBHICTIO BIEBHEHUH, 110 TaHUH KIIIOY
BIJINOBIJIa€ caMe TOMYy aOOHEHTy, SKWW BHaae cede 3a ioro BiacHUKa. SIKIIO
a0OHCHTH CaMOCTIMHO OOMIHIOIOTHCS  KIIIOUaMH, I  BIICBHEHICTH  MOXKE
MIIKPIITIOBATUCS 3B'SI3KOM IO TeNePOHY, OCOOMCTUM KOHTAaKTOM a00 B IHIIHA
croci6. SKino sk a0OHEHTH JIIF0Th B MEPEX1 3 BUIJICHUM IIEHTPOM, iX BIIKPUTI KITIOU1
MIANUCYIOThCA (CepTU(DIKYIOTHCA) LIEHTPOM 1 Oe3nmocepeiHId KOHTAaKT a0OHEHTIB MiX
coboro (mig wac mepeBaHHS a00 MIATBEP/KEHHS AaBTEHTUYHOCTI KIIIOUIB)
3aMIHIOEThCSI KOHTAKTAMH KOYKHOTO 3 HUX OKpeMo 3 1ieHTpom [20].

[Tponenypa nepeBipky MiANUCY CKIAAAETHCS 3 ABOX €TaIliB: OOUMCIICHHS Xell-
GyHKII TOKyMEHTa 1 MPOBEICHHS MAaTeMAaTHYHUX OOYHUCIICHb, SAKI BU3HAYAIOTHCS
anroputMoM mignucy. OcTaHHI TOJNATalOTh Yy TMEpeBipLl TOr0 YW 1HIIOTO
CHIBBIJHOIIEHHS, IO 3B'SI3y€e Xem-(QyHKLII0 [JOKyMEHTa, MIAOUC M LUM
JIOKYMEHTOM 1 BIAKPUTHI KJIHOY MijANrcaia abOHeHTA.

SKIm0 pO3MIISIHYTE CITIBBITHOIICHHS BUSBISETHCS BHUKOHAHMM, TO IIIIHC
BU3HAETHCS MPABWIBHUM, a CaM JOKYMEHT CIPAaBXKHIM, y MPOTHICKHOMY BHUIAAKY

JIOKYMEHT BBa)KA€ThCS 3MIHEHUM, & MIAMUC — HEJIHCHUM.
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Cucrema EIIIT moBuHHA BUpilTyBaTH 3aBJaHHs 3aM00IraHHs MiAPOOKH MiAMKUCY.
Y CHIA 6yB npuiHATHI CTaHAAPT HA €JICKTPOHHUM MIAMKC, SIKUH € He0OX1THUM, TI0-
nepuie, s OTPUMaHHSA BIIEBHEHOCTI B TOMY, IO 3pOOJIEHHH BIAMOBITHO IO
ctangapty 3acio peamizamii EIIII € kpumnocTiikuMm, mo-apyre, CTaHaapT 3a0e3neuye
MAaTEHTHY YHCTOTY, 30KpeMa, anroputM RSA 3anatentoBanuii B CILIA.

Cridikictp Oimpmiocti cxem EIII 3amexuTs Bif CTIMKOCTI aCHUMETPHUUHUX
anropuT™MiB mudpyBaHHs Ta xem-QyHKIN. IcHye Taka kimacudikaris aTak Ha CXeMH
ELIIT:

— araka 3 BIIOMUM BIAKPUTHUM KIIIOUYEM;

— araka BIJIOMHMHU MiJIMUCAHUMH TOBIJIOMJICHHSIMU — CYNPOTHUBHUK, KpiM
BIIKPUTOTO KJIF0Ya Mae€ 1 HaOlp MiAMHMCAaHUX ITOB1IOMIICHB;

— MpocTa araka 3 BUOOPOM IMIJIMKMCAHUX TOBIIOMJIEHbh — CYNPOTUBHUK Ma€
MOKJIUBICTh BHOMpATH TOBIJIOMJICHHS, TIPU LIbOMY BIAKPUTHHA KIIOY BIH OTPUMYE
1nicisi BUOOpY MOBIIOMIIEHHS;

— crOpsMOBaHa aTtaka 3 BUOOpPOM MOBIJOMIICHHS,

— aJanTHBHA aTaka 3 BUOOPOM MOBIJOMJICHHS.

KoskHa aTaka nepeciiaye IeBHY METY, SIKi MOKHA PO3JUIMTH Ha KUJIbKa KJIACIB:

— TOBHE PO3KPUTTA — CYNPOTUBHUK 3HAXOJUTH CEKPETHUHN KITFOU KOPUCTYBaya;

— YHIBepcalibHa  miipoOka —  CYNPOTHUBHUK  3HAXOJUThb  aJlTOPUTM,
(yHKIIIOHATBFHO aHAJIOT1YHUN anropuTmy reneparii E1LIIT;

— CEeJIGKTUBHA MiApoOKa — MiApoOKa MiMUCy 0OpaHOro MOBIIOMIICHHS;

— EK3HCTEeHIIiiTHa Mmiapo0Ka — MiapoOKa MiANUCY Xo4a O JUIsi OTHOTO BUIAKOBO
00paHoro MOBIAOMJICHHS;

Ha npakrumi 3actocyBanns ELII qo3Bosise BUSBUTH ab0 3aro0IrTH TaKUM JisIM
MTOPYITHUKA:

— BIJIMOBa OJIHOT'O 3 YYAaCHHKIB BiJl aBTOPCTBA JIOKYMEHTA,;

— Moaudikalis NPURHATOTO €1EeKTPOHHOTO JOKYMEHTA;

— miapoOKa JOKYMEHTA;

— HaB'A3yBaHHS TMOBIJOMJIEHb Yy TIpPOLIECI TNEepelaBaHHS — CYHNPOTHUBHHK
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NepPEeXOIUIIoe OOMIH MOBITOMJICHHSIMH 1 MOIU(IKYE iX;

— 1MiTalis epeiaBaHHs MOBIIOMIICHHS.

Tak camMo iCHYIOTH MOPYIICHHS, BiJ] SKHX HEMOXJIMBO 3aXUCTUTH CHUCTEMY
0OMIHYy TIOBIIOMJICHHSIMH — II€ TIOBTOP TepeaBaHHs MOBIAOMIICHHS 1 (aibcudikaris
yacy BIONpaBlIeHHS TOBiAOMJICHHA. [IpoTumis AaHUM TOPYIIEHHSM MOXeE
IPYHTYBATUCS Ha BUKOPHUCTAHHI TUMYACOBHUX BCTaBOK 1 CYBOPOMY OOJIIKY BX1THHUX
MTOBITOMJICHD.

byap-sxuit Meton aBreHTHdIKALIl, KMl 0a3ye€Tbcs Ha TEXHOJOTIT BIAKPUTOTO
KJIf0Ya, MOXKe OyTH MEepeTBOPEHHM y MeToa UU(POBOTO MiANMUCYBAHHS HUISIXOM
3aMIHM  MEpeBIpsUIbHUKA  OJHOHANpAaBICHOK  Xeml-pyHkmiero. Ilpu  upomy
MOBIJJOMJICHHSI HE XEIIYEThCS TEepe]l MiJMUCAHHIM, a 3aMICTh LBOTO Xenl-(QyHKIIis
BKJIFOYAETHCS Y caMy cXeMmy Iu(pOBOro miAnucyBaHHSA. TakuM YMHOM, y CXEMH
1M(POBOro MIANKCYBAHHS MOXYTh OyTH MEPETBOPEH] BiJOMI CXEMHU aBTEHTHU(IKAIi
cTopiH B3aemonii, 30kpema RSA, Enp-I'amans, ®iata-lllamipa, @eiire-diata-
[Tamipa, I'itnoy-Kyickyotepa ta lllHoppa.

BapianT peanizaiii e€JIeKTpOHHOTO LUQPPOBOro MIANUCY, MOOYIOBAaHOrO Ha
anroputmi RSA, HaBeneHo Ha puc. 1.

Ha BinMiHy BiJ anroputMmy MHU(ppPyBaHHS BIANPABHUKOM TYT € BIACHUK MapH
3aKpuTHiA / BigkpuTuil kiarod. [Ipomenypa ¢popMyBaHHS €IEKTPOHHOIO MiAMUCY Sign
1]l MOBIAOMJICHHSIM CXOXa 3 IU(PYBaHHSIM JIOKYMEHTa, aje B MIpy 3aKpHUTOrO
roua d 3a BIIIIKOM N 3BOAUTHECS HE caMe IOBimOMIIEHHS a00 HOro 4acTWHH, a
naimkecT nosigominenns h. Hesig'emuoro wactunoro aaroputMmiB EINIT € xemryBanus

iH(popmaii, Ha puc. | BiH no3HaueHuit uepes H.
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T'eHeparis K1r04a

Budpatu npoctipiq
Po3paxyBatun = p * q \ Binkputui
Bubpartu BUIIaIKOBE € TaKe, KoY (e, 1) ™~

mo6 e(p —1)(g—1) =1 Sy

3HaliTH 3a anropuT™MoM EBKIina

h = sign® mod n

d Take mo
ed=1mod (p—1)(q—1) OtpaMyBag
'
3akpuruii ko4 d TTOBiZOMIEHHSA H

3 EIIIT (m, Tax

IToBiTOMITEeHHS m /
h = H(m) EIIII npaBHIBHA

\

sign = h* mod n

Pucynoxk 1. Pearnizanist e1€KTpOHHOTO HU(PPOBOTO MIANUCY, IO OOy IOBaHUI Ha

anroputmi RSA

[ToBimomiieHHs M 3 migmucoMm Sign Oyae OMHO3HAYHO AayTeHTHU(IKOBAHUM.
ABTOPCTBO MOBITOMJICHHSI MOK€e OyTH BCTAHOBJICHO 1 JIOBEICHO Mapoto kitouis (d, €)
3 BUKOPUCTaHHAM cepTudikallii. 3I0BMUCHUK HE 3MOXE MiAMIHUTUA TMOBIJOMJICHHS M
(TouHimre, oMy OyJe Ay’Ke BaXKKO I1e 3pOOMTH), OCKIIBKH HOMY HEOOX1JTHO 3aMiCTh
MOBIAOMJIEHHSI M IIACTAaBUTH 1HIIE HOBIAOMJIEHHS M', AK€ 3aJ0BOJILHSIE HOro 1 Mac
Take >K 3HAYCHHS Xeml-PyHKINI, 0 1 y M, MO0 € Ha ChOroJHI OOYMCIIIOBAIILHO
CKJIQHUM 3aBJaHHAM. [3 11i€i )X NPUYMHM 3JIOBMHCHUK HE 3MOXE 3aCTOCYBaTU
MEPEeXOIUICHUH MiAmuUe SigN I MiAIUCY IHIIOrO JTOKYMEHTA, OCKIJIBKH IS 1HIIIOTO
JOKyMeHTa OyJe OTpUMAHO iHIIe 3HauYeHHs Xeul-PyHKii h, a BOHO 3HaXOIUTHCS B
OCHOBI Mmianucy. TakuM YUHOM, BCl HEOOXIJAHI BIACTHBOCTI MiJMUCY OIMHUCAHUM
AITOPUTMOM 3a0€3MeUyIOThCA, 10 K CTOCY€EThCs KpuntocTikicTi meroxy ELII, To
BOHA BHU3HAYAETHCA  KPHUITOCTIMKICTIO  BUKOPHCTOBYBAHOTO  ACHMETPUYHOTO
Kpunrorpadiuoro Meroay 1 ¢GyHkuii ogHocnpsMoBaHoro mudpysanHs. HeoOxigHo

BII3HAYUTU TAKOXK, II0 caMe MOBIAOMJICHHS M TEPEAAEThCA Y BIAKPUTOMY BUTJISII.

29



Jlns Toro, moO 3abe3meunTd KOH(QIAEHHINHICTG 1HGOpMAIli, 10 MepeaaeThes,
NOTpiIOHE BUKOPHUCTAHHS JOJATKOBOrO IMM(PYBaHHS 3a CUMETPUYHOIO abo
ACHMETPUYHOI0 CXeMOI0 (TIpH 1IboMY U pyBaHHs HA Kito4i 0 KOH)IIEHIIIITHOCTI He
3a0€3MeUnTh, OCKUIBKHM IIOBIJIOMJICHHS MOXKE€ OyTH pO3MU(PPOBAHO BIIKPUTUM
KJIFOUEM).

Hyxe monynspaumu € cxemu EIIl Ha ocHoBi anroputmy Enb-T'amans, mo
3YMOBIIIOETBCS SIK HAJIEKHOIO CTIHKICTIO ajlrOpUTMYy, TaK 1 Kpamior, MOPIBHSHO 3
RSA, mBuakictio oOuucinenb. 30KkpeMa, B CTaHJIAPTI HALIOHAJIBHOTO I1HCTUTYTY
cragaaptie CIIIA DSS (Digital Signature Standard) BUKOPHCTOBYE€THCS aJIrOPUTM
DSA (Digital Signature Algorithm), sikuii € Bapiamieto anroputmy ELIT Ens-I'amans
B Moaudikaiii [llHoppa. B anropuTmi BUKOPUCTOBYIOTHCS TaKi BIAKPUTI TapaMETPH:

P — IIpOCTe YMCIIO B aiama3oHi Big 512 mo 1024 6ir;

q — 160-6iToBe mpocTe Yncio, JiMbHUK P — 1;

V — Oyab-ake umcio, V < p — 1, take, mo v(p — 1) /g mod p > 1;

g=v({—1)/qgmodp;

y = g* mod p.

CekpeTHUM KJIt04YeM € Oyab-sike 160-po3psanne yucno X, X < q.

Anroputm ELIT DSA y rpadiuniii popmi npencrasieHo Ha puc. 2.

Icnye Ge3miu moaudikamit cxemu Enb-I'amans: ne anroputmu DSA, ECDSA,
KCDSA, cxema Iuopp. Tak, nHampukian, amroputM RSA, 3acHoBaHuii Ha
CKJIaIHOMY Tmiporeci ¢akTopu3alii BEJIUKUX 4YHUCEN, € OJHUM 13 TepIIuX
ACUMETPUYHHUX aIrOpUTMiB, a anroput™ DSA 3acHOBaHMII Ha CKJIAQJHOMY
JTUCKPETHOMY JloTapu(MyBaHHI B KIHIIEBOMY IIOJi, MNPUUHITHA 3a Jep>KaBHHIM
cranaapt CIIIA, 3acTocoByeTbcs ISl CEKPETHUX 1 HECEKPETHHX KOMYHIKaIIIM.
Omaum 13 TUmiB MoAuGIKaIli CTalo MEepeHECEHHS OOYHMCICHb B TPYIMY, YTBOPEHY
CIMNTUYHUMHA KPHUBUMHU.

Jlis TMpakTUYHOTO  3acTOCyBaHHS B KpunTorpadii  BUKOPHCTOBYIOTHCS

eNINTHYHI
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TeHepallist KITI04iB w=s1modq
BHGpaTﬂ BHITIAOKOBE X Bmpn'rl napaMeTpu uy = (H (m - W)mod q
PospaxyBaTtu
y=g*modp q U2 = (rw) mod q
a = ((g“* » g**)mod p)mod q
[l Biakputuii Kimod ( | )
3aKpHUTHIf KTH0Y X |
\,\ | OTpuMyBay
IToBiZOMIEHHS m l\l TI0BiIOMICHHA 3 ‘
h = H(m) \\ EILIIT (m,r.s)
L
®OopMyBaHHS MiATHCY
Bubpatu Bunagkose k < q Tax
r = (g"mod p) mod q
h+ xr
S=( X )"qu ELN BipHHuit

Pu
cyHok 2. Anroputm ELIIT DSA B rpadiuniii popmi

kpuBli (EK), 3agani nag nossimu [Nanya.

Hexaii 3amano npocte unciio p>3. Toxai € ennTuyHoi KpuBoi E, BU3HaueHoi Haj

POCTHM KiHIIEBUM TojieM Fp, HasuBaeThes Oe3miu map uucen (X, Y), X, Y € Fp, ski
3a10BOJILHSIOTH TOTOKHOCTI:

yi=x*+ax+bmodp
nea,b € Fpi(4a® + 27b%) = 0 mod p.

Kpim ToOro, mo enminTuyHOi KPUBOi OAA€THCS HECKIHUCHHO BijjalieHa Todka l.

Takum 4MHOM, TOYKH, IO 33JI0BOJIBHSIOTH PIBHSHHS KpUBOi E, 1 Touka | yTBOPIOIOTH

KiHI[EBY a0eyieBy rpymy. I'eoMeTpuyHe ysBIIEHHS €NINTUYHOI KPUBOi 300pakeHO Ha
puc. 3.

JIns TOUOK eNINTUYHOI KpWBOI BHU3HAYEHA omeparlis gomaBaHHs. s aBox

TOYOK, 1110 Hayiexath kpusiid E, P (Xp, yp) 1 Q (Xp, Yp), Touka, sika € IXHLOK CYMOIO,

TaKOX Oyne Jnekatd Ha enminTtuuHii kpusiid. Koopauunatu touku S = P+ Q
BU3HAYAIOTHCS TAKUMH BUPA3aMH:

k=}}q_ o

xq—xp

mod p,
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P+Q

5
]

Pucynok 3 — I'padik enintuunoi kpuBoi £K, 3amanoi Haj nmoasmu [amya

xs = k% — xq — xp mod p,
vs =k *(xq—xp) — yp mod p.
Touky S MoxHa oTpumaTH TpadidHO HUIIXOM HECKIaIHUX T00ya0B. s boro
Ha rpadiky TpoBOAUTHCS MpsMa uepe3 Touku P i Q, 1 Touka mepeTuHy i€l mpsamoi 3
EK nm3epkanbHo BimoOpaxaerbes 1moj0 oci OX (muB. puc 3). Sxmo Ttouku P 1 Q
30irafoThCs, TO MU OTPUMY€EMO TOuky S = 2 * (J. Tomi ii KOOPAMHATH BU3HAYAIOTHCS

1HAKIIIE:

a

k=3*xq*+ modp ,

2syp
xs = k% — 2xq mod p,
vs = k(xq—xp)—ypmodp.

I'padpiuHo TOMBOEHHS TOYKM MOXKHA OTPUMATH, MOOYIyBaBIIM JOTUYHY IO
TOYKH 1 BIIOWMBIIM TOYKY TMEPETHUHY JOTUYHOI 3 ENINTHYHOI KpuBOi 1070 oci OX
(muB. Touku R 1 [21]R Ha puc. 3). 3Bijcu 04E€BUIHO, III0 MOKHA BUSHAUUTHU ONIEPAIIIIO
MHOKEHHSI ICSKOI TOUKH CINTHIHOT KPHUBOI Ha ITiJI€ YKMCIIO, KA J03BOJISIE€ BUZHAUUTH
touky Q = k * P (Touka P, momHOXeHa Ha misie uncio K, 3Bepraerbes B Touky Q).
CkansipHe MHOXKECHHS 3/IIMCHIOETHCS 3a JOTMIOMOTOIO KIJTbKOX KOMOIHAIIIM CKIIaJaHHs 1
MO/JIBOEHHS TOYOK eNinTU4HOi kpuBoi. Hampuxnan, touka 25 * P moxe Oytu
Mpe/ICTaBICHA, K

25*P =2+ (2*(2*(2+«P))+2+(2*(2*P)))+P.

3 omeparii€ro MHOXKEHHSI TOYkd EK Ha 11i1e umciio 6e3mocepeHbo TMOB'sI3aHa

HAJIHHICTh 1 KPUNOTOCTIMKICTh edminTU4HOi Kpunrtorpagii. CmpaBa B TOMy, WO

s3agganHss ECDLP (Elliptic Curve Discrete Logarithm Problem - 3amaua
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JTUCKPETHOTO JiorapudMa Ha ENINTHYHINA KPHUBIiKM), CyTh SIKOTO TOJISTA€ B TOIIYKY
mioro umcina K 3a Bimomumu Toukam P1Q =k * P, ¢ Baxkum. Kpim piBHsSHHS,
BaYXJIMBUM ITapaMETPOM KpHBOi € 6a3ucHa (reHepyroda) Touka G, mo ooupaeTbest 1ist
KO’KHO1 KprBOi okpeMo. CekpeTHUM KJTIo4eM BianoBiaHo a0 TexHonorii EK e Bemmke
BHITQJIKOBE YMCII0 K, a BIIKpUTUM KJIt09eM — 100y TOK K 1 6a3ucHo1 Touku G.

Ha xpunTocTidKiCTh airOPUTMY ICTOTHO BIUIMBA€ IMPABWJIBHUN BHOIp SK camoi
KpuBOI1 (Koe(diIi€eHTiB a, b, p), Tak i 6a3ucHoi Touku G [22].

He xokHa kpuBa 3abe3rneuye HEOOXIIHY KPUOTOCTIMKICTD 1 JJIs JEAKUX 13 HUX
3apnanHs ECDLP Bupimyetscsi mocuth epektuBHO. OCKUIBKM HEBAAIUN BHOIp
KpUBOI MO’KE€ CIPUYMHUTH 3a COOOI0 3HIKEHHS 3a0e3ledyeThCs pIBHS O€3IEKH,
opraHizailii 1o CcTaHIapTU3aIli BUIUISIOTH LU OJOKHM KPHBUX, IO BOJOMIIOTH
HEOOX1THOIO HAJIHHICTIO. Buxopucranus CTaHJAApTU30BAHUX KpUBHX
PEKOMEHYEThCS 1 TOMY, IO CTa€ MOKJIMBOIO HAMKpalla CyMICHICTh MK PI3SHUMHU

peanizalisiMi MpOTOKOJIIB 1HGOPMAIIIITHOT Oe3MeKH.
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SECTION 3 COMPUTER SCIENCE

3.1 assessment of the information load on managers in complex linear-functional

organizational structures

Modern high-tech enterprises implement organizational management structures
that are characterized by strict hierarchy and uneven distribution of all kinds of
information (concerning technology, management, communication etc.) between
departments. Analysis of the information load on the elements of the structure,
especially the upper levels of the hierarchy (senior managers), can be performed
using models for evaluation of information flows in the structure and its subsequent
optimization.

A number of publications have been devoted to the development of models and
methods for analysis of information flows, resources and processes. The work [23]
describes the principles of building a control system and of management of
organizational processes that take into account the accumulated information. The
work [24] is devoted to the development of an information flows model in an
automated control system using the theory of random processes. The method of
intellectual management of information resources of an industrial enterprise is
described in [25,26]. Based on the performed analysis, the authors consider the
amount of publications devoted to the issues of modeling information flows in
organizational structures to be insufficient.

The model of a complex linear-functional organizational structure (CLFOS) can
be presented as a sequence of hierarchically ordered levels of control (see figure 1). A
complex organizational structure is required to have more than 1000 workers and at
least 3 hierarchy levels.

External sources




Figure 1. CLFOS model.

In this work the authors consider the information flow as an array of messages,
which is determined by the intensity of the flow, the amount of information at a
certain time interval and the value of information. The array is also characterized by
the inclusion of information links, and the various types and forms of information
submission.

Vertical information links determine the hierarchy of the organizational
structure that relies on a vertical chain of command to organize employees and their
responsibilities. Information flows of such links consist of orders, instructions and
other normative documents. Horizontal links represent the informal interaction
between different units with a common goal, and consists of verbal and non-verbal
communication between units and single elements of the structure. External
information links represent interaction with ministries, state administrative bodies,
agencies etc.

Let’s consider an analytical model that defines the quantitative estimates of the
information flows’ properties:

| am = (IFI, A0l VOI ), (1)

where IFI is an information flow intensity, which is characterized by A — the

average amount of sent/received messages per unit of time; Aol is the amount of
information; Vol is the value of information.

IFI can be defined using the theory of random processes, where the intensity of
Aat IS the main quantitative characteristic of the flow. In many cases, random flows
are described by the Poisson distribution law.

Aol is based on the concept of selecting one option from all possible messages.
This definition is not connected to the meaning and importance of the transmitted
message, but related to the degree of its uncertainty — entropy H. The entropy can
also be interpreted as the average rate at which information is produced by a source
of data. Aol conveyed by each individual event is a random variable whose expected

value is the information entropy, typically measured in units of information or bits.
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Given a random variable X, with possible outcomes x;, each with probability Py (X;),

the entropy is determined by [27]:
n
H(X)=-2P(x)-log, P(x). ()
i=1

Shannon’s formula is an expression for the information capacity of a
communication channel. It is considered that the bigger the uncertainty, the more
informative is the message when that uncertainty is removed.

The following example displays the process of quantitative estimation of Aol of
the information flows. Let’s consider a CLFOS that has eight senior managers and a
set of functional links between them. The managers are as follows: M; — marketing
director, M, — chief designer, M3 — production director, M, — technical director, Ms —
chief engineer, Mg — director of finance and economics, M; — director of HR, Mg —
director of procurement.

Table 1 shows IFI in the form of average amount of messages sent by manager
M; to manager M; during a certain period of time. The data is used to assess the

entropy of messages sent by managers using the formula (2). For example, for M;:

H,(X) ——(— log, — 9 16 IogZE+E-IogZE+E- log, E 2 I092£+
62 62 62 62 62 62 62 62 62
+6—52 lo 92652 6_22 Iog2622_2,46.
Table 1.
Average amount of sent/received messages per unit of time
7\,(|\/| i N Mi) recipients (M;)

My | Mo | M3z | Ma | Ms | Mg | M7 | Mg | 3,
My 9 16 | 10 | 18 | 2 5 2 62
M2 2 14 (10 | 1 |12 |14 | 19| 72
— M3 4 |12 10 | 10 | 19 | 13 | 13 | 81
TZ/ Mg 3 2 11 13|12 | 19 | 17 | 77
g Ms 2 |18 | 18 8 15 (11| 8 80
Me 19 | 20 9 5120 111 1 85
My 12 | 8 14 | 11 | 13| 2 19 | 79
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Table 2 displays the results of the calculated entropy H(X) of the information sent by

Table 2.

managers.
The entropy for senders
recipients (M;)

Mi | Mz | Ms | Ma | Ms | Ms | M7 | Ms | H(X)

M1 -0,4 | -05 |-0,42|-0,52 | -0,16 | -0,29 | -0,16 | 2,46

M | -0,14 -0,46 | -04 | -0,09 | -0,43 | -0,46 | -0,51 2,48

Ms | -0,21 | -0,41 -0,37 | -0,37 | -0,49 | -0,42 | -0,42 | 2,71

%‘ Ms | -0,18 | -0,14 | -0,4 -0,43|-042| -05 | -0,48 | 255
é Ms | -0,13 | -0,48 | -0,48 | -0,33 -0,45 | -0,39 | -0,33 2,61
% |'Mo | -0,48 | -0,49 | -0,34 | -0,24 | -0,49 -0,38 | -0,08 | 2,551
M7 | -0,41|-0,33|-0,44 | -04 | -0,43|-0,13 -0,49 2,64

Ms | -0,43 | -0,38 | -0,44 | -0,42 | -0,33 | -0,41 | -0,37 2,78

Table 3 displays the results of the calculated entropy H(X) of information received by

managers. For example, for M;:

2
H, (X)=—(—"I
r( ) (62 092

12
62

£+i.|o i+
62 62 02

3 3
—-log, —+—-log, —+—-log, —+

62 62

62 62

2

62 62

17
62

2 19

62 62

19
62

Table 3.

The entropy for recipients

recipients (M)
M1 M2 M3 My Ms Ms M7 Ms
v M1 -0,35|-0,42 | -04 |-0,47 | -0,14 | -0,24 | -0,13
L 7]
©
éf M, -0,17 -0,4 | -0,4 |-0,08 | -0,42 | -0,43 | -0,49
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Ms -0,26 | -0,41 -04 |-036| -0,5 | -0,41 | -0,43

Ms -0,22 | -0,13 | -0,35 -0,41 | -0,42 | -0,48 | -0,48
Ms -0,17 | -0,48 | -0,45 | -0,36 -0,46 | -0,38 | -0,33
Ms -053| -0,5 | -0,31 | -0,27 | -0,49 -0,38 | -0,08
W -047|-033| -04 |-042|-0,41-0,14 -0,49

Ms -0,52 | -0,42 | -0,45 | -0,49 | -0,36 | -0,46 | -0,4

H, (X) 2,32 | 2,61 | 2,77 | 2,74 | 2,6 | 2,53 | 2,73 | 2,44

The amount of information passing through the communication channels of each
manager is determined as
Aol (M) =H(X)+H,(X), 3
where My is a manager, here k=1..8; Hs is the entropy of sent messages; H; is the
entropy of received messages.

The concluding information load of managers is equal to the following:
Aol(M;)=4,79; Aol (M,) =5,09; Aol (M3) =5,48; Aol(M,)=5,29;
Aol(Ms)=521; Aol(Mg)=503; Aol(M,)=537; Aol(Mg)=522. It is
recommended to balance the managers' information load (by delegating authority,
expanding the organizational structure, improving information value and relevance
etc.) to increase their productivity.

Vol is estimated using the formula proposed by M.M. Bongard and
A.A. Kharkevich [28]:

Vol =I092%, (4)

where p and P are respectively the probabilities of achieving the aim before and
after the receipt of the information.
However, using the above mentioned formula in real management situations is

difficult. Firstly, the estimation of probabilities may prove problematic. Secondly, the
probabilities of achieving the goal before and after receipt of the information may be
the same, e.g. equal to 1. In this case, as in other cases, it may be useful to compare
the options for achieving the goal not by probability but by other criteria, e.g. by

time. Generally this choice can be multicriterial, that is, not the individual parameters
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should be compared, but changes in the objective function of many parameters.
Thirdly, a fixed aim must be considered for these formulas, and the information can
be used for evaluation and selection of goals. The final disadvantage is that in order
to use these formulas, the task must be calculated to the end (to the achievement of
the goal), which is not always possible.

Given that the formula (4) is quite difficult to apply to the task of assessing the
information load of managers, an approach suggested by [29] was considered.

The type of a project and its goals determine the properties that indicate the
value of information. Therefore, the information properties are closely connected.

Let’s consider a set C that consists of information properties: C ={c; |i=1..1}. The

properties are as follows: reliability (ci(x)), completeness (c;(x)), confidentiality
(c3(x)), secrecy (subtle data transfer) (c4 (X)), promptness (cs (X)), relevance (cs (X)),
coherence (c7(x)). The connection of the listed properties applied to an information

unit x of the set X is determined by the generalized Vol:
|
Z(x) =2 W; (x)-¢;(x), (5)
i=1

where ¢ (x) is a set of measurable information properties of x, (¢; = 0..1);
w; (X) is a set of indexes of the properties’ importance determined by an expert
or a group of experts (i = 1..7);
| is the number of information properties that determine the value of a message.
The expert’s estimates are obtained using the Saati method (AHP), in which a
scale of importance from 1 to 9 is suggested. The results of pairwise comparisons of
properties’ significance are presented in the form of the matrix (table 4). Each entry

of the matrix represents the importance of one property relative to another.

Table 4.

Pairwise comparison matrix of properties’ significance

c1(X) | c2(x) | ca(X) [ ca(x) | cs5(X) | Co(X) | C7(X)

a| 1 | 3 | 7 | 9 | 3 1 | 7

2 | 033 | 1 | 5 | 7 |033] 02| 3
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cs)] 01402 ] 1 | 3 |02 ]014]0,33

cs(x) | 0,11 | 0,24 | 0,33 1 0,14 1 0,11 | 0,2

(X)) | 033 3 | 5 | 7 | 1 033 1

()| 1 | 5 | 7 | 9 | 3 1 | 7

c7(x) | 0,14 | 0,33 3 5 1 0,14 1

The calculated indexes are: wi(X)=0,3; wy(x)=0,11; ws(x)=0,04;
wy (X) = 0,02; ws (x) =0,14; we (x) = 0,32; w7 (x) = 0,07.

For example let’s compute Vol for messages sent to manager M;. The manager
evaluated the information received from managers M,-Ms by its properties c;-C; as
shown in table 5.

Table 5.

Information properties of the messages sent to M;

C1 C2 C3 C4 Cs Ce C7

M2 05/ 09 09 07| 06| 10| 10

M3 10 04| 04| 07| 07| 09| 03

Mg o4, 03| 09 10| 10| O7| 02

Ms 05| 02| 08| 07| 09| 05| 0,7

Me 05| 08| 08| 04| 06| 08| 09

My 05| 09| 06| 03| 05| 06| 03

Ms 05| 02| 04| 04| 08| 06| 05

The generalized Vol for messages sent from M, to M; equals
05-0,3+0,9-0,11+0,9-0,04+0,7-0,02+0,6-014+1,0-0,32+10-0,7 =0,74.
The generalized values are as follows: Zy, (X) = 0,74; Zus (X) = 0,78;
Zma (X) = 0,6; Zws (X) = 0,52; Zwis (X) = 0,7; Zm7 (X) = 0,55; Zws (X) = 0,53. The total
sum for Vol of messages received by M; equals 4,42. Vol of messages received by
other managers is computed in the same way.
The proposed analytical model defines the quantitative estimates of the

information flows’ properties and thus demonstrates the managers’ information load
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from different perspectives: intensity, amount and value of information processed.
The obtained data can be used to optimize the efficiency of managers'

communication.

3.2 integrated information technology of the analysis of group experts’

judgments under heterogeneity and inconsistency

Currently, there are three main tasks of the analysis of group expert assessments [30,
31]:

1. evaluating the consistency of expert estimates;

2. classification (clustering) of expert estimates in absence of their consistency;

3. evaluating the a generalized assessment within an agreed group.

There are many expert analysis methods, approaches and techniques designed to
solve such problems, however, there is no scientifically based classification and
unification of such methods and, moreover, unequivocal recommendations for their
application [32]. This circumstance, apparently, is primarily due to the diversity of
expert measurement scales and the large amount of different forms of presentation of
expert estimates (numbers, rankings, intervals, pairwise comparisons, etc.), which led
to the emergence of various methods for their analysis.

The second factor that should be taken into account in the procedure of choosing
of expert analysis methods is the various types of ignorance (incompleteness,
uncertainty, fuzziness, inaccuracy, ambiguity, etc.), under the influence of which
expert assessments are generated and processed. The third factor that should be taken
into account is the limited number of experts n (n <30), i.e. the sample of their
estimates is small, which makes it almost impossible to check, for example, for a
normal distribution even using such a powerful nonparametric criterion of agreement
as the Shapiro-Wilk test [33]. Considering that the main expert analysis methods are
methods of applied mathematical statistics, this factor does not allow the use of

parametric statistical models.
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Based on the foregoing, the basis for approaches to the unification of group
expert analysis technologies should be based on the accounting of the factors

considered.

It should be noted that there are practically no scientific publications on the
problem posed, and, perhaps, it is possible to refer only to the work [34] devoted to

the unification of algorithms for organizing examinations.

Let us consider a number of possible approaches to the construction of unified
group expert analysis technologies, which are based on the consideration of the types

of tasks, types of measurement scales and forms of presenting expert assessments.

Let a group of experts E ={E; |i =1, n}, evaluating some initial set of objects of

expertise (alternatives) A:{Aj|j:1,_m}, formed profiles of expert preferences

B={B|i :1,_n}. The profile B; formed by the expert E; reflects his preferences and

presents his assessments in the form of words, conditional gradations, numbers,
orderings, pairwise comparisons, intervals, binary relations, etc. The presentation of
expert information depends on a given measurement scale (scale of expert

preferences).

In the case of solving multi-criteria decision making problems, each alternative

is evaluated according to a number of signs (criteria), then the profile of expert
(expert panel) preferences can be represented as B, ={C, || :1,_q}, where C, reflects

expert preferences regarding the criteria k,, presented in a given measurement scale.

The task of structuring group expert preferences B, reduced to their aggregation

in order to synthesize a single group solution R:

(B,,B,,....B,,....B, )= R,
f 1)
[7]

where [rt]is some operator for processing group expert assessments (methods, rules,

algorithms).
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In the case of solving single-criteria decision making problems, the results of an
expert survey in the form of a set of group expert assessments can be represented in

the form of nxm matrix:

B) (b, by .. by
BZ b21 bZZ b2m

I S S ,
B || b, by .. by @
B, b, b, ... b,

where bj; is assessment by the i-th expert of the j-th object, formed in the framework
of a given measurement scale.

In this matrix, each row contains the estimates of some expert for all objects,
and the column contains the estimates of the entire expert group for one of the

objects.

To choose intelligently which method to use for obtaining a generalized
assessment on a set of group expert assessments, it is first necessary to test the
consistency (homogeneity) of expert judgments. The results of such a check can lead
to one of two possible options: a set of expert judgments is characterized by a high
degree of consistency (which indicates their homogeneity); in the composition of the
expert group there are those whose assessments may differ in magnitude from the
assessments of the main group, the presence of such assessments in the total set of

group expert assessments violates its uniformity (consistency / homogeneity).

In the case the analysis reveals a high degree (excellent) of consistency among
the experts, the aggregation of expert preferences is performed in order to obtain the

final (group) ordering (ranking) of the analyzed objects (alternatives):
Re.: APAP.PA, V(A A A)eA

where P is a type of preference relations P={>} (a strict preference relation), or

P ={-,~} (a weak preference relation).
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When solving the multi-criteria decision making problems, the procedure of

aggregating expert assessments E; within the framework of his profile B; is
performed, i.e. the aggregation of expert judgments among the different criteria

K={k || =1,q}, then aggregation of the obtained estimates is carried out within the

expert group E={E, |i=1,n}.

Upon receipt of a loose ordering, the groups of elements (A, A;) arise that are
related to each other by a preference relation “~”, i.e. (A ~A;), such groups

represent a cluster of equivalent preference elements.

The lack of consistency (homogeneity) indicates the presence in the expert
group of a certain number of subgroups within which expert assessments can be
recognized as homogeneous, i.e. the expert group consists of experts who have
different (but similar within the same subgroup) points of view on solving the
problem under consideration. Such a situation arises, for example, due to the presence
among experts of representatives of several scientific schools or even teams. In the
worst case, an expert survey generates a significant number of small subgroups of
experts with consistent / similar (in one sense or another) intra-group estimates, but

inconsistent between subgroups.

As a result of this, two tasks arise: the identification and exclusion of sharply
distinguished observations (outliers); splitting (clustering) of the initial set of expert
assessments into several subgroups (clusters) of experts with close (consistent, one-
dimensional, homogeneous) assessments, for their subsequent analysis and search for

an aggregate assessment.

The task of splitting the expert group is to identify a number of subgroups of
experts E = {G1}, {G2}, ..., {Gq}, ..., {Gs} (Gqc E, {Gy}={Es,....E:}, r>1)
having a similar opinion and identifying such E; that do not belong to any subgroup,
I.e. E; < G, provided that |Gq| = 1 (if any).
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Thus, it is required to construct a decision rule that allows one to unambiguously

determine whether expert E, belongs to the Grg group.

We assume that the opinions of experts falling into the same group E; < Gry,,
| > 2, are recognized as agreed; expert opinion(s) E; < Gg, |G| =1 are recognized
atypical — significantly differ (conflict) from the opinions of the rest of the expert
group. Provided that s =1 (and, as a result, n =r), the opinions of the entire group
E={E |i =1n} are recognized as agreed (consistent, one-dimensional,
homogeneous). In a case of arising a significant number of small subgroups G (i.e.,
there is a tendency g—t at r—1), the further analysis is impractical. An example of
the worst situation is the formation of a limit-possible number of subgroups such that
VGq: |Gyl =1 (g=1n).

When solving this problem (under the assumption that the judgments are stable
and final, that is, formed taking into account the positions of all survey
participants / experts), expert judgments are aggregated separately for each of the

received subgroups of experts Gry,.

Let us consider the procedure for construction technologies for the analysis of
expert assessments, taking into account the above factors. Figure 1 shows the
generalized structure of the technology for the analysis of group expert assessments

formed under various measurement scales.
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A set of objects of expertise A=1{4;|;j=1m}

Scales of expert measurements

Matrix of numerical Matrix of Matrix of paired

1 1
1 I
! values ranks comparisons !
! — — — |1
1 I
1 I

X=(x;), I'ZUI j=1Lm R=(@ry), i= Ln j=Lm B=(b;), i= ﬁ j=Lm

—— o —— —— — — — v — — — —— — ] - ———— —

Tasks of analvzing
group expert judgments

\ 4

I
1| Determination of the Clusterization Aggregation of :
: consistency of expert (classification) of expert expert assessments |,
" assessments assessments I

I

Figure 1. The structure of the technology of analysis of group expert assessments

The technology for the analysis of expert assessments formed in the

framework of the absolute measurement scale.

Let us consider the procedure for constructing technologies for the analysis of
expert assessments based on the absolute scale of expert measurements. An absolute
scale is used, for example, to measure the number of objects, events, etc. Expert
estimates obtained in such a scale are ordinary natural numbers X, that lies in given

range (interval).

Let a group of experts E ={E, |i =1,n}, evaluating some initial set of objects of

expertise (alternatives) A ={A;|] =1,m}, formed profiles of expert preferences
B={B, |i=1n}.

The profile B, formed by the expert E; reflects his preferences regarding all

analyzed elements of the set A. The experts expressed their preferences using a range
of numbers from O to some given N.

46



A generalized analysis scheme of group expert assessments formed within the

absolute scale can be represented as follows:

B, Xiu X2 e Xqj o oeee X X,

B: Bi = Xil Xi2 e XI] e Xim j— XJ f— XFEZ (3)
my..| N
B,) (X X2 oo Xop e Xom [mI\ X, )[7,]

where each element x;; of the matrix is an estimate by the i-th expert of the j-th object

(i=Ln; j=L1m); X;={X,%p...X.-..X,} is @ set of group expert assessments

expressed on the j-th object of expertise by all experts; X,., is a generalized expert

74
assessment; [rn] is a certain operator for processing group expert assessments
(methods, rules, algorithms).

Consider the main principles of the technology of structuring group expert

assessments, formed in the framework of the absolute measurement scale in

accordance with Fig. 2.
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Figure 2. The generalized structure of expert assessments formed in the

framework of the absolute measurement scale
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The set of estimates X; goes to the input of the inconsistency (nf))

identification block. It is previously necessary to form a set of features

C, :{cgl) | j =1t}, which, in turn, are considered as indicators of the presence of

heterogeneity (inconsistency) in the original data set.

The two main reasons for the heterogeneity (inconsistency) of the input data has
been considered: the distortion of strict parametric models and the mixing of data
sets. The basic principles of technology of heterogeneity identification (for a sample
with a volume of n > 30) are shown in Fig. 3.

To confirm the fact of distortion of strict parametric models, it is proposed to
use a number of features (tests), such as testing hypotheses about the distribution law,
estimating distribution parameters, constructing a distribution model (estimating the
weight of distribution tails, requiring unimodality of distribution, estimating the
parameters of the shape of a distribution curve (asymmetry, excess), etc.).

Once the cause of the heterogeneity is established, recommendations are
generated on the choice of the method of heterogeneity modeling. If the reason for
the heterogeneity is the distortion of strict parametric models, it is recommended to
use one of the methods of robust statistics to process such observations; if it is
established that the analyzed data set is a mixture, it is recommended to use
Datamining methods to identify the parameters of the mixture or its splitting into

homogeneous subsets.

For samples with volume of n < 30, it is expedient to use such multilateral
criteria as the Shapiro-Wilk and Epps-Pulley tests to test the hypotheses about the

distribution law (to test of normality in frequentist statistics) [33, 35].

The next step is to form a system of decision rules SR, ={R® |1=1h} for

heterogeneity identification.

Consider the following indicators of the presence of heterogeneity:

cY —a unimodality of distribution;
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ciY — weight of the tails of a distribution;

c¢{! —a rejection of the hypothesis about agreement with the parametric family

of distributions;

c{¥ —a mixture of distributions;

c{Y — estimation of a distribution symmetry.

A set of initial data X = {X1 ;X5 ,...,x,,,...,x"}
7
Determining the cause of the heterogeneity of the data set

Is a set X a mixture of several
subsets of data?

Distortion of strict parametric models

— Test hypotheses about the distribution law R R
P Construction of the mixture model

1

1

1

1

1

1. Determining the number of ;
components of the mixture :
1

1

1

1

1

1

1

1

T

[ 1

L{ Construction of the distribution model

| I
: -
I | \
I | |
: o
. . . }

: Agreement criteria Tests for normality : '
: : = ! i | 2. Determining the nature of the
] Evaluation of distribution parameters | mixture

I I ] 1
| |
! Moments method of Measurement .- D .. hod
: verification of agreement of deviations Xx; 1, Datamining methods
I with the parametric family from the : i el
: of distributions central value ! 1 | Identification of parameters ofa | !
! — ; = o i istributi !
! Application of robust Unimodility oo mixture distribution : !
: estimation techniques check Eooag '
: I ' | Splitting the distribution mixture | 1|
i : by : ]
] 1

Figure 3. Technology for heterogeneity identification and modelingf (n > 30)

Then, as examples of decision rules, the following can be cited:
RY (absence of factorc{”, X )—> nf;;

deviation of the factor ¢! may indicate the presence of a mixture of distributions.
RO : (¢ >32 X, ) nf,,

50



U 005 — Lo.os)

where statistics Q = were used as a criterion ¢V, which characterizes

(0.5) — ~(0.5)
the measure of tail lengths of a distribution: L, is the average of the smallest [an]
order statistics, Uy is the average of the largest [an] order statistics of variation series
X)X < ... SXH< ... <Xp), built on the basis of the set of the initial data

X =%, Xg0e e X5 X 3

The value of statistics Q > 3.2 indicates the presence of heterogeneous data
among 37.5% of the values of the smallest and largest order statistics of the variation
series [37-40].

R : (cfll), Xj)—> nf,;
R : ((cél) >1.4)/\ (absence of factorc ) X, )—> nf,,

Uos —M (0.5)

were used as a criterion ¢!; M(a) is the
M (0.5) — Lo 05

where statistics HeQ, =

average of [an] central values of the analyzed variation series. The value of statistics

HeQ,>1.4 indicates the presence of right-side asymmetry [39-41].

On the basis of the formed decision ruless R™, a rule for selection the

heterogeneity modeling method can be constructed:

)8 i vI:RY — absence of nf;
P7s,, it 3:R® > nfj;

where S, is the parametric distribution; S, is a distorted parametric distribution.

If X, €S, then the assumption of homogeneity is accepted and parametric

statistics methods are recommended for solving the problem of finding a generalized

estimate. If the population X; ={X;, X,,....%,....X,} IS represented by homogeneous

and normally distributed values, then the usual arithmetic mean can be used as X j

estimate.
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If X €S,, then it was revealed that heterogeneity occurs in the analyzed set of

expert assessments, which indicates the presence of several subgroups of experts with
similar estimates, or the presence of so-called dissident experts (one or more experts

with estimates significantly different from the assessments of the main group).
As a result of this, two tasks arise:
1. identification and exclusion of sharply distinguished observations (outliers);

2. partitioning (clustering) of the initial set of expert assessments into subgroups

with a similar opinion.

To solve the first of them, robust statistics methods can be applied, for example,
to calculate a generalized estimate, the estimate of the trimmed mean, median,

quartile, etc. can be used.

To solve the second task, pattern recognition, robust statistical, cluster analysis
methods, or a structural approach can be used. An approach based on adaptive robust
statistical procedures is applied [42]. These procedures underlie the formation of

decision clustering rules so that:

{G,}.if X; < Py;
X {G,}if p, <X =< p,; (4)

{G. }if p.y <X =< ps;
where p1, p2, ..., pnare threshold values equal to certain x;.values.

The use of adaptive robust assessments allows not only to identify groups of
experts with agreed assessments, but also to receive an aggregated resulting

assessment [38, 40, 43, 44]:

T(oy),if stat <Kk;;
Xiez =97 (a;),if ki, <stat <k;; )
T(a,),if k, , <stat;
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where T(a;) is the trimmed mean [37, 33, 35]; stat is a sample statistics (excess,
asymmetry, measure of tail lengths, etc.) used in adaptive robust procedure; k; is a

value of thresholds equal to certain values of stat.

The technology for the analysis of expert assessments in a form of paired-

comparisons formed in the framework of the on ordinal measurement scale.

This scale reflects the relations of properties of objects, i.e. how many times the
property of one object exceeds the same property of another object. There are two

types of relations in this scale: preference (> or <) and equivalence (~). The pairwise

comparisons (i.e., binary relations) between objects is a widespread procedure, for
performing expert measurements in this scale. Methods based on pairwise
comparison procedures allow to assess the significance of one object in relation to
another, within a given scale of preferences. If, for example, there are two objects O;
and O, then in pairwise comparison of these objects only three variants of the result
are possible: O is better than O, (O, > O,), Oy is worse than O, (O, <O, ), O;and O,

are equivalent (O, ~ O,).

Let a group of experts E ={E; |i =1,n}, evaluating some initial set of objects of

expertise (alternatives) A ={A;|] =1,m}, formed profiles of expert preferences
B={B, |i=1n}.

The profile B, formed by the expert E; reflects his preferences regarding all

analyzed elements of the set A. The experts expressed their preferences within the
framework of a given relative importance, for example, the Saaty's nine-point ratio
scale [46].

The profile B; formed by the expert E; reflects its advantages and presents its

estimates in the form of an inverse symmetric matrix in respect to a main diagonal:
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1 by o by . by,
b, 1 .. by b,
5=lb b, .. 1 .. b (©)
1
bm1 bm2 bml 1

where by; =1/b;, Vi, j =1,m; b; are expert judgments formed within a given type of

a preference scale.

To evaluate m objects of expert examination, it is necessary to perform m(m —

1) / 2 pairwise comparisons.

The analysis of the matrix (6) is based on the procedure of finding the
eigenvectors, which, provided that b;; is expressed by a crisp expert estimate, is

realized by the scheme of determining the geometric mean [46]:

nc/bll'blz"-"blm :dl
Rn/bzl‘bzz'---‘me :dz

(B;)= ={D=d,+d, +...+d }=
................................. 7
n\1/bm1'bm2""'bmm:dm )

:{%:Wli(i)z_ 21 1_m:Wm}:>(Wl’W2’ 'Wm)

Checking the consistency of the elements of the matrix (6) is based on the

calculation of the consistency ratio:
CR=CI/RI, (8)
where Cl=(Anax—m)/(m-1) is consistency indexi; m is the number of compared
My My My
elements; ., =(.b;)-w +(} b;)-w, +..+ (3 b;)-w, is the maximum eigenvalue of
j= j=1 j=L
pairwise comparison matrix; Rl is a random index [17]; (w;,W,,...,w,,) is a local
priority vector [46].

The eigenvector calculated from the matrix of pairwise comparisons is
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acceptable if CR <0.10. In addition, a check for transitivity can be performed: if

W, - W,, W, =W, W, >=w, than w, >w_; if w~w,, w,~w, Vv,~w_ than

W, ~wo; if o w-w,, w, ~v,,  wo>-w, than w, ~w,. If by is represented by a

m 1)

triangular fuzzy number by = (bf,b,b3) (b <b? <b),b; =[1/b%,1/b /b1, or

ij Mij

trapezoidal fuzzy number ; = (b;,b3,b3,b7) (by <bf <b <by),

b, =[1/b,1/b],1/b% 1/b}1, then as a result of the pairwise comparison procedure, a

fuzzy matrix of pairwise comparisons of the form (6) is formed.

Checking the consistency of the elements of a fuzzy pairwise comparison matrix
whose elements are represented by triangular fuzzy numbers (TNF), can be

performed according to the following scheme [47, 48]:

_ 2 bi; +bjf + by W+ W2 + W2 i
_(m—l)(m—Z)E;(logL 3 ~log W W , (9)

where by = (bj,b7,b%); w, =(w;,wi,w’) is a local priority vector; m is a dimension of a

matrix.

If CCl =0, the matrix (6) is considered perfectly consistent. For a matrix of
order m=3 the threshold values are CCI=0.3147, for m=4 CCI=0.3526, for m>4
CCI=0.370.

To obtain the values of the local priority vector in the fuzzy pairwise
comparison matrix represented by the TNF, the methods proposed in [49, 50] can be

used.

If bjj is represented by an interval number, then as a result of the pairwise

comparisons procedure the interval pairwise comparison matrix (IPCM) of the form

of Eq. (6) is formed, where b;=[b},b2] (b} <b;<bi<0)b; =[1/b?,1/b],
by :bili :bi% =1.

IPCM is consistent if the following valid area is not empty [51]:
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S= {w:(wl,wz,...,wm)|bi1j <w, /w; <b?, 3T w =1 w, >0}. (10)

IPCM is consistent if its elements satisfy the inequalities [52]:
mfx(bﬁk,bij) <min (i, b§) for V(i j.k) =1,m. (11)

To obtain the values of local priority vector of IPCM, currently widely used: the
goal programming method GPM (LGPPM) [53], the method of lower and upper
approximations (LUAM) [54], two-stage logarithmic goal programming method TSLGP
[51].

The considered methods, which are based on pairwise comparison procedures, are
not without a number of drawbacks such as: with the increase of the number of elements
being compared in pairs (m>6), it is often difficult to achieve a high level of
consistency of local priorities; for large n, it is necessary to construct a large number of
Inverse symmetric matrices; the strict requirement of evaluating all elements of the set of
source data (alternatives); methods using individual expert judgments made in
traditional crisp scales work only with strict estimates of alternatives and do not allow
uncertainties in the judgments of experts or decision makers (when constructing matrices
of pairwise comparisons, an expert is not allowed to answer “I don’t know” or “I am not

sure’).

One of the solutions to these problems is the use of modern methods for managing
uncertainties that have appeared recently. Such approaches include the methods of the
Dempster-Shafer theory (evidence theory, DST) and the Dezert-Smarandache theory
(theory of plausible and paradoxical reasoning, DSmT) [55-60].

The approaches of pairwise comparison matrices construction, which are based on
elements of DST and DSmT, allow to build the incomplete pairwise comparison
matrices [56, 61, 62]. The peculiarity of these methods is that experts, both at the level of
criteria (in the case of solving a multicriteria decision-making problem) and at the level
of alternatives, are exempted from performing many pairwise comparisons and select the
most preferred objects (groups of objects). Moreover, the expert himself determines for

which objects (alternatives) or groups of objects he can express his preferences. A
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distinctive feature of these approaches is that when constructing matrices of pairwise
comparisons using the mathematical apparatus of the evidence theory, two strict
restrictions are imposed on the set of source data / hypotheses (frame of discernment):
the limitation of mutual exclusivity and the limitation of mutual exhaustibility of
elements of the frame of discernment. The mathematical apparatus of the Dezert-
Smarandache theory imposes only one restriction on the set of source data — the
restriction of mutual exhaustibility of elements of the frame of discernment.

Thus formed by the expert E; profile B; reflects its advantages and presents its

estimates in the form of (d +1) x (d +1) inversely symmetric matrix [56, 61]:

1 0 .. 0 b
1 ... i b

Bi=| ... ¢ . 0 (12)
0 .. 0 1 b
1/b, 1/b, ... 1/b, 1

where b, :1/bi,Vi:1,_d; bi is an expert judgments of the selected group of

alternatives Y — A over the whole set of alternatives A, formed within a given type

of scale; d is the number of subsets Y < A formed by the expert E;.

To obtain the values of local priority vector of incomplete pairwise comparison
matrices (12), constructed within the notation of evidence theory, the method

proposed in [56, 61] is used:

W, = b; C W, L, = Jd
. Z?Zlbi +Jd o Zid:lbi +Jd

To obtain the values of local priority vector of incomplete pairwise comparison

(13)

matrices, constructed within the notation of the Dezert-Smarandache theory, the
method proposed in [62] is used. The consistency of the elements of the matrix (12)
Is not checked. The consistency of expert assessments can be assessed only at the
stage of determining aggregate assessments (by combining operations), analyzing the

value of the coefficient of conflict. Consider the main principles of the technology of

57



structuring group expert assessments in the form of pairwise comparisons formed in

the framework of the on ordinal measurement scale in accordance with Fig. 4.

Expert groupE ={E, |i = 1, n} formation unit 4—|
v _ %
Profiles of expert preferences B={B, |i=1,n] £
} E
=
Checking the consistency of B £
A
[ o=t s ] e e, ([ (o () ] ] ) ] ] |, (] ) -
I The unit for choice of methods of !
: structuring expert assessments :
I Acceptable level of consistency Low level of consistency |
I v v :
S D [ A e
1. Finding aggregated and Subgroups highlighting with
I, generalized estimates agreed/consistent estimates
I
3 Single-criteria decision making Subgrouping E={£, | j=1.n} with

methods

1 Multi-criteria decision making The aggregation of expert assessments

1 1
(| 1
(| 1
(I |
1 |
(1 1
(I 1
1 |
1 g :

1 consistent estimates :'
1 1
(| 1
(1 .
1 1
(1 1
(1 i
1 11
1 1
(1 .

: : methods within formed subgroups
1
1 1
L e e e s ] SR sE s SR SHE e e e o
v
The analysis of the results of structuring
v

Group Decision

Figure 4. The generalized structure of expert assessments in a form of paired-

comparisons formed in the framework of the on ordinal measurement scale

The formed expert judgments B ={B, |i =1,n} enter the consistency assessment

unit. Next, the choice of the consistency checking method is made, which largely
depends on the form of presentation of expert information, the chosen measurement
scale, etc. In general, the scheme for checking a set of individual expert assessments

for consistency is shown in Fig. 5
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Upon reaching an acceptable level of consistency, it is recommended to use
single or multi-criteria decision analysis methods to obtain a generalized assessment

[63]. The algorithm for choosing decision support methods is shown in Fig. 6

Formation of a set of individual expert assessments X = {x,, X, ,...x, ..X, |

v

Selection of consistency check method

A

v

Is the level of consistency
X acceptable?

Y
Choice the method

of aggregation of
expert assessments

| Instruction unit

onducting a re-survey?

Y

Subgroups highlighting with || Identifying the reasons
agreed/consistent estimates for the divergence of

v experts' judgments
Choice the method of
aggregation of expert
assessment within the

formed groups of experts

|
v

Determination of generalized (aggregate) assessment

Figure 5. The algorithm for consistency of expert assessments checking

If the analysis reveals that the overall consistency of expert assessments is low
(indicating in such way the presence in the expert group of experts whose
assessments are somewhat different from the assessments of the main group), then
arises the task of dividing the expert group into several subgroups (clusters) of
experts with relatives (agreed, consistent) estimates for further analysis and searching
for an aggregate estimate. To solve this problem, it is advisable to use various
metrics, distances to highlight subgroups of experts with "close opinions"”, or use an
evidence-theory-based methods to obtain a generalized estimate, for example, the
DS-AHP approach [56, 61], or an evidence-theory-based methods to obtain a
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generalized estimate, for example, the DSmT based method —AHP, for example, the
DSmT-AHP approach [62].

In case of refusal of the procedure of dividing the original set of expert
assessments, the reasons for the dispersion of experts’ opinions are identified and the
decision to conduct a re-survey is made. In this situation, changes (adjustments) may
be made to the survey instructions, the composition of the expert commission may be

changed, etc.

Formation of a set of alternatives A = {4, | j=1.m}

v

Yes No

Is the evaluation of alternatives

\ 4
Formation of a set of criteria

Single-criteria decision C=fc;lj=Lpi

making methods v

Scaling the criteria by
weighting the significance

Y

Testing criteria for No
independence by preference

and utility

Yes

l

Formation of a generalized criterion Multi-criteria decision
by setting weights for particular making methods that
criteria do not use utility functions

v

Multi-criteria decision making methods
based on the utility functions

v

Ranking and choosing the “best” alternative

Figure 6. Algorithm for decision-making methods selection

The technology for the analysis of expert assessments in the form of rank

orderings formed in the framework of the on ordinal measurement scale.
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An ordinal scale (ordinal, rank, preference) is used to measure the ordering
(ranking) of objects by one or a combination of signs [31, 64, 65]. Rankings are
formed using the ranks (numbers of the analyzed object in an ordered series).
Numbers in the ordinal scale are used to establish order between objects using two

types of relations: equivalence (~) and preference (> ).
Let a group of experts E={E; |i =1,n} evaluate some initial set of objects of

expertise (alternatives) A ={A;| ] =1,m}. As a result of the expert survey, a set of

individual expert assessments is formed X ={X,|i=1n}, X; ={X,, Xp,-e: X -0 X, },
where x, expresses the expert E; point score relative to the object A , or the expert

E.

forms an individual ranking (ordering) R. ={r,r,,...r,} of objects
A={A/|j=1m}:

— strictordering Ri: K- >=..=1 = -1

— weak ordering R : r1>r2>(r3~r4~r5)>...>rj>...>rm.

The set X; can be reduced to form of R; by constructing the variational series
X)) <X < ... <X < ... < Xm) and obtaining the corresponding ranks of the objects
A={A|] =1,m}. As a result of this procedure, profiles of expert preferences
B={B, |i=1n} are formed. The profile B, formed by the expert E,; reflects his
preferences (expressed using ranks) regarding all analyzed elements of the set A.

A generalized analysis scheme of group expert assessments formed within the

ordinal scale can be represented as follows:

Bl rll r12 Y rlj Y rlm Rl
B: Bi = ril ri2 e r” e rim = ﬁj = Rrez (14)
..M
B, M T2 o Ty oo Tom Jlmy] Rm [r,]
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where each element r; is rank formed by the i-th expert of the j-th object (i =1n;

j=1m); R; is an average of ranks of the j-th column (reflecting averaged rating of

all experts regarding the j-th object of expertise), characterizing the proximity

(similarity) of ranks rj;; R

rez.

is a generalized ranking of matrix elements; [r] is a

certain operator for processing group expert assessments (methods, rules,
algorithms).

Consider the main principles of the technology of structuring group expert
assessments, formed in the framework of the ordinal measurement scale in

accordance with Fig. 7.

The set of estimates X ; enter the heterogeneity (consistency) identification unit.

In this case, the heterogeneity can be interpreted as inconsistency, and as a sign of

heterogeneity, can be used the assessment of the degree of expert consistency for

each object individually and for the whole set A ={A |i =1, m} as a whole.

For this purpose, it is recommended to use two methods for assessing the
consistency of expert opinions: Spearman'’s rank correlation coefficient and Kendall's
coefficient of concordance. Spearman's rank correlation coefficient should be used to
verify the consistency of expert estimates of two experts if these estimates are not
numbers. If the examination is carried out by more than two experts, and they can
only determine the ranks of objects, then the consistency of their estimates is
determined using the Kendall's coefficient of concordance (W). It is advisable to

perform a transitivity test as an additional test.

If the task of the consistency checks on expert assessments is solved positively,
then the next problem of finding an aggregated (generalized) expert assessment can

be solved.
According to the recommendations of [31, 64-66] the set of estimates Rj,

(j = 1,..,m) can be obtained in two next ways:

— the average ranks method:
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ﬁjz%il‘i. (15)

— the median ranks method:

Fns1)/20 IF IS even;

TR 16
[Frj2) + Yenj2]/ 2, if nis odd, (16)

ﬁ,-(med):{

The paper [31, 64, 65] recommended the integrated application of these

procedures.
Expert groupE={FE, |i= 1, 7} formation unit 4——\
Profiles of expert preferences B= (B, |i=1,n] =
=)
_______________________________________ g
: Checking the consistency of B v : B>
. I ! ! } | E
: Linear Spearman's rank Kendall's Transitivity : A=
I correlation correlation coefficient of checking test | |
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I I
I I

: The unit for choice of methods of
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1
1
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v
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1
1
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1
1
1
1
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Figure 7. The generalized structure of expert assessments in a form of rank orderings

formed in the framework of the on ordinal measurement scale

Ultimately, R,,, can be represented by two types of rankings: strict and weak

ez.

ordering. The relations of quasi-order indicate the presence of clusters (groups) of

estimates within which objects are recognized equivalent.

If there are k weak order rankings (k > 1), for example, based on the use of
several alternative approaches to processing the expert assessments, it is
recommended to use the method of matching clustered rankings given in [31, 64-66]
to obtain the final ranking of objects, which allows to obtain a clustered ranking
consistent with all source clustered rankings. Such an approach may use, for example,

calculation of Kemeny median [67].

Let R R, R R« are formed, then the expression for determining

rez.1' "“rez2' " ‘rez.37° 7 Yrez

the Kemeny median has the form:

k
Arg min Z D(Rrez.i’ Rrez.) , (17)

rez. j=1

where Arg min is some value of R, , under which the indicated sum of Kemeny

rez.’

distances (proximity measures) D from the rankings R,.,. to the current ranking R

rez.i rez.

(on which minimization is carried out) reaches a minimum.
Thus:

k
Z D(Rrez.i’ Rrez.) = D(Rrez.1’ Rrez.) + D(Rrez.z’ Rrez.) +...+ D(Rrez.k’ Rrez.) . (18)

i=1
It should be noted that, in computational terms, the Kemeny median is a rather
complicated procedure. At the same time, it allows to get the only correct resulting

ranking.

If the analysis reveals that the overall consistency of expert assessments is low,

this leads to the task of clustering a group of experts into subgroups with “close”
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(agreed, consistent) opinions. To solve this problem, provided that the expert
assessments are expressed in points, it is advisable to use adaptive robust assessments
[38, 40, 43, 44]; if expert estimates are presented in the form of individual rankings, it
Is advisable to solve the clustering problem using metrics or other indicators of
difference / distance (distance between objects, measures of proximity, similarity,
difference, etc.) [68]. Moreover, for any given partition of objects into groups and
any number o > 0, it can be specified a metric such that the distances between objects
from one group are less than a, and between objects from different groups more than

1/ a[69].

The research shows that at the present stage of development of the expert
judgment theory, which is characterized by the presence of many methods for their
preparation and analysis, we can talk about the formulation and solution of problems
aimed at systematizing and unifying such methods. This creates the basis for building
integrated information technologies based on a common type of tasks for analyzing
group expert assessments, expert measurement scales, mathematical methods for
processing expert assessments, forms for presenting expert assessments, and other
factors. Such an approach will allow the creation of universal software for decision

support systems in various subject areas.
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SECTION 4 CONSTRUCTION

4.1 the principle of design and construction of an individual eco-house, as a

warehouse ecopolis system

Cepen 4uCICHHMX AaclekTiB (QOpMyBaHHA apXITEKTYpHOTO CEpEeOBHUIA B
yMOBax CTIHKOTO PO3BUTKY MiCTa OCOONHMBE 3HAYCHHS HaOyBa€ MHUTAHHS WOTO
B3a€MOIl 3 NPHUPOJHUMHU cepenoBuileM. HeratnBHuid MiKpokiaiMaT y OaraTtbox
MIPOMHUCIIOBUX MICTaX XapaKTepU3YEThCA PIZKUM TMOTIPUIEHHSM TEMIIEpaTypHO-
BOJIOTICHOTO PEXKUMY, HACHUEHHSAM IMOBITPS XIMIYHUMH 1 MEXaHIYHUMH JIOMIIIKAMH,
110 CTBOPIOE ArckoMbopTHi "kpu3oBi 30au" [70].

['ooBHA 111b MPOEKTYBaHHSA Ta OYMIBHUIITBA >KUTIIOBOIO CEPEAOBHUINA —
JOCATHEHHSI MaKCUMaJIbHOTO KOM(DOPTY i1 TOOYTOBOI ISTIBHOCTI JIFOJIMHU B MEXKax
€KOHOMIYHMX MOXJIMBoCcTel. KomdopT Ta rapmoHizaiisi >KUTIOBOTO CEPEIOBUIIA
JOCSTAa€ThCs MEBHUM PIBHEM SIKOCTI KHUTJIA 32 (PYHKIIOHATBHUMU, €KOJIOTTYHUMU Ta
CCTeTUYHHUMHU XapaKkTeprcTukamu [71].

3'IBASIOTBCS HOBI MIAXOAM 1 3aCO0M BIOCKOHAJIEHHS (POPMYBAaHHS MICHKOTO
cepenoBuia. OAHUM 3 Takux 3ac00iB € 3KoapxiTekTypa [/2]. BupoOieHi oCHOBHI
MICTOOY/IIBHI HANpPSIMK{ SKOAPXITEKTypU: CTajie HOBE OY/IBHHIITBO;, €KOJIOTi3allis
ypOaHi30BaHUX TEPUTOPIN (CTiiiKa PEKOHCTPYKIS MICLb PO3CENIEHHs, OyJIBeNlb Ta
IH)KEHEpHHUX CIOpY[A, IIO0JI03BOJISIE CTBOPUTH IPUHIIMIIOBO HOBI O10MO3WUTHBHI
00'eKTH, POJAMHHI MPUPOJI, Kl HE OYIyTh BIATOPraTUCS MPUPOAOIO 1 BKIIOYATHCS B
pupoiHi ekocuctemu). Ilpupona Oynae cnpuitmMaTi 6i0mMo3uTHBHI 00'ekTH (OymiBII,
CIOPY/IH, MTOCEJIEHHS) SIK MPUPOJIHI 00'€EKTH, IO MOCTYMOBO MPUBEAE A0 JOCITHEHHS
CTIMKOCTI, BITHOBJICHHIO MOPYLIEHOI PIBHOBArU 1 MPUIIMHEHHS BIACTYITY IPUPOAH Mij

AHTPOIMOTCHHHUM THUCKOM JIIOJJWHH.
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Ak npaBuigo, Ha MeEXl MK MICTOM 1 NPUPOAHUM CEPEIOBHINEM, BUHHKAE
MIMPOKUIA TOSIC 1HAUBIAYaIbHOT KUTIOBOI 3a0yA0BH. CaMe TyT MOYMHAETHCS MPOIIEC
MOTJIMHAHHS €KOCUCTEMH aHTPOTIOTEHHOIO TKAHMHOIO MICTa.

CyuacHUM €KOJOTIYHO YUCTUN 1HAUBITYyaTbHUN KUTIOBUM OYJTMHOK - CKJIQTHUM
IITYYHO CTBOPEHUU OpraHi3M, 10 (YHKIIIOHYE CAMOCTIHHO, B SIKOMY MpPOTIKalOTh
CKJIaIH1 TIporiec OOMiHY pE4YOBHH 1 eHeprii. SBise coOo0r 3axHWCHY OOOJOHKY,
3abe3rneuye JIOAUHI KOMGOPTHE ¥ 3JI0pOBE CEPEAOBHIIE >KUTTEMISIBHOCTI, Ta,
OyIydn YaCTUHOIO €KOCUCTEMH, HE TIOPYIIYE CTIMKICTh CEPEIOBHIIIA.

KutnoBuit OyIWHOK HE MOXE PO3TIAIATHCS Y BIAPHBI BiJ JKUTJIOBOTO
cepenoBuila, OyJaydyd OJHUM 3 i IEPBUHHUX €JIEMEHTIB, 110 YTBOPIOIOThH >KUTIIOBI
KOMIUIeKCH. KOMILIEKC €KOJIOTIYHOTO XKUTJIa - B 171€alll €KOMOCEIEHHS, IPEACTaBIIsIE
co00I0 TPHKIAA CTIHKOrO PO3BUTKY, IO 0a3yeTbCcs Ha EBOJIIOIIT MPUPOJIHIX
nporeciB. lle sBUIlle AykKe BaXXJIMBE, a CaM€ Ja€ MOXKJIUBICTh B3a€EMOJISITH 3
HaBKOJIMIIHIM CEPEJIOBUIIEM, IO MPEACTaBIsA€ COO0I0 BIYHUMN, )KUBUW OpraHi3m, Ta
3a0e3neuye KoM(MOPTHI CollialibHI, TOOYTOB1, KyJIbTYPHI Ta ICUXOJIOTIYHI YMOBH.

B pesynbrari aHamizy CBITOBOTO JOCBIIY BHU3HAYEHO OCHOBHI BHMOTH JO
€KOJIOTIYHOTO  1HIMBIAYaJIbHOTO  JKUTIA:  €KOJOTIYHICTh, KOMQOPTHICTh Ta
€KOHOMIYHICTh, & TAKOK OCHOBHI (hakTopH, 0 (HOPMYIOTH CIEHHU(PIKY €KOJIOTTUHOTO
KUTIOBOTO OyIUHKY:

- MPUPOTHO-KIIMATUYHI (PAaKTOPH BPAXOBYIOTh TEMIEPATyPHO-BOJIOTICHHIA
peXHUM, BITPOBUM PEXHM, BOJHI PpECYpCH, pENbe] MICHEBOCTI, XapaKTep
POCIMHHOCTI;

- TaHaapTHO-EKOJIOT1uH1 (PaKTOpU CIIPSIMOBaHI HA pallioHAIbHE BUKOPUCTAHHS
MPUPOJHUX E€JIEMEHTIB, CTBOPEHHSI €KOJIOTIYHOI PIBHOBAarM MDK HPHUPOAHUMH Ta
AHTPOIIOTCHHUMH €JIEMEHTAMH,

- COLIaJIbHO-€KOHOMIYHI YWMHHUKHM BpaxoOBYIOTh PO3BUTOK 1 MOTpeOu
CYCIUIbCTBA, MaTEPIaIbHO-TEXHIYHI MOKJIMBOCTI;

- IHKEHEPHO-TEXHIYHI ()aKTOPHU BIUIMBAIOTH Ha BUOIP ONTUMAIBHUX TEXHOJIOTIN

1 o0nagHaHHs, CTBOPEHHS KOM(POPTHOTO O10MO3UTUBHOTO CEPEOBUIIIA;
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- apXITEKTYpPHO-ETHIYHI (DAKTOPH BPAXOBYIOTh 3aKOHOMIPHOCTI (popMyBaHHS
ATHONMPOCTPAHCTBA, B  PE3ydbTaTl  KUTTEASUIBHOCTI  MEBHOTO  MICIIEBOTO
CHIBTOBApUCTBA, Y IEBHUX MPUPOJHUX YMOBAX;

- €CTETUYHI — apXITEeKTYpPHO-XYAO0XKHI MMapaMeTpH >KUTIOBOTO CEPEJOBHUINA, IO
3a0e3MeYyI0Th €HICTh 3 HABKOJIUIITHIM MPOCTOPOM.

OO6mik OKpeMo B3ATOTO (akTopa HE 3abe3rnedye MOBHOI ekojorii, koMmpopry i
pecypco30epekeHHs JKUTIOBOTO CEPEIOBUIIA, TOMY OTPIOHA KOMITJIEKCHA CUCTEMHA
OIliHKa (akTopiB MicreBocTi [73].

Ha ocHoBI aHamizy KoMIuiekcy (akTopiB 1 BHUMOT, IO MPEa'sBISIOTHCA 0
€KOJIOT1YHOi ocei, copMyJIbOBaHI OCHOBHI MPUHIIMIIM apXITEKTYpPHOI Oprasizarii,
OyJIBHHMIITBA €KOJIOI1YHO YHCTHX KUTJIOBUX Oy/1BENb 1 IPUMOMH iX peati3alii:

* MPUHUUI ONTHMAJIbHOCTI IJIAHYBAJBHOTO pILIEHHS, creuu@ika SKOro s
€KOJIOTIYHOT'0 JI0OMa YKJIQJIA€ThCsl BIAMOBIIHO IJIONII 00'€KTa moTpedaM >KUTENIB, il
(YHKILIOHATEHOMY PU3HAYEHHIO, KOM(OPTY Ta CYy4aCHOCTI JKHUTIIA, B TOMY YHCII 32
paxyHOK THYYKOCTI IUIAaHYBaJbHOI'O pIIIEHHS, 3a0€3NEYEHHS MO3UTHUBHUX 1
3MEHIIECHHS] HETaTUBHUX BIUIMBIB KIIMATHYHUX YMOB MICIIEBOCTI apXITEKTYpHUMU
3aco0amu;

* MPUHUUIT PALIOHATBHOCTI APXITEKTYPHOI (POPMH EKOJIOTIUHOTO JKHTIIA, sKa
cipusie 30€peXKEHHIO TeIUla 32 PaXyHOK KOMIAKTHOTO pIillIeHHs 00’eMy OYIMHKY,
CKOPOYEHHS IUIOINIl OTOPO/KYBAIBHUX KOHCTPYKIIH, aepoauHaMIdyHOCTI (popMu
(0OTIYHOCTI BITPOBUMH MMOTOKAMH ), BUKOPUCTaHHS O10MOphHUX (OopM;

* TIPUHIUN 30UTBIIEHHS SIKOCTI MIKPOKJIIMATHYHUX YMOB Y TMPHUMIIICHHIX SK
OJIMH 3 OCHOBHHMX IIOKa3HUKIB KOM(OPTHUX YMOB JKHMTJIOBOIO CEPEIOBHILA.
[TpuiioMamMu MO MOJIMIIIEHHIO SKOCT1 MOBITPSIHOTO CEPEIOBUILIA €:

- CTBOPEHHS JOCTATHHOT'O MOBITPSIHOIO OOCSTY B PO3paxyHKy Ha OAHY ocoOy,
110 BIJMIOB1/Ia€ CAHITAPHO-TIM€HIYHUM BUMOTaM;

- TOCTaTHI MOBITPOOOMIH 3 CUCTEMaMu peKyIepallii Ta BEeHTUJIALIT,

- OYMINICHHSI BX1THOTO TOBITPS;

- OpraHiuHe BKJIIOYEHHS €JIEMEHTIB O3€JICHeHHS B 00'€éMHO-IIPOCTOPOBE

pIIIICHHS;
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* MPUHUMUII BCEOIYHOTO TEIIO30EpPEeKEHHs, CIPSIMOBAHUM, HacaMIiepes, Ha
3HIDKEHHSI BUTPAT Ha onajeHHs. B nuisx peanizallii JaHOTO MPUHLHUITY TIPOMOHYEThCS
3aCTOCOBYBATH TaKl apXiTEKTypHI TPUHOMHU:

-30HYBaHHS MPUMINICHHS 3 YpaxyBaHHSM TEIUIOBUACICHHS - PO3MIIICHHS
MPUMIIIEHB 3 BUCOKUM TETJIOBUM PEXUMOM B LIEHTP1 Oy IMHKY;

-pO3MIIIIEHHS TEIIJIOBOTO sI/Ipa B IIEHTP1 JKUTIOBOTO OYAWHKY (TIedi, KaMiHN);

-OararomapoBa 000JI0HKa OY/IIBII 3 CTBOpeHHSIM OydepHHX 30H (3UMOBI cajiu,
BEepaHIU

TOpHIIA, IIOKOJIbHI MIOBEPXHU, 3aCKJICH1 00’ €MU);

-BUKOPHUCTaHHS penbedy npu BuOOpl Tumy Oynimi (3ariaubiieHi, oOBaJloBaHi
TOIIO);

- CTBOpPEHHS 03eJIeHeHUX (pacaiB, IIIOCKUX 1 CKATHUX MOKPIBEIb;

-3HUKCHHS TETUIOBUX BTPAT KOHCTPYKTUBHUMU 1 IHKEHEPHUMH PIIICHHSIMH.

* OPHUHIUIN CUCTEMHOI €HEpProe(eKTHUBHOCTI E€KOJOTIYHO YHCTUX KUTJIOBHUX
OYJIMHKIB, pealli3y€ThCs NUISIXOM BUKOPUCTAHHSA JAHUX MPUAOMIB:

- 3aCTOCYBaHHS MPHUCTPOIB 1 CHUCTEM, IO AKyMYJIOIOTH TEIUIO, BUPOOJICHE B
OyIiBIi 1 TEIJIO0, IO OTPUMYETHCS BiJl COHSIYHOT paaiariii;

-BUKOPUCTAHHSI CUCTEMH 300py BOJIU 3 30€piraHHsIM y MIJ3EMHUX pe3epByapax
abo0 CTpPYKTyp1 Oy1BIIL;

- 3aCTOCYBaHHSI CHCTEM aJbTEPHATHUBHOI €HEPTeTUKH, IO JO3BOJISAE 3HUZHUTH
BUTPAaTH HAa EHEPronocTadyaHHs OYIWHKY 1 3HAYHWA HETAaTMBHUN BIUIMB Ha
HaBKOJIMIITHE cepefoBuile.  HaiOumpin MOUIBHE BUKOPHCTAaHHS EHEPrOCHCTEM
HU3bKO MOTEHIIIHOTO TeTyia 3eMJIi, BITPY, CE30HHE 3aCTOCYBaHHS COHSYHOI €HEprii;

* MPUHUUI MaKCUMalbHOI Ol10MO3UTUBHOCTI KHUTJIOBOTO CEpPEJOBHIA, IO
BKJIIOYa€ B cebe mepepoOKy BIAXOAIB KHUTTEMISUIBHOCTI B OI0JOTIYHO CYMICHI
peyoBMHHU, O0€3MEKY 1 HEeLIKIUIMBICTh Oy IIBEIbHUX MaTepialliB, K JJIs JIOJUHM, TaK 1
JUIS HaBKOJMIIHBOTO CEpEeOBUINA Ha MPOTA31 BCHOTO TEpMiHY OyAIBHHUIITBA,
eKCIUTyaTarlii Ta yTrIi3amii;

* OpUHIMUN 3a0€3MEYEHHs] SKOCTI BI3yaJbHOTO CEpPEAOBHILNA B aApPXITEKTYpi

OyIiBenb, 110 MOJSTae B CIIBMACIITa0HOCTI JIIOMHI Oy/iBEIb, €IEMEHTIB 1 JeTaJICH,
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BUKJIIOUCHHSI arpeCMBHUX 1 TOMOT€HHHMX IMOJIB y (acangax 1 iHTep'epax Oy/iBelb,
BUKOPHUCTaHHS OIOHIYHUX (MIPUPOAOMOAIOHNUX) (OpM, BCTAHOBJICHHS Bi3yaJbHUX
3B's3KIB (pacamiB Ta iHTEP'€piB 3 MPUPOIHUM OTOUCHHSM, 3aCTOCYBAHHS O3€JICHEHHS
KUTJIOBOTO OYIHWHKY, $KE€ JO03BOJIIE KOMIIEHCYBATH JTUCKOM(OPT MNPUPOIHOIO
OTOYEHHS B XOJIOJHUI MepioJ POKY, 1 T.II.

Hani npuHIunu (HopMyBaHHS I1HAMBIAYadbHOI KHUTIOBOI 3a0yHOBH, sKa
posrisgae OyIiBIIIO SIK YACTUHY €KOCHCTeMH, (GOpPMYIOTh IMOABIMHY 3aaady, B sKid
MOBUHHI BUKOHYBATUCS OOWBI YMOBHU - CTBOPEHHS CIPUSATIMBOIO CEPEIOBHUINA IS
KUTTENSUIBHOCTI  JIIOAMHM 1 3a0€3MEUYEHHSI CTAJOr0  PO3BUTKY  MKHUTJIOBOIO
CepeIOBHILA.

BukopucTaHHs TaHUX NPUHLMUIIB, 3 YpaXyBaHHSIM BU3HAY€HUX (QakTopis, Oyje
CIPUATH PO3BUTKY €KOKOHIICMIIIN B MPOEKTYBaHHI Ta OYIIBHUIITBI 1HAWBITYaJIbHOTO
KHUTIA, IO B CBOIO 4YEPry, CKOPOTHTHh aHTPOIMOTEHHUN BIUIMB HAa HABKOJUIIIHE
cepenoBuile. KommiiekcHe po3yMiHHSL CTPYKTYPH €KOApXITEKTYypH, CUCTEMATU30BaH1
B1JIOMOCTI, B TOMY YHCJl 1 NPHUHIUIH, SKI PO3UIUPIOIOTH MOKJIUBOCTI T'PAMOTHO
3aCTOCOBYBATH Ha MPAKTHUIIl 3aXOJU JJIsi TOCATHEHHSI €KOJIOT1YHOI JOLLUIBHOCTI, SIKa
XapaKTepU3y€e BIAMOBIIHI KOIIITH MIPH MPOEKTYBaHHI 1 Oy IIBHUIITBI, 110 JOIMOMAararTh

JOCSITTH 30€peKEHHSI IITICHOCTI HABKOJIMIIIHHOTO CEPEOBUIIIA.

4.2 Classification methods of civil buildings reconstruction

Reconstruction of buildings and facilities is an integral part of modern capital
construction both in Ukraine and abroad [74, 75]. Often there is a need of
strengthening load-bearing constructions when carrying out reconstruction measures.

At the same time, the growth of housing and industrial production can be
achieved, largely due to the maximum and efficient use of existing building areas,
especially in densely populated regions of the country. But any reconstruction is
accompanied, as a rule, by change of loadings on building constructions and change
of their primary constructive schemes that leads, in turn, to necessity of increase load-
bearing capacity of constructions and, consequently, their strengthening.
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The need to strengthen building constructions during operation arises not only
during the reconstruction, but also due to their premature wear of structures as a
result of unforeseen changes in the initial functioning of the premises, various
damages, etc.

Since reinforced concrete constructions predominate among building structures
that have been used for many years in industrial and civil engineering. The
generalization and analysis of existing proposals for the design and application of
effective strengthening methods of such constructions and their appropriate
systematization are of great economic importance.

It should also be taken into account that almost 90% of the territory of Ukraine
is under the influence of complex engineering and geological conditions of
construction [76], including about 70% of the territory is occupied by loess
sedimentary soils. Construction and operation of buildings on such soils are
accompanied by the appearance and development of significant and even accidental
deformations in the responsible load-bearing structures. The deformability of
buildings increases sharply during their watering.

Classification methods of strengthening reinforced concrete constructions
of buildings and structures

Strengthening is accompanied by quite costly and labor-intensive measures. In
some cases, it is possible to ensure further reliable operation of building structures
without strengthening by changing the conditions of their work — reducing the
constant and temporary load; reducing the load capacity of cranes or limiting their
approach; vibration reduction by applying effective vibration isolation, etc.

In other cases, when it is impossible to ensure reliable operation of structures, to
restore the design performance, as well as to increase them, the strengthening of load-
bearing constructions is performed [77, 78]. Depending on the purpose of the
reconstruction, the calculation of strengthening is carried out under the conditions of
durability, crack resistance and rigidity [77].

The choice of the most rational method of amplification is carried out after a

stage of check calculations thanks to which the most probable scheme of destruction
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Is established. In relation to the strengthening of reinforced concrete structures, in the
general case, the destruction of bending, eccentrically (or centrally) compressed and
stretched constructions occurs by [78]:

— stretched zone;

— compressed zone;

— in the cut area from the action of transverse forces;

— spatial cross sections from the action of torque;

— local pushing, tearing or crumpling.

After analyzing all possible cases of reinforced concrete structures destruction
[77, 78], we can conclude that the weakest part of the structure needs to be
strengthened. It is known methods of strengthening reinforced concrete structures,
which are classified according to the appropriate scheme of destruction, fig. 1 and
depending on the specific operating conditions.

Strengthening of reinforced concrete structures in the compressed zone is
carried out by increasing the cross-section and arranging the increase of the cross-
section, holders, installation of additional reinforcement in the compressed zone and
limiting the transverse deformations.

Strengthening of structures in the stretched zone is carried out by increasing the
cross-sectional area of the working reinforcement, the installation of additional

reinforcement to ensure its joint work with the structure that needs strengthening.
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Ensuring the operational properties of structures

strengthening of reinforced concrete constructions replacement of constructions
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Figure 1. Classification scheme of strengthening methods

of reinforced concrete constructions

Strengthening of reinforced concrete structures in the shear area on the
perception of transverse forces is carried out by increasing the size of the cross-
section of the structures, the installation of additional transverse reinforcement in the
cut area to ensure joint work with the structure.

Strengthening of structures to the perception of torque (and / or together with the
bending moment) is performed by increasing the cross-section of the element, its
reinforcement, as well as the installation of additional steel holders, sleeves, etc.

Strengthening of structures under local compression and punching is carried out
by expanding the area of support.

In case of possible destruction of reinforced concrete structures in two or more

zones, as well as in case of impossibility to achieve the required degree of strength
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increase by strengthening only one zone, combined strengthening (two or more
areas) of constructions is used.

A separate group identified methods of strengthening, which change the initial
calculation scheme of structures: change the area of load transfer to the
construction; increasing the degree of external static uncertainty by introducing
additional links; increasing the degree of internal static uncertainty by the device of
puffs, struts, springs, articulated rod. These methods can effectively increase the
durability of reinforced concrete constructions, but usually reduce the building
volume and dimensions of the premises.

At strengthening for effective inclusion in joint work of additional elements it is
necessary to unload as much as possible constructions. If the strengthening of
reinforced concrete structures in order to increase their durability, rigidity and crack
resistance is carried out under load, all of the above groups of strengthening methods
are effectively performed with prestressing of additional elements or connections.

Damaged reinforced concrete constructions (with the destruction cross-section
of more than 50% in the compressed zone or 50% of the area of the working
reinforcement) it is advisable to replace with new ones in most cases. Replacement of
reinforced concrete constructions can be carried out as follows: dismantling of old
structures with subsequent construction of new ones; erection of new ones with
temporary use as formwork and subsequent dismantling of old structures or erection
of new structures without dismantling of existing ones with implementation of
measures to prevent their collapse. At the same time the constructions design
strengthening is calculated on full operating loading.

When choosing a method of strengthening the structure in specific conditions,
it is necessary to take into account the acceptability of a method in terms of its
technical condition, aggressiveness, fire and explosion hazard, the ability to achieve
the required degree of strength, reinforcement without stopping production, in
minimum time, with minimum reducing the volume of space, manufacturability and

efficiency, etc.
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The hypothesis of a concentrated shift in the joint between different
concrete in strengthened reinforced concrete constructions

The disclosure of the static uncertainty of the system, which consists of several
reinforced concrete rods connected by a longitudinal seams, is carried out by the
method of structural mechanics. In this case, as the main system, a composite rod is
chosen without displacement bonds [6], the action of which is replaced by unknown
functions t(z).

In accordance with the A.R. Rzhanitsin’s work [79]:

T )
g (1)

r

where &, is the coefficient of the seam rigidity. Then the difference between the

relative longitudinal deformations in the joint will be as follows:
= (2)

In this case, the order of the differential equations [79] can be reduced. Taking
into account the foregoing, we obtain:

;—:ﬂ +A, then szrq(z)-dz. (3)
0

m

Subject to the presence of cracks, -

. NO,l n No,z _ f(Xr )’ (4)
( Ec,lAc,l )ekv ( Ec,zAc,z )ekv P

’1:@:\/{ 1 1 (%) )

( ECJACJ )ekv ’ ( Ec,z’Ak,z )ekv M P .

In the expressions (3) — (4) it is marked:

— M, is the total bending moment, it equals the sum of moments in the

corresponding cross-section of each composite rods of the main system;

— N,, is longitudinal force from external load in the first reinforced concrete

rod; N,, isthe same, in the second reinforced concrete rod,
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— 1., I, and A ., A, are the moments of inertia and cross-sectional area of

cl?
individual reinforced concrete rods;

- E,,; E_, are the initial modules of concrete of individual rods; ¢, and ¢_, in

cl?
the first approximation are accepted 0,85;

— Y..» Y., are the distances from the geometric longitudinal axes of the

corresponding rods to the adjoining seam;

- (E., A b (E.,A ), are equivalent to the rigidity of individual reinforced

concrete rods; f(x._) is accepted equal (x —O,5hf,2) in the case of the location

fact,m fact,m

of the neutral axis of the composite rod within the first of the formed rods or taken as

equal (2x,,, —15h,,) in the case of the location of the neutral axis of the folded rod

fact,m

within the second of the composite rods, where x Is the average actual height of

fact,m
the compressed zone of concrete in the block between the cracks is averaged;

— p is the radius of curvature for a reinforced concrete rod, found in accordance

with the offers of works [80, 81];

— £ Is the rigidity of the seam, which is determined on the basis of experimental
studies of composed prisms, including reinforced [79].

The normal forces in the composite rods are divided into longitudinal relative
deformations, calculated with respect to the selected longitudinal axis in determining

the equivalent rigidity:

N.
(Ec,iAc,i )ekv =—; (6)

&

where

gO:Blei+BZZNi’ (7)

1 v, 1 v, Z
B. = s Tc c“s : 8
B _ 1 l//czs2 +l//szc2 ) (9)

* (z.+2,) | (o, +¢)bdEV  E A
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The axis y is located within the working height of the cross-section (fig. 2). If it
Is located above the center of gravity of the cross-sectional area of the compressed
zone, then the value of z, should be taken as negative.

G,

o A

N
——

m. Ol oA N

ARS
N

Figure 2. The calculation scheme in the normal section for each of the formed rods

If the axis coincides with the averaged neutral axis of the reinforced concrete
element, then in formula (7) (for the composite rod in which this neutral axis passes)
the first term is assumed to be zero.

Performing the corresponding algebraic transformations, the solution of

equation (3) will have the form:

T = +& g I@d(z)ﬂeysmz_ (10)

e}’gmz

Taking into account the expression (5), we have:

r=T'=&E0e™ | iz)d(z)%me%mz A2 ¢ (11)

eycfmz eyfmz T

The definition of constant integration and the corresponding boundary
conditions depend on the backing and loading conditions of the composite rods.

Thus, the working condition of the concentrated pliability of the seam is
formulated based on the analysis of accumulated experimental data on the resistance
of the composite reinforced concrete structures. It provides an opportunity to get a
complete picture of the stress-strain state in a composite reinforced concrete rod with

incompatible laminated deformations in the seam area in the presence of cracks [82].
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The proposed algebraic dependences allow us to simplify the differential equations

obtained in [79] without reducing the accuracy and rigor of their solution.

Methods of conducting a comprehensive examination of stone and

reinforced stone constructions

Comprehensive inspection of stone constructions is performed in two stages:
preliminary (visual) and detailed (instrumental). In addition, sampling and laboratory
testing of material samples is performed [83]. At the stage of preliminary inspection,
constructions are found that are in a pre-emergency technical state, and measures are
taken to prevent further collapse. The instrumental inspection is carried out once, if
the deformations that caused the damage have stopped, otherwise a long-term
observation with the installation of lighthouse is organized.

The pre-emergency condition of stone and reinforced stone constructions is
characterized by the following features [83, 84]:

— force cracks with width of opening more than 2 mm, crossing more than 8
rows of a laying (fig. 3, a);

— formation of vertical and inclined cracks under the supports of the girder
structures, which cross more than 4 rows (fig. 3, b);

— marginal damage to the masonry under the supports to a depth of more than
1/5 of the support (fig. 3, ¢);

— damage to the masonry to a depth of more than 50% of the thickness (fig. 3, d);

— deviation from the vertical and protrusion of the walls within the floor more
than 1/3 of their thickness (fig. 3, e);

— displacement of floor structures on supports more than 1/2 of the depth of
embedding in the wall (fig. 3, f);

— destruction of anchor connections of fastening of walls to columns and slabs

(fig. 3, 9).
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Figure 3. Signs of pre-emergency condition of stone constructions

Masonry is a heterogeneous material. It consists of individual stones (bricks),
which are under the influence of load in a complex stress-strain state, which are
combined with a layer of mortar. Therefore, the durability and deformability of
masonry depends on many factors: the type and strength of the brick, the strength of
the mortar, the type of stress, the quality of the masonry (filling, thickness and the

required ligation of joints, compliance with the horizontality of rows) and others. The
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method of directly determining the durability of masonry of existing structures is
absent, so the strength is determined indirectly by the characteristics of the brick and
mortar.

The estimated resistance of masonry for verification calculations is determined
based on the brand of brick M and the brand of mortar M (when performing
calculations according to design data) or the conventional brand of brick A7’ and
conventional brand of mortar A7’ (when performing verification calculations based
on experimental test results) for [84] taking into account the coefficients of working
conditions. The calculated value of masonry is determined by linear interpolation for
intermediate values of conventional grades of brick and mortar, which differ from the
values of the parametric series.

The durability of stone constructions of operated buildings and structures is
determined by verification calculations on the basis of data obtained during the
survey. This takes into account defects and damage that reduce strength: cracks;
destruction of surface layers of brickwork; the presence of eccentricities caused by
deviations from the vertical; violation of the structural connection between the walls;
damage to supports of beams, jumpers, displacement of construction elements.

Vertical force cracks are taken into account by introducing a reduction factor

K. to the estimated resistance of masonry R in accordance with table 1.

Table 1

Dependence of the reduction factor K__ on the estimated resistance of masonry R

factor K

. unreinforced
Cracks characteristics .
reinforced stone

stone .
construction

construction
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1. Cracks in individual bricks that do not cross the seams
of mortars.. 1 1
2. Hair cracks that intersect no more than 2 brick rows.
3. Hair cracks that intersect no more than 4 brick rows. 0,9 1
4. Cracks opening up to 2 mm, intersecting no more than
brick 8 rows. 0.75 0.9
5. Cracks opening up to 2 mm, intersecting more than 8
brick rows.
0,5 0,7
0 0,5

The durability condition of stone construction has next form:
N < NRd (R’ Kcrc)’ (12)

o <
where R — estimated resistance of masonry.

The coefficient of strength safety of stone and reinforced stone constructions is
equal to the ratio of the force corresponding to the actual strength of the masonry,
calculated on the average value, to the effective force from the actual load.

K zl\le(IS’Kcrc)_ (13)

sd
If coefficient K < C, the stress-strain state of the element is characterized as pre-
emergency, where C is the accident rate: C = 1.7 — for unreinforced masonry; C=1.5—
for reinforced masonry. With known brands of brick and mortar, the average value of
the strength limit of the masonry R is taken equal R =2R. When deviating from the
vertical or protruding walls within the floor by up to 1/3 of the thickness, the strength
Is determined taking into account the actual eccentricity of the above placed load.
Therefore, it can be concluded that in the case of the vertical cracks formation at
the intersection of walls or rupture of transverse connections between walls, the
strength and stability of the walls are determined taking into account the actual free
height of the wall between the points of preserved connections. When displacing
girders, floor slabs and paving on supports, the strength of stone elements for local
bending and out-of-center compression should be checked according to the actual

value of eccentricity and support area of girders and floor slabs.
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Principles of civil buildings reconstruction

Among the existing principles and methods of civil buildings reconstruction
based on the analysis of data of branch design institutes of Ukraine [75, 82, 84, 85],
Belarus, the European Union, Canada and the authors' own research [86—89], we can
highlight the following:

Principle 1. Reconstruction principle is founded by adding floor superstructure
(fig. 4), including the method of lifting the roof with hydraulic jacks. It is done
without replanning of premises (apartments) on 1-5 floors and with replanning and
installation of elevator shafts (fig. 5). It is formed as a separate self-supporting

building volume, which requires the creation of conditions for independent

subsidence.
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Figure 4. The principle Figure 5. The principle

of additional floors superstructure of elevator shaft and sewer installation

Principle 2. Reconstruction principle is founded without superstructure of floors
(fig. 6), — due to use of volume of an attic and superstructure of mansard. It can be
executed without replanning of premises (apartments) on 1-5 floors and with
replanning. There is also the possibility of arrangement of rather easy bearing

framework of a superstructure from metal elements and joints.
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Figure 6. Principle of mansard superstructure

Principle 3. It is installed additional balconies (fig. 7) of metal structures
(France, Foros city) or replacement of balconies on the loggia with the subsequent
expansion of premises (rooms). It can be made of hinged structures or with the
installation of additional independent foundations of the building.

Principle 4. The principle of binding crossbars usage for the device of loggias

with the subsequent expansion of premises or for the purpose of facades warming
(fig. 8).
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Figure 7. The principle Figure 8. The principle
of additional balconies installation loggias arrangement
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Principle 5. Comprehensive method — extension and superstructure of an existing
building — the "flamingo" method (fig. 9), as well as the device of a terrace extension
on several floors (fig. 10) replanning of premises (apartments) and arrangement of
full-fledged separate bathrooms. This principle is formed as a separate self-
supporting volume, requiring the creation of conditions for independent subsidence.

Principle 6. Installation on the first floors of large openings in the form of
composite frame construction for cafes, swimming pools, gyms, shops, parking lots,
etc. (fig. 11, fig. 21, fig. 22). It is received a patent of Ukraine for a utility model Ne
24095 [90].

Principle 7. Replanning and arrangement of non-residential premises on the
ground floor and in basements (fig. 12). It is formed by combining the premises in

one or two building levels.

superstructure

part of the building L 1

[T 1T
[T 1]
[}
existing building [
O ] ]
Figure 9. Reconstruction of the Figure 10. The principle of a terrace
building by “Flamingo” method extension arrangement on several floors
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Figure 11. Redevelopment of the building with a change

in the structural scheme of the first floor

Principle 8. Replanning of premises (apartments) in residential buildings of
the old fund with the arrangement of apartments in two levels (fig. 13).
Principle 9. Increasing the area of kitchens due to the rational use of the area

of stairwells of the old housing stock (see fig. 14 and fig. 15).
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Figure 12. The principle of replanning Figure 13. The principle
and arrangement of non-residential of redevelopment premises (apartments)
premises on the ground floor of with apartments
and in basements in two levels
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— new brickwork
E=1 - disassembled brick wall

Figure 14. Placement of bathrooms Figure 15. Usage of a black staircase
with entrances from kitchens — under the kitchen
variant of cross division
(one of baths is light)

A very important issue during the reconstruction of buildings is the proper
usage, rearrangement of existing and installation of new stairwells [87, 88]. For
example, if before the redevelopment the building had in one stairwell the main and
black stairs, the black stairs should be eliminated and in their place to place
bathrooms, kitchens, dressing rooms. Examples of such redevelopment are shown in
fig. 14 and fig. 15.

It is shown changing the living space, using the premises of the black stairs
under the kitchen in fig. 15.

Principle 10. It is shown unilateral (fig. 16) or bilateral (fig. 17) extension with
the addition of two or more floors. It is formed as a separate self-supporting building

volume, which requires joint deformation with the existing building.
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Figure 16. The principle of one-sided Figure 17. The principle of bilateral
extension with the addition extension with the superstructure

of two and more floors of two or more floors

Principle 11. Superstructure creation of additional floors and premises (or
their dismantling) with the device of the operated roofs in fig. 18. (winter garden,
gym, artist's workshop, exhibition, etc.). It requires the prevention of uneven

deformation of grounds and foundations [76, 78, 86].
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Figure 18. The principle of superstructure of additional floors and premises

(or their dismantling) with the device of the operated roofs
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Principle 12. This principle consists of insulation of facades with sheet and tile
materials with the arrangement of air space, facing or composite panels, etc (Austria).

Principle 13. This principle consists of installation of stained glass in the
stairwell in civil buildings (Germany).

Principle 14. This principle consists of two or three-storey public buildings
extension between the ends of the adjacent group of multi-storey large-panel
buildings (Germany).

Principle 15. This principle consists in building construction of the civil
building with glazed loggias, balconies and structural elements, small volumes of
sanitary blocks together with saunas on separate pile foundations (France).

Principle 16. The authors methods are proposed for discharging columns [89]
used in frame buildings (fig. 19).

Principle 17. Comprehensive reconstruction of civic buildings using principles
(1) - (16).

Further we consider the constructive measures taken during its implementation
after analyzing the basic principles of reconstruction.

For example, the vast majority of the first mass series civil buildings have the
necessary reserves of strength and are able to withstand loads from one or two floors,
which are superimposed, without strengthening the existing load-bearing
constructions. In some cases, based on the results of the bearing capacity calculations
of the foundations, there is a need to strengthen or consolidate the foundations. This
allows you to significantly (by 25-40%) reduce the cost of additional housing, which
is obtained during the reconstruction, compared with similar indicators in new
construction and is one of the main reasons for the investment attractiveness of the

reconstruction of buildings.

88



@) b)

{
5
e

— |

Figure 19. The reconstruction method of the building (discharge the columns):
a — multi-storey frame building; b — one-storey frame building;
1 — arranged struts; 2 — existing extreme columns; 3 — additional crossbars;
4 — middle node of the newly formed arch; 5 — puffs on the slab (or on the
floor, in the case of a one-story building); 6 —removed columns;

7 — lever-threaded device, which includes tightening in the work

Arrangement of new openings and openings in walls and floors should be done
with a special cutting tool (mechanical, hydraulic or electric arc). At the same time it
IS necessary to exclude formation in constructions of cracks and other damages
reducing their load-bearing capacity.

When installing addl loggias, bay windows or other parts of buildings, it is
recommended to design them on independent foundations, taking into account the
possibility of independent subsidence of the house and the parts that are attached to it.

When the mansard and superstructure are on top of the head to constructive
solutions, they need to be secured for the necessary safety of the available buildings.
So that they can be installed on the basis of unsuccessful construction, that is, the
basis.

Particular attention should be paid to controlling the actual level of load-bearing
capacity of mansard floor slabs. For some typical series, the level of regulatory load
on these slabs according to the projects is 75 kg/m?, which requires measures to

strengthen them when installing mansard or superstructures.
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When arranging extensions and superstructures of the buildings by the
“flamingo™ method (transverse U-shaped frame of pylons and crossbars, which
frames the existing part of the structure), fig. 9 it is necessary to pay special attention
to the analysis of joint work existing and new constructions after reconstruction. The
support for the pylons of the frame in this constructive scheme are new independent
foundations from piles of deep laying with a monolithic grid. The technological gap
between the piles, which are arranged during the reconstruction, and the existing
foundations of the building does not prevent the mutual influence of old and new
foundations. It creates preconditions for the development of the base deformation of
the newly created part on the existing part of the building.

To reduce this effect, it is necessary to provide either a reduction of the specific
load on the base in the newly created foundations, or the separation of the boundary
layer of soil with sheet piling or sliding seams.

During the reconstruction it is very difficult to comply with the requirements of
normal lighting of living spaces [87]. Therefore, when replanning residential
buildings facing north, and shading the facades of other buildings should strive to
have living quarters (apartments) as follows, so that the shady side was facing
kitchens, stairwells and ancillary rooms, and living rooms — on the opposite (light)
side.

In older buildings, the insolation conditions and the living quarters location are
so bad that there is no insolated room in the apartments. In these cases, it is
recommended to arrange a bay window device. Especially appropriate arrangement
of bay windows in the eliminated stairwells, where the inevitable restructuring of the
outer wall due to the change of slots.

It is also necessary to take into account the location of permitted in residential
buildings of enterprises and organizations of small business and entrepreneurship
(kindergartens for 5-10 children, small hotels for up to 10 people, dental offices,
etc.), to analyze the state of utilities, assess the noise analysis of gassiness of the

development area, etc.
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Undoubtedly, there is a need for feasibility studies and business plans for the
reconstruction of neighborhoods and microdistricts, analysis of the principles of
payback for the calculation period and sources of costs (sale of superstructures,
income from renting premises on the ground floor, etc.) .

Thus, the analysis and formulation of the basic reconstruction principles of civil
buildings gives us great opportunities to save building materials, labor costs and
individual expression. The term “reconstruction” means both redevelopment of

premises and their overhaul and modernization of buildings with new annexes.

Structural solution of a brick-reinforced concrete frame in the civil

buildings reconstruction

The implementation of the sixth principle of civil buildings reconstruction
should be discussed separately. Here, the authors proposed a utility model [90],
which relates to the field of construction, and can be used in the overhaul and
reconstruction, mainly of brick buildings, to provide large holes in the load-bearing
walls of buildings.

Recently, there is a need to develop structures that provide large holes in the
load-bearing walls for shops, offices, cafes, swimming pools, etc during the
reconstruction of the first floors buildings.

Such a construction is known in multi-storey buildings fig. 20, the main
structural element of which is a jumper made with upward-pointing stops at the ends
with arranged strands anchored in the compressed area of the brickwork of the wall.

The disadvantage of this design solution is that the device of such a jumper is
possible only during the construction of a brick wall and does not apply during the
reconstruction of the existing load-bearing wall, and the maximum width of the hole
does not exceed the size of the door or window.

Also known is a similar design of the frame jumper (fig. 21), consisting of metal
profiles in the form of a channel. Channels are installed along the contour of the

future hole on both sides of the wall. The frame struts are connected by bolts to
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include the structure in the joint work. Special plates are placed on the crossbar,
through which the weight of the upper floors is transferred to the crossbar and the

struts.

Figure 21. The design of the metal profiles frame

The disadvantage of this structure is the relatively high cost of metal material,

the concentration of forces when transferring the load from the floor to the metal
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crosshbar through the substrates-wedges, as well as the complexity of preparatory
(drilling holes in channels) and installation (the need for clear matching holes in the
frame elements heavy crossbar) work when assembling the frame structure.

The task to be solved by the utility model (fig. 22, fig. 23) is to develop a load-
bearing structure to ensure the installation of a large (up to 6—7 meters) slot in the
load-bearing brick wall. This allows you to reduce the cost of reconstruction with the

maximum use of the main structural building material — reinforced concrete.
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Figure 22. Construction of a brick-reinforced concrete frame:
1 — brick-reinforced concrete racks; 2 — reinforced concrete crossbars;
3 — brick wall to be reconstructed; 4 — foundations of the building;
5 — special reinforced concrete tides; 6 — reinforced concrete shirt;
7 — reinforced concrete connections, which are arranged with a step of 0.5 min
through holes in the wall; 8 — reinforced concrete ties located in the locations of the

racks and in the middle part of the crossbar
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Figure 23. The design of a brick-reinforced concrete frame:

a — front cross-section; b — d — sections 1-1, 2—-2, 3-3, 44, respectively
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Achieving this effect is possible due to the fact that the structure of the large size
slot (fig. 22 and fig. 23). It is solved in the form of a component of a brick-reinforced
concrete frame for the arrangement of the large size slot. It includes brick-reinforced
concrete posts (1) and reinforced concrete crossbars (2), located on both sides of the
reconstructed brick wall (3), foundations (4), reinforced at the location of the frame
posts with special reinforced concrete inflows (5). The racks of the frame include
layers in the form of a special reinforced concrete jacket (6), located on both sides of
the brick wall and interconnected in a spatial structure by reinforced concrete ties (7)
with a step of 0.5 m, which are arranged in through holes in the wall (4) . The
crossbars of the frame are made in the form of reinforced concrete cores (2), on both
sides adjacent to the reconstructed reinforced concrete wall and interconnected by
reinforced concrete ties (8) located at the locations of the racks and in the middle part
of the crossbar. Monolithic concrete provides a tight fit of the crossbar to the
structures of the floor slabs over the entire contact surface.

The essence of the utility model is explained by the drawing (fig. 22), which
shows the general structure of the brick-reinforced concrete frame. The sketch of the
of the frame appearance (fig. 22) and the main sections of the load-bearing elements
are shown in fig. 23.

The construction (component brick-reinforced concrete frame) works as follows:
the brick together with the reinforced concrete jacket in the frames of the frame work
on compression and the reinforced concrete bolt with reinforced concrete cores on the
bending. Joint work of reinforced concrete inflows of a crossbar and racks is
provided by means of the reinforced concrete communications located in through
openings of the reconstructed wall.

In comparison with the nearest analogue, (fig. 20), at construction of the offered
design of a frame, use of metal in crossbars and racks which are reinforced, instead of
are carried out completely from continuous metal profiles essentially decreases, step-
by-step performance of assembly works is simplified. overlapping structures over the

entire contact surface.
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Thus, the authors proposed the construction of a brick-reinforced concrete frame
(fig. 22 and fig. 23) for the arrangement of large openings in civil buildings.

Continuing the analysis, it is necessary to identify the most effective principles
of civil buildings reconstruction in the future. This will help in choosing the most
rational methods taking into account climatic, engineering and geological conditions,
eliminating unwanted errors identified in the process of accumulated experience of
reconstruction. Carrying out such an analysis will certainly allow to give the
necessary recommendations for the choice of reconstruction principles, which will
certainly lead to significant savings of material and time resources in solving this

problem.

4.3 discharge coefficient of broad-crested weirs as function of the relative weir

length and height for weirs with large width to head ratios

Bonoznusu 3 mupokum noporom (BIIIT) — e mpocTi TiApoTeXHIUHI CIOPY/IH,
0 YacTO BHKOPUCTOBYIOTHCA MJii BUMIPDIOBaHHS OO ’€MHOI BHUTPaTH BOIU Y
Bimkputux pycnax. Jlo mnepeBar Bukopuctanus BIIII nanmexats mnpocTora
KOHCTPYKIIi Ta €KOHOMIYHICTh BJIAIITYBaHHS, BUCOKA MILHICTh Ta TPUBAIHUMA MEpioj
eKCIUTyaTarlii, Maja 4yTJIUBICTh KOe(Illi€HTa BUTPATH JO YMOB MIATOILICHHS 3 OOKY
HIDKHBOTO 0’ €edy.

3asie’KHO BiJ BIJHOCHOI IIMPHHM TOPOTY PO3PI3HSAIOTH BOJO3JIHMBU 3 TOHKOIO
CTIHKOIO, BOJIO3JIMBH MPAKTUYHOTO MPO(DIII0 Ta BOJO3IMBU 3 IIUPOKHUM MOPOTOM,
pa3oM 3 THM YHCENIbHI KpUTEpii HAJEHKHOCTI BOAO3JMBIB JI0 TOTO YU IHIIOTO THUITY

JCIIO BiAPI3HAIOTHCS (Tadi. 1).
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Taomung 1

BinnocHa mupuHa nopory 6/H 1j1s BOJO3/IMBIB Pi3HUX THIIIB

Hiana3on 6/H 3a naHuMu:

Ne Tun Bo1031HMBY

[1] [2] [3] [4] [5]

1 |Bono3auB 3 TOHKOKO CTIHKOO <0,67 <0,5 <0,5 <0,67 <0,67

Boo3nuB npakTM4HOIO
2 _ 0,67-(2+3)| 0,52 0,5-2,5 | 0,67-3,03 | 0,67-2,5
npodiaro

2+3)—
3 |Bo103/1HB 3 MHUPOKUM ITOPOTOM ES 10) 2—-8 2,5-10 3,03-12,5 2,5-10

BI/ITpaTa qcpe3 HpHMI/Iﬁ BOAO3JIMB 3 MHPOKHM IIOPOIrOM IIPAMOKYTHOI'O

npodiro 3rigHo 3 [91-97]:

Q=mb,/2gHJ'"?, (1)

ae M — koedinienT Butpatu; D — mmpuHA BOMO3IMBY; Ho— NOBHMU Hamip Ha
BOJIO3JIUBI, IKUH 3HAXOJISITh SIK CYMY T€OMETPUYHOTO Ta MIBUIKICHOTO HANopiB [1-7]:

2
aV
Hyo=H+—, (2)
29
ne H —reomeTpuuHMil Hamip Ha BOJO3JIMBI; 0O — KOG(IIIEHT KIHETUYHOI €Heprii
o=1-1,1; V — cepenns MBUIAKICTh MOTOKY Ha MiJX0/I1 10 BOAO3IUBY:

V = _Q : (3)
b(C, + H)
ne C, — BUCOTa BOJIO3IMBY 31 CTOPOHU BEPXHHOTO 0’€da.
HadickmamHimuM 3 TEOPETUYHOI TOYKK 30py (aKkTOpoM, IO BIUIMBAE Ha
MPOIYCKHY 3/1aTHICTb BOJO3/IUBY, € KOS(DILIIEHT BUTPATH M.
HasBHi pexoMeHmamii momo Bu3HaueHHS Koedimienra Butpatn BIII
0a3yroThCsl HA JIBOX OCHOBHHUX MIAXOAax. 3T1THO 3 YMHHOIO B YKpaiHI METOIUKOIO

koedimient Butrpatu BIIII posraspaerbcss numie sk (yHKIIS BIAHOCHOT BHUCOTHU

cTinku 3 60Ky BepxHboro 6’edy [91, 96, 97]. 3 iHmoro 60Ky, B GaraThbox KpaiHax
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CBITYy BHKOPUCTOBYIOTH I1HIIMWA MIAXiA, SKUM 0a3ye€TbCcsl HAa NPUNYIICHHI, M0
koedimient Butpatu BIIIT 3anexuTh BUKIIOUHO BiJ BIAHOCHOI IIMPUHHU MOPOTY Ta
He € pyHKIiero BuCOTH cTiHkH [95, 98].

Hwxue nopiBHsaHO 3HaueHHs koedimieHTiB BuTpaTtd BIIII 3a BuieBKazaHUMHM
migxogamu (3a emmipuayaumu gaaumu [[. Kymina, pexomengoBanumu [96], Ta 3a
TEOPETHYHO-O0TPYHTOBaHUM MeTojgoM B. Xarepa [95]) 3 excrepuMeHTaTbHUMHU
pe3yibTaTaMu, OTpUMaHUMH aBTopamu. [Ipocte mopiBHsiHHA MeToniB KymiHa Ta
Xarepa nist omHoro i toro >k BIIII Bkasye Ha CyTTe€BY pI3HHUIIO Yy BIAMOBIIHUX
3Ha4YCHHAX KoedirienTa BUTpaTh. JIOTTYHO MPHUITYCTUTH, IO Ha KOCOIIEHT BUTPATH
BUIIT maroTh BIUIMB SIK BITHOCHA BUCOTA CTIHKHU, TaK 1 BIJIHOCHA IIUPHUHA TIOPOTY, 32
AHAJIOTIEI0 3 HASBHICTIO JBOX CKJIAJIOBUX T'1JIPOJIMHAMIYHOIO OMOPY — onopy (popMu
Ta OTMIOPY TEPTH.

3rimHo 3 emmipuyauME ganuMu Kywmina [96, 97] koedirieHT BUTpaTH s
MPSMOTO BOJIO3JIMBY 3 IIHPOKAM TOPOTOM Ta BEPTHUKAIBHOIO BXITHOIO CTIHKOIO

3aJICKHTh BiJl BigHocHOI Bucotu mopory C,/H (tabm. 2).

Tabanig 2
3asie’kHICTh KoeillieHTa BUTPATH M BOJO3IMBIB 3 IIMPOKKUM [TOPOTOM BiJ] BITHOCHOI

Bucotu nopory C,/H (3a nanumu J1.Kymina [96, 97])

CJ/H 0 0,2 0,4 0,6 0,8 1 2 4 8 0

m 0,385 | 0,366 | 0,356 | 0,35 | 0,345 | 0,342 | 0,333 | 0,327 | 0,324 | 0,32

OOpoOKoI0 JaHuX, HaBEAEHUX Yy TabJ. 2, OTPUMAHO AaNpPOKCUMALINHYy

3aleXHICTh 3 KoedimienToM nerepminoBanocti R?=0,9984:

m=0,32+ 1 . (4)
29,65C, /H +16,60

MakcumanbHe BIIXWJIEHHS PO3PaXyHKOBHX 3HAu€Hb Koe]illleHTa BUTpaTH,
OTPUMAaHUX 3a PIBHSIHHSM (4), BiI pe3yJIbTaTiB, HABEJICHUX Yy Ta0J. 2, HE MEPEBUIILYE

0,5 % y niana3oHi 3Ha4eHb BiAHOCHOI BucoTH ctinku Cy/H > 0,2 (puc. 1).
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Pucynox 1. 3naueHHs koedilieHTa BUTPATH BOAO3JUBIB 3 IIUPOKUM TTOPOTOM:
1— emmipuuni naxi Jl. Kywmina [6, 7]; 2 — po3paxyHKOBI 3Ha4eHHs 3a (GopMyJioro (4)
(3aciykamM¥ BKa3aHi IUTAHKU BIJHOCHUX MOXHUOOK + 0,5 %)
3riIHO 3 THIIUM MX0J0M KOEe(IIIEHT BUTPATH BOJIO3JIMBY 3 IIUPOKUM MTOPOTOM
3aNeXUTh JUIIEC BiA BiIHOCHOI mmpunu mopory [95, 98]. Hampuxman, B. Xarep
OTpUMaB TEOPETUYHO OOIPYHTOBAHY 3aJICKHICTh, PEKOMEHJIOBaHY Jjisi HamopiB Ho,

oinpmmx 3a 0,03—0,05 m [95]:

m:O,326><g>< 1- 2/9

— 7| (5)
7 1+ (Hq/8)*

VY KOMIUIEKCHIA TiApaBiiyHiA naboparopii kadenpu TiIpoTEXHIKH Ta BOJHOL
imxenepii HamionansHoro yHiBepcutery "JIbBIBCbKa MOMITEXHIKA" BHUKOHAHO
EKCIIEpUMEHTAJIbHI JTOCHIJDKEHHS 3 BHU3HaueHHs koedirienta sutpatu BIIIT 3a
3HAYCHb BIAHOCHOI mupuHU mopory 4< [I/H < 10. Hocmimxysanuit BIIIT 3
BHUCOTOIO opory Cy= 5 cM Ta mmpuHoIo [ =20 cM BCTaHOBJICHUH y TiAPaBIIYHOMY
aotky mmmpuHoo b= 20,2 cm. Butpary BOaM BH3HAYaIM 3a JIOIIOMOTORO
CTaHJIaPTHOTO TPUKYTHOTO MIPHOTO BOJO3IWBY Ta OOYHCIIOBAIM 32 (HOPMYIIOIO
Kinra [96, 97]:

Q =1,343H,, 2%, (6)
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ExcriepriMeHTaIbHI 3HaYeHHS KoedillieHTa BUTpAaTH 3HaX0auau 3 hopmyr (1-3),
npuiiMaroun 3HaueHHs KoedimieHTa KiHeThyHoi eHeprii o=1,05. Opepxani
pe3yJIbTaTH MPEACTABICHO Y BUTIISAAI rpadiuHOl 3aeKHOCTI KoedilieHTa BUTpATH M

BiJ BiAHOCHOI mupunu mopory [1/H (puc. 2).

04
m

0,35 -

03 -

025 +

nr—araa/0o/> r—v————

S/H

Pucynoxk 2. 3anexnocti koedinienra sutpatu BIIII 3 [1/C,=4 Bix BiqHOCHOI
mmpuam opory [1/H: 1 —3a Xarepowm [95]; 2 — 3a Kyminum [96, 97];
3 — eKCIepuMEeHTaJIbHI pe3ynbTaT; 4 — niHis TpeHay (7)

OTpumaHi €eKCIIEpUMEHTaJbHI PE3YJNbTaTH J0OpE OMHUCYIOThCS CTEHNEHEBOIO
(yHKITI€IO:

m=0,372-(C,/H) . @)

ExcniepuMenTanbHl pe3ylnbTaTd BKa3ylOTh Ha T, IO KOEQIIIEHT BUTPATH

BOJIO3JIMBIB 3 ITUPOKUM MOPOTOM 3aJICKHUTh SIK B1Jl BUCOTH BOJO3JIMBHOI CTIHKH, TaK 1

Bl wupuHU mnopory. OTtpumano creneHeBy 3anexHicts (7) nua BIIIT 3

CHIBBIAHOIICHHSM IMIUPUHHU MOpOry Ta BHCOTH CTiHkM [1/C,=4 mns miamasony

3HA4YCHb BiTHOCHOI mpuHH mopory 4< [J/H < 10. [yis oTpuMaHHS yHiBepCcalbHOI

sanexxnocti m = f ([/H, C,/H) € HeoOXiaHICTh B y3aranbHeHHi pe3ynbTaTis st BILITT

3 IHIIIMMH CIIBBITHOIICHHSIMH IIIMPUHU TTOPOTY Ta BUCOTH CTIHKHU.
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4.4 stormwater hydrographs from the rectangular impervious subcatchments
modelled by the modified three-dimensional sector method

OcranH1 AecaTHIITTA Y OUIbIIOCTI Kpaid CBITY 3pOCTalOTh YacToTa 1 MacITadu
3arorieHHs 3a0ynoBanux Tepurtopiit [99, 100]. Onniero 3 HaWBAKIWUBIIIUX TMPUIHH
TaKoro CTaHy CIpaB € IHTEHCUBHUU mporiec ypOanizamii. 3riqHo 3 ganumu OOH,
cranoM Ha 2018 pik 55 % MemkaHIiB 3emiIi TPOKUBAIM B MIiCTax, a 3arajbHa IJIoIa
3a0yaoBaHux TepuTopiit y CBiTi ckimanana 61y 3 % Bij 3araabHOI IUIOII CYIIT.

[TonepemxenHs Ta MiHIMI3aIlld HACHIAKIB BiJ 3aTOIJICHHS MICT TOB’s3aHl 3
BUPILIEHHSIM KOMIUIEKCY HAyKOBHUX, IPOEKTHHUX, OYJIBEIIbHUX Ta IHKEHEPHO-
3aXUCHUX 3adad. Jlyi1 HayKOBO-OOIPYHTOBAHOI'O KEpyBaHHS JOLIOBUMH BOJAMHU
HEOOXIJTHO MaTH JOCTaTHHO JETaIbHO PO3POOJIEHY Ta BIAKAIIOPOBaHY KOMII IOTEPHY
TAPOJIOTTYHO-T1APABIIYHY MOJEIb BIAIOBIAHOTO YpOaHi30BaHOTO OaceiiHa CTOKY.

dopMyBaHHS MMOBEPXHEBOTO CTOKY 3 TepUTOpIi ypOaHi30BaHUX OacelHIB CTOKY
€ ckiagHuM OaratodakTopHuM mpouecoMm. Ha rigporpadu AomoOBUX CTIYHUX BOJ
BIUTMBAIOThH AK KJIIMATHYHI OCOOJIMBOCTI PETIOHY, TaK 1 Psii TEXHIYHUX TMapaMeTpiB,
cepel SKUX po3Mipu OacellHa CTOKY B IUIaHI, TE€OJE€3UMYHUN TMOXWJ TMOBEPXHI,
Koe(iieHT 1HPIBTpaLil Ta KOe(ILUIEHT MOPCTKOCTI NOKPUTTSA. CyTTEBUHN BIJIUB Ha
(dbopMyBaHHS CTOKY MarOTh TPACyBaHHsS Ta BUCOTHA CX€Ma BOJOBIABITHOI MEPEXKi, a
TAKOX HAsIBHICTH Ta MapaMeTpH CHeIlialibHUX peryiaroBaibHuX cropyn [101, 103].

MopentoBaHHs IOIIOBOTO CTOKY 3 JIOBUIBHOTO ypOaHi30BaHOTro OaceiiHa CTOKY
MOYMHAETHCS 3 TiaporpadiB CTOKY 3 MOBEPXHI ycix Woro migbaceiiniB. HaiOinbim
MOIIMPEHUMU METOJIaMH MOJICNIIOBAHHSI T1IporpadiB MOBEPXHEBOTO CTOKY € METO]I
HemiHiiHOTO pe3epByapa [101, 103] ta meron KiHEMAaTHYHOI XBWJII B PI3HUX HOTO
moaupikarisx [102, 104, 105, 106].

BiacyTHICTh CTpOrMX aHATITUYHHMX PO3B’SI3KIB MPOOJIEMH Ta 3HAYHA KIJIbKICTh
CHPOIICHDb B ICHYIOUHX METOAaX 0OyMOBIIIOIOTh aKTYaJIbHICTh MOUTYKY HOBUX, OUIbIII
JIOCKOHAJIUX METO/IIB MOJeTIOBaHHs nmoBepxHeBoro croky [107, 108, 109]. B octanHi
TECATUIITTS Oy PO3pOOJICHI TiApaBIiuHO-O0TPYHTOBAaHI METOMAM, SIKi JTO3BOJISIOTH

BpaxyBaTH 0COOIMBOCTI KOH(DIryparlii miagdaceHiB CTOKY Ta 301KHUN XapakTep Oy/ib-
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SAKOTO TIOBEPXHEBOrO0 TMOTOKY JOIIOBUX BOJ Yy HampsAMKy A0 JOIIONpHUiiMaya.
3okpema, 11e Metox nmpod. Akana [104], a Takox cekTopauit meto [105, 106], mo €
MoaudikamisasMi MeToAy KiHeMaTthdHoi xBwii. He3Bakaroum Ha I0Ope TEOpPETHYHE
HIAIPYHTS IIUX METOMIB, BOHM BCE IIE MICTATh OJIHE JOCTATHbO TpyOE€ CIPOILECHHSA
II0JI0 TOCTIMHOTO 3HAYEHHA MOXWJIYy MO BCiid TepuTopii migbaceiiHa cToky. Take
MPUMYIIEHHS CIPABEJINBO JIUIIE IS TIOBEPXOHh KOHIYHOTO THUITY, SIKi BKpaill piIKo
3YCTpIYAIOThCA HAa MPAKTHUI. SKIIO K po3MISIaTH HAWTIOIIMPEHIIIl CIIJIaHOBaHI
IUIOCKI TIOBEPXHi, TO TMO3JOBXKHINA MOXWJI Yy KOXHIA TOYIll TaKOro migdaceiHa €
PI3HHMM Ta 3aJISKUTh B1Jl BUCOTHOI CXEMH MijgdaceiiHa Ta KOOpAUHAT TOUKH.

MoaudikoBanuit TpuBuMipHuit (3D) cexTopHMit MeTOA, PO3POOJICHUN IS
MOJICJIFOBAHHSI MOBEPXHEBOI0 CTOKY 3 MajuX ypOaHI30BaHHUX MIJ0AaceilHIB CTOKY,
JI03BOJISIE BpaxyBaTy (PAKTUYHUI 3MIHHUI MOXMJ MICHEBOCTI 3aJIEKHO BiJl PO3MIpPIB
Ta ¢dopmu migdaceiiHa B IUIaHI, a TaKOX B (PAKTUYHUX BUCOTHHUX IO3HAYOK
BY3JIOBHUX TOYOK.

UucenbHa peamzaiigs MoaudikoBaHoro 3D-CeKTOPHOro METOAY TOJIATae B
ABTOMaTUYHOMY PO3/1JIEHHI Miji0aceiiHa CTOKY Ha BEJUKY KUJIbKICTh MaJUX CEKTOPIB
3 BEPIIMHOI0 B MICI[l pO3TAlllyBaHHA JOIIONpHUiiMaya Ta 3 PI3HUM JUIsl KOKHOTO
CEKTOpa MO3J0BXHIM MOXWIOM. {1 BUAUICHHS JUIIE TIAPaBIIYHOI YaCTUHU 3aj]adi
MOJICTIOBaHHS JIOCJIJPKEHO TMIOBHICTIO BOJOHENPOHUKHI TMiJI0aCeHU CTOKY 3
BIJICYTHIMH BTpaTaMH BOJY HA TIOYATKOBE 3aTPMMAaHHS Ta HAa BUIIAPOBYBAHHS, TOOTO
mi0aceHu CTOKY 3 MOCTIMHUM 3HaueHHsSIM Koedimienta croky y = 1. PosrisiHyTo
nigdaceiiHn MPSIMOKYTHOI (OpMH B IUIAHI 3 PI3HUM CITIBBIIHOIICHHSIM JIOBKUH
cropin L/b. ITnoma mocmimkeHux migdaceiHiB BiIOBIIa€ TUIIOBUM 3HAYCHHAM IS
JUISTHOK, SIKI OOCIIYTOBYIOTBCSI OTHUM JIOIIONPUHAMATIBHUM IPUCTPOEM, 1 CTAHOBUTD,
AK TIPaBUIIO, B Mexkax Bix 400 M2 1o 2500 m2.

[HTeHcuBHICTh BUMagaHHs 20-XBUIWHHOIO JOIIY 3 IEPiOJIOM OJHOPA30BOIO
nepeBulieHHsT P = 1 pik npuitHsaTa piBHOIO (20 = 100 n/(Cxra), a MOKa3HUK CTETEHS
n=0,73, mo BiANOBia€ cepeAHIM B VYKpaiHi ITOKa3HUKaM 3TiJHO YHUHHOIO

HOopMaTuBHOTro nokymenty JIbH B.2.5-75:20183.
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UucenpHI €KCIIEPUMEHTH MIATBEPAWIM OCHOBHI SIKICHI pe3yJIbTaT, OTPUMaHI 3a
npoctuM cektopHuM MmetogoMm [110]. 3okpema, myis NPSIMOKYTHHUX Iig0aceiiHiB
¢dikcoBaHOT TUIONII MakKCHUMajdbHa CEKyHJHAa BHUTpaTa CTOKYy Ta MiHIMaJdbHHMHA Yac
KOHIICHTpAIlii  BIJAMOBIIaIOTh KBAJpaTHUM MijgdaceiiHaMm, Ui SKUX  Pajaiyc
KOHIICHTpaIlii € HaiMeHIuM. Pa3om 3 TUM, 9MCIIOBI 3HAYEHHS Yacy KOHIICHTpAIIii 3a
3D-cekTopHUM METOJOM CYTTE€BO MEHIII, HIK 32 MPOCTHUM CEKTOPHHM METOJIOM, a
M1KOB1 BUTPATH, BIATIOBITHO, — OLIBIIII.

Ha puc. 1 maBeneno rigporpadu CTOKY 3 CEpEeIHBOTO 3a IUIOMICI0 KBAIPATHOTO
nigbaceiiHa cToky Iuiomer 1600 M2 IS BKa3aHHWX BHILC YMOB 3a 3HA4YEHHS

koedimienTa mopcTtkocti moBepxHi N; = 0,015 Ta pi3HUX 3Ha4YeHb 0a30BOTO

IMO3/I0BXXHBOT'O OXWUITY .

70 1
Q,alc ] 5
605 41 3
50
] f 2
40 1
- 1

. W\

i/ Za A

0 200 400 600 800 1000
t,c

Puc. 1. I'iaporpadu 101moBoro cToky 3 BOJOHEPOHUKHOTO MiI0aceiiHa CTOKY
po3mipom 40x40 m, orpumani 3a 3D-CeKTOpHUM METOJOM JJi 3HaYeHb 0a30BOT0
noxuiy ip: 1 —0,005;2—-0,01; 3 -0,015;4 - 0,02; 50,025
(020 = 100 a/(cxra); P =1 pik; n=0,73; n; = 0,015; vy = 1)

[TopiBusiHHS TimporpadiB CTOKY 3 BOJOHEMPOHUKHHX MaJIUX ypOaHi30BaHUX
OacelHIB CTOKY BKa3zy€ Ha CYTTEBY PI3HUIIO B pe3yjibTaTax MOJICTIOBAHHS 3a

METOJIOM HEJiHIHHOTO pe3epByapy, KU BHKOPUCTOBYIOTH B mporpami SWMM, a
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TaKoXX 3a MpOCTUM ceKTopHuM 1 3D-cekTtopHum Meropgamu. BrmB meromy Ha
rigporpadu CTOKY MOKa3aHO Ha MPHUKIAAl TUTIOBOTO KBaJAPAaTHOTO IijgdaceiiHa CTOKY
(puc. 2). Yac xonmentparii 3a 3D-cexkropaum Metogom y 1,158 pasu meHmmid,
NOpIBHSHO 3 JBOMa IHIIMMU MeToJaMHu. MakcuMmalibHa CEeKyHJHa BHTpara
MMOBEPXHEBOTO CTOKY 32 3D-CeKTOpHMM METOJ0M IMEPEBUIIYE BiAMOBIIHE 3HAYCHHSI
3a MPOCTUM CEKTOpHHM MeTogoM B 1,113 pasu, a 3a MeTOAOM HEIIHIHHOTO
pesepByapy — B 1,438 pasu. BaximBo, 10 Il CHIBBIAHOIICHHS 3aJUIIAIOTHCS
CTAJIMMH JIJIs1 PI3HUX 3HAYEHb PO3MIpiB Mmigbaceiina, 6a30BOTO MO30BXHBOTO MOXUITY
Ta KoedillieHTa MOPCTKOCTI nmoBepxHi. ['iaporpadu croky 3a momudikoBanum 3D-
CEKTOPHUM METOJIOM € T€OMETPUYHO MOJIOHUMHU 10 TiAporpadiB, OTPUMaHUX 32
MIPOCTUM CEKTOPHUM METOJIOM, 3 BIANOBLAHUMH KOE(ILI€EHTaMU MOA1I0HOCTI MO OCSIX
abcuuc Ta opauHar. [igporpadu 3a METOJOM HEIIHIHHOTO pe3epByapy OUIbII

pOSTﬂFHYTi B 4acl Ta XapaKTCPU3YIOTHCA 3HAYHO MCHIIIMMHA MKOBHUMH BUTpaTaMu.

50 1 .
Ql ']I/c : """" - 1
40 ; =R -— -2
), A — -3
30 - — AV
] \
20 1 “‘-... \
10 - NS
1 \ v
O | T T T T T T \I T T T T
0 400 600 800 " 1000
, C

Puc. 2. I'iaporpadu moBepxHEBOTO CTOKY 3 KBaIpaTHUX IM110aCEHHIB CTOKY PO3MIpOM
40%40 M, oTpuMaHi 3a: 1 — METO1I0M HENHIMHOTO pe3epByapy; 2 — CEKTOPHUM
MeTo0M; 3 — MOAM(IKOBAHUM TPUBUMIPHUM CEKTOPHUM METOOM

(020 = 100 a/(cxra); P =1 pik; n=0,73; n; = 0,015; i, = 0,01; v = 1)

3MiHa BUTpaTH MPUTOKY B Yaci Ha TepmioMy ertami rigporpada (mig dac

BUMNAJaHHs J011y) 3a 3D-CEeKTOPHUM METOJIOM SIKICHO TIO/A10HA /10 3MIHU 332 TPOCTUM
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CEKTOPHUM METOJIOM, Ta JOCTATHHO TOYHO OIMCYETHCS CTENEHEBUMH (PYHKIISIMU
Bugy Q = Kk t*, ame 3pocranHs BuTparH 3a 3D-CEKTOPHHM METOIOM € OLIbIII
cTpiMkuM. [loka3HHK cTemeHs x i 000X METOJIB CTAHOBUTH OHM3bK0 3,33, TOMI 5K
koeditieHT K 3a 3D-cexkTopHuM MeToAOM B 1,6—1,7 pa3u OLIBIIMIA, HIXK JIJIS IIPOCTOTO
CEKTOPHOTO METOTY.

OOunBa CEKTOPHUX METOJAM, HAa BIAMIHY B METOIy HEIIHIKHOTO pe3epByapy,
XapaKTEepU3yIOThCA  IUIABHOIO  3MIHOIO  BUTpaTM B  MOMEHT  IPHUIIMHEHHS
PO3pPaxyHKOBOTO JIONIy Ta HASABHICTIO OJpa3dy M0 3aKiHYCHHI [ONly Maibke
TOPU30HTAIBHOT JUISHKU TiAgporpadiB, ajne TpHUBATIICTh i€l AUIsHKU s 3D-
CEKTOPHOT'0 METOJIy € MOMITHO (0JM3bK0 16 %) KOpPOTIIO0. 3arajgoM 3aKIOUHI €Talu
rigporpadiB CTOKYy il KPUTUYHHUX JAOLIIB 3 TPHUBAIICTIO, IO JOPIBHIOE YaCOBI
KOHIIEHTpaIlli, 32 000Ma CEKTOPHUMHU METOJIaMU € OOEPHEHO CUMETPUYHUMH JI0 X
MepuIMX €TamiB, TOJAl SAK 3a METOJOM HEIIHIHHOTO pe3epByapy g YacTUHA
rigporpadiB XapakTepu3y€eTbCs MOBUIBHUM 1 Iy>)KE€ TPUBAJIUM 3MEHILECHHSIM BUTPATH
CTOKYy B KOHTPOJIbHOMY IIepepi3i, IO € HACIIJKOM TIMOTe3H MO0 IOCTIMHOL
MIMOMHYU TOBEPXHEBOIO MOTOKY IO BC1M TepUTOPIi MijgdaceiiHa CTOKY.

OTpumaHa pi3HUIL B MapaMeTpax TriaporpadiB MOBEPXHEBOTO CTOKY Mae
CyTTEBE 3HAYEHHS 3 TOYKH 30py TOYHOCTI TIiJIPaBIIYHOIO MOJICJIFOBAHHS BCIX
HACTYIHHUX €JIEMEHTIB CUCTEM JIOIIOBOIO BOJIOBIABEEHHS, 30KpEMa, BOJIOBIIBITHUX
TpyOONIPOBOJIIB Ta CHEIllabHUX perymoBaibHUX cropyA. [lepeBaramu 3D-
CEKTOPHOTO METOJly € BpaxyBaHHsS JIOBUIbHOI pealibHOi KOH(Irypamii Ta BUCOTHOI

cxemMH ypOaHi30BaHOTO MigdaceiiHa CTOKY.
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SECTION 5 ENERGY

5.1 BiakJIaieHHsI TA KOHTPOJIb CTA0IJILHOCTI 0X0J10THOT BOAU

O6opotHi cuctemu oxonomkeHHss (OCO) e HailOubll  e)EeKTUBHUMU
ereMeHTaMu TexHoiiorli BogomoctayaHus TEC 1 AEC [111-114] momo
paIlioHATIPHOTO BHWKOPUCTAHHS BOIW 1 3MEHINEHHS XIMIYHOTO Ta TEIIOBOTO
3a0pynHeHb BoOJHOTO OaceiiHy. OpHak, BHACIIJOK BHUIIAPOBYBaHHS BOAHM Ta
3B’SI3aHOTO 3 IIUM  KOHIICHTPYBAaHHSM COJIEH, a TaKoXX HEOJHOPITHOTO
TIAPOAMHAMIYHOTO pEXUMY Y BOAOBOJax Ta oxoJomkyBadax, OCO wmaroTh
crnenuiuHi mpodyieMu npu ekcrutyarariii [112, 113]:

1) xapOonaTHi, cynab(daTHI Ta CHJIIKATHI BIJKJIQJCHHS Ha TEIIOOOMIHHUX
MOBEPXHSX 1 BOAOBOJIaX BHACIIIOK KOHIICHTPYBAHHS BIIMOBIIHUX KOMITIOHEHTIB;

2) oOpoCTaHHS €JIEMEHTIB KOHCTPYKII rprudaMu, MIKpOCKONIYHUMHU BOJOPOC-
TSAMU Ta APEUCEHOIO — PEe3ybTaT MIJBUIICHOI TeMIepaTypu 0x0JioH01 Boau (OB);

3) MexaHI4H1 BIJKJIQJEHHS JUCIEPCHUX TBEPJAUX JOMIIIOK Y TiAPOJUHAMIYHO
3aCTIMHUX 30HAX.

OcCKUIbKM  SIK  OXOJIOAHI  BHKOPHCTO-

0.4
0.3 BYIOTBCSI TIOBEPXHEBI BOJH, Kl € TEPEBAYKHO
0.2 KaJIbLIA-T1pOoKapOOHATHUMU CUCTEMAMU
0.1 . (KI'KC), T0 oOCHOBHMMH 3a0pyaHIOBaYaMU
0.0 MOBEPXOHb  TEIUIOOOMIHY €  BiJKJIaJICHHA

1 2 3 4 5 6 7 8

Puc. 1. Bigocuuit cxan sigkageny MATOPO3UMHHUX COJICH THITY CaCOg3 quB. puc. 1

Ha TpyOKax KOHJICHCATODIB 3a JAHUMH ., 11173
22-x enexrpocranmiii [3]: 1 — SiOy, 2 [113].

— Fex0s, 3 — CaCOs, 4 — opeaniuni Meroau 6GopoTeOM 3  BijKIageHHAMH
cnoayku, 5 — MgCQOs, 6 — CaSOgs, 7 — .
Ca0, 8 — P20s. MO>KHAa IMOJ1IJIMTH HA:

peareHTH1 (MIJKUCJICHHs, BalHyBaHHS, pekapOoHizauisa, GocdaryBaHHs,

nobaBka cTab1113aTOP1B JKOPCTKOCT).
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- Oe3peareHTHI ((GUILTpYBaHHS, MeEXaHIYHA OYHUCTKA TEIIOOOMIHHHUKIB,
Bapiallisg MmBHIKICHOrO pexumy OB, a0pa3uBHI NpuCagKU, TEPMOCYIIKH, is
(h13UYHUX TI0JTIB, METOAM pO30aBIeHHS (IPOAYBKH)).

Ili metomu [5-7], mepeBaKHO BUKOPHUCTOBYIOTHCS KOMILJICKCHO, 3aJIe)KHO Bi
(h13UKO-XIMIYHMX TIapaMeTpiB BOAM IIIJDKUBJICHHS, OOOPOTHOI BOJM Ta BEJIMYHUHU
KoedimienTa kouueHTpyBanusa cojeit k = Cg/Cgq o, 16 Cci , Cci 0 — KOHIEHTpAIii
xyopuaiB B OB Ta Boji mipKUBICHHS.

Yepes Te, 1m0 BIIKIAACHHS MAOTh KOE(IIEHT TEIJIONPOBIAHOCTI y JECITKU
pa3iB HWKYMA HDK y KOHCTPYKUIMHMX MmaTepianiB (ans matepiamy MHX 5-1 A =
135B1/(M°K), a Binknagens quB. Tabid. 1), HaBITH HOTO TOHKMIA LIAp MOXKE MIPU3BECTU

1o cyrresoro 3MmeHmeHHss KK/ eneproycranoBok

Taoauua 1.

Temmodiznuni BracTuBOCTI BiKmaaeHs [118]

TerutodiznyHi BIaCTHBOCTI . .
TenmonpoBigH., TemnmoemMHICTB, I'yctuna,

Bumm Br/(mK) kJIk/(krK) Kr/m®
BIIKJIAICHb
Bingxmanenass o0OpOTHOI BOAM PO3IHUBHUX
MaIlliH YaByHYy 13 0.9 1830
Binxnanensast Ha moBepxHi TpyOompoBoaa meyi
SCIILI-20BT 1,3 0,88 2280
Binxnanenns B TpyOkax koHaencatopiB TEL] 1,9 0,88 2230
Binxnanenns micist pocdaryBaHHs 0,9 0,83 1670
BinknageHHs 3aXMCHOT KapOOHATHOT ITIBKH 1,3 0,91 2380
BinknaseHHs B Ta301poBOIi 1,2 0,84 1800
Binkmagenas micasa TiJIPOLIMKIIOHIB (r/mm) 14 0.9 2707
ra3004UCTKH JJOMEeHHUX nevei (/o 1)
[lInam Bumapenoi Boau 1/0 JI1 1,3 0,63 1570
BigknaneHust miciis r/i; 000pPOTHOIO IHKITY
Bogonocravyanss /o JI1 3 Ky = 5,26 1.8 0,91 2136
TBepni kapOOHATHI BiJKIaICHHS 2,4 0,99 2380
Causucri BiAKIa1eHHSA opraniyHoi 0.7 3,46 1107
MpUpPoOIH
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KeaenmoniOni  BigkyIageHHs:  KpeMHiii- 0.9 3.90 1236
opraHiyHoi npupoan ' '

Bigknanenust micis r/1f 000pPOTHOTO IHKITY 14 0.88 2698
BoJIonocTayanHs arnodadpuku 3 Ky = 2,62 ' '

3eéepmaemo ysacy wa naHi Tabn. 1, 3 SKUX BUIUIMBAE, IO MHCeA€NnOOIOHI
opzaniuHi ma KpemHiesl 6i0knadenHa € HeoOesneuHimmuMu 1oa0 BTpatd KK/
TEIUIOOOMIHHUKIB ~ HDK  TBepAl  KapOOHATHI, OCKUIBKA  iX  KOE(IIEHTH
TerutonpoBigHocTi y 1.5 — 2.5 pa3 meHmn BiJ kapOOHATHUX BiAKIageHb. Tomy map
TakuxX BiJKJIaJeHb ToBIMHOIO AlB = (0.5-1.3)MM ekBiBaJIeHTHUH II[0JI0 BTpaT
Koe(ilieHTa TEMIONpPOBIIHOCTI Ha wmapl kapOoHaTHUX BiakdaaeHb (0.75 — 3.2)mm.
Ile HaBOIUTH HA NYMKY, IO €(GEKTUBHICTh KY/1bKOBOI OYUCHMKU KOHOEHCAmOpie
mypoOin BU3HAYAETHCS CaM€ YCYHEHHSM M'SKHUX JKEJIENoAIOHUX BIIKIAJAECHb PI3HOI
npupoau. KoedilieHT TemaonpoBITHOCTI CTIHKA TOBIIMHOIO IcT, sika OKpHTa apom

BIJIKJIJICHb TOBIIMHOIO X , JAETHCSA BUPa3oM [9]:

Mx) = her (1)
I X A
cT 4 Cler
I+ X 1 +X A,
s @ OCKITBKH As << Aer, TO
- BEJIMYMHA TEIJIOTIPOB1THOCTI
0 «cminKka-+eioKnadenna» MOMITHO
I 3MEHILYEThCS HABITh MPU Maiid
X
\ TOBIIMHI BiAKIaaeHb. Pesynbrar
20
\ po3paxyHky 3a (1) mokazanuii Ha
10 \\‘-

r—— puc. 2. baunmo, 1m0 BigKIaaeHHS

1 2 3 4 3
1] hid 5
Puc. 2. 3aneHicTb TenaonposigHocTi cTiHkmM TO 3i cTani

2051, g
TOBIIMHOIO X ~ IMm SHIKYIOTb

TEIJIONPOBIAHICTG CTIHKA Yy 10

20, A = 54.3, noKpuToi BigknageHHAMM 3 A\g= 1.7 BT/m'K, )

TOBLLMHOIO X MM. pa3. BigknanenHs Ha TpyOHUX
CUCTEMax KOTJIIB MpHU3BOAATH N0 'mepenany" mnanuBa, a TpyOHOI CHUCTEMH
koHaeHcaTopiB TypOiH (KT) no miaBuiienHs temnepatypu B napoBoMy npoctopi KT
1 TucKy B HhOMY. [IpupicT Temmnepatypu ot, y mapoBomy npoctopi KT 6moka K-300-

240 3anexHO BiJl TOBIIMHHU BIiJKJIAIE€Hb 32 YMOBH, II0 KOe(]IIlEHT Teruionepenadl
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uyhctoi TpyoHoi cucremn K,=1900 Br/(M*K), A, = 1.5 Br/(m’K), nepenan

Temreparypu Mix naporw ta OB t, — t; = 12°C, mokazano Ha puc. 3. baunmo, 1m0

MIBUIKICTh MPUPOCTY TEMIEPATypH KOHACHCAI] Mapy MO0 TOBIIWHU BiIKJIAJCHb

il
ét,, °c

u

v

0 /

e

3 P

~

A.m

0

0wt e st et tm o o

Puc. 3. 3aneHicTb NPUPOCTy TEMMNepPATypH,

6t,, B naposomy npoctopi KT Big ToBWMHM A

D2(8) = 10°3[13.039-0.68:1(5) + 0.0133 1(5)2] MITa. (8) =30 + dt, °C.

00016

piBHa +15°C/Mm.
[ap BinkinageHs 1.6MM NpU3BOIUTH
JI0 3pOCTaHHSI TEMIIEPATYPHOTO HAIoOpy B

KT ma 25°C 1 BIANOBIZHOIO 3HM)KECHHS

KK]/[ Onoka. 3a pgaHumu puc. 3 Ta
TaONUIIMA ~ CTaHy HACHYCHOI  TapH
pPO3PaxOBYEMO  3aNICKHICTh THUCKY B

napoBomy mnpoctopi KT Big TOBIIMHH
BiIKJIaAeHb. i IpPeICcTaBUMO y BUIJIAI
iHTepnosmiiHoi Gopmymm [119]:

)

3a 1i€ro 3aJeXHICTIO po3paxoBaHa BTpaTa enektpuuHoro KKJ[ Opyrro 6ioka

K - 300-240 Bix ToBIIMHU BiOKIajcHb. Pe3ynpTaT mokasano Ha puc. 4. baunmo, 1o

BIIKJIAZICHHS TOBIIUHOIO ~R1MM 3menuytoms KK/] 610xa na =1.5%.

3e6epmaemo ysazy Ha Te, 1110 €KBIBaJEHTOM KapOOHATHUX BifkiIaaeHb AlB = ImMm

1010 MPUPOCTY TEMIEpaTypu € OPTaHivHI >KeJNenoAi0H1 BIIKJIAJCHHS 3 TOBIIUHOIO

Bceoro 0.5mM, guB. Tabm. 1.

Taki BinKnIaACHHSA TNPAKTUYHO He ¢hikcyromovcsa

eKCnIyamauyiithum nepconanom i esaxcaromoca oesneynumu. 1IBuakicts pocry

BIIKJIAJIEHD 3aJIE)KUTH HE JIUIIE Bij

XIMIYHOTO ~CKJIaqy Ta I1HIEKCY
MEPEHAaCUYCHHS PO3YMHY, a U BIJ
CTaHy TOBEPXOHb TEIUIOOOMIHY 1
MIBUIKOCTI

obominamkax [111,119].

MOTOKY B  TeIIO-
[Ipouec yTBOpEHHS COJIEBUX
BIJIKJIAJIEHDb CKJIAAETHCS 3 KUIBKOX

eTallB:;

0

-0.005

-0.01

0013

-n0z

0025

-0.03

Puc.

B,

N

0 2410

4 pw® ool ooz oooi4  oooi6

4. 3anexHicTb 3miHn enektpmyHoro KK 6n10ka K-300-

240 Bifg TOBWMHM Wapy BifKNaaeHb Ha TPYOHIl cuctemi KT.
3ayBaX¥Mmo, WO TOBLWMHA BigknageHb 1mm 3HMKye KK

6n10Ka npnbansHo Ha 1.5%.
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- TOCSITHEHHSI KpUTHYHOTO MepEeHACHUEHHS Y IPUCTIHHOMY Iapi Tpyook TO;
- BuauieHHs TBepaoro CaCO3 Ha mOBEpXHI TPYOOK;
- CTPYKTYpHI NIEPETBOPEHHSI BIIKJIaJICHb HA TOBEPXHI;
- T1IpOIMHAMIYHa epo3isl BiJIKIIa/ICHb.
CrpotiieHe piBHSAHHSA JUIS HIBUAKOCTI POCTY BIAKJIAJEHb MAa€ BUTIIAL,
M _ @ 1

dt T, 1+e™ -

a, o 2-monwv/(M*-200.), (4)

Kp °[Caz+]'[HCO§] +ZR1 -4,

ne ki, — KiHeTHYHa KOHCTaHTa KpucTamtisamii, Mm%/ (r-ion-rox.); Ri — mBUAKiCTS pocTy
BIJIKJIa/IeHb 3aBJSKU 1HIIUM (pakTopaM; ai, dz, a3 — KOCQILIEHTH; Trp(®) — TOTUYHI
CWJIH T1IPOJIMHAMIYHOTO TEPTH, AK1 3aJIeKaTh Bij] yCepeIHEHOT MIBUIKOCTI MMOTOKY ®;
T — KPUTHYHA MILHICTh BIAKIAaAEHb. K10 1HIN (akTOpy BIACYTHI Ta IIBHIKICTH
BOJIM Majia, TO IPYTHM - YETBEPTUM YjeHaMH B (4) MOXKHA 3HEXTYBATH.

3acTocyBaHHs 1HTIOITOpIB BiJKIIageHb cTabumizye OB (3MeHillye KOHCTaHTY
Kip), @ TaKOXK, TUCTIEPTYE KOJIOIMHY pEeUYOBHHY 3apojkiB TBepaoro (3T), 3MeHmIye Ty,
Ta rasibMye noaaneii BigkiaaeHHs CaCOs.

I'ppoauHamiuHe pO3MHUBAHHS BIAKIAIEHb 3aJE€KUTh BIJ BEIUYUHHU T/Tq Ta
BEJIMYMHU 1 XapakTepy LIBHJKOCTI MOTOKY ®. Y TerooOMmiHHuKax (TO) 3 BuCOKOIO
HMIBUJAKICTIO YU 3 IYJbCYHOUMM IIOTOKOM, OCOOJMBO y BHUIMAJAKY 3aCTOCYBaHHS
JUCHEPraHTIiB Ta a0pa3MBHUX MPHUCANOK, BIJKIAJECHHS PYHHYIOTHCS 1 1X HIBUIKICTb
pPOCTY MO’KE€ 3HMKYBAaTHUCh A0 NPUUHATHOI BenmuuHU. OTXe, SK BUIUIMBaE 3 (4),
guctory TpyOok TO, wnampukiazn, xonaercaropiB TypOin (KT) B OCO wmoxHa
MiITPUMYBATH 3aBJISKH:

- crabim3ariii 000pPOTHOI BOJIM 1HT1I0ITOpAaMHU BiAKIIAICHb,

- 3aCTOCYBaHHIO JIUCIIEPraHTIB;

- 3aMIHOI0 KapOOHATHOI >KOPCTKOCTI Ha TMOCTIHHY, ToOTO AoOaBkoo B OB
CHUJIBHUX KHCJIOT, HAIIPUKIIQJI, COISHOI YU CIpYaHoi,

- 30UIBLIEHHIO MIBUAKOCTI MOTOKYy Boau y TpyOkax KT Ta ii TypOymizamii
(ybCYIOUUH pexuM Teuii).

3aranom, MPUUHATHOIO € MIBUIKICTh POCTY BIIKIIAJEHB, sika MeHIma 0.5MM/pik.

[Ipy BUIIMX MBUAKOCTAX POCTY BIAKIAIEeHb KoedimieHTH Temionepeaadi TO
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oOjagHaHHSA TIOMITHO 3MEHIIYIOThCS, IO Ha CJIEKTPOCTAHIISX MPU3BOIUTH 0
3HIMDKCHHSI BUPOOITKY €JIEKTPOCHEPTil Ta 3HAYHUX EKOHOMIYHUX BTPAT.

st xapaktepuctuku crany OB momo BimKiIaneHb BHUKOPHUCTOBYIOTH 1HJIEKC
nepenacuuenns OB mono kapoonary kaibiito Sl ta ingekc Jlamkense LI [120],

_ KK, (Ca*)-(COo,) H) |, )
T ()

Ki, K2 — TepMoamHaMiuHi KOHCTaHTH AMCOIIAIlli BYTUIbHOT KHUCIOTH TMEPIIOro Ta
JIPyTOro CTYIEHIB, (...) aKTUBHOCTI BiANOBimHuX i0HIB, r-ion/nm?, Lcacos — H0OYyTOK
po3unHHOCTI CaCO3. Po3paxynku mowmicsyamnx 3HaueHb SI T1a LI mns OB onwiei 3

€JICKTPOCTaHIIIi YKpaiHu 1Moka3aHi Ha puc. 5.

200

T
SI; LI- 100

160 5/ -_-4\\E

9--ﬂ/ Y A
B/L—wa—-—ﬂ \@\f

- /
T~

1 2 ] 4 5 & T =] o 1o 11 12
rICALE

A

Puc. 5. 3anexHicTb iHAeKciB nepeHacnueHHs (S, Kpmea 1) i Nanxenbe (LI, Kpunea
2) Big, HOmepa micaus.

bauumo cumbatHy moBeniHKy 000X iHAekciB. O00OpOTHA BOJa Mae HANHOUIbIITY
3matHIcTh 10 BuAIeHHs TBepaoro CaCOs B epiof 3 5-ro o 11 micsiii.

Came iHaekcH (5) BUKOPUCTOBYIOTH JIJIsi XapaKTEPUCTUKHU cTabiibHOCTI OB B
KepiBHMX JoKyMeHTax 3 ekcrutyaraiii OCO Tta crangaprax [120]. IIpore BoHH
oOu/IBa MarOTh JIUIIIE SKICHY XapakTepucTuky OB 11010 BigkiaaeHs, a sl pO3poOKH
e(eKTUBHUX 3aXOIB 3MEHIIEHHS MIBUIAKOCTI POCTY BIIKIAJIEHb HEOOXIAHO 3HATU
KUIBKICHY XapaKkTepucTuky cradinbHocti OB.

Y  ®i3uko-TexXHOJOriuHil  Jaboparopii BogHux cucteM [119,121-123]

PO3p00IIeHO JTa00PATOPHY METOIUKY KUIBKICHOTO BH3HAadeHHs cTtalimbHOCTI OB, sika
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IPYHTYEThCSA Ha BHUMaproBaHHI mosioBuHu mpodu OB mpu temneparypi (60-70)°C i

XapaKTepU3y€EThCS 1HIEKCOM CTaO1IbHOCTI,

— CCa (t) N CCa (to.s) — CCa ('[0_5) : Prl = 1- CCa (t) _1_St|. (6)
CCa (0) ) k(t) CCa (O) ) ko.5 CCa (O) -2 CCa (0) ’ k(t)

Stl — ingekc crabimpHOCTI Boau, Prl — iHneke BimkimaneHb (HecTaOLTBHOCTI); Ceqlt),
Cca(0), Cca(tos) — BIAMOBIIHO KOHIICHTpAIlil 10HIB KaJbI[il0 B MOMEHT dYacy t,
MoYaTKoBUl MOMEHT t = () Ta B MOMEHT MNPHUIIMHCHHS BUIAPIOBAHHS TOJIOBUHU
00’emy mpoowu, k(t) — cryminp BunaproBanas Boau, K(t) = V(0)/V(t); V(0), V(t) —
MOYaTKOBHM 00’ €M ITpoOU BOJIM Ta B MOMEHT 4Yacy t.
OueBugHo, uB. (6), mo oduaBa ingekcu Sti ta Prl B3aemonoB’si3aHi,
Sti + Prl =1 (7)
Ins obopotHoi Boau OCO omepaTMBHA BeEIWMYMHA 1HAEKCY CTAOUIBHOCTI
03HAYAETHCS aHAJIOTTYHO 70 (6) JIHIIe 3MICT KOHIIGHTpaIii aemro inmmii [119,122],
s = —Ca®  Ca® Ca ©
CCaO (t) ) k(t) CCaO (t) Cc10 ®

Cca(t), Cei(t) - BiZmoBimHO KOHIIEHTpAIii 10HIB Kajbllito Ta xjopuais B OB B

MoMeHT 4acy t; Ccao(t), Ceio(t) — Ti % koHIeHTparii y Boai mimkuBieHHass OCO Ha
TOU K€ 4ac.

3ayBakuMo, 1m0 B HopMmaTuBHHX JokymeHTax i AEC ta TEC [120,124]
cTymiHb ctabubHOCTI OB pexoMeHAyIoTh BHU3HAUATH, BUKOPUCTOBYIOUHM HE
KOHIICHTpAIIi0 10HIB KaJlbIlit0, a opcTKicTh OB. Haramaemo, mo *opcTKicTh BOJH J
1€ CyMa KOHIIEHTPALlli 10HIB KaJbI[i}0 Ta MarHio,

J= Ccat Ccmg -

[Ipore marnezur MgCO3; mae npubmuszHo y 150-200 pa3 po3uyuHHICTH OUTbLIY
HiDK Kanemut CaCOs 1 B mporeci KOHUEHTpyBaHHs cojieid mpu pobotri OCO 3a
OJIHAKOBUX YMOB MPAKTUYHO HE YTBOPIOE TBEPAUX BIAKIAJCHb, JUB. TAKOX pHC.].
Tomy B OB ionn Mg?* KOHIEHTPYIOThCA MOAIOHO IO XJIOPHUIIB 1 BiIHOMICHHS 10
YTBOPEHHS BIJIKJIaJeHb BOHM HE MatoTh. Lle 6aunmo 3 puc. 6 Ha sKOMYy 3a JaHUMU
st OB, 1mo BiAMOBIZAIOTH pUC. S5, TOKa3aHl KOeQIlI€EHTH KOHIEHTPYBaHHS 3a

MarHieM Ta xyiopunamu. Hesnauna po30ikHicTh BenmuunH Kei Ta  Kvg 3HaXoauThes B
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MeXKax MOXHOKW BuUMiproBaHHs. Bemuuun Stle; 3a (8) Ta BU3HaueHI 3a 3arajibHOIO

TBepAicTIO Stl; BIATOBIIHO 70 JJIs JAHUX PHC. 5, TOKa3aHi Ha puc. 7.
0 1

0.9 =

' \u.‘ ]/32 \'\ -/'m.--{l___i ns
6 :EETT S T

. /\}/ d \\
Mica ’““‘w/ Micm;ﬁ““

4 1
123456T891ﬂ1112D'ﬁlﬂ.g_}jﬁ}ggmlllg

Puc. 6. 3anexHocTi KoedilieHTIB KOHUEHT-
pyBaHHA cosei 3a xnopuaamm kq— Kpuea 1 1a 3a
marHiem kv — KpmuBa 2 Big Homepa micaua.

Puc. 7. 3anesHocTi Stl&a , 3a dopmynoto (5),
KpuBa 1 Ta Stl; - Kpuea 2 Big Homepy micauA.

baunmo, 1m0 Bu3HaueHHs cTabuibHOCTI OB 3a )KOPCTKICTIO MEPEOIIHIOE PeaTbHY
cTabuIbHICTh Ha (15-25)% 1 ne30pieHTy€E eKCIUTyaTallliHUM TepCOHA.

[TopiBHsiIeMO maHi puc. 5 Ta KpuBy | Ha puc. 7. bauuMo iX cMMOAaTHY MOBEIIHKY,
[0 BKa3ye Ha NpaBWIbHE BIAOOpPaXEHHsSI 1HJEKCAMU HACHYEHHA Ta JlaHkenbe
TEeHJICHIIIT moA0 BiakiaaaeHb 3 OB. [IpoTe y nepmoMy BUNAAKy, 3a JaHUMHU pHUC. S,
MU MOXEMO JIMILIE CTBEpPJUKYBAaTH, 110 B MepuIidi mosoBuHi poky OB Oyna Ounbi
CXWJIBHOIO /10 BIAKJIAJE€Hb HDX y JPYTid, TOAl K pUC. 7, KpuBa 1 Ja€ KUIbKICHY
iH(dopmarrito npote, mo cTabuibHicTs OB B nepiiit mosoBUHI poKy Oysia HE BUIOIO
Bix 73%, a 3arajom BoHa He mepeBuinyBania 75%. Lle 3HauuTh, 1Mo y aucmonadi —
aromomy qmme 65% iomiB Ca?* 3Haxomunoch y posuuHi, a 35% Buminmuiaocs y
TBepAik dopmi 31aTHINA yTBOpIOBaTH BiakiIaAeHHs. OTKe 3aX0aM 100 cTadimizarmii
OB y neit nepion Oynu HeAOCTaTHIMH 1 TOTPIOHO OyIiio O, HANPUKIAM, A0JABATH Y
BOJIY MiJPKUBIICHHS CUJIbHI KUCIIOTH, HAIPUKIIAJ, CipUaHy.

KoHieHTparliito KUCJI0TH MOXHA BHU3HAYUTH, BUKOPUCTOBYIOUH (8). [t 11bor0
MpUIAMEMO J0 YBaru, M0 KOKHUM rpaM-10H KUCIIOTH 3B’SI3y€ €KBIBAJICHTHY KIJIbKICTb
10HIB KaJbIIi0, TOOTO KOHIIEHTpalid KuciaoTu CK y JKUBHIbHIN BOJA1 BUZHAYAETHCS 32
dhopmyiioro,

Cro(t) = Ccao(t): [maxStl — Sti(t)], 9)

maxStl — makcumansHuit (6aXkaHuii mepcoHaioM) iHAeKe ctadbinpHOCTI OB.
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[Mpuiinsgemm MaxStl = 0.9 3a manumu puc. 7, kpuBa 1, po3paxoBaHO HEOOXITHY
koHieHTparito H,SO4 B )XKMBUIIBHIN BOJI, SIKa JIOCTATHS, 1100 JTOBECTH CTaO1IBHICTD
BOJM BiJ iIcCHYI04Oi puc. 7, kpusa 1, 1o Benuuunu 0.9 (90%). PesynpTaT po3paxyHKy
MOKa3aHo Ha pHC. 8.

0018

0.016 rA %
0014 \ }/
0012 \ A /

oor Y I NIA= L/
3 \/ \

1 2 3 4 5 6 T 2 o 1 11 12

=10

Puc. 8. 3anexHicTb KOHUeHTpaL,i kucnotv HaS04 (100%) y »nBUAbHIN Bogj, Kr/M3, Big,
HOMepYy Micsaus AocTaTHLOI Ans 3abe3neyeHHA 90% cTtabinizauii OB.

baunmo, 10 KOHIIEHTpallis KHUCJIOTH 3MIHIOETHCA 3aJ€KHO BiJl MOTOYHOI
crabimpHOcTi OB B Mexax Big 8 mo 17 r/m3. Takum 4mHOM, 3aCTOCOBYIOYH
3apONOHOBAaHY TYT METOJMKY BU3HaueHHs cTaluipHOCTI OB, MOXHa omepatuBHO
peryJiloBaTH JO3yBaHHS 1HTIOITOPIB Ta MIJAKUCICHHS BOJU MIKWBJICHHS 1 YHUKATH
MIEPEBUTPATY PEAreHTIB 1 HAJIUIIIKOBOTO 3a0pyAHEHHS IOBKIJIS.

3aysaxcumo, 1mO Maja KOHIEHTpAIlisl 0JaBaHOI KHUCJIOTH TOSCHIOETHCS
4acTKOBOO ctabimizaiieto OB, Hanpukiaa, 1Hri0ITOpamMu 1 Ma€e 1HIEKC CTab1IBHOCTI,
MOKa3aHWil Ha puc. 7, kpusa 1.

[IIo6 po3pobuth edekTuBHI 3aco0M TPOTHAIT KapOOHATHUM BIJIKJIAJICHHSIM
HeoOxiqHOo BuBYMTH ToBeAiHKy KI'KC y pi3HOMaHITHMX yMoOBaX, Kl IMITYIOTb
poboty peansaux OCO. Oco0aMBO 1€ CTOCYETHCS TOCTIHKEHHS KIHSTUKH BUIUICHHS
tBepaoro CaCQOs, skuii, sk mokazaHo B poOotax [113,121,125], € ocCHOBOMO
BIIKJIAZIEHb HA MOBEpXHAX Temiooominy. Kpucramnizaiis kapoonaty kanbliro CaCOs
CYNPOBOKYETHCS PSIZIOM TApajebHO-TIOCHIIOBHUX XIMIYHMX PEaKiliid 1 Jume ix
KOMILJIEKCHE BpaxyBaHHS Ja€ aJCKBaTHUM ONHUC TaKoro rmporecy. Hampukian,
kpucramizaiiro CaCO; MoKHa OnucaTy JekiibkomMa cxemamu [126]:

Ca**+C03% - CaCO3 ; (10)
Ca**+HCO3 - CaCO3{ +H*; (11)
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C&2+‘|‘H2C03 - CaCO3z| +2H"; (12)

Ca2++2HC03'—> CaCOs3! +H,COg; (13)

CaZ++2HC03-—> CaCO3! +HOH+CO>, 1. (14)
3rinno  [112,127 ]| «xpuctramizamis CaCOs; 3aBasuye NEpeTBOPEHHIO
riipokapOOHAaTy Kajiblilo B KapOOHAT KaJbIlit0. MexaHi3M TaKoro MepeTBOPEHHs Ha
AYMKY aBTOpiB TIOBHHEH BKJIIOUATH 1 HEXIMIUHI CTafli Taki, sk Maconepenady CO; 3
piakoi ¢a3zu y raszoBy, macomnepeaauyy CaCOs 3 piakoi ¢asu y TBepay Ta psi
3BOPOTHUX TMOCTIOBHO-TIApaleNbHUX XIMIYHUX peakuii B piakiil ¢asi, nus. (10)-

(14).

bauumo, mo kpucramizailisi kapOOHATy Kalbllil0, HE MOXXe OyTH aJeKBATHO
OMHcaHa 3a JOTMOMOTOI0 EMIIIPUYHUX OJHOMApaMETPUYHHUX piBHSAHB. Excnepu-
MEHTJIbHI JIOCHIPKCHHSI MexXaHi3My KiHeTuku kpuctamizamii CaCOs; MmoBUHHI
0a3yBaTUCh Ha OJHOYACHOMY BHUMIPIOBAHHI OCHOBHHUX MapaMeTpiB LBOTO (13UKO-
xiMigHOTO TIporiecy [128]. BaxkmBo, mo6 BUMIpIOBaHHS MTapaMeTPiB BOJHOI CHCTEMH
MIPU TaKUX JIOCIIIPKEHHSIX He 30yproBaj ii CTaHy.

s nocnimxensb, He30yproounx ctan KI'KC OCO, y ®i3uko-TeXHOJOT14HIi
nabopatopii (PTJIBC) HamioHanbHOTO YHIBEPCUTETY BOJHOTO TOCHOJApCTBa 1
npupogokopuctyBanigd (HYBI'TI) y m. PiBHOMY po3poOieHuii GaraTonapameTpuy-
HUW aBTOMaTH30BaHUM aHamizaTop BogHux cucteM (BAABC) Ta BUroTOBIEHHN HOTO
AociaHu# 3pa3ok [129-133].

Komnneke BAABC npusnauenuit 115 BuBueHHs sBuil y KI'KC, m10 BUHHKaIOTh
npu pizHUX (Pi3uKo-xiMiyHUX mporecax (carypaiii-aerasamnii KI'KC COy, BuainenHi
tBepaoro CaCQOs, oro po34rMHEHHI Ta iH.).

OcobmuBicTio BAABC € MOXJIUBICTh KBa3iHENEPEPBHUX HE30YPIOIOUYMX CTaH
KI'KC BumiproBanb (hi3UKO-XIMIYHUX BEIIMYMH, a TAKOX JOCTIKECHHS IOBEIIHKH
IIUX CUCTEM IIiJ] BIUTMBOM 30BHIIIHIX (Pi3nuHux nojis. biok cxema BAABC nokazana
Ha puc. 9 [112, 121, 130]. B xommiekTaii Ha puc. 9 aHam3aTop 3a JOMOMOTOIO
CJIEKTPOXIMIYHUX JaBadiB (10H- 1 Ta30YyTIMBHX EJIEKTPOAIB) OJHOYACHO BUMIPIOE

BiCIM (D13UKO-XIMIYHUX BEJIUYMH, 1110 MTOJaH1 B Ta0J. 2.
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Puc. 9. biok-cxema BumiproBaiabaoro kommuiekcy BAABC.

1 - TepmocTaTOoBaHa KOMipKa (peakTop); 2 — eneKkTpos, NopiBHAHHA; 3-- pH-
fnaBau; 4 - Eh-paBay; 5 - pCa-aaBay; 6 - gaBay TemnepaTtypu; 7- AaBay KOH-LeHTpaLii
0>; 8 - boToeneKTpUYHUI AaBad; 9- AaBay enekTponposiaHocTi; 10- gasay pCO,; 11-
TepmocTaT; 12- mexaHiyHa miwanka; 13- razosuit potameTp; 14 - MikpoKkomnpecop 3
posnuntoBayem; 15 - 6anoHu 3 CO, Ta a30Tom; 16 — ne-puctanbTUYHI Hacocu; 17-
BTOPMHHI NepeTBOplOBay curHanis; 18 — ALIM; 19 —EOM.

BuwmiptoBanuss Ha BAABC BHKOHYIOTBCS B aBTOMATHM30BAHOMY DPEKHUMI
BIJIMOBIAHO 7O 3aJaHOi MpOrpaMd ONHMTYBAaHHS I1aKETy JaBadiB 3 IONEPEIHBOIO
CTaTUCTUYHOI OOpPOOKOI0 CHUTHAIIB  Ta TEPMOCTATyBaHHSM JOCIIJI)KYBAHOTO
po3unHy. Pe3ynbrati BUMIpIOBaHb BHUBOJATHCS HA JUCIUICH KOMIT'IOTE€pa y BUIJISIIL
rpadikiB 3MIHU KOHTPOJIbOBAHMX BEJMYMH Ta (OPMATYIOThCS y BUIJIISAL (DaiimiB
nanux. lle no3Bojisie y peaJbHOMY daci BIJACTIAKOBYBAaTH JeTalll MPOTIKAHHS

npoueciB y KI'KC, sxi cynpoBomkytots BuaiiaeHHs teepaoro CaCOs.
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Ta0oauus 2
Bennunnu BumiproBani BAABC

No Di3uK0-XIMIYHI BEIUYNHHU Ta MOKA3HUKH Opunuti )
n/m SKOCT1 BOJHUX CHCTEM BUMIPIOBAHHS Hianason
1 Kucens, O me/om® 0...20

2. | Ilokasnuk giokcumy Byriero, pCO> VM. 00. 147...5
3. | Bonnesuii mokasuuk, pH YM. 00. 1...14
4. | KanpieBuit nokasHuk, pCa VM. 00. 1..4

5 OkucHO-BigHOBHUM noTeHmian, Eh MB +2000

6. | EnexTponpoBiaHicTh, ¥ mrCm/cm 0,1...1000
7. | CeiTnonpomyckanss, T % 0...100
8. | Temnepartypa, t °C 0...100

Oonum 3 ¢hakmopie, w0 imimyroms BUKOPUCTAHHS EJICKTPOXIMIYHUX
naBayiB (10H- 1 Ta304yTJIUBUX €IEKTPO/IIB), OCOOIUBO B KIHETUYHUX JOCIIKEHHSX, €
Jac BCTAHOBJICHHS CHTHaITy JaBada [131].

st TBEpIOTUTHHUX MeMOpaH BIH MOXKE JOCSTaTH 3-5 XB. 1 YHEMOKJIUBIIOE
JOCIIJKCHHS IBUAKO3MIHHUX TiporieciB. CydacHi TeopetnyHi migxoan [131] skicHo
OMUCYIOTh 3MIHY €JEeKTPOJHOIO TMOTEHIlaly BHACIIJOK 3MIHM [OYaTKOBOI
aKTUBHOCTI JI0 KIHIIEBOI, a; — ax. BOHM nepeadavyaroTh MOHOTOHHY 1 aCUMIITOTUYHY

3MiHy enektpopyuiitHoi cuin (EPC) naBaya BiJ mo4aTKOBOi BETUYMHM a,; npu t = 0:

E0)=E_ +S-loga,), (15)

JI0 KIHIIEBO1 BETUYUHH ax TIPH t —00!

E(0)=E +S-log(a,). (16)

Ha migcraBi eKCiepUMEHTAIBHUX Ta TEOPETUYHUX POOIT, O CTOCYIOTHCS 10H-

cenektuBHUX enekTpoAiB (ICE) Ta MmemOpaHHUX cHCTEM, MOYKHA 3pOOUTH BUCHOBOK,

0 BIATOBITAJIBHUMHA 32 BCTAHOBJICHHS MEMOPAHHOTO TOTEHINANy €  JICKIJIbKa
MPOIIECIB, 1110 MAIOTh Pi3HI YaCOB1 KOHCTAHTH Tn!

1) enexTpuyHI perakcalliifHi mpoIecH;

2) KiHEeTHKa MDK(a3HUX peaKIliii;
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3) nudy3is yepes NpurpaHuYHUN map;

4) nudy3sis B cepeauHi MeMOpaHH.

4 lnnamivna kopekuis 1anux pCO. ta pH nasauis

[Ipunyckaemo, 1m0 y 3araJibHOMY BHUIAJKy NEPBUHHUN CHUTHAl BHACIIIOK

MEPEXiTHUX MPOIECIB Y JaBavi TpaHCPOPMYETHCS BiaIOBIIHO 10 nporeaypu [130]
X
y()=1D(xx)- k(x')-dx". (17)
0

K(X) — mepBunHuii curnam, Y(X) — curhan tpaHcopmoBaHuii maBadem; D(X,X) —
GyHKIS peayKIii, sIKa ONMUCY€E MEPETBOPEHHS CUTHATY /1aBayeM.
Axmo sapo iHTerpanbHOro piBHsAHHA (17) cenapabOenbHe, TOOTO MOr0 MOKHA
MPEACTaBUTH Y BUTJISII
D(x, x) = f(x)-g(x), (18)
To Ha mizcTaBi (18) MoxHa po3paxyBatu dyHkitiro K(X), 1110 BimoOpakae nepBUHHUI

curHai. Pesynprar Takui:

__ ) d, vl
e O Liktal} 1)
{06 3HaWitn sBHUN Bursa sapa D(X,X’), BHKOPHCTAEMO CTaHIAPTHUH

ITOPOTOBUM CHUTHAJI, SIKMH IMOJlaBaTUMEMO Ha JaBay. Binryk gaBauda Ha Iiel CHUTHaI

N03BOJISIE OTPUMATH SIBHUM BUTIISA siapa. MokHa MOKa3aT, IUB. HUKYE, 110 AJIS
0,x<0;
Kst(X)=
st0)=1 1 50, (20)
s pH ta pCO; paBayiB BIITYKW Ha CTaHJAApPTHI MOPOTOBI CUTHAJIM JArOThCS

BUpa3aMu
Yst(0)=1-673% azpineu D(xx)=ys (x-x)=a- eabx) (21)
to6TO D(X, X*) 3anoBonbHsie ymMoBi (18). BHacmimok 1poro 3 (21) oTpumyemo Bupas

JJIs1 CKOpeFOBaHOFO HepBI/IHHOFO CI/IFHaJ'Iy, 10 IMMOAA€THCA Ha JaBay,
1,
K(x)=y(3)+ = y'(). (22)

a — nmapameTp QYHKIT peayKilli curHany; y'(x) — moXiJiHa MO 4Yacy BiJl BUMIPSHOTO
CUTHAIly JlaBauya; x — 4yac Bumipy. IlapameTpu Kopekiii BU3HaYalM CHEliaIbHUMU
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nociaimamu, BukopuctoByBain BAABC [130]. BcranoBieHo, 1o mapamerp s
pCO; nasaua a; = 0.037¢?, a g pH as = 0.09 ¢,

S Bunpo6oByBannusi BAABC

5.1 Meroauka BunpoOyBanb [112,121]

Tect-excniepumentom it BAABC BubOpana inimianis kpucrtanizamii CaCOj3
BuganeHHsM CO; 3 0,01M posunmny Ca(HCOs3),. Mogenbanii pozunn Ca(HCOs);
orpuMyBanu po3unHeHHsIM Ca(OH), Mmapku X.4. y J1e10H130BaHiil BOA1, IPOITyCKa0uu
gepe3 Hhoro COy. 3a TaKUX yMOB CTIOYATKY YTBOPIOETHCS T1APOKApOOHAT KaJIbIlIIO:

Ca(OH); + 2CO; <> Ca(HCOs3); . (23)

B ymoBax nHammumky COj, sikuil cynpoBojkyeTbesa Haamumkom HCOg,
YTBOPIOIOTHCSI 10HU TiipokapOoHaty kanblito CaHCO3™ 3a peakiiero:

Ca?" + HCO3 <« CaHCO;" . (24)
OTXe, OCHOBHUMH KOMITOHEHTAMH MOJEIBHOTO PO3YMHY, IO YTBOPUBCS B
pesynbTarti carypauii, €: Ca(HCO3z),, Ca**, HCO3, CaHCOs" i CO,.

BunpoOyBanas BAABC BukonyBanucs y Takidl MOCIIIOBHOCTI. MojeabsHUM
PO3YMHOM 3alOBHIOBANIM cuUCTeMY (puc. 9), 1 3a JIOMOMOTOI NEPUCTATLTUYHUX
HacociB 16 BiH UPKYJIOBAaB Y 3aMKHYTOMY KOHTYpi: BUMIpHA KOMipKa 1, mpoToyHa
kioBera 7 3 pgaBadyeM Oj, mpoToyHa KiooBeTa 8 11 (OTOKOJOPUMETPUUHUX
BUMIpPIOBaHb, TMPOTOYHA KIOBeTa 9 3 KOHIYKTOMETPHYHHM JlaBadeM, IPOTOYHA
kioBeta 3 gaBadeM 10 mms BumiptoBanHs CO,. Y mporeci HUPKYIAIIT pO3YUHY
tepmocTtatoM 11 BcraHoBmoBanach Temneparypa 25 + 0,15°C 1 Ha etani caTypauii
yepe3 pO3UMH TPOIYCKAaBCS BYTJIEKHCIWNA Ta3 3 OajoHa 15, BuUTpara SKOrO
KOHTPOJIIOBAJIACh Ta3oBUM poTameTpoM 13. IlpoTsrom ychboro mociigy pO34YuH Y
KIOBETI MepeMilllyBaBCSd MeXaHIuyHOI0 Mimankow 12. Ilicns mocarHeHHs HEOOX1aHOT
TEeMIIepaTypyu Ta HACUYEHHS PO3YHMHY BKIIOYAIM POOOYYy MporpaMmy BHUMIpPIOBaHb 3
MepioJIoM ONMUTYBAaHHS JaBadiB 67C Ta MEPEKITIOYaAd CUCTEMY B PEXHM Jerasailii

CO3 1 ctumymoBasu kpuctanizaiito CaCOs3 BIAMOBIIHO 0 PIBHSHHS:

Ca(HCO3), — CaCO; + CO, + H,0. (25)
Jlerazanito BUKOHYBaJIM 3a JIOMIOMOTOK MIKpOKoMIipecopa 14 1 KOHTpOJIIOBaIH

ra3oBUM poTtameTpom 13.
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Brpomox mocrigy 3amucyBaMCh Taki MapaMeTpH: Yac; eIeKTPOIPOBIIHICTb;
CBITJIONIPOMYCKAHHS; TeMIlepaTypa; IOKa3HUK aKTUBHOCTI 10HIB BoaHio (pH);
MOKa3HUK KOoHIeHTpallii Byriekucinotu (pCO2); MOKa3HUK aKTUBHOCTI 10HIB KaJbIIO
(pCa); xonnentpaiis O2; okucHO-BiiHOBHUI noTeHIian (Eh).

5.2 AHani3 pe3ynbTaTiB BUIIPOOYBaHb

Cucremue nocnimkeras KI'KC B 6araromipHomMy (hakTOpHOMY MPOCTOpI J1a€e
MOXKJIMBICTh IMPOaHaIi3yBaTH OCHOBHI MPOIECH, IO BiJIOYBAIOTHCS B HIM MPOTATOM

JOCIITy 1 Ha MIiACTaBl OTPUMAaHUX JTaHUX

PO  B3aEMO3B’SA30K  PI3HUX  (hI3UKO-
XIMIYHUX BEJIMYUH TEPEBIPUTU POOOTY

BAABC.

OCKUIbKM HE3aJIC)KHUM IMapaMeTPOM

PC Oz pH

B jociigax € koHueHrtpaiiss COy, To came
3 HEIO MOB’sI3aHl1 3MIHH, 10 NPOTIKAIOThH B

KIT'KC. 3 noBeninku kpuBux Ha puc. 10

; ! 1 Homep BuMmipy ; ;
15k L L L PEMMPY|  §auyumo, IO TPOLECH, SKi MPOTiKAIOTH y

Puc. 10. Kinernka 3minm pCO, — xpuBa 1 i cucremi mnpu  gerasanii  CO;, MoxHa
pCa (yM. ox1.) — kpuBa 2. )
YMOBHO PpO3JIJIUTH Ha YOTHPU eTalu

[132]:
I eram mnoB’s3aHUN 3 BHHOCOM HAJJIMIIKOBOTO JIOKCHJY BYIJICIIO IIOJO
PIBHOBaYKHOI KOHIIEHTpauii 3 ionamu Ca®*
(COZHaLm)pmq — COnaru- (26)
EBakyaiiist Ha/yIUIIIKOBOI BYTJIEKUCIOTH € TU(PY31HHUM MPOIIECOM, SIKUN TPU MATIOMY
BIUIMBI XIMIYHUX peEakiliii, BIAMOBIJAIbHUX 3a BHYTPICUCTEMHY T€HEpaliio 1
sauieHHs COy, MPUOIU3HO OMUCYETHCS KIHETUUYHUM PIBHSIHHIM

d(CO,),
—— 22 =a.[(C0,), ~(CO,), . (27)

ne Cy 1 C, — MOJIBHI KOHIIEHTpALlli BIJIBHOTO JIOKCUAY BYIJIELIO Y PO3YMHI Ta PIBHO-

BAXXHOTO 111010 aTMochepH, a — koediieHT aerasaitii [ eHpi.
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Ha erami, komu xonunentpauis CO; y po34uHi Jajgeka BiJl BEIUYUHH, IO
BIJIMIOBIJIa€ PIBHOBAXKHOMY mapuiaibHOMy THUCKY CO; artMocdepu, 3alekHICTbh
KOHIIEHTpALlli BYTJIEKUCIIOTO ra3y BiJl 4acy MOBHHHA OyTH €KCIIOHEHIIaNbHOIO, 10 1
criocTepiraerhes 1 3anexHicTb nmokasanka CO, (pCO; = -log(COy)) Bix vacy (Homepy
BUMIpY 1) Ha MEpIIOMY eTami € Maibke JiHiiHOW0. [loka3HuK KOHIIEHTpalli 10HIB
BoaHIO (puc. 10) 36unbmIyeThess mpomopiiiiiHo 10 pCO; (aKTUBHICTH 10HIB BOJHIO
3MEHIIY€EThCA), I1e MOSICHIOEThCs TM, 110 CO; 1 HY 3B’s13aH1 peakiriero

H* + HCO;s — CO, + H,0, (28)
sIKa TIPpH Jera3allii 3MilIeHa BIpaBo, 1 3ayiexxHicTs pH, moaioHo 10 pCO,, niHilHA.

Taka 3MiHa TOKa3HWKA KOHIICHTpAIllli 10HIB BOJIHIO Ha Hepuiomy emani
MOSICHIOEThCS KIHETUKOIO PCO2, OCKUIBKY 32 TaHUX YMOB MO>KHA BBAXKATH, IO 3MiHA
koHueHntpamii ioHiB HCOjz; He3HayHa, MOPIBHSHO 3 iX BMICTOM Yy pO34MHI, a
3meHmeHHs koHeHTpauii HCOs;™ KOMIEHCY€EThCS peakili€to,

CaHCO3* — Ca** + HCOs, (29)
SKa CYMPOBOJIKYEThCS 30UTBIICHHSIM aKTUBHOCTI 10HIB KaJbI[IO Ta T1APOKapOOHATIB,

muB. puc.11. 3 puc. 11 6aunmo, 1o

R ' Ha erami [, nme kinetuka pCO;
33 OM3bKa hi (o) JHIAHOT,
cnocrepiraetecsi  3MeHmeHHs pCa
(301nbIIeHHs Horo akTuBHOCTI). Ha

bOMY €Tali TaKoX O0ayuMo picT

npoBigHocTi (puc. 12), mo MoXHa

d | Homep ||3V|Mipv
o 5 100 130 w0250 qosicautd po3nagom CaHCO;3", nus.
Puc. 11. KineTtuka 3miHm pCO,, Kpmea 1 1a pCa,

Kpnea 2 (YMOBHI OanH.). (29), 3aBasKU AKOMY 30UIBIIYETHCS

KOHLIEHTpaLis HOCIiB 3apamy — ionis Ca** i HCOg.

II eran xapaktepHuil yTBOpeHHSIM nepeHacuueHoro, monao CaCOs, po3unHy.
ITepexin cuctemMu 0 APYroro €Tamy BiANOBiAa€ MAaKCUMaJIbHIN BETUYNHI aKTUBHOCTI
ionis Ca®*, T06T0 moBHOMY posnany ionie CaHCO3* (puc. 11) i 3mini kinetuk pCO3 i

pH. Tlepenacuuenuii pozunH CaCOs; € CyTTEBO HEPIBHOBAXXHUM II0JI0 KapOOHATy
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KanbIito y TBepaii ¢aszi (CaCOs)., 1 kapOoHaty kanbiito y pinkiid ¢asi (CaCO3)pos.
TobT1o piBHOBara
(CaCO3z)posae> (CaCO3)rs (30)
He BUKOHYeThCs 1 S, nuB. (5), HemepepBHO 3pocTae 1 Moxke Aocaratu 3HadeHs > 100 .
[Iporiec yTBOpEeHHS MEPEHACUYEHOTO PO3UMHY YMOBHO IPEICTABUMO CXEMOIO,
Ca?* + 2HCO3 — {Ca?*" + CO3? + ionni napu Ta acomiatu} + CO, +H,0. (31)
3 sIKOi BUILIMBAE, 1110 YTBOPEHHS MEPEHACUYEHOTO PO3YUHY CYIPOBOIKYETHCA
3MEHIIEHHSIM aKTUBHOCTI 10HIB KaJbllito, AuB. puc. 11. Illlo cTocyeTbes BiaxuneHHs
saniexxkHoctet pH 1 pCO; Bijx NMiHINHOT 3 TEHICHINIEIO CIIOBUIBHEHHS iX POCTY, TO 1Ie
MOSICHIOETBCS  THUM, 10 Ha 1boMy erami, peakmis (31) renepamii CO;
CYIPOBOJIKYETHCS PEAKITIEI0
CO,+ H,0 < H*+ HCO5. (32)
3ayBaXMMO, 110 MakKCUMaJIbHUM 3HadeHHsAM kpuBux pCO; 1 pH, oueBumHO,
BIJINOBI1JIa€ MaKCUMaJIbHE NepeHacuyeHHs cucreMu oo CaCOs,
III eran - pyliHyBaHHs NepeHacUYEHHs po3unHy. Ha niboMy erarii 10HHI napw,
acoIliaTH Ta 1HII KOMIUIEKCH nepeXxoasaTh y TBepay azy (CaCOs)qy
{CaZ*+C0Oz%} — (CaCO3)us, (33)
a TakKoX BIIOyBaeTbcs 1HTeHCUBHUU picT 3apoiakiB TBepaoro (3T) CaCOs, mio
JOCSITIIM KPUTUYHUX po3MipiB. YTBopeHHs TBepaoro CaCO3; onucyeTbes piBHSIHHSM,
Ca** + 2HCO3 — CaCOs| + CO21 +HO. (34)
sAKe BKa3ye Ha JKepeno yTBopeHHs Tepaoi dasu (Ca?* i HCOgY) B nporeci MacoBoi

KpHUCTai3aiii. Oco0uBICTh

+ ' | . | TPpETHLOr0 €Taly IoJsirae y
3pUBI  MOHOTOHHOTO  POCTY
: kiHeTnuHux kpusux pCO; 1 pH
(puc. 11 1 12), 1o nosiCHIOETHCS

IHTGHCUBHOIO  TEHEpalli€lo B

pCOy, 5, T

25 po3uuni CO; (34), mBUAKICTH

SKOi TEpEeBUILYE IMIBUJKICTh

nerazanii CO;. Illo x cTocye-

| o N Homep Bumipy
L 1 1 1
0 50 100 13 00 250

Puc. 12. Kpusa 1- pCO,; enekTponposigHicTs (S, ym. oa.),

Kpusa — 2; ceiThonponyckaHHa (T, ym. o4.), Kpmusa — 3.



Thesl KIHETUKH KOHLEeHTpauii ionis Ca?*, To 3 puc. 11 6auumo, 10 HA LLOMY €Tami
CIIOCTEpITa€eThCsl 3J1laM  KiHeTHyHoi KpuBoi pCa, sAKUM BIJINOBITAE PIZKOMY
3MEHIIEHHIO aKTUBHOCTI 10HIB KaJbI[II0 BIOPOAOBK MacoBoi kpucrtamizarii. [lIBuake
3MeHIIeHHs akTuBHOCcTed ioHiB Ca?* i HCOs NOBMHHO BECTH O 3MEHIICHHS
€JIEKTPOTPOBIAHOCTI PO3UYMHY, IO 1 CIHOCTEPIra€ThCsl y BUTIIAMAL 3J1aMy KpUBOT
€JIEKTPOIIPOBIAHOCTI HA IIbOMY eTari (puc. 12).

3MEHILEHHS! TEePEHACUUYEHHSI pO34YMHY BIAOYBAa€ThCS BHACIIJOK MacOBOTO
yTBopeHH: 1 pocTy 3T, 1110 BioOpakaeThesi HA KPUBIM CBITJIIONPOIMYCKAHHS Y BUTJISII
il rombokoro mpoBanmy (puc. 12) BHAcHiJOK MOMYTHIHHS PO3YMHY. 3MEHILICHHS
CBITJIONPOITYCKaHHS pPO3YMHY Ha TPETbOMY €Talll Yepe3 JESKUM yac 3MIHIOETbCSA HOTO
NpOCBITNMHHAM. Lle mosiCHIOeTbCA THM, 110 NEpeBa)kHa KUIbKICTh 3apOJIKIB J0OCATIIA
PO3MIpIB, 5IKI EPEBUIIYIOTh OPOYHIBCHKI, 1 TOUMHAETHCA iX CEAMMEHTAIIS.

[HTEHCUBHICTD 3HATTS MEPECUYEHHS 3 YAaCOM CIIOBUIBHIOETHCS, 1 TPETIM eTaml
3aKIHYY€ThCS Y TOYIIl, IIO BIAMOBIIAE MakcuManbHOMYy crnany kpuBux pCOz 1 pH
(puc. 12). Lle o3nauae, 1m0 MBUAKICTh pyHHYBaHHS MEPEHACUUEHHS PO3UMHY, SIKUN
cynpoBoKyeThes renepaniero CO,, piBHUE 1HTEeHCHBHOCTI Aeraszauii CO; 1 cucrema
NEPEXOJIUTh Y CTaMl0, 6 OCHOBHUM (paKTOPOM cTae MBUIKICTH Aerasauii CO;.

IV eran — BiAnoBigae pocty TBepAOi a3y, KUl OMUCY€eThbes PIBHAHHAM (34).
3 HBOIO BHJIHO, IO JXKEPEIOM POCTY YACTUHOK KapOOHATy KaJbLiI0 3aKPUTUUHHUX
posmipiB (CaCOs); € ioru Ca?* i HCOg. 3menmenns aktusHocTedl Ca?* i HCOjg
B1100pakaeTbCs Ha KiIHETUYHUX KpuBuX pCa, puc. 11 1 enextponpoBigHocTi S (pHC.
12). Xin kpuBoi cBiTiomnpomyckanHs T (puc. 12) Bkasye Ha Te, mo Ha IV cramuii
PO3YMH OCBITJIFOETHCS BHACIHIJIOK TOTO, IO MPAKTUYHO BCl YACTHMHKU KapOOHATy
KaJIBLIIIO JIOCSATJIM PO3MIPIB OUIBIIMX BiJ OPOYHIBCHKMX 1 BOHM CEIUMEHTYIOTh. Ha
IbOMY €Taml TEPeHACHYCHHS 3MEHIIYETbCs 1 TBepaa (aza kapOOHATy KaJbIliIO
(CaCO3).; HAGMMKAETBCA O JMHAMIYHOT piBHOBark akTuBHoCTel ioHiB Ca?* i COs%,

(CaCO3), <> Ca?* + CO5%, (35)

a mepeHacuueHHs (5) 3HaxomuThes y Mexax 2...3, [11,22]. Ha nanomy etami
iHTeHcuBHICTh Jerazanii CQO; mnepeBakae I1HTEHCUBHICTb WOr0 BHYTPIIIHbOI

re’epairii, piBHsHHA (34), 1, sk BuaHO 3 KiHeTHuHuX kpuBux pCO2 1 pH (puc. 10),
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CIIOCTEpIraeThCsl 3MeHIIeHHs akTuBHOCTeH CO; Ta ioHiB BogHI0. OTxe, IV eranm €
CTaJl€l0 KpucTamizalilii, 1o KOHTPOJeThbcss BUHOCOM COz, T0oOTO nudy3i€r0
JABOOKCHTY BYTJICIIO JIO TPAHUIIl PO3UTY «PO3UHH — MOBITPS.

3ayBaxuMo, skiro Ha erarnax | 1 II xoHmeHTtparis riapokapOOHATHUX 10HIB
3MEHIIY€ThCS HECYTTEBO, IO BUILTMBAE 3 MapalelbHOCTI KiHeTHUHUX KpuBUX pCO2 1
pH (puc. 10), To ma III, i Tum Oinbme Ha IV eTanmax, MOCTIWHE BiJTAJICHHS ITHX
KpUBHUX BKa3ye Ha HerepepBHE 3MeHIeHHs KoHeHTpaiii HCOgs', 1110 y3roJiKyeThes 3
roro Butpatoro At yrBopeHHst CaCOs, quB. (34).

Kineruka (Eh) - oxucho-

BIJIHOBHOTO IIOTEHINaTy, [IWB.
puc. 13, nva I eram nge Coy =
2,5mMr/nM3, TOOGTO MeHIIa HiX
piBHOBakHa 3  aTMocdeporo

3B’sg3aHa 31 3MIHAMU

Oglrrinnc), Eh, pH

KOHIICHTpAIii KHCHIO 1 10HIB

BOJHIO, B mojanbeiomy (Il Ta

IV eranu) komm KOHIIEHTpAIlis

Homep Bumipy
1
0 50 100 150 00 250

KHCHIO CTaOUII3y€eThCs, Oaunmo,

Puc. 13. Kigernuni kpusi Oz (Mr/am°), kpuBa — 1; okucuo- 110 3MIHA OKHCHO-BIJHOBHOT'O
BigHOBHOTO notenuiany (Eh, ym. on.), kpuBa-2; nokasHuka

iOHIB BOIHIO (pH, VM. OI[-), KpHBa — 3. IMOTCHII1AIYy IMOBHICTIO 3aJIC’KUTD

Bia 3Minu pH. ToOto, B aaHiii cuctemi Eh moTeHIian Bu3HauyaeThesi KOHIEHTPAIIIEI0
MOJIEKYJISPHOTO KUCHIO 1 B OUIBIIII Mipi 10HIB BOJIHIO.

Otxe, Bci cramii kpucramizamii CaCOj yiTko inmentudikyrorbes BAABC 3a
XapakTepoM noBeAiHkH KiHeTnuHux kpuBux pH, pCO,, Eh, enexrponposignocTi (S) 1
ceitnonponyckanus (T). Hait6uibi iHhopMaTHBHUME 1010 1IeHTU(DIKALIT TPOIECIB
BuauieHHs TBepaoro CaCOs 3 KI'KC e 3anexnocti pCa, pCO; ta pH, 1110 3po3ymisio,
aJpKe 111 mapaMeTpu € XapakTepucTuuHuMu i kpuctamizaiii CaCO:s.

ExcriepuMeHTH TmOKa3anw, 110 BCI KOHTPOJIbOBAHI TapaMeTpu JIOTIYHO
B3a€EMO3B’s3aHi 1 X MOBEAIHKA Y3TrOKYEThCS 3 Mpoliecami, siki mpotikatoTe B KI'KC

1 xommuiekc BAABC mnpugaTHuii 10 BUKOHAaHHS  JAOOPATOPHUX JOCIHIJKEHB
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o6opotHux Boa OCO, a mpuUHIMIK HOTO MOOYJOBH Ta TEXHIYHI PIIICHHS MOXKYTh
OyTH BUKOPHCTaHI JJis CTBOpeHHs iHpopMmalliitHoi 6a3u gqanux npo cran OB OCO Ta
pPO3pOOKM aBTOMATHU30BAHOI CHUCTEMH YIpaBmiHHA sikicTio OB 1 3a0e3nedyeHHs
OC3HAKUITHOTO PEKUMY POOOTH TETUIOOOMIHHOTO 00JIaHAHHS €JIeKTPOCTAHITIH.

6 BucHOBKHU

1. 3anponoHOBaHO METOAMKY KiIbKICHOI OLiHKHM cTabinbHOcTI OB 1momo
KapOOHAaTHUX BIAKJIAJEHb Ha TMIJACTaBl OPUTIHAJIBHO BHU3HAYEHOTO 1HJEKCY
ctabinpHOCTI. Ha mpuknaai anami3zy nanux npo skictb OB ofniel 3 enexkTpocTaHiiit
VYkpainu, mokazaHo, IO 1HAEKC CcTabUIBbHOCTI aiekBaTHO omucye ctaH OB 1 mae
MO>KJIUBICTh TIepe0aYyuTH 3aX0A1 HEOOX1H1 JIJIs 3a0€3MeUeHHs TPUIHATHOTO PiBHSA
BuauIeHHs TBepaoro CaCOs 3 OB.

2. OcoOaMBICTIO METOJIMKH BU3HAUYCHHS cTaOuUTbHOCTI OB moa0 kapOoHaTHUX
BIIKJIAJ€Hb € 1i ONEpPaTHBHICTh 1 MOXJIMBICTb CTBOPEHHA 0a3u JaHUX IS
aBTOoMartu3allii npouecy cradumzanii OB 1 minimMizanii BigkiaageHs B OCO.

3. Jns peanizamii 3aBJaHb METOJMKH pO3po0JEHO HAa 0a3l BUKOPUCTAHHS
eNEeKTPOXiMIYHUX JaBayiB Komiuiekc BAABC miga HepyiiHyt04uOoro BHUMIpIOBaHHS
napameTpiB ctany OB.

4. IToka3zaHo Ha miacTaBl focaiaHuX BUnpodysanb bAABC, 110 BiH aieKBaTHO
BijloOpaxkae IuUHaMiKy TpoiieciB, siki BigOyBatoTbcsi B KI'KC 1 mpupatHmii 10
BHKOHAHHSI KOMITIEKCHUX JOCHiKeHb 00opoTHUX Bog OCO.

5. OcobnuBicTiO 1 ocHOBHOO TiepeBaroro BAABC € MOXIIMBICTh BUKOHYBATU
OJIHOYACHI BHUMIPIOBAaHHS OCHOBHUX TapaMmeTpiB BOAHOI cucTeMH (10 8-mu) B ii
JUHAMIIIl HE BIUTMBAIOYM HA ii CTaH.

6. 3 BukopuctanHsMm BAABC Bnepme Oyl0 BHUKOHAaHE KOMIUJIEKCHE
nocmmkerHss mporieciB y KI'KC, 30kpema BCTaHOBJICHO B3a€MO3B’S30K MiXk
ocHoBurumH napamerpamu KI'KC y kBa3iHenepeBHOMY AMHAMIYHOMY pPEXHUMI He
30ypIOI0YH BUMIPIOBaHHSMH CTaH CUCTEMH.

7. ExcnepuMeHTaJIbHO BCTAaHOBJICHO, MmO BiaAryk nasadiB pCO, ta pH Ha
CTaHJAPTHI CUTHAIA 3 TNPUUHATHOI TOYHICTIO OINMHUCYETHCS EKCIOHEHIIaIbHUMHU

3aKOHaMHM BianoBiaHO 10 (6), (8)1(9).
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8. s mocmimxeHnHs mBUAKUX (3 yacoM penakcarii = (0.1-1.0)c HeoOxigHa
Kopekiis curHany naBadiB pCO; ta pH. Ha migctaBi mochifiB, sSKi MATBEPAMIIH
3aKOH pefakcaiii 1aBadiB (7), BCTAHOBIICHI TapaMeTPH KOPEKITii:

ans pCO, maBava: ap = 0.037¢; g pH maBawa aq =0.09 ¢t
Bxkazana KOpekIlisi JaHUX II0A0 BiTHOBJICHHS MEPBUHHOIO CUTHANY B KOMILIEKCI
BAABC BpaxoByeThCs TpH BUMIPIOBAaHHSIX TMPOTPAMHUM UYHHOM 1 JIO3BOJISIE
KOHTPOJIIOBATH MPOIECH 3 YacoM penakcarltii ~ 0.5¢.

9. Kommiekc BAABC edexTuBHUil npu BU3HAUEHHI «CUIM 1HTIOITOPIB» B
ymoBax koHkpeTHoi OCO, a Takox mpu BHOOpPI iX ONTUMAIbHUX KOMOIHAIN aJis
crabimzaiii oboporHux Box OCO.

10. Bukopuctopyroun BAABC Mo)xHa BUBYATH BIUIMB 1HT10ITOPIB BiAKIAACHb
Ha mpouec BuauvieHHs TBepaoro CaCOsz, a TakoX BHU3HA4YaTH ONTUMAIbHY
KOMOIHAIIIO 3axomiB mojo crtadimsami OB Ta 3mificHIOBaTH aBTOMATHU30BaHE

olepaTuBHE yIpaBiIiHHSA npouecoM ctadim3zanii ooopotHoi Bogu OCO.
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SECTION 6 INFORMATICS, COMPUTER ENGINEERING AND
AUTOMATION

6.1 analysis of the main tasks of the information and cybernetic protection
service

Posrnsnemo Ta mpoanHainizyeMo BapiaHTH NOOYIOBU OpPTraHi3allifiHOI CTPYKTYpH
ciyx6u 1Hdopmartiiiinoi Ta kibepueruuyHoi Oesnexku (IKB) OizHec-ctpykTypu Ta
OCHOBHI TPUHIIMIK OpraHizaiii poOIT 1 3aX0AW YHpPaBIIHHA 00 3a0€3MeUYeHHS
iH(pOpMaIIHHOTO Ta KIOepHETHYHOTO 3aXucTy 0i3Hecy [133-137].

Bbynemo BpaxoByBartu, 110 CTBOPEHHS IHTETPOBAHUX TEXHOJIOTIYHUX TUIAT(HOpM
13 CKJIQJOBUMH €JIeMEHTaM KiOepOe3leKku BHUMAarae BUBYCHHSI Ta BIPOBAKCHHS
HOBUX IMIJAXOJIB JI0 X PO3POOJICHHSI, a TAKOX HAMpaIIOBaHHS CBITOBOIO CILIBHOTOIO
BIJINOBIJIHAX CTaHAApPTIB Ta NPOTOKOIIB, IO JIO3BOJUTH 3a0e3MeuuTH Oe3neyHe
(yHKLIIOBaHHS 1HPOPMALIITHUX CHCTEM Yy CBITOBIM MaByTHHI. AKTyalbHICTh IUX
NUTaHb J100pe miaTBepkyeTbes omyomikoBanuMm |C3 FBI  CIHIA anamizom
¢dinancoBuX 30UTKIB Bij KiOep3nounHiB 3a 2019 pik [138].

OpranizaniifHa cTpykTypa ciayx0u ingopmauniiHoi 6e3nexkn

Jus  Qopmanizanii  MOHATTS  MOMXKEMO  BHU3HAUUTU TEPMIH  «CIy»k0a
iHhopmaniiiHoi Oe3nekW» sSK KEpIBHUM OpraH KOPHOPAaTUBHOIO  YHPABIIIHHS
iH(pOopMaIliitHOIO Ta KIOEpHETUYHOIO Oe3Mekor0. [HImmMMu ciioBaMu — ocoba 4u rpymna
0ci0, sika BIJMOBIJIA€ 3a PEe3yJIbTATUBHICTh Ta BIAMOBIIHICTh (DYHKIIIIOBAaHHS CUCTEMH,
sKa 3a0e3neuye CIpsSIMOBAHICTh Ta KOHTPOJIbOBAHICTH i 3 1H(GOPMAIIHOI Oe3rneKu
oi3Hec-cTpykTypH [139].

B T'OCT 45.127-99 nano HacTymHe BHU3HAYEHHS I[bOIO TEPMIHY - CIIy»x)0Oa
iH(popmariiinoi Oe3neku (anri. Service of infosecurity) - oprasizamiifHO-TEXHIYHA

CTPYKTypa cucteMu 3abe3rneueHHs 1H(popMalliitHoi 0e3neKku, 10 pealizye BUPIIIEeHHS
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MeBHOI 3ajayi, COpPsSMOBAHOI HA MPOTHIKO TIM 4YM 1HIIHN 3arpo3i iHbopMaIiiHOl
oe3neku [140].

Jly’e 4acTo BUHUKA€E MUTAHHA TiaAnopsakyBanHs Ciy:x0u iHPopMaIliitHoi
Ta k1bepHetuyHoi 6e3neku (Cnlb) B opranizamiitHiii cTpykTypi 6i3Hecy. Ha npakrui
HalJacTile BUKOPUCTOBYETHCS ABI cxemu mignopsakyBaHas Cilb — ciayx61 Oe3nexu
0i3HeC-CTPYKTYpH abo aupexTopy ciryxom IT.

Calb, sik yacTuna ciay:kom 0e3mekun. OHa 13 cxeM, 1110 HaWOLIBII YacTo
3ycTpivaeThes. Jlorika 3po3yMina — NuTaHHS O€3MEKH, 3HAYUTh B MIAMOPSAKYBaHHS
70 ciyk0u Oe3neku. 3 O4YEBUAHUX MIHYCIB - PI3HI HANpPSIMKH, IO MPAKTUYHO HE
nepeTuHaroThes. KepiBHUIITBO Ciy»KOM Oe3neku B Oi3HEC-CTPYKTYpl, SIK MPaBHIIO,
KOJIMIIHI TOJILEHCHKI, BICbKOBI abo criBpoOiTHUKM Cb. BoHu He 3HaIOTh
cnenudiku 1 3aBmanb IT Ta IKB, a 3Bigcu BUTIKAIOTH 3HAYHI TPOOJIEMH B
KOMYHIKAI[iIX Ta OPUUHATTI pilIeHb MIOAO0 NHUTaHb 1HPopMauiiHOi Oe3meku. L1
MUTaHHS YCKJIQJHIOIOTHCSA L€ W TUM, IO KEPIBHUUTBO CIYKOM O€3MEKH MOBHUHHO
KOMYHIKYBaTH 13 KepiBHULTBOM IT, a 11e mpu3BoAUTH 10 MOBHOTO HEPO3YMIHHS OJIUH
onHoro. Sk pesynbrar - Mane (¢iHaHcyBanHs Ciulb , omip Oyab-skum
HOBOBBE/ICHHAM. [3 MO3UTUBHUX MOMEHTIB — BEJIMKI TOBHOBAKEHHS CIIyKOU Oe3neku
013HEC-CTPYKTYpH, 110 JO3BOJISIE ONEpPAaTUBHO OTPUMYBaTH I1HQOpMALIO 1
MPUCKOPIOBATU IPUUHATTS PIllICHb.

Calb, sax yactuna ciayx06u IT. Tyt 3pazy BuHHKae KOHDIIKT 1HTEPECIB.
Onun 13 HanpsimkiB podotu Calb e, 30kpema, KOHTPOJIb 3a BUKoHaHHAM [T npasu,
npunuciB 1 periaamenTtiB. OdeBuaHO, 1m0 KepiBHUITBO IT He Oynme 3alrikaBieHUM
BUHOCUTHU HenoJiku B poOoTi IT Ha posrisa Bumoro kepiBHUITBA. K pe3yibTaT —
¢biHaHCYBaHHS MO 3aJUIIKOBOMY TNPHUHIUITY, ITHOPYBaHHS BIPOBAPKCHHS HOBHX
TEXHOJIOTi Oe3rneku. I3 MO3MTUBHUX MOMEHTIB — IIBHAKE BIPOBAIKCHHS HOBHX
CUCTEM, OCKIUIbKM BCl BHMKOHaBLI IIiJI PYyKOIO, IMpO30pa IHTErpamisi CUCTEM
iH(opmMmariitnoi 6e3nexu B iHGpacTpykTypy IT.

Ineanbna cxema - me mnigmopsiakyBanHsa Cualb nepmiii 0codi —
KepiBHUKY Oi3Hec-cTpykTypH (IIpaBninnio abo Harnsposiil paai). Ane Taka cxema

BHUMarae Bij TIEpIIOi 0COOM BHUJIUJICHHS Yacy Ha KoMmyHikaiii 13 kepiBHuKOM Cnlb 1
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HEOOX1JHOCTI BHMKATH B TNHUTaHHA yHOpaBiiHHA 1H(MOpMaliiiHOO Oe3mekoro. I3
MO3UTUBHUX MOMEHTIB — okpemuil Oromker Cialb, mBuike NPUHHATTS HEOOXITHUX
pIIICHb.

Jlns BCix BapiaHTiB, pu oOrpyHTyBaHHI Micist Cilb B cTpykTypi 6i3Hecy Tpeba
BpaxoByBaTH Te, 0 Calb 6e3nocepennbo npuOyTOK HE MPUHOCUTH 1 MPU PO3poOIIi
IHBECTHUIITHUX IIJIaHIB TOTPIOHO OOTPYHTOBYBAaTH BHUTOJY B Hepeati30BaHUX
pU3HKIB. A 4yKMM OUIbIIE JJAHOK MPHU Y3TO/HKEHHI IIUX MUTaHb, TUM Ba)kKue 1 JIOBIIE
BOHH BHUPIIIYIOTHCS, 0 € HEMPUITYCTUMUM B YMOBAX Cy4acHHX KiOep3arpos.

BpaxoByroun BuIlleCKa3aHe Ta YCTaJleHI CXEMH YIIPaBJIiHHS, 110 MPUMHSTI B
013HEC-CTPYKTypaX, PEKOMEHIYETbCs BUOMpaTH KOMIpoMicHy cxemy, konu Ciulb
OJTHOYACHO MIANOPSAKOBYETHCS TEPIIii 0c001 1 KepIBHUKY CITy:kO0u Oe3mexu Oi3Hec-
cTtpyktypu — Puc. 4. Lle no3Boisie, Ha JaHOMY €Talll yNPaBIIHCHKOTO PO3BUTKY
Opranizaniii, yHUKaTH YaCTMHU KOH(QIIIKTIB 1 3a0e3MeuyBaTy MBHIKI KOMYyHIKAIi 3
BUIIUM KEPIBHUIITBOM Oi3HEC-CTPYKTYPH B TIPOIECI OMEPATUBHOTO YIIPAaBIIHHS
cucTeMoro iHdopmaIitHo1 Ta KIOEpHETUUHO1 Oe3MeKH O13HECY.

KEPIBHHK KEPIBHHK KEPIRHHK
di3Hec-CTPYETYpH CIYABH IH®OPMAIIIHHOI cIyxon Gelmexn

(HarnsaoBa pana) TA KIBEP-BE3NIEKH fizHec-CTPYKTYPH
disHec-CTpYKTYpH

CIVKBA
IH®OPMAIIHHOI TA KIFEPHETHYHOI BE3IIEKH

BizsHec-cTpYRTYpH

CTPYKTYPHI
CIO¥YAEEAIT IIIPO3ILTH BLITLIH IKE
OizHeC-cTPYKTYpH fizmec-cTpyKTYypH SizHec-migpo3ainie
B 9acTaHi Ib

Puc. 1. Pekomenoosanuii eapianm nionopsaoxosanocmi Cnlb
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Bignimm  IKb  6i3Hec-miapo3aumB  aaAMiHICTpAaTUBHO, (YHKI[IOHAJIBHO 1
METOJIMYHO, y AaHii (QYyKIIOHAIbHIN cXeMl, MANOPsSAKOBYIOThCA KepiBHUKY Cinlb
013HEC-CTPYKTYPH.

Cnyx6a IT Ta  cTpykTypHi  OI3HEC-TIAPO3IIIM  OI3HEC-CTPYKTYpPH
HiAIOPSAKOBYIOThCsl KepiBHUKY Cnlb B uwacTuni nmuTanb iHQoOpmaiiiiHOi Oe3meKH.
CISO (Chief Information Security Officer) - xepiBauk ciyx0u indopmariiHOi
Oe3MeKH Hece TOJIOBHY BIJMOBIIAIBHICTE 3a PO3POOKY 1 peanizaiiio MOJITHKH
Oe3nexkyd KOMMaHIi BIANOBIAHO /O peai3oBaHUX Ol3HEC-TPOLECiB KOMIaHii 1
MPIOPUTETHOTO 3a0e3MEeUCHHS] MUTaHb HEMEePEepBHOCTI OI3HECY B YaCTHUHI IUTaHb
iHpopmariiiHoi 6e3neku [134, 141].

Ha xepiBauka Cnlb nokimagaroTees Taki Kito4doBi 3aBaanss [141]:

e po3pobka momituku B obnacti IKb, BkiItodarouum craHmapTd, MpOIEAYpH,
pEerjiaMeHTH, KEPIBHUIITBA;

e  PO3poOKa MpUHLHMIIB KiIacupikamii 1HGOpMAIIHHUX TOTOKIB 1 YIPABIIHHA
HUMU;

e  aHaJI3 PUBHKIB, iX OI[IHKA 1 TPUUHSITTS;

o 3a0e3medeHHs MEepPCOHANy BCIX MIJAPO3/IIB HACTAHOBAMH Ta 3HAHHSMU TIO
BUKOHaHHIO moyiThukd B obsacti IKb, opranizaiisi BiAMOBIIHOTO HaBYaHHS Ta
IHCTPYKTYBaHHS;

e  KOHCYJbTYBaHHS MEHEKEPIB KOMITaHIi 1 BAKOHABYOTO MEPCOHATY B MexkKax
iX KOMITETEHLIi 3 MUTaHb 1IHPOPMAIIHHUX PU3HKIB 1 3aXUCTY BiJ HUX;

e  Y3TOJDKEHHS BCIX MOJITHK 1 PETJIaMEHTIB 3 THUM, 00 BOHU OyJK YCHIITHO
BIIPOBA/KEH1 Ha BCIX PIBHIX KOMITaHIT;

e  JISJIBHICTH y CKJIaJl poO0oYMX rpyn abo €KCHEepTHUX paj, sIKI OLIHIOIOTH
PU3UKA TIpH BIPOBAPKCHHI HOBUX TEXHOJOTIH, MOJEpHi3alii BUPOOHMIITBA,
(dhopMyBaHHI IJIaHIB TEXHIYHOT'O OHOBJICHHS YM 1HIIUX 3MIH Oi3Hecy. BkitoueHHs
acnekTiB IKb Ha Bci eranu JaHUX NPOEKTIB;

o «CnomyyHa JlaHKa» MK ciy0010 sikocTi 1 Bigaiiiom IT/aBromaruzamii 3

MPaBOM MEPEBIPKU BHYTPIIIHIX 3BITIB CIIYXKOH SIKOCTI;
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e cmijbHA poOoTa 31 CIyX0010 Oe3MeKH B YaCTHHI, IO CTOCYEThCS iX 000X,
HaIpuKIaa, HaykoBo-aochiaai poootu (HIAJIKP) abo npomyckHa cuctema (6eimxi,
MPOITYCKH), PO3CIIITyBaHHS 1HIIUJCHTIB O€3MeKH;

e cmigpbHa pobOoTa 31 Ciayk00I TepCOHATy B YaCTHHI, IO CTOCYEThCS
MIEPEBIPKU JEAKUX JaHUX MMPU HAaMy Ha poOoTYy;

e B pa3i kpu3 a00 HAJA3BUYAWHMX IMOiH B 00JacTi 3aXKCTy iHpOpMaIii Opatu
y4acTh pPa3oM 3 TOI-MEHEI)KMEHTOM B YIIPABIIHHI KPU30BOIO CUTYAIIIEIO;

o 3a0e3medyeHHS MEHEHKMEHTY KOMMaHIi PEeTryIsIpHUMH OTJIsSgaMu CTaHy
1H(opMariitHo1 6e3MeKH, 3BITaMH PO BIPOBAKEHHS TTOTITUKH;

o 1H(opMaIliiHa MIATPUMKA TOM-MEHEIKMEHTY MPO 3MIHM B 3aKOHOJIABCTBI
Ta TeXHIYHI HOBUHKH, 1110 MAIOTh BIIHOILIICHHS 10 1HPOpMAIIHHOT OE3MEeKHU.

Ha cnyx0y IKb 613Hec-cTpyKTypHy MOKJIaAat0THCS TaKl 3aB/IaHHS:

e  yHOpaBmiHHS 1HQOPMALIMHOI OE3MEKO Ta 3a0e3MEeYEHHs BIAMOBIIHOCTI
HOPMAaTHBHUM BHMOTaM;

OIlIHKa OMepaliifHuX PU3UKiB O13Hec-cTpyKkTypu B yacTuHi IKb;

o cTparteriuHe mianyBaHHs po3BUTKY IKb G13Hec-cTpykTypH;

«  BUOIp rpynoBux pimeHs B chepi IKb 0i3Hec-cTpykTypH;

o 3abe3neuenHs kiacudikaiii 30O/];

e  KOHTpOJIb 3a 0€3MEKOI0 KOPIOPATUBHOI MEpEXK1 O13HEC-CTPYKTYPH;

e  IEHTPaTI30BAaHUN MOHITOPUHT 1 3aMO0IraHHS HECAHKI[IOHOBAHOTO JIOCTYITY
1o 130/1;

o ynpaBmiHHS goctynoM 1o [C 6i3Hec-CTPyKTypH;

e KOHTPOJIb BUKOHAHHS cTpaTeriunoi mnporpamu po3Butky IKb Oi3Hec-
M1IPO3/17aMu 013HEC-CTPYKTYPH;

e  pospobOka nmomtuk 1 cranaapti IKb 6i3Hec-cTpykTypH;

e  MOHITOPUHT MO/ O€3MEeKH Ta pearyBaHHs Ha IHUUICHTH;

e  Y3rOJDKEHHS IUIAHIB PO3BUTKY 1 CTaHIApTIiB OI3HEC-CTPYKTYpH 3
HarmsimoBoto paforo 0i3HEC-CTPYKTYPH.

Ha Bignum IKb 6i3Hec-miapo3aunB O13HEC-CTPYKTYpPH TOKJIAJAIOThCS Taki

3aBJaHH.
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e  KOHTPOJIb BOPOBaXKEHHS 1 ekcrutyararii cuctem IKb B 6i3Hec-miapo3ainax;

o ympabiiHHA cuctemamu IKb B G13Hec-miipo3iiax;

e  KOHTpOIIb PIBHIB JOCTYyIy a0 KOHGIICHIIIHOI iH(opmallii, BHECEHHS
IPOTMO3UIIIA II0JI0 JIOTIOBHEHHS a00 3MiHHM IEpeJiKy B1JIOMOCTEH, IO CTaHOBJISITH
I30/] 6i3HEC-CTPYKTYpH;

e  KOHTpOJIb 3a Oe3neunoro ekcruryatariero [C 1 ACYTII;

e pearyBaHHs Ha HemTaTHi curtyaiii B IKb;

e MOHITOPHUHT 1 pO3CIIilyBaHHS 1HIMICHTIB HA MICIICBOMY PiBHI;

e  TpEHIHT KopucTyBadiB 3 nmuTaHb IKb.

[1i 3aBgaHHst MOKYTh OYyTH 6a30BUMM MPHU PO3POOII OpraHizaliifHOl CTPYKTYpHU
Cnlb ta popmystoBaHHi i 3aBAaHb.

Opramnizanis po0it moao 3axucry ingopmanii

Opranizanis 1 npoBeaeHHs poOIT no 3a0e3nedenHio IKb 6i3Hec-cTpykTypu npu
il 00poOIll TEXHIYHUMHU 3acOo0aMHM BHU3HAUaIOThCS po3pobisieHoro kouieniiew IKB,
TIIOYMMH  JIepKaBHUMH 1 MDKHApOJHUMHU CTaHAQPTaMH, a TaKoX I1HIIUMH
HOPMATHBHUMH Ta METOJIMIYHUMH JOKYMEHTaMH Oi3HEC-CTPYKTYPH.

Opranizamis  poOIT 10 3a0€3MEYEHHI0 BIPOBAHKCHHS Ta  MIATPUMKHU
npane3aatHocTi 3aco0iB IKb mokmanaerscs Ha kepiBHuka 3BT (IT), mo 3aiiicHioe
eKcIuTyaTarlito 1 cynpoBopkeHHs [C 013Hec-CTpYKTypH, a METOJIMYHE KEPIBHUIITBO 1
KOHTPOJIb HaJl €(EeKTUBHICTIO TMepen0ayeHuX 3axoiiB 3axucTy iHdopmarii - Ha
kepiBHuka Cinlb.

Excrutyarariisi IC 6i3Hec-CTpYKTypu 31HCHIOETHCST B TIOBHIM BIAMOBIIHOCTI 10
3aTBEPHKEHOT OpraHi3alliifHO-pO3MOPSAIY0i Ta eKCIUTyaTalliiHoi JOKyMeHTalli, 3
ypaxyBaHHSIM BUMOT 1 TOJIOE€Hb, BUKIJIAJICHUX Y BIAMOBIIHUX PO3JAUIAX TMOJITUKH
Oe3neKu.

Kommieke 3axofiB moao 3axucty iH(opMailii 013HeC-CTPYKTYypU BKJIIOYA€E B
ce0e HACTYITHI 3aX0/IU:

e  TPU3HAYCHHS POJICH 1 PO3MOALT BIAMOBIAILHOCTI;

e  po3poOka, peamizaiisi, BIPOBAPKCHHS 1 KOHTPOJb BHUKOHAHHS IUIaHIB

3aX0/l1B, MOJIITUK O€3MEeKU Ta IHIIKUX TOKyMEHTIB 100 3abe3neuenns [Kb;
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e  TIJANOTOBKA KOPUCTYBauiB 1 TEXHIYHUX (DaxiBI[iB A0 BUPILICHHS MPoOJieM,
1oB's3aHuX 13 3a0e3neueHHsM IKb;

e  TPOEKTYBAaHHA, PO3TOPTaHHS 1 BAOCKOHAJICHHS TEXHIYHOT 1HPPACTPYKTYpH
CVIb;

o ayaur IKb Gi3Hec-cTpykTypHu.

Texniuna iadpactpykrypa CVYIb mnpusHadeHa s BHUPINIEHHS HACTYyITHUX
3aBJaHb:

e  3aXHCT KIHI[EBUX TOYOK;

e 3aXWCT BIJ PYTKITIB 1 IPUXOBAHUX 3arpo3;

e 3aXHUCT CepBepiB;

e MOHITOPHHT 1 3aXHCT KOH(ITryparii 1 [iIICHOCTI (paiiiiB;

e 3aXUCT BIPTYaJIbHUX CEPEOBUIII;

e 3axXUCT MOOUIbHUX IPUCTPOIB;

. 3axXHCT 0a3 JaHUX;

e 3aXHUCT €JIEKTPOHHOI IOLITH;

o  3a0e3neueHHs Oe3neKu poOOTH 3 BEO-pecypcamu;

e 3aXHUCT MEPEXI 1 MDKMEPEKEBUX 3'€JHAHD;

. 3aXHCT BiJ MepexeBux BTopraenb, DOS / DDOS arak;

. 3aXMCT IaHUX B1J] BTPATH 1 BUTOKIB;

. CKaHyBaHHS BPa3JIMBOCTEH CepBEPiB, KIHIIEBUX CTAHIIIH 1 0a3 TaHUX;

e  CKaHyBaHHS BPa3JMBOCTEW BeO JONATKIB;

o  anam3 Ta ynpasiinusa puszukamu [Kb;

o  30ip ta ynpasmninus iHuaeHtamu IKb (SIEM);

e  HEmepepBHE OLIHIOBAHHS BIJMOBIIHOCTI CTAHAAPTaM 1 HOPMAaTUBHUM
aKTaM.

3axoau ynpaBJiiHHA iHpopMaLiiiHOI 0e31eK010

1) 3axoam ynpapJjiHHs iHdopMamiiiHO 0e3MeK0I0 OpraHizaniifHOro
piBHS

e CVIb peanizyerbcs NUISIXOM IO€THAHHS 3aXOMAIB OpraHi3alliifHOTO Ta

MPOTPaAMHO-TEXHIYHOTO PIBHIB.
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. Opranizariliiiii 3aX01 CKJIaJal0ThCs 13 3aX0/11B aIMIHICTPATUBHOTO PiBHS 1
MPOIICYPHUX 3aXO01B 3aXUCTY 1HGOpMAILii.

o  OcHOBOIO 3ax0/l1B YOpaBIiHHS 1H(pOpMaLIHHOIO 0e3meKor0
aJMIHICTPATUBHOTO PIBHS, TOOTO 3aXOJiIB, IO BXKHUBAIOTHCS KEPIBHUIITBOM Oi3HEC-
CTPYKTYypH, € moiituka Oe3nexu. i momiTukow Oe3meku po3yMi€ThCS CYKYMHICTb
JOKYMEHTOBAHHMX YMPABIIHCHKUX PIllieHb, CIPSIMOBAHUX Ha 3aXUCT iH(popmarii Ta
acoI[IIIOBAaHUX 3 HEIO AKTUBIB.

o IlomiTuka Oe3mekn BM3HAYA€E TAaKTHKY Oi3Hec-cTpykTypu B obiacti IKb, a
TaKoXX Ty MIPY yBaru 1 KUJIbKICTh aKTHBIB, SIKY KEPIBHHUIITBO BBa)ka€ 3a JOIlJIbHE
BUJIJINTH.

o IlomiTuka Oe3nexku BU3HAYAETHCA C(HOPMYJIHOBAHMMH BUMOraMH Ol3HeC-
CTPYKTYPH IIOJI0 3aXUCTY 1HPOPMaIIMHUX aKTUBIB, a TAKOK 1HITUMU HOPMATUBHUMU
Ta  OPraHi3aliiHO-pO3NOPSAYMMHU  JTOKYMEHTaMU  OI3HEC-CTPYKTYpH, IO
po3pobisitoThest Ha ocHOBI KoHuenii IKb. Jlo uncna Takux TOKyMEHTIB HaJIeKaTh:

- MOJIITUKA 1 METOJI0JIOT1S YIIPABIiHHS pU3UKaMu 1H(GOpMaIliitHOT Oe3neKy;

- MOJIITHKA 1HBEHTapu3allii iHpOpMaIiiTHUX aKTHBIB;

- MpOLEIypHU 3aCTOCYBaHHS NIPEBEHTUBHUX 1 KOPUTYIOUUX 3aXO/IIB;

- AHTUBIPYCHA MOJITHKA;

- MapoJibHa MOJITHKA;

- MOJIITUKA YIIPABIIHHSA JOCTYIIOM /IO PECYPCIB KOPIIOPATUBHOI MEPEXKI;

- MOJIITHKA YTIPABIIHHS JOCTYIIOM IIPY BUKOPUCTAHHI XMAPHUX TEXHOJIOT1i;

- npaBuIIa yIpaBIiHHs 1HQOPMAIIIHHOI0 0€3MeK0I0 MPU POOOTI KOPUCTYBAU1B
B KOPIIOPATUBHIN MEPEKi;

- MOJIITUKA YNpaBliHHA 1H(GOpMAIiiiHOIO O€3MEeKO MNpU B3aeEMOIl 3
MEpEXKEI0 IHTEPHET;

- NOJIITUKA 3a0e3MeyeHHs1 0e3MeKH BiIJaIeHOr0 JOCTYIY /10 KOPIOPaTUBHOL
Mepexi;

- MOJTITHKA 3a0€3MeUeHHs O0€3MeKH B XMapax;

- MOJIITUKA PE3EPBHOTO KOMIIOBAHHS Ta BIJHOBJICHHS JIAHUX;

- MOJTITHKA ayIUTy 1HGOPMAIIITHOT O0e3MeKu;

134



- periamMeHTy poOOTH CyX0 aJMiHICTpYBaHHS KOPIIOPATUBHOT MEPEXKI;

- periaMeHTd poOOTH 3 MOOUTBHUMHU MPUCTPOSIMH 1 3 MUGPOBUMU HOCISIMH
koH(pieHmiiHO1 iHpopMarrii;

- maH 3abes3neueHHs Oe3nepepBHOCTI OI3HECY 1 MIpOILEeAypu aBapiitHOTO
BI1JTHOBJICHHS;

- Tmpolenypa pearyBaHHS Ha IHUUACHTH, TOB'SI3aHI 3 TMOPYILIECHHSIM
1H(opMariitHoT Oe3MeKu;

- TOJOXEHHS Tpo KOHQIACHIINHICTh, IHCTPYKIS IIOAO0 3a0e3rneueHHs
peXUMY KOH(IISHIIMHOCTI Ta MepesTiK KOH(IAESHIIIMHIX BIJOMOCTEH;

- 1HIIT OpraHi3anifHO-PO3NOPSAIUl JOKYMEHTH.

2) 3axoau ynpapiinns ingopmaniinorw 6e3nmeKkor0 MpouexypHoOro piBHsi

o  Jlo mpouenypHOro piBHS BIIHOCSTHCS 3aXOJU O€3MEKHU, IO Peali3yrOThCs
TOAMHU. BUAINAIOTECA HACTYIHI TPYMH MPOLEAYPHUX 3aXOJliB, CHPSIMOBAHHUX HA
3a0e3ne4eHHs iHpopMaLiitHOT Oe3neKu:

- YHpaBIiHHS MEPCOHAIOM;

- (13UYHUI 3aXHUCT;

- HiATpUMKa TIpare3/1aTHOCTI,

- pearyBaHHS Ha MOPYIICHHS PEXXUMY O€3MEKH;

- MJIaHYBaHHS BIJTHOBJIIOBAJILHUX POOIT.

o B pamxkax ymnpaBiiHHS NEPCOHAIOM JIJIsi KOKHOI MOCa Iy MOBUHHI 1CHYBaTH
BIIMOBIAHICTh KBadiikamiiiHuM BuMoraM mno iHQopmariitnoi Oe3neku. o
MOCAJOBUX I1HCTPYKI[I TOBHHHI BXOJIUTH PO3JUIH, IIO CTOCYIOThCA OE3MEeKH.
Koxxnoro mpaiiBHUKa TOTPIOHO HABYUTH 3axoJaM OE3MEeKH TEOPETUYHO 1
BiJIMTpaIOBaTH BUKOHAHHS WX 3aX0JIiB MPAKTHUYHO.

o  besneka koMI'tOTepHOI CUCTEMM 3aJIEKUTh BiJ OTOYEHHS, B SIKOMY BOHa
npairoe. HeoOXiAHO BKUTH 3axOJIB JUIsl 3aXHMCTYy OYJIBENb 1 MPUJIETJIOI TEPUTOPII,
110 MIATPUMYE IHPPACTPYKTYPY, 1 CAMUX KOMIT'FOTEPIB.

. IIpu po3po6mi CVYIb mnepemnbavaeTbcs ajeKBaTHaA peajizallis 3axoiiB
¢13u4HOro 3axucty oicHUX OyJiBENb 1 IHIIUX MPUMIILIEHB, 1110 HaJleXaTh Ol3HeC-

CTPYKTYpPH, 3@ HACTYITHUMH HAIIPAMKaMMU:
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- Gb13uyHe ynpaBIiHHS JOCTYIIOM;

- MPOTHUIIOKEKHHUMN 3aXHCT;

- 3aXHCT NATPUMYIOUO1 iIHPPACTPYKTYPH;

o IlepenbauaeTbcs TakoXX aJeKBaTHA peaiizallii HACTYIHUX HaIpsSMKIB
HiATPUMKH MIPare3aaTHOCTI:

- MATPUMKA KOPUCTYBadyiB,

- HiATPUMKA IPOrPAMHOTO 3a0€3MEeUEHHS;

- KoH(irypaiuiiiHe yrnpaBIiHHS;

- pe3epBHE KOIIOBaHHS;

- YIPaBIIHHS HOCISIMU;

- JIOKYMCHTYBaHHSI,

- periiaMeHTHi poOOoTH;

o Ilporpama Ge3neku moBHHHA mepeadayaTH HaOIp ONMEPAaTUBHHUX 3aXO/IB,
CIIpPSIMOBAaHUX Ha BUSBJICHHS 1 HEWUTpalizallilo MOPYIIEHb PEXUMYy O€3MeKH.
BaxnmuBo, mo06 B moaiOHMX BHIAAKaX IOCTITOBHICTh i Oyia CIulaHOBaHa
3a37ayeriib, OCKUIbBKM 3axOlIB NOTPIOHO OyJe BKMBATH TEPMIHOBHX 1
CKOOPAMHOBAHUX.

o  Peakuis Ha nopylIeHHS pexuMy Oe3MeKy Mepeciiiye Bl TOIOBHI LILTI:

- OJIOKyBaHHS MOPYITHUKA 1 3MEHIICHHS HAHECEHOT IITKO/IN;

- HEJOMYIICHHS TOBTOPHUX MOPYIIIEHb.

o B Oi3Hec-cTpyKTypi HOBUHEH OYTH Ye€proBUidl CIBPOOITHUK, TOCTyHUH 24
rOJIMHU Ha 00y, 10 BIAMOBIZAE 3a PEaKIlil0 Ha MOpyIIeHHs. Bcl MoBUHHI 3HATH
KOOPJIMHATH YE€PrOBOTr0 CIIBPOOITHUKA 1 3BEPTATUCS JI0 HHOTO MPH MEPIINX 03HAKAX
HeOe3MeKu.

o  IlmanyBaHHS BiTHOBIIOBAIBLHUX POOIT 1 MPOBEACHHS MEPIOUIHUX HABUYAHD
JT03BOJISI€ MIATOTYBATHUCS JI0 aBapiil, 3SMEHILUTH KOy BiJ HUX 1 30€perTy 3JaTHICTh
10 GYHKIIIOHYBaHHS X04a 0 y MIHIMaJIbHOMY OOCS3I.

o  MexaHi3MHU KOHTPOJIIO, SIKIi € BaXJIMBUMHU JUIsi O13HEC-CTPYKTYpU 3
IOPUNYHOT TOYKH 30pY, BKIIIOUAIOTh B cebe:

- 3aXUCT JaHUX 3 00MEKECHHUM HOCTYIIOM;
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OXOPOHY JIOKYMEHTIB O13HEC-CTPYKTYPH;
NpaBa Ha IHTEJIIEKTYaIbHY BIACHICTb.

BignosigHo 10 miknHapoaHoro ctanaapty [SO 17799 kmouoBUME TakoxX €

TaKl M€XaH13MU KOHTPOJIIO:

3)

notrka iHdopmariitHoi 0e3nexu;

PO3MOIiT BIAMIOBIJAIIBHOCTI 3a 3a0e3neueHHs iH(popMalliifHoi 6e3MeKy;
HaBYaHHS Ta TPEHIHTH 3 1HPOPMAIIHHOT Oe3MeKH;

1H(GOpMYyBaHHS MPO HIMICHTU O€3MeKH;

yIpaBJiiHHs Oe3MepepBHICTIO O13HECY .

3axoqu ynpaBiiHHA iHpopMamiiiHOI0  0e3MeKO0  NPOrpaMHoO-

TEXHIYHOI'0 PiBHA

HpOFpaMHO-TGXHiLIHi 3aco0u 3aXUCTY PO3TAIOBYIOTHCA Ha HACTYIIHHX

piBHX (pyOikax):

CTaHIIIAX.

3aXMCT 30BHIIIHBOIO MIEPUMETPA KOPIIOPATUBHOI MEPEKI;

3aXMCT BHYTPIIIHIX MEPEKEBUX CEPBICIB 1 iH(MOPMAIITHUX OOMIHIB;
3aXUCT CEpPBEPIB 1 pOOOUUX CTAHIIH;

3aXHUCT MEPEKEBUX 1 KOMYTALIMHUX MTPUCTPOIB;

3axuct SCADA, IoT cucrem;

3axuct WiFi mepex;

3aXMCT aKTHUBIB, IO PO3MIIIEH] 13 BUKOPUCTAHHIM XMAapHUX TEXHOJIOTIH;

3aXMUCT CUCTEMHHUX aKTHBIB 1 JIOKAJIBHHUX JOJATKIB Ha CepBepax 1 poOoUnx

Ha nporpamMHO-TeXHIYHOMY piBHI BUKOHAaHHS 3axucHUX (QYyHKIIA B IC

3MIICHIOETHCS HACTYITHUMU CepBicaMu OE3MEKH:

imenTudikaris / ayreHTudikaiis;
PO3MEXKyBaHHS JOCTYIIY;
IPOTOKOJIFOBAHHS / ayUT;
€KpaHyBaHHS Ta CErMEHTAITis;
TYHEIIOBaHHS;

mupyBaHHS;
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- KOHTPOJIb IIJTICHOCTI;

- KOHTPOJIb 3aXUIIEHOCTI;

- yIpaBIiHHA.

o  Ha 30BHImHBOMY pyOeki pO3TAIIOBYIOTHCS 3aCO0M BUSBICHHS IIKIIJIUBOI
AKTUBHOCTI 1 KOHTPOJIO 3axWimeHocTi. Jlami HayTh MDKMEpEXKeBlI €KpaHHW, III0
3aXUIIAI0Th 30BHIIIHI MIAKIIOYeHHA. BoHHM, pa3om 13 3aco0aMu MTIATPUMKHU
BIPTYyaJIbHUX TMPUBATHUX MEPEX, M0 O0'€NHYIOTHCS 3 MIKMEPEKEBUMHU €KpaHAMH,
YTBOPIOIOTh TEpUMETp O€3MeKH, IO BIIOKPEMIIIOE KOPIOPATUBHY CHUCTEMY BIJ
30BHIIITHBOTO CBITY.

o  CepBic aKTUBHOTO ayAMUTYy (5K 1 YNpaBIiHHS) MOBUHEH OyTH MPHUCYTHIM Y
BCIX KPUTUYHO BaXKJIMBHX KOMIIOHEHTax 1, 30KpeMa, B 3axucHux. Lle 103BOIUTH
IIBUJKO BUSBUTH aTaKy, HaBITh SKIIO 3 SKUX-HEOyJIb MPUYUH BOHA BUSBUTHCS
YCHIIIHOIO.

o  YOpaBimiHHS JOCTYIIOM TaKOXX Mae OyTHM MPUCYTHIM Ha BCIX cepBicax,
(GYHKIIIOHATBFHO KOPUCHUX 1 1H(pacTpyKTypHUX. JlOCTynmy NOBUHHA TEpeayBaTu
iaeHTrdIKalis 1 ayTeHTudikaiist cy0'eKTiB 1OCTYIy (KOPUCTYBAviB 1 MPOIIECIB).

o  3acobm mmdpyBaHHS 1 KOHTPOIIO IUTICHOCTI 1H(OpMAILii, 0 NEePEeIAEThCS
M0 KaHaJlax 3B'A3Ky, JOLIJIbHO BUHOCUTH Ha CHELlalbHI LUIIO3M, A€ iM MOXe O0yTu
3a0e3ne4eHo KBani(pikoBaHe aIMIHICTPYBaHHS.

e OcranHniii pyOiX yTBOPIOIOTH 3aCOOM TTACHBHOTO ayauTy, SIK1 JOTIOMararTh
OLIIHUTH HACIIAKUA TMOPYIICHHsS O€3MeKH, 3HAUTH BHHHOIO, 3'ACYBAaTH, YOMY YCIHIX
aTaky CTaB MOXJIMBUM.

o  PosramyBanHs 3ac001B 3a0€3Me4eHHs] BUCOKOI JOCTYITHOCTI BU3HAYAETHCS
KPUTHUYHICTIO BIAMOBIIHUX CEPBICIB 200 X KOMIIOHEHTIB.

3p03yMiJio, 10 BCE BUIIEBKA3aHE € OPIEHTOBHUM 1 TOBUHHO YTOYHIOBATHUCS Ta
JIOTIOBHIOBATUCS TIpU Po3po01li KOoHIeNIli 1HhopMaIliifHOT O6€3MeKH KOKHOI OKpeMOl
013Hec-CTpYKTypH. 3 BpaxyBaHHAM HagaHux ekcnepramu BE® [142,143,144] ouiHok
Ta TIOCTIMHUN TPEHI POCTY YCHINIHUX peai3ariii KiOepHEeTUYHHX CKIIQJOBUX B

MUTAaHHAX TE€OMOJITUYHUX BIJHOCHH, MUTaHHS TiOpuaM3allii 3arpo3 1 BUKOPUCTAHHS
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iX JUIsl JOCSTHEHHS THX YM IHIIUX I1JIeil TOBUHHO BUHOCUTHUCH B OCHOBY PO3POOKHU
CTpaTerii 3aXMCTy OpraHi3aliid Jep:KaBHOTO Ta IPUBATHOTO CEKTOPY.

IlepcnekTHBY MOAAJIBIIUX A0CTIIKEHb

CyuacHi TpeHau KibepOe3nekn Oe3Mocepe/IHhbO TMOB'SA3aHl 3  MUIAMH 1
3aBIaHHSMHU 3JIOBMHUCHHKIB. SIK 1 paHillle, aTaku XakepiB CIPSIMOBaHI Ha BEHKI
KOMITaHii, TMPOMUCIIOBI CHCTEeMH Ta IHII KputuuHi iHQpacTtpykrypu. Cromu
BIJIHOCATBCS TaKOX 1 aTakH, 10 Oe3rnocepeHbo (PiHAHCYIOThCA Jep)kaBaMu. Bike €
NPUKIAIM YCHIIIHUX aTak, o OynM peasizoBaHl uyepe3 TaK 3BAaHUM JIAHIIOKOK
MIOCTaBOK, 110 I¢ OLIbIe YCKIIAJHIOE TPOIECH 1IeHTH(IKAIlll TAKOTO THITy aTaKk Ha
PaHHIX CTaJIsX.

Tinbku 3a ganumu Llentpy posrasay ckapr Ha kidepsnounnau (IC3) FBI CILA,
o Oynu omyOmikoBaHi y 3BiTI «2019 Internet Crime Report», 3a 2019 pik 30uTKH
¢bi3muHuX 0ci0 1 KoMIaHii ckiamu 0au3bko 3,5 mupa. goaapis CIIA [138].

OueBugHO, MO picT €(OEKTUBHOCTI KIOEP3JIOYMHIB OJHO3HAYHO BHUMArae
PO3pPOOKH Ta BUKOPHUCTAHHS CY4YaCHHX TEXHOJIOTIN Ta KpalluX CBITOBUX IMPAKTHUK B
MUTAHHSIX PAHHLOTO OIMOBIIICHHS Ta OOMIHY 1H(OpPMAIlIEI0 MPO HOBI 3arpo3u Ha
nepkaBHOoMy piBHI. OfHaK BCi 11 Mipu OyayTh Hee(hEKTUBHUMU, SKIIO YIPABIIHHSA
BJIACHOIO 1H(OpMalliifHOK O€3IeKot0 He OyJie BIAMOBIAATH AUHAMIYHO-BUHUKAIOUUM

3arpo3aM Ta HOBUM PHU3UKaM, IO HUMHU IMOPOLKYIOTBCA, aHpO6OBaHI/IM HiI[XOI[aM Ta

139



SECTION 7 PROJECT AND PROGRAM MANAGEMENT

7.1 communication model of the knowledge triangle for educational and

research projects

Jlns moOyn0BU 1HHOBAIIMHOI €KOHOMIKM 3 PO3BUHYTUM MiANPHUEMHHUIITBOM,
IHHOBAIIISIMH Ta BUCOKOIO MPOIYKTHUBHICTIO BUPOOHUIITBA YKpaiHi SIK JepiKaBi, sika
Ma€ BEJIMKUANA 1HTENCKTyaJbHUM TMOTEHIlad, HEOOXIJTHO pO3B’A3aTH 3a3HAuYCHI
npobiemu. CTpUMyBaHHS IHHOBALIMHOIO PpO3BUTKY B J€pKaBl IMOB'A3aHE 3
nedirmurToM (GIHAHCOBUX PECYpCiB, 30CEPEIHKEHOCTI Ha HU3BKOIPOIYKTUBHHUX
rajyssix, skl TpaifolTh, B OCHOBHOMY, Ha EKCIIOPT, 3aJIEKHOCTI HaIllOHAJIbHOI
€KOHOMIKH BIJl IMIOPTY, MAaIHHAM IUIATOCIIPOMOKHOTO TMONUTY Ha HAYKOBO-
TEXHIYHY MPOAYKIIIO 3 OOKY JiepKaBu Ta MiANMPUEMHHUIIBKOTO CEKTOPA, MOTIPIICHHIM
AKICHUX XapaKTePUCTUK HayKOBOI Ta MaTEpiaibHO - TEXHIYHOT 0a3U TOCTIIKEHbD.

OpgHouyacHO 3 [MM, CTaHOBJEHHS YKpaiHU, SK pPO3BUHEHOI JepKaBU 31
CTaOUIBPHOIO €KOHOMIKOIO, HacaMIepe 1 MpsiMo MOB'si3aHuid 3 GOpMyBaHHIM CHUHEPTii
OCBITHBOI, JOCIIJHUIBKOI Ta 1HHOBaWiiHOI cdep. Hificno, «CTparteris pO3BHUTKY
chepu 1HHOBAIIWHOI AisuibHOCTI Ha miepion 10 2030 poky» mependadae HaOyTTS Ta
30epeKCHHsT TEXHOJIOTYHOiI mepeBard (TOOTO KOHKYpEHTOCHpoMOkHOCTI) [145].
Peanizaris 1mi€i crpaTterii MOXJMBa 4Yepe3 PO3poOKYy Ta BNPOBAKEHHS HAYKOBHUX
MPOEKTIB  PO3BUTKY  IHHOBaliiHOI  1HQpacTpykTypu. [ligBuilleHHS  piBHA
CIOPOMOXHOCTI peani3alli HUX MPOEKTIB PEeaNi3yeThCs SK HUIIXOM KYyJIbTYpPHO-
MPOCBITHUILKOI JISUTBHOCTI, MIABUIIEHHS I1HHOBAIIIWHOI KYyJbTypH, TaK 1 uepes
OCBITHIO TMPOEKTHY MAISUTBHICTh, CHPSIMOBaHY Ha 3a0€3MEuUeHHs YCIIIIHOI Kap’epu
MOJIOJI1 MICJISl 3aBEPIIICHHS HaBYaHHS y 3aKJiaJax BHUIOI OCBITH 3a OJTHUM 3 00OpaHuX
HampsiMiB: 3allOYaTKyBaHHS BJIACHOI cChpaBu, poOOTa HaA MIAMPUEMCTBI, IO

BIJINOBIJIa€ Cy4aCHOMY TEXHOJIOTIYHOMY PiBHIO, 200 HayKoBa (BUKJIaJlallbka) podoTa.
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Opnak Taki (akTopH, sIK sIKICHa OCBITa, HAYKOBI JAOCIIIP)KEHHSI BUCOKOTO PIBHS,
npuadanuii mpodeciiiHuil JOCBi, B35TI OKPEMO, aBTOMAaTUYHO J0 TaKOil CTpaTerii He
npuBeayTh. [lo€qHAHHS iX B « TPUKYTHHK 3HAHBY, [0 TCHEPYE CHHEPTETUIHUNA e(PEeKT
B3a€EMO3B'SI3KY MDK HHUMH, HE MPOCTO CTBOPIOE MOXKIIMBICTh, a 3a0e3MeuyloTh
TEXHOJIOT110 EKCIIOHEHIIAIbHOTO PO3BHUTKY Ha BIIOBITHOMY iHTepBaii yacy [146].

Taxkum 9MHOM, «TPUKYTHHK 3HaHBY KOHIIETITyaIhbHO 0a3y€ThCS HAa OCHOBI TICHOL
1 peryJsipHoi criBIpall TpbOX CTOPIH — OCBITH, HAYKH Ta 30BHIIIHBOIO CEpeIOBUIIIA,

SIKE € PEIUITIEHTOM 1HHOBAIH (puc.1).

Reserch

The/Knowledge
Triangle

Higher
Education

—

Innovations

PI/ICYHOK 1. TpI/IKYTHI/IK 3HaHb 3 PAMKOBHMH CKIIATHUKaAMHU

TpanuuiitHo, KoM e MOBa MPO TPUKYTHUK 3HAHB, PO3YMIIOTH TpaHchep
3HaHb, MO y cepl BUIIOI OCBITH 3a0€3MEUyIOThCS IUIAXOM MIATPUMKH PO3BUTKY
HayKOBOi, HAyKOBO-TE€XHIYHOI Ta I1HHOBAIIMHOI MiSUTBHOCTI BUIIUX HaBUYAJIbHUX
3aKiadiB Ta iX 1HTerpamii 3 BUPOOHUITBOM. Jl0 TpPUKyTHUKA 3HAHb HEOOXITHO
BIJIHOCUTH TaKOX 1 KJIACHYHI BITHOCMHU YHIBEPCUTETY 3 POoOOTOAABIsIMH. Buiii
HaBYAJIbHI 3aKJIaJli MOXYTh yTBOPIOBaTHM HaBYaJlbHI, HaBYaJIbHO-HAyKOB1 Ta
HaBYaJIbHO-HAYKOBO-BUPOOHWY1 KOMIUIEKCH, HAYKOBI MapKU Ta BXOAUTH JO CKIIATY
KOHCOPIIIYyMY. YHIBEpCUTETH MOXYTh (opMyBaTH Ha CBOIM 0a3i 1HHOBaIllWHI

CTPYKTYpH Pi3HUX THMIB (HAyKOBI Ta TEXHOJOTIYHI Mapku, Oi3Hec-1HKyOaTopu, mMali
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HIIMPUEMCTBA TOIO) HA 3acajax TIO€JHAHHS 1HTEPECIB BUCOKOTEXHOJIOTIUYHUX
KOMITaH1{, HaAyKH, OCBITH, O13HECY Ta JIEp>KaBH 3 METOIO BUKOHAHHSI 1 BIIPOBAJ»KEHHS
IHHOBAITIMHUX TIPOCKTIB.

BaxxnuBoro yMOBOIO ICHYBaHHS «TPUKYTHHKAa 3HaHb» € €(EeKTUBHa cucTeMa
KOMYHIKaIiil TP BIOPOBAKEHHI [IUX MPOEKTIB Ta BUOIP KOMYHIKALIIHOT MOZEII JJIsI
YIOPaBIIiHHS OCBITHIM MPOEKTOM B 3aKJIaJli OCBITH.

dopMyBaHHS BHYTPIIIHHOTO KOMYHIKAIIIHHOTO CEepeIoBHUINA 3aKIadiB OCBITH 1
HayKd (BHYTpIlIHI 1H(QOpMAIliHI MOTOKH Ta 3B’SI3KH, IO YTBOPHWIIUCS B IpOILECI
B3a€EMOJIl KOMYHIKAHTIB Ha OCHOBI BHUKOPHCTaHHSA 1H(QOpMAIIHHUX pPECYpCIB,
TEXHOJIOT1H 1 KaHaIiB KOMYHIKAIIil) Ta IHTEeTpaIlisi 10 30BHIIIHHOIO0 KOMYHIKAIIIHOTO
CEpellOBUILA DELUMIEHTa I1HHOBAI[Il € OCHOBHMMH HANpsAMaMH KOMYHIKalliHOI
JUSUTBHOCT] TPUKYTHHKA 3HAHB 1] BIUTUBOM 1H(OpMaTH3allii.

KomyHikariii B 3aKi1ajJil OCBITH MOKHA PO3IJIAATH K 3B’SI30K MK yYaCHUKaMHU
OCBITHBOTO TIpoliecy 1 fK mpouec nepeaadl iHQopMalii MK cyO0’€eKkTaMu B
KOMYHIKaTUBHOMY MPOCTOPl Ha TPHOX PIBHSAX: OpraHi3aliiHOMYy, HAayKOBOMY Ta
ocBiTHhOMY. Il]0 BuUMarae aociipkeHHs Ta (OPMYBAHHS PIZHUX KOMYHIKaTUBHHX
MOJIeJIeH, CBOTO POy CXEMH, SKI € y3arajibHEeHl Ta JIEN[0 CIPOIICeH]I BCl pI3HOMaHITHI
KOMYHIKAaTUBHI cHuTyailii Ta nmpouecu [147].

BuauniaroTe rpynu Mojienell KOMyHiKallii: MoJiesb KOMYyHiKallii 3 Touku 30py PR,
peKJIaMH Ta TMpoIaraHjd; COIIOJOTIYHI 1 TICHUXOJOTIYHI MOJEIl KOMYHIKaIIii;
CEMIOTHYHI MOJENl KOMYHIKAIlll: TCUXOJIOTii 1 CcOoIioiorii Oyau BIIKpUTI OaraTto
IIKaB1 MOJIeIi KOMYyHIKaIlli. AHaJi3 KOMYyHIKallii akTUBHO 31HCHIOEThCSA HA CTUKY 1X
Cy4YacHUX HAYKOBHUX ITIJIXOMIB; MOJIEJ ICHXOTEpPareBTUIHOI KOMYHIKAIlIT; MoJei
Mi)OJIOTIYHOT KOMYHIKallli; MOJEN apryMEHTy€e KOMYHIKAIlil; MOJEIl 1MIJIKEBOi
KOMYHIKaIIii; MOl MpommaraiaiucTChKoi KoMmyHikairii [148].

KomyHikariiiina MoJielb TPUKYTHUKA 3HAHb Ma€ BUTJISA TPUKYTHOI TPU3MHU, IO

Mae BijoOpaxye po3BUTOK KOMYHIKAIlill Ha KO)KHOMY OKpEMOMY PiBHI (puc.2).
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Haykosuu pigens

Ocsimniii pigeHs

Opeanizayitinuii pieersb

INTENTHAWOM MOIUEE0

Tlouamxoesuii pisens
KOMVHIKauiu

PeunnnicHT innoBamii

Buina ocsira

Hayka

— KOMYHIKAaI[il{Hi MPOLIECH BUINOT OCBITH - - - KoMyHiKaiifHi MpolecH HayKu

——— + KOMYHiKaliifHi IpOLECH 30BHIIIHBOIO CEPEJOBHUILA

Pucynox 2. [IpoctopoBa KkomMyHiKalliiiHa MOJIEJIb TPUKYTHUKA 3HAHb

[Ipu iHimiamii OCBITHROTO YW HAYKOBOTO IPOEKTY HA MOYaTKOBOMY piBHI
(dbopMyBaHHS KOMYHIKaIlli BU3HAYAIOTHCS I[IHHOCTI 3aIliKaBICHUX CTOPIH (OCBITHIX 1
HayKOBUX CTPYKTYp Ta IHIIMX CTEUKXOJAEPIB 30BHIMIHBOIO cepenosuia). Ha mpomy
eTani KOMYyHIKal[liHa IJIOIIWHA PO3MHUTA, KOMYHIKAIIMHI IPOLECH KOKHOI CTOPOHU
Y3rOJKYIOThCs.  Jlpyrum — eTtamoM  pO3BUTKY KOMYHIKaIllii €  yIpaBIIiHHS
KOMYHIKaI[IIMU Ha opraHizauiiiHomy piBHi. [Ipouiecu BU3Ha4aroThesl 1 MIIAHYIOTHCS.

[Topanpiiie y3rojkeHHS KOMYHIKAIIMHUX TMPOIECIB HA OCBITHROMY Ta
HAayKOBOMY PIBHSX 3BYKYIOTh KOMYHIKaIiiHY TIomuHy. JIOKambHI KOMYHIKAI[IHHI
MOZIeJII Ha KOXKHOMY pIBHI JJii KOXHOTO Y4YacHUKa MPOEKTY PpPO3pOOJIAIOTHCA 3
ypaxyBaHHSIM MPOEKTHOI MPOMO3HIIii, KOHKPETHUX 3aBAAHb SIK OKPEMO ISl KOXKHOTO
yYaCHHKA KOMYHIKAILIITHOTO MPOIECY, TaK 1 IS 3aralbHUX KOMYHIKAIliil B I[IJIOMY.

3anponoHoBaHa TPbOXPIBHEBAa MOJENb I1HTErpaiii Cy0’€KTiB KOMYHIKaIliHOI
B3a€MOJIl «TPUKYTHHKAa 3HaHb» B yMOBAaX €JIWHOTO KOMYHIKalIHHOTO OCBITHBO-
HAYKOBOTO TPOCTOPY TO3BOJISIE BIATBOPUTH MPOIIEC B3AEMOBILTUBY BCIX CKIJIAJOBHX

€IMHOTO KOMYHIKAILIMHOTO POCTOPY 3 ypaxyBaHHSM CTaHYy BCIX yYaCHUKIB.
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Takum ymHOM, UIs1 €DEKTUBHUX KOMYHIKAIIA MpU peasizaiii 1HHOBAIIMHUX
HAayKOBHMX UM OCBITHIX MPOEKTIB 3alPOTIOHOBaHA KOMYHIKaIliiiHa MPOCTOPOBAa MOJICIb
TPUKYTHHUKA 3HaHb, fKa Nepeadadae TICHY 1 PerysspHY CHIBIPALIO TPbOX CTOPIH —
OCBITH, HAYKH Ta 30BHIITHLOTO CEPEOBUIIA, SIKE € PEIUITIEHTOM 1HHOBAIlIH, HA TPHOX

pIBHSIX KOMYHiKalii (opraHi3aiiifHoMy, OCBITHROMY Yl HayKOBOMY).
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SECTION 8 TECHNOLOGY OF FOOD AND LIGHT INDUSTRY

8.1 strawberries dessert product

CyHuns cajgoBa — HaWOLIBII TOIIMpPEHa SATiAHA KyJbTypa B CBITI 3aBISKH
TapMOHIHHOMY CMakKy Ta TpHBaOIMBOMY, SICKPAaBO BHUPAKCHOMY apoMary, IIo
(dbopMyeTbCs MiJi BIUIMBOM 3HAYHOI KIJIBKOCTI JIETKUX CIOJYK, TOJOBHUM YHHOM,
ckiagHux edipiB, anpierigiB Ta ¢ypaHoHiB [149]. T'apmoniiiHuii cMmak sria
3a0€3MeuyeThCs MOETHAHHIM IIyKpPiB, 10 MPEACTaBIEHI TIIOK03010, (DPYKTO3010 Ta
caxapo3oro [150] Tta opraniuamx kucioT [151]. Aroau CyHHII MarOTh BHCOKY
AHTUOKCUJAHTHY 3/aTHICTh, 10 3yMOBJIEHA BMICTOM B HUX aCKOpPOIHOBOI KHCJIOTHU
[152] 1 denonbHux cnonyk [153]. CyHHIIO CHOXHBAIOTh y CBIXKOMY BHIJISAI Ta
BUKOPUCTOBYIOTH JJIi BUPOOHMIITBA JECEPTIB, KOMIIOTIB, J)KEMiB, BapEeHHs, COKIB,
MIOpEe Ta IHIINX TPOIyKTIB [154].

JIkeM CyHUYHUN — HaAWOUIbII TOMYJSPHUN NPOAYKT 3 SATlJ CYHHUIIl, IO
LIHYETHCS CIOKMBA4YaMHU 3a MPUBAOIMBUN YEPBOHUN KOJIIpP, BUCOKI OPraHOJIENTHYHI
BJIACTHBOCTI Ta 3HAYHWM AHTUOKCUJAHTHUM TOTEHINANI, 3aBOIKH BHCOKIHN
30epexxkeHocTi ¢deHonpbHUX pedoBuH [155]. B’sa3ka mparnmenoniOHa KOHCHCTEHITIS
TOKEMIB (DOpMY€EThCsl SIK pe3yibTaT B3a€MOIl LYKPY 3 MEKTUHOM B MPUCYTHOCTI
3HAYHOI KIJIbKOCTI BOJIOKOH Ta BCiX KOMITOHEHTIB KJIITHHHUX CTIHOK [156].

OnHier0 3 OCHOBHHUX ITPOOJIeM TepepoOKH ATiJ CYHHINl € BUCOKA 3JaTHICTH 1O
3MIHM KOHCHUCTEHIli MPaKkTUYHO Ha KOXXKHOMY eTami OOpoOKH, Xapakrep SKOi
3aJIeKUTh B CTallli CTHUIJIOCTI, CMOCOOY Ta CTyINEHs MeXaHIYHOI OOpOOKH sTi.
IlexTiH — OCHOBHUU (hpaKTOp, 110 BU3HAYAE KOHCHUCTEHINIO pkemiB [157]. Tlpore,
BUKOPHUCTAHHS  TICKTUHOBOTO  PO3YMHY  CYNPOBO/KYETHCS  30UIBIICHHSIM
SHEPreTUYHUX Ta MaTeplaJbHUX 3aTpaT Ha BUPOOHUIITBO, YTPYAHEHHSIM OpTraHi3allii
mporiecy, SKAi Tepemdadae IMpoIec IMiATOTOBKH TMEKTHHOBOTO PO3YHHY MUISXOM

3MINTYBaHHS MIEKTUHY 3 I[yKPOM a00 ITyKPOBOIO MyIPOI0 3 HACTYITHUM PO3YUHEHHSIM
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y BOJIl 10 OTPUMAaHHA FOMOreHHOi Macu. [Ipu 1boMy ISt TOCSTHEHHS] ONTUMAaIbHUX
YMOB T€JICYTBOPEHHSI IIPH J10J]aBaHHI MEKTUHY TUITY A a00 IIUTPYCOBOTO IMIIOPTHOTO
MEeKTHHY OoNTUMaJIbHOIO 30HO0I0 pH € 3,0-3,3, mpote, pH sArin cyHuIl 3HaXOAUTHCS B
Mexax Bif 3,2 10 3,5 1 He 3aBXKIU 33/JI0BOJIBHSE 111 BUMOTH, 110 NMPHU3BOJIUTH JI0
J0JIAaTKOBOTO BHECEHHS JUMOHHOI a0o BWHHOI KuciaoTh. OMHAK, IiIBUIICHHS
KOHIEHTpallli TNEKTUHY MOXKE CIOPUYMHATH HETaTHUBHI 3MIHM 1HTEHCHBHOCTI
3a0apBieHHs MPOoAyKTy [157]. 3amiHa >k YaCTUHU ST CYHHULl Ha MIOpe sA0Iy4yHE SIK
JIEIIeBOI CHPOBUHM 3 TIPUPOTHUM BMICTOM OPTaHIYHUX KHUCIOT AO3BOJIUTh YHUKHYTH
11€1 onepartii mpu BapiHHI JHKEMY.

Metoo poOoTH OyJ0 YAOCKOHAJIEHHS TEXHOJIOTI [KEMY CYHHYHOIO 3a
J0JIaBaHHS MIOpE S0 IyYHOr0 3 METOI0 OTPUMAHHS IParjenoaioOHOl KOHCUCTEHIIII.

Jlist BUpOOHUIITBA JKEMY (BaplaHT «KOHTPOJIbY) STOJA COPTYBaJd, MMUJIH,
OUMINYBJIM BiJ] IUIOJIOHDKOK Ta YallOJIUCTKIB, 1HcHekTyBaiu. I[licis doro
MIATOTOBJIEHY CUPOBHHY 3MIIIYBaJU 3 CYXUM LIYKpOM Ta yBaproBaiu. 3a 5—10 xB 110
3aKIHYEHHS BapiHHSA J10/1aBaJId PO3YUH MEKTUHY.

JlocniiHl BaplaHTU JHKEMIB BUTOTOBIISUIA 3T1IHO PO3POOJIEHOT TEXHOJOT1YHOT
cXemH, 1o rnepeadayvasa 3aMiHy pO3UMHY MEKTUHY Ha MIope sS0JIydHe B KIJIBKOCTI 1,
2, 3, 5, 10, 15, 20, 25, 30, 35, 40 % Big macu sria. TexHoJOTIYHI omneparii
MIATOTOBKM AT1J CYHHUIl Ta ILYKPY aHAJOTIYHi, IO 1 3a TPagULIAHOI0 CXEMOIO.
[linroToBNEeHy CYHHUIIIO 3MINIyBaJd 3 CyXUM IIYKpOM Ta yBaproBaiu. 3a 5—10 xB 110
3aKIHYEHHS BapiHHS J0JaBayd mrope s0mayuyHe. Jkem yBaproBajiu 0 BMICTY CyXHUX
PO3YMHHUX pPEUYOBUH HE MeHme 62 % Ta QacyBaiin y CKISHY Tapy MICTKICTIO
250 cM°, repMeTH3yBallM, CTEPUIII3yBaIy. 30epiraay KOHCEpBM B TEMHOMY MICLi 3a
temnepatypu 20+1°C. IloBTopHicTh qociiay TpukpatHa. Ilrope s0my4yHe BUpoOsiu
y mepios 300py BpoxKaro siOMyK Ta 30epirajiu A0 BUKOPUCTAHHS MPU BUPOOHUIITBI
oKeMy. BMICT CyXHX pO3UYMHHHX PEUOBHH JHKEMaX — pepakTOMETPUIHIM METOJIOM,
IyKPiB — CHEKTPO(POTOMETPHUYHUM METOJIOM, TUTPOBAHUX KHCJIOT — TUTPYBaHHSIM
JyTOM, MEKTUHOBUX peyoBUH — CU-TIEKTAaTHUM METOJIOM, aCKOPOIHOBO1 KHUCJIOTH —

MetonoM TiabMaHca.
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OpraHojenTHYHI MOKA3HUKH SKOCTI JKEMY CYHHMYHOTO BHM3HAYaJd 3a 5 —
0aJIOBOIO IIKAIOXO.

JlociKkeHHsT IKOCTI CUpOBUHU 1 HamiB(aOpHuKaTiB JUisi BUPOOHUIITBA HKEMY
npeAcTaBieH] y Tadnuil 1. AHali3 OTpUMaHUX JaHUX IOKa3aB, IO BMICT CYXHX
PO3YMHHUX PEYOBHH B SIOJTyKaX MMEPEBUITYBAB aHAJIOTIYHUHN TTOKA3HUK SIT1]] CYHHII Ha
7,7 %, mykpiB — Ha 5,1, oJTHaK, SITOJIM MaJK ICTOTHO BUIIY KHCJIOTHICTH Ta B 4,1 pasu

BUILUIA BMICT aCKOPOIHOBOT KHCIIOTH.

Taomung 1

XiMIYHHUM CKJIaJl CHPOBUHHM Ta HamiB(haOpHUKaTiB

MacoBa gacTtka, % . .
CupoBuHa CyXUX . BMICT ackopo-
i HaniBaGPUKAT | po3IMHHNX | LyKpiB OpraHIYHMX [IEKTUHOBUX| HOBOI KHCJIOTH,
—— KHUCJIOT pEYOBUH mr/100r

CyHuns 10,1 8,9 1,0* 0,94 99,5
S16myka 17,8 14,0 0,5** 1,50 24,0
[Trope s161yuHe 17,2 13,8 0,4** 1,32 22,0
HIPos 0,7 0,6 0,1 0,20 0,6

[Ipumitka. *B nepepaxyHKy Ha JJUMOHHY KHUCIOTY
** B mepepaxyHKy Ha A0Jy4HY KUCIOTY

OuiHKa SKOCTI TOTOBUX MPOAYKTIB IMOKazana (Tadi. 2), 1m0 3a BMICTOM CyXHX
PO3YMHHHMX PEYOBHH BCl JoKemH BianoBizaroTh Bumoram JICTY 4900 «Jlxemu.
TexHiuHl yMOBHW», SKUM Tniependayae ixXHIA BMICT Yy CTEpUIII30BAHOMY JIKEMI
CYHUYHOMY He HHX4e 62 %.

Jlemo BUIUN MPOTH 1HIIMX BaplaHTIB BMICT I[YKPIB MaJM CYHUYHI JDKEMH 13
3aminoro 30, 35 Ta 40 % srig cynuii Ha mope g0myuHe. KUCIOTHICTE roTOBHX
JoUKeMIB BcTaHoBiieHa Ha piBHI 0,6—0,8 %, MacoBa YacTKa NMEKTHHOBHX PEYOBHUH —
0,76-0,84 %, ackop06inoBoi kuciaotu — 30,0-38,7 mr/100 r 3a 30epekeHOCTI Ha PiBHI

47,7-55,5 %.
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Tabnuusa 2

XiIMIYHUN CKJIa] JKEMY CYHUYHOTO

MacoBa yacTtka, %

Bwmicr
Yacrka mope . .
o acKOpO1HOBOI
sbmyumoro, %o ux kucnoTu, mr/100r
cyx . [TUTPOBAHMX|EKTUHOBUX ’
POSTHRHIX | HYEPIB |y cnor PEYOBHH
pEYOBUH
KOHTPOJIb
(Tpagmmiitna | 63,1+0,33 |56,6+0,3| 0,80+0,08 — 38,7+3,26
TEXHOJIOT151)
1 62,7+0,33 |56,7+0,3| 0,80+0,08 | 0,76+0,03 38,0+3,26
3 62,6+0,33 |56,8+0,3| 0,80+0,08 | 0,77+0,03 38,4+3,26
5 62,8+0,33 |56,4+0,3| 0,78+0,08 | 0,77+0,03 37,9+3,26
10 63,0+0,33 |56,84+0,3| 0,75+0,08 | 0,78+0,03 37,0+3,26
15 63,2+0,33 |56,8+0,3| 0,70+0,08 | 0,79+0,03 36,34£3,26
20 62,8+0,33 |56,2+0,3| 0,70+0,08 | 0,80+0,03 34,443,26
25 63,0+0,33 [56,8+0,3| 0,67+0,08 | 0,81+0,03 33,7+3,26
30 63,4+0,33 |57,0+0,3| 0,64+0,08 | 0,82+0,03 32,043,26
35 63,5+0,33 |57,2+0,3| 0,60+0,08 | 0,83+0,03 30,3+£3,26
40 63,6+0,33 |57,2+0,3| 0,60+0,08 | 0,84+0,03 30,0+3,26
HIPs 0,2 0,2 0,02 0,1 0,5

OpranoJienTHYHA OIlIHKA TOTOBMX JIKEMIB 3 CYHHIIl ICTOTHO 3ajie)Kajia Bijl

pEUEnTypHOI YaCTKHU S0IyYHOT0 Mope B MpoaAyKTi. OpraHoJjieNTUYHA OLIIHKA JHKEMY

CYHHYHOTO, III0 BUTOTOBJICHMH 13 3aMmiHOIO 25 % penentypHoi KiIBKOCTI STriJ Ha

mope s0JydyHe BCTaHOBJIeHA Ha piBHI 4,79 6Oana, mo Ha 0,09 Gana Bule NPoOTH

KOHTpoto (puc. 1).
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KOHTPONb 1 3 5 10 15 20 25 30 35 40

PenenitypHa 4JacTka mope A0Iy4HOT0, %0

Pucynox 1. Opra”osienTuyHa OLIHKA JPKEMY CYHHYHOT'O 3aJIEKHO B1J] YaCTKH

mope A01yyHoro, 0an

Taka omiHKa CBIAYUTH MPO MOMKJIMBICTh BUKOPUCTaHHS MIOpE SOJYyYHOTO B
KUTBKOCT1 He BuIe 25 % 11 oTpuMaHHS HEOOX1THUX OPraHOJENTHIHUX Ta (i3HKO-
XIMIYHUX XapaKTEPUCTUK MPOAYKTY 3a JlepxkaBHoro cranmapty Ykpainu 4900:2007

«/Ixemu. TexHiuHI yMOBIY.
Takum unHOM, 151 GOpMyBaHHS B’SI3KO1 Aparyieno1i0HOI KOHCUCTEHIIIT IKeMy

cyHnuHoro 3 ypaxyBaHHsM BuUMoOr JICTY 4900 «/lxxemu. TexHiuHi yMOBHU» YacTKa

mope A0 IydHOoro cKiaaae 25 % penenTypHoi KUIBKOCTI SIT1JT CyHHII.
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SECTION 9 TRANSPORT

9.1 model experiment of dynamic control implementation at the transport

network in Kharkiv, Ukraine

Ha mincraBi po3po0ieHUX TEOPETUYHUX IOJO0KEHb JUHAMIYHOTO YIIPaBJIIHHS
[157] nopoxHIM pyXOM IDISIXOM 3MiHM IIBHIKICHOTO PEXHAMY Ha MIXOAl IO
PETyJIbOBAHOTO TepexpecTsi OyJ0 MPOBEACHO EKCIIEPHUMEHT Ha BYJIHYHO-TOPOXKHIH
mepexi (BIAM) m. Xapkis.

[IpuknagoM BIZOMHX IMAKETIB IMITAI[IHHOTO MOJEIIOBAaHHS B cpepi opraHizauii
PYXy TPaHCIOPTHUX MOTOKIB € mporpamui npoayktu VISSIM (PTV AG, Himeuunna)
[158], GERTRAM / AIMSUN [3], Paramics [160]. IcHyro4i cCHCTEeMH MOJCTIOBAHHS
B1JI00pa)Kat0Th PEAKI1I0 TPAHCIIOPTHOTO MOTOKY Ha 30ypIOIOUH BILIUB (3a00POHHUIA
CUTHAJI CBITIO(Opa), IKUH € OJIHIEI0 3 MPUUYUH YTBOpPEHHs «yaapHoi xBui» (Y X).
Ane iCHyIo4l CUCTEMHU IMITAlIMHOIO MOJIETIOBAHHS J103BOJISIIOTh YIPABISITH TIIBKH
¢pontoM YX, TOI1 SIK MU MPOMOHYEMO 3MIHIOBaTH MmapaMeTpu «xBocTtay ¥YX. Tomy
JUTSE MOJIETTBHOTO EKCIEPUMEHTY HEOOXiHO PO3POOUTH IMITAIIIHY MOJEIh PYXY
tpancnioptHoro motoky (TII) na nusami BJAM, mo [03BOJMTH BU3HAYUTH
napameTpu pyxy aBToTpaHcrnopTHoro 3aco0y (AT3) na neperoni BJAM. Ilporpamue
3a0e3nedeHHs Uil IMITaiiiHoi Moneni moBeniHku AT3 y TpaHCHOPTHOMY MOTOIII
peaizoBaHO B IHTETPOBAHOMY cepefoBHIIi po3poOku moaaTkis Delphi 7.0.

Busznauaemo mapamerpu pyxy AT3 npu 3mini inTencuBHocTi TII 3a qomomororo
3aMpOINOHOBAHOI 1MiTaliiHOT Mojeli. O0'€KTOM eKCIEePUMEHTAIbHUX JOCIIIIKEeHb
O0yB oOpanuii nmeperin BJIM wm. XapkiB, mo € dactuHoro mpoct. Hayku, Ha minsHin
Bil mepetuny 3 ByJ. OTtakapa fApoma mo mepetuHy 3 ByJ. MiHchkoro. Ha HbOMY
CIIOCTEPITaloThCsl HE3aJ0BUIbHI MapaMeTpu PyXy B TOJWMHU «IIK», 1 SIK HACHIJIOK,

(bopMyrOThCs 3aTOpOB1 pexumu pyxy TII.
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OyHKIIIOHYBaHHS CBITIO(OpPHOTO 00'ekTa Ha mepeTuHi mnpocn. Hayku -
BYJ1. MiHCBKa 3/1HCHIOETHCS 110 OJIHIM JOOOBIM mporpami 3 mapamerpaMu: po3'i3a Ha
nepexpecti — aBodazHWM; TPUBANICTH a3, MO AO3BOJSIE PyX Ha IMIIXOIl 3
npoci. Hayku 3 6oky Bys. Otakapa SApomia — 25 ¢; TpuBaiiicTb 3a00pOHHOTO CUTHAITY
Ha IIbOMY K MIX0A1 — 22 C; TPUBANICTh IPOMIKHOTO TaKkTy — 4 C.

[Mapametrpu minsaku mpoct. Hayku: mosxuna ginsaku — 380 M; mmpuHa
miasHkn — 28,0 M; mMpWHA [EHTPAIbHOI PO3MOAUIBHOT CMYrd — 4 M; THII
TOPOKHBOTO OJIATY, BHUJI MOKPUTTS — KammiTalbHEe, ac(parTbTOOCTOH; CTaH MOKPUTTS —
BIJIMIHHO; KPHUB1 y IUIaH1 — BIJICYTHI; MOIMEPEUYHI YXWIH — Y MEXKaxX MICTOOYXIBHUX
HOpPM; TO3/IOBXHI YXWIH CKJIanaioTh: y Oik Byn. Otakapa Spoma — 44 %o, y Oik
ByJ1. MuHCBKOT — 41 %o0.

B xoni excrnepuMeHTy BHKOHaHI BUMIpiOBaHHs mapamerpiB pyxy TII i gacy
npoi3ay AUIAHKM mpu pi3Hid 1HTeHcuBHOCTI TII. Ilpm npomy OynM BU3HAuYEHI
napametpu TII, mpu SKUX pyX NEPEeXOAUTh y 3aTOpOBUM cTaH. EkcniepuMeHTalbHI
BUMIipIOBaHHA iHTeHCUBHOCTI TII Ha meperoHi mpoBOAMINUCS HATYPHUM METOJOM B
OyJiH1 JIH1 B paHKOBHM Ta BEUIpHIN Yac «IIK».

B iHmmit yac npotaromM a00u Ha JOCTIHKYBaHINA AUISHIN 3aTopoBoro ctany TII
He cnoctepiranocs. IlapamenbHo OynaM TPOBEACHI EKCIEPUMEHTANIbHI 3ai3au
METO/IOM «ILJIABAIOYOI0 aBTOMOOLIS» IO MEPEroHy Il BUMIPIOBAHHS IHTEHCUBHOCTI
TII. Pe3ynbratu €KCIEpUMEHTAIBHUX JOCHIIKEHb MapaMeTpiB PyXy IO IUISHII
npocn. Hayku y m. XapkiB nipezacrasiei y Taoa. 1.

Hani tabn. 1 moka3yroTh 3aJeXHICTh yacy npoi3zay auistakd BJIM Bix motouHoi
intencuBHocTi TII. Tak, Ha nimsHII npocn. Hayku mpu 1HTEHCHBHOCTI TMOTOKY
316 aBT./roa, Yac mpoi3ay MIISHKH NP €KCIIEPUMEHTABHUX 3ai3/1aX BapiloBaBCs Bij
0:31 mo 1:12 xB.:c, mo B cepenuboMy craHoBuTh 0:52 xB.:c. Ilpu mgocmimkeHH1 31
30uTbIIeHHsIM 1HTeHCUBHOCTI TII 3pocTano 3HavueHHs yacy mpoi3ny IOUISTHKU. Tak,
npu iHTeHcuBHOCTI TII 1200 aBT./rox yac npoizay 30UIBIIMBCA B CEPEIHBOMY 10
8:36 xB.:cC.

Taomun 1.

PesynbraTi ekciepruMeHTaTbHUX BUMIPIB Yacy npoi3ay aisaku BJAM
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. Mowment
IHTEeHCHBHICTE . ITouaTox Yac
[lepion TII Ha IHTCHCHBHICT E€KCIIEpPUMEHTAIILHOTO fepeTHiy poisay
. TII Ha cmys3i, p CTOII- .
yacy, rojt MEepEroHi, 3ai3my, JIUISTHKH,
aBT./TOJI JIVHII,
aBT./Tox TOM.:XB.:C XB.:C
rOJI.:XB.:C
7:30-8:30 853 316 8:11:26 8:12:17 0:52
8:30-09:30 3286 1217 9:12:17 9:20:53 08:36
17:00-18:00 1340 496 17:34:52 17:36:04 1:12
18:00-19:00 1492 553 18:17:33 18:19:30 1.57

OueBuHO, 1110 Yac mpoi3ay no AuigHkax B/IM € xapakTepucTukowo yMoB pyXxy i

BH3HauaeTbes: mapamerpamu TII. Jlns mMoaenpHOro ekcrnepuMeHTy Oyio oOpaHo

napametpu TII, mpu SKUX CIOCTEPIraroThCs HAMOUIBII HE3aJ0BIIbHI YMOBH MPOi3Ty

neperony 3 popMyBaHHAM 3aTopy. 30ubmIeHHS iHTeHcHuBHOCTI TII mpu moctiitHOMy

LUK PEryjIlOBaHHS MNPU3BOAUTH 10 HakonudeHHs AT3 y cronm-miHii, mo He

PO3'IKIKAIOTHCS 32 4Yac JI03BOJISIIOUOIrO CUTHANY cBiTiiodopa (puc. 1), B pe3yabpTarti

4Oro yTBOproeThes uepra AT3.

Hefctena

Hactpoittga ] [ Zanyck ] [DC'IEHOEEHTI:] [ Chpoc ] Beriog
. T
108 =
96
84 s 0.0
72 |24 S |
6O |*
48 L] a -3 a @ L - - R R R R a e |=
36 o1[1:2 6.0 16.0 D‘1[5:-4
24 o
12 0.0
0 40 a0 120 160 200 240 280 320 360 =400

Pucynok 1 —Ilepexin TII y 3aTopoBuii cTan

VY mporieci iMITaliifHOTO MOJIETIOBAaHHS! OTPUMAHO 3HAYEHHS Yacy Mpoi3dy Mo

ninsHui BJIM, mapameTpu sSIKoro BiJIMOBIAAIOTH MapaMeTpaM JOCHIIKYBaHO1 AUTSTHKH

npocn. Hayku y m. XapkiB. B KOXHUW HACTYNHMI IUKI PETYyJIOBAaHHS JOBKHUHA

4yepru 301TbITY€Thes (PUC. 2), 0 BUKIUKAE YTBOPEHHS «YAApHOT XBUIII.
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TeAcTEnA

HacTpoitiki ] l Janyck ] [DcmHoEuTb] [ Chpoc ] Bboog

[ TR Y S VR YR TR VR VR YRR YRR VY Y el LIV LI Y R

120 D:o::'r'ﬁ:ﬁdb:obc:jb:ob:né'néjbb'nélodl a oo GGH G
108 ¥ |
9 1
" 3.0 7.2
T2 I
&0
48 . . I
| 18 16.6
24 16.2 =]

12 9.6
0 40 a0 120 160 200 240 280 320 360 400

PucyHnok 2 — @opmMyBaHHS yAapHOi XBUJIl Y TPAHCHOPTHOMY IMOTOLI

[lopiBHANBPHUI aHaNi3 3HAY€Hb Yacy Mpoi3Qy IO [AUISHLI, OTPUMAHHMX 32
JOTIOMOTOK0 €KCIIEPUMEHTAIbHUX JOCHKeHb Ha peanbHid BJIM Ta y pesyinbrarti
IMITalIfHOTO MOJICJIIOBAHHS MPEACTABICHO y Ta0I. 2.

Ta0murg 2.
[TopiBHsAIBHUN aHATI3 Yacy MPOI3ay MO AUISHII B IEPi0] MAKCUMAIBHOTO

TPAHCIIOPTHOTO 3aBAHTAXKCHHS

Ne excneprmen:- Yac mpoi3 UISTHKH
TaJILHOTO POIILY AUIAHKE Yac nmpoizay AUSHKA AOcoirorHe Bignocue
. (ekcriepuMeHTAIbHI L ) ) o
BUMIPIOBaHHS . (imiTamiifHa MOJIETh), ¢ | BIIXWICHHS, C| BIIXHJICHHS, %0
N JTOCJTIJIPKEHHS ), C
Jacy npoi3ay
1 546 543 3 0,55
2 542 524 18 3,32
3 611 522 89 14,57
4 484 514 30 6,20
5 602 547 55 9,14
6 538 535 3 0,56
7 547 546 1 0,18
Cepenai 552,86 533,00 19,86 4,93
3HAYECHHS

OTpumaHuil pe3yJbTaT MHIATBEPAUB aJIEKBATHICTh PO3POOJICHOI IMITALIMHOL
Mozeni Bu3HadeHHS mBHAKOCTI AT3 y moOTOIl, OCKIIBKH CEpeaHE BITHOCHE
BIIXWJICHHSI 3HaY€Hb Yacy Mpoi3ny Mo AociimkyBaHik auisHii BJIM He nepeBuiye
10 %. Omxe, 3ampolOHOBaHA IMiTaliiiHa MOJENh MOXE OyTH 3acTOCOBaHA IS
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BU3HAYEHHS IMapaMeTpiB YIMPaBIIHHS IIBUIKICHUM PEXKUMOM Ha MIAXOJ1 0 30HH
3aropy. Hapmani BuzHauaemo mapamerpu pyxy AT3 Ha meperoHi B ymMoBax BHCOKOIi
miimpHOCTI  TII  [1]. Ha migcTaBi OTpUMaHUX aHATITUYHUX — 3aJCKHOCTEH
3aMpOIIOHOBAHO AJITOPUTM BHU3HAYCHHS IMapaMETPiB 3MiHU IIBHIKICHOTO PEKUMY Ha

e BJIM (puc. 3).

Busnauenns napamerpiB TII (iHTEHCHBHICTB) Ta MapamMeTpiB
CBITIIO()OPHOTO PEryJIFOBaHHS (TPUBAIICTD UKITY, TPHBAIICTh OCHOBHOT'O
TaKTa y BA3HAUCHOMY HAIPSIMKY)

v

Po3paxyHOK MpomyCKHOT CIIPOMOYKHOCTI Ha CTOI-JTiHI{ TePeXpPecTs:

3600-(t, — L)
_ 26-a

J, :

Po3paxyHok mBuakocti AT3 y 30H1 0OOMeKeHHS:

nep

q

ozp

v

Po3paxyHOK 10BXHHH 30HU OOMEXEHHS ILIBUJIKICHOTO PEKUMY:

T AV? a, T 2
Ij = I :AV T +# + _yem H
oep (AV) ( c 2) Z.aycm 24

v

Po3zpaxyHok nepetuny ainsaku BJIM, Ha sKOMy CKacOBYeTbCs
0OMEXEeHHSI IIBUKICHOTO PEXUMY:

IomM _(I )_ NTH .(IaBT. +AI)
SH. ™ \"ouepens/
n,—n, -A

Pucynoxk 3 — AIropuT™M BU3HAUYCHHS [MapaMeTPiB 3MIHU MIBUAKICHOTO PEXKUMY

Ha MIJIXO0/1 10 30HU 3aTOPY

Ha mnepmiomy erami po3paxoBYIOThCS TapaMmMeTpyd PO3MIIMICHHS TEXHIYHUX
3aco01B peryJIloBaHHS JOPOKHBOTO pyXy. Buznauaemo neperun neperony B/IM, Ha
SAKOMY CKaCOBYEThCS OOMEXKEHHS IIBHIKICHOTO PEXUMY JJIA JUISHKA 3

iareHcuBHicTiO TI1 1217 aBt./ron.
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[Ipy Takiii 1HTEHCUBHOCTI Ha MIAXOJl JO TMEPEXpecTs MICs JCB'ATH XBHJIUH
PyXy Ha AUISHII HakonuuyeThes uepra AT3, sika mpoBokye rnepexin TII B 3aTopoBuii

CTaH.

o =], = 1217-(5+1) 202,226 ~ 203 x1
Pt 69,23—-69,23-0,481

PiBeHb 3HIDKEHHS IIBHIKICHOTO PEXHUMY PO3PAaXOBYEMO i3 ypaxyBaHHSIM
MPOITYCKHOI ~ CIIPOMOKHOCTI ~ PETYJILOBAHOTO TepexpecTs. B aKOCTI  BXigHHUX
napaMeTpiB MaeMO: IUKJ peryioBaHHsA 1, - 52 ¢, TpUBaJiCTh OCHOBHOTO TakTy B

JaHOMY HampsMKY 13 -25 ¢, MBUAKICTH pyXy B 30HI nepexpecTs 45 Km/Tox:

3600- (25— 264525)
P =P = S~ =841,42 ~841 apr. /oL
ozp " nep >.52 aBT./TOJI

JIns BU3HAYEHHSI 3HAYEHHS IIBUAKOCTI B 30HI OOMEXKEHHS PO3PaXOBYEMO
uipHICTh TII HA meperoHi Ha MijCcTaBl 3HaY€Hb IHTEHCHUBHOCTI MOTOKY, Ha BXOJ1
MIEPETOHY 1 MPOMYCKHOI CIPOMOYKHOCTI TIEPETOHY B MEPETUHI CTOM-JTiHIT (HATPUKIHII
MIEPEroHy):

1217-841

=089,474 ~ 990 )
038 aBT/KM

Otpumane 3HayeHHs wIbHOCTI TII € HepeanbHUM, OCKUIBKM MpPH Takii
KUIBKOCT1 aBTOMOOLIIB BOHU OynyTh 3aiiMaTH CMYTy JOBKHUHOIO HE MEHII 5,9 KM.
Ane oTpumaHHil pe3yibTar mnepefdayae BUHUKHEHHS MEPEKEBOTO0 TPaHCIOPTHOTO
3aTopy, SKUA 30Ira€TbCcsl SK 13 pPEajbHON TPAHCIOPTHOKO CHUTYaIll€l0, Tak 1 3
pe3yibTaTaMu IMITAIlifHOTO MojenoBaHHsS. OTpuMaHi 3HA4YEHHS MPHUITYCKAIOTh
BUHUKHEHHS MEPEKEBOT0 TPAHCIIOPTHOI'O 3aTOPY, 1110 MIATBEPIKYETHCS 1 PEaIbHOIO
TPAHCIIOPTHOIO CUTYAIII€0, 1 pe3yIbTaTaMU IMITAIlIHHOTO MOJIeNIFOBaHHs. Tak, micis
24 XB MOJieNOBaHHS OyJI0 OTPUMAHO IOBHE 3allOBHEHHS JOCHIKYBAaHO! JUISTHKU
aBTOMOOUISIMH, 13 MOJANbBIIOK 3YMHUHKOI Ha MeperoHi (puc. 4) 3 MOMIMPEHHAM Ha

CYCIJIHIM MeperiH, 10 MATBEPIKEHO HATYPHUMHU OOCTEKEHHSIMH.
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DedcTenn
HacTpoitiki ] l Janyck ] [DcmHoEuTb] [ Chpoc ] Bboog
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Pucynok 4 — Iporec hopmyBanns auisinku BJIM niaBuiieHoi muibHOCTI

Tomy nis NOJANBIIMX PO3PAXYHKIB MPUUMAEMO MAaKCUMaJIbHO MOKIIUBY
uieHICTh TTI - 120 aBT./KM, 110 BIANOBIIA€ PO3PAXYHKOBIM JTOBXKHMHI aBTOMOO1IS

5 M 1 3a30py Oe3reku B motolli 1 M. Toal MBUAKICTH B 30HI OOMEXKEHHSI CKJIaJIE:

841
V=—=7008~7 )
120 KM/TOT

BianmoBigHo 3 BUMOTaMu JI0 TEXHIYHHUX 3ac001B opraHizallli JOpOXKHBOTO PyXy
Ha JOpPOXXHbOMY 3HaKy, kvl iHpopmye BoAiiB AT3 mnpo MBUAKICHUNA PEXHM,
BIIOOpaKa€EMO 3HAYEHHS IIBUIKOCTI: Ha JOpOXkHINM 3HaK 3.29 BHHOCUTHCS
3MeHIeHHsT mBUAKocTi pyxy — 10 km/roa. Ha migctaBi oTpuMaHUX pe3ysbTaTiB
pPO3paxOBY€EMO TEPETHUH MAUISHKHA, Ha SKOMY BBOJIMTHCS OOMEXKEHHS HIBHAKICHOTO

peXKUMY:

=37,333= 37 .

2 2
|y =111 (0,1+ 0’35j SLHT 18035

2-18 24

OTpumaHi mapaMeTpu € BXIJHUMU JJi1 po3poOJieHOl IMiTaliiiHOi Mojeni
«Ynapua xBwiss». Pobody o6macth MpU3HAYEHOTO NJIsi KOpHUCTyBada iHTepdeicy i3
BIJINOBIIHUMH HACTPOWKaMU MapaMeTpiB MIBUAKICHOIO pexkuMy Ha neperoni BJIM

MpEeJICTaBJICHO Ha PHUC. O.
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r I
Hactpoiikm - - ﬁ
¥npaeneHue [WHaMWyeCKoe YNpaEneHue
Lkn perynuposatvn, s Orutia yyacTka, M 400
M. OrpaHK
OnvTencHocTs SaNPelUEoLero ciriana, © 76 [lo ELEE T 0
OeicTere sHaka, M 150
KoopmwHaTa ceeTodopa, M 180
ZapesepEMpOBaHD
KoopmiHaTa orpaHMuMESIILLEND SHAKE, M 140 (sapezepanp ) 0
(zapezepenpoEaHD) 0
OrpaHWyeHE CKOPOCTA SHAKOM, KM,/4 50
CucTema TpaHcnopTHOE CpeacTED I
PacueTHan MHTEHCHBHOCTE, 3BT/Y 1217 Vekopenie, mM/c2 3
MakcumManeHaR NRoTHOCTE, SBT/KM 120 JaMenneHue, M/ic? 5

War WHTEMDHMPDOESHKA, C 0.1 nEIED.EJ'IbHEI:H CHODOCTE, KMy B0

|

Pucynox 5 — Po6oue BIKHO HaJamTyBaHHs MapaMeTpiB IMITaIiitHOT MO

VY mponeci MOJENIOBaHHS OTPUMAHO pe3yJbTaT, KU MIATBEPIXKYE, IO IPH
iHTeHcuBHOCTI 1217 aBT./ron pexum pyxy TII € crTiiikum 1 He NEpeXoauTh Yy
3aTOpoBUi cTaH (puc. 6) Ta CyNPOBOKYETHCS HEBHCOKUM TEMIIOM HAKOMHYEHHS
AT3 y crom-ninii, npu sikomy Bci AT3, mo 3ynuHmwiKcs Ha 3a00pOHHHI CHUTHAI,
IPOIKIKAIOTh IPOTATOM HACTYIHOIO OCHOBHOT'O TaKTy peryitoBaHHSA. OTpuUMaHUN
pe3ysbTaT MOJEIIOBAaHHS TMIATBEPIKYE, IO MUIAXOM 3HIDKEHHS MIBUAKICHOTO
pexumy Ha auistHI BJIM moxnuBo 3amo6irtu nepexoxy TII B 3aTopoBuii craH Ta
MIJBUILIMTA MPOMNYCKHY CIPOMOXHICTh, 110 O€3MOCepeHbO  BIUIMBAE Ha
e(eKTUBHICTh (PyHKIIOHYBaHHS neperony BJIM.

[Topanbiie oomexxennst noctyny AT3 B 30Hy yTBOPEHHS 3aTOPY 31HCHIOETHCS
HUISIXOM OOMEXEHHS IIBUJIKOCTI PyXy, 10 BIAMOBIIAE KJIACUYHOMY (DOPMYITIOBAHHIO
OJIHI€1 3 OCHOBHHUX I[IJIEH YIIPaBIiHHS JOPOKHIM PYXOM - 3a0€3MedeHHsT ONTUMAIbHOT
mBUAKOCTI pyxy. Came B yMoBax pyxy 1o Micbkiii BJIM, ne Bucoka MBHIKICTh PyXy
HAa JIOKAJTbHUX JTUTSTHKaX HE MPU3BOAUTH JI0 3HIDKEHHS Yacy pyXy SK Ha JUISTHKaX, TaK

1 TI0 Mepexi B IIJIOMY (HasBHICTh 3aTOPIB, PyX B KOJIOHAX 3 YACTUMU 3YTIMHKAMU).
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ol ¥YaapHaa sonHa L e S
TeAcTEnA
HacTpoitiki J I Janyck J [DcmHoauTb] [ Chpoc Bboog
120 5aeoaa o o1500,20
108 22
96
o 7.8 T.7
72 K K .38
60 sp 81 81 20 78
48 10,9 = o = o
651 = @ @ =] |:|D (= @ = = 3 @ f mAad 8 a o a
36 |o 14.1 16,2
16,3
24 “ o -
12 8.3
0 40 a0 120 160 200 240 280 320 360 400
e i — J

Pucynok 6 — I[porec pyxy AT3 6e3 3atopy

[Ipy oOMexeHHI MBUIKICHOTO pexuMy HakonudeHHs AT3 y depsi
BUKJIIOUAETHCS 1 yac npoi3ay (7uep, €) mo neperony B/IM moke Oyt BH3HAYEHO

3AJIEKHICTIO:

oep

Loep
t :V—+0,24.VP’ (1)

0zp
ne top — 4Yac mpoi3y 30HM OOMEKEHHS LIBUAKOCTI, C; Lop — JOBXKHMHA 30HU
oOmexenHs, M; 0,24-V, — cepeaHi BTpaTu yacy B pe3yibTaTi pO3roHy-TaJbMyBaHHs,
c; Vp — cepeaHs IIBUAKICTh pyXy Ha MiA'i3a1 A0 nepeTuHy, M/C; Vorp — IBUIAKICTD PYXY
AT3 B 30H1 0OMEKEHHS, M/C.
Toxi yac mpoi3ay 1Mo BChbOMY IEPETOHY pO3pax0oBYEMO 0 3aJI€KHOCTI:

Lne _Loz Loz 3’6
T,,= pV Ly 22 +0,24-V, (2)

c6 ozp

Tak, 15t Ipoi3My MO TOCTIKYBaHIM TUISHII 1IeH Yac CKIIaje:

_380-37 37 L 024139-4132¢

" 139 2,78

Pesynbrati BuMiproBaHb (DaKTUYHMX 3HAY€Hb dYacy TMPOi3Ay MO JUISHII
npocn. Hayku 1 TpuBamocTi pyxy IO HbOMY IiCls BBEICHHS OOMEKEHHs

IIBUIKICHOTO PEXUMY B MOJICTILHOMY €KCTIEPUMEHTI MPEJICTaBICHO B Ta0. 3.

158



Taomung 3.

Pesynbrati BU3HAUEHHSA Yacy npoi3ay neperony BJIM

IarencuBHicTh | Yac npoizay LI‘ac mpoisay | PisHmus 10 Ta micis Bignoche
. . JUTISTHKY TIPHA BBEICHHSA )
ITepion TII Ha TUTSTHKA OOMEKEHH OOMEIKCHHSL BIAXUJICHHS
Hacy, roi rieperoi, (axTurmii, HIBUAKICHOTO HIBUIKICHOTO ’
aBT./TOJI C %
PEKUMY, C pEXHUMY, C

7:30-8:30 853 52 41 11 21,15
8:30-09:30 3286 516 41 475 92,05
17:00-18:00 1340 12 41 31 43,06
18:00-19:00 1492 117 41 76 64,96

BoueBuap, 3MeHIIEHHsT Yacy mpoi3ay mo neperony BJIM B pesynbTari 3MIHH
IIBUJKICHOTO PEKHUMY BIJOYBA€ThCS K B IMEPIOJAM MAKCHUMAJIbHOI TPaHCIOPTHOI
3aBaHTAXXEHHS - B TOAUHU «IIIK», TaK 1 B MDKIIKOBI nepiogu. Tak, B paHKOBY TOAUHY
«IIK» Yac Opoi3ay MeperoHy 3HMWxKyeTbecs Ha 92,05%, a y BewipHii 4ac «Imik» 4dac
IIPOI3ly IepETrony - Ha 64,96%.

[IpakTnyHa peamizaiiss  3alIpOMOHOBAHUX  3aXO[dIB  IMOJAO  ITABHIIECHHS
IPOITYCKHOI CIPOMOKHOCTI enemeHTiB BJIM MoknuBa 3a HasiBHOCTI TEXHIYHHUX
3ac00IB PEryJIOBaHHA: JETEKTOPIB TPAHCIOPTY 1 JOPOXKHIX KOHTPOJIEPIB, SKi
BUKOHYIOTh (DYHKIIIIO TIPUCTPOIB MICIIEBOTO yrpaBiiHHsg. [IpoBenemMo OILiHKY
e(EeKTUBHOCTI  3aCTOCYBaHHs JIMHaMiuHOro ympaBiaiHHA JIP  Ha  OCHOBI
3aMpONOHOBAHOIO Y3arajbHEHOI'0 IMOKa3HHMKa e(eKTUBHOCTI [S], 10 CKiIamy sSKOro
BXO/STh TOKa3HMKHA e(PEKTHUBHOCTI  COIlaJbHOI, EKOHOMIYHOI, €KOJOTIYHOI,
€HEePreTUYHOI Ta TEXHIKO-EKCIUTyaTal[liHO1 IPyII.

VY Tabn. 4 HaBelEeHO BIAMOBIAHI MOKA3HUKHU 3 PO3TIISTHYTHX TPYN MOKA3HUKIB
edekTuBHOCTI. 111 o1iHKY e(PeKTUBHOCTI (PYHKLIOHYBAaHHS AOCIIKYBaHOI JUISTHKA
npocn. Hayku 10 1 micas 3MIHM HIBUAKICHOTO PEXUMY Ha TMEPEroHl BPaxOBYEMO
3HaueHHs mapameTpiB TII, ski cmocTepiraioTbest B ToauHy «mik» Ha BJIM, a Takox
napametpu pyxy AT3, siki oTpuMaiu B pe3yiabTaTl MOJCTIOBAHHS TICIs 0OMEKEHHS

IIBUIKICHOTO PEXUMY Ha JIJISHIIL.
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Tabmuis 4.

[Tokaznuku epekTUBHOCTI (DYHKIIOHYBaHHS enemMeHTiB B/IM

YMoBHe HaitmenyBanus Opnuaun
. PozpaxynkoBa ¢popmyia
MMO3HAYEHHS [MOKAa3HUKA BUMIpY
. L —L L -36
Al Butparu yacy Ha neperosi c o = nep  “oep , “ozp +0,24-V,
BHM Vce oep
TpancnopTHi BUTpaTH HA
A2 npoiza TII no neperony | rpH.aBT./KM Sii=Coi-iy Tuep” Nopuetici
BJIM
. V Li_j
Ay | Copemmsmmmmicns pysy |, CTLLoL, L
p y Vce Vasp
Bukuan 3a0pyIHIOIOUHX PEUOBHH:
A4 CO
A5 NOZ L k
Ab CH I/MUH —O Z f v
A7 SOz !
A8 dopmalbierizn
A9 CITOJIYKH CBUHIIIO
1
2 K 2 2
A10 HIyMm npucKopeHHs m/c? _|AV Vi —Voye
YM IPHCKOD o, { T Zl AL ( )
KoedimienT 3HmKeHHS Ve
All HIBUIKOCTI } K, = \Tp

Ha migcraBi oTpumaHux BuUXiZHMX mapameTpiB pyxy TII pospaxoByemo

MOKa3HUKUA €(PEeKTUBHOCTI AOCHIAKYyBaHOI NinsHk BJIM. Po3paxoBaHi moka3zHUKH

GhOpMYyIOTh MATPHIIl CHOCTEPEKECHHS IS TEPEeXpecTs Ta IEperoHiB. Pesymbratn

pPO3paxyHKIB MOKAa3HUKIB ePpeKTUBHOCTI (yHKUIOHYBaHHA BJIM 1o 1 micns 3MiHH

MIBUIKICHOTO PEXUMY (JUIsl TOAMHHM «IT1K») TIPEICTaBIICHI B Ta0J. 5-6.

TaOmund 5.

MaTtpuiis cioctepexeHb A OLIHKH TIISHKH 10 3MIHH IBUJIKICHOTO PEXKUMY

B niepion 3 08:30 no 09:30

m [Toxa3HukH eekTUBHOCTI (DYHKIIOHYBaHHA eneMmenTis BJIM
CpCTOHH, IO Al | A2 | A3 | A4 A5 | A6 | A7 | A8 | A9 |Al10ATLL
HpI/IMI/IKaIOTB pa(e]
nepexpecTs c rp;II;iIBT'KM/ro;] I/MUH | T/MMH | T/MHH | T/MHH |1/MuH |[r/MuEM/CY| -
A 1 2 3 4 5 6 7 8 | 9 [10/11
1 (Biz Byn. O. Slpoma) |516,0[79126,9 3,0 [170346,283398,765654,312066,22306,8887,2/6,8 0,1
2 (BiABym. 19,0 | 1630,6| 46,0 |35308,8 [17286,613608,6 2501,0 |478,1|183,9/0,5 /0,9
HoBropoacbkoi)
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[IponoBxeHHs TaOIUII 5

A

2

4

5 6

7

8

9

10

11

3 (Bix Bys1. MHHCBKOT)

24,0

131,

01400

3369,6

1649,7

1298,7

238,6

45,6

17,5

0,7

0,8

Xkcepen

186,3

26962,8

29,6

69674,8

34111,6

26853,8

4935,3

943,5

362,8

2,6

0,5

Sk

285,5

45181,6

23,2

88634,4

43393,9

34161,2

6278,2

1200,2

461,6

3,5

0,4

Taomund 6.

Martpulis CriocTepeKeHb IS OLIHKY JUISHKY TTpoct. Hayku miciis 3MiHH

MIBUAKICHOTO pexkumy B mepion 3 08:30 mo 09:30

[Teperonwu, 1o

IToxa3nukn edexkTuBHOCTI PyHKITIOHYBaHHS enemMeHTiB BJIM

Al

A2

A3

A4

AS

A6

A7

A8

A9

Al0

All

MPUMHKAIOTH I
nepexpects

I'PH.aBT.
/KM

KM/TO]1

/MUH

/MUH

I/MHUH

I/MHUH

r/MUH

/MUH

m/c?

1 (Big By
0. Apoma)

41,0

6287,2

33,0

126182,4

61776,8

48632,8

8937,9

1708,7

657,2

6,8

0,7

2 (Bim BYJI.
Hosropoacrskoi

19,0

1630,6

46,0

35308,8

17286,6

13608,6

2501,0

478,1

183,9

0,5

0,9

3 (Bix
BYJ1. MHUHCBKOT)

24,0

131,0

40,0

3369,6

1649,7

1298,7

238,7

45,6

17,6

0,7

0,8

Xkecepen

28,0

2682,9

39,7

54953,6

26904,4

21180,0

3892,6

744,2

286,2

2,7

0,8

Sk

115

3210,2

6,5

63719,6

31196,0

24558,6

4513,5

862,9

3319

3,6

0,1

PesynbpTaT mpolienypu cTaHAapTH3allli OTPUMAHUX MATPHUIlb CIIOCTEPEKEHb

HaBeeHl B Ta0i. 7-8.

TaOmurg 7.

CrangapTu3oBaHa MaTPUIS IS OIIIHKY IUISTHKY npocn. Hayku 1o 3miHu

MIBUIKICHOTO PEXUMY

[Teperonu, mo

MIPUMUKAIOTH 10 Al A2 A3 A4 A5 A6 A7 | A8 | A9 | A10 | All
nepexpecTs

1 (Bix By

O. Spoma) 1,155 276,489 -0,642 (595,984 (291,451 (229,301 /41,609 |7,427|2,455|-0,629| -0,652

2 (Bix By

Hogsroponacekoi) [-0,586| 5,058 |-0,492(123,016| 59,894 | 47,011 | 8,107 [1,022-0,009-0,651/-0,649

3 (Bin R

By)I. Munchkoi) |-0,569|-0,194 |-0,513] 11,149 | 5,125 | 3,896 | 0,183 |0,493-0,591-0,650-0,650
ETamonne -
3HAUCHHS -0,586|-0,194 |-0,492| 11,149 | 5,125 | 3,896 | 0,183 |0,493-0,591-0,651|-0,652

161



Taomund 8.
CranmapTr3oBaHa MATPUIIA JJIsI OLIHKY JUISHKY TIpocn. Hayku micis 3MiHu

HIBUJIKICHOTO PEKUMY

[Teperonwu, mo

MIPUMHKAIOTH [0 Al A2 | A3 | A4 | AS | A6 | AT | A8 | A9 | A10 | All
nepexpecTs
1 (Bix By
0. Spoma) 1,127 11,123|-1,025/1,118(1,118|1,118|1,118|1,118|1,118-0,842|-1,025
2 (Big BYJL

Hogsroponacekoi) |-0,780 |-0,328|0,973 |-0,308|-0,308|-0,308|-0,308|-0,308|-0,308/|-0,861| 0,973

3 (Bin

Bys1. Muncekoi) |-0,347-0,795/0,051 |-0,810|-0,810|-0,810|-0,810|-0,810|-0,810|-0,860| 0,051
Eranonne
3HAYCHHS -0,780|-0,795|0,973-0,810-0,810|-0,810-0,810i-0,810-0,810|-0,861|-1,025

B pesynbpTaTi mpoBeNEeHHS HEOOXIIHMX PO3PAXYHKIB OTPUMaHl 3HAYEHHSA

y3arajibHIOIUHX MMOKA3HUKIB OLIHKH €()EKTUBHOCTI JOCIIHKyBaHUX neperodis BJIM
(tabi. 9).

Ta0murg 9.

VY3aranpHIOI0Y1 MOKa3HUKHN €(EKTUBHOCTI JOCIIKYyBaHUX neperonis B/IM

KommuiekcHuil moka3Huk epeKTUBHOCTI
1 *.
[leperonu, 1110 TPUMHUKAIOTH JI0 (YHKIIOHYBAHHS CIEMEHTA .BZ[M (d. )
: . HiCIIst 3MIHU
nepexpecTs 710 3MiHH IIBUAKICHOTO )
HIBUAKICHOTO
pEeXUMY
PEXKUMY
1 (Bix Bysa. Orakapa Apoma) 0,1014 0,2224
2 (Big ByJa. HoBropoacekoi) 0,7112 0,7828
3 (Bix Bysn. MUHCBKOT) 0,7491 0,7983

Ha migcraBl oTpuMaHUX 3HA4Y€Hb Y3arajbHIOIYHMX MOKA3HHUKIB €()EeKTHUBHOCTI
Oyayemo paaap edekruBHOCTI ainsHok BJIM (puc. 7).
BignoBigHo 10 MeToAMKUA TOOYIOBH pajapa OIIHKM BHU3HAYA€EMO 3HAYCHHS

y3arajbHIOIYOro MoKa3HUKa eeKTUBHOCTI GyHKIIOHYBaHHA OUIsiHKU BJIM:

S,” =01337, S, =01763
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KIT3®3E VICTL)

OO0 H3MEH SHHA
CEOPOCTHOTD PEAIna

NMoone HaMEHEHIA

0, 1014402234
: ’ CEOpOCTHOID peTva

0,7401/0,7083

KII3&3EV/IC(I3) KII33EV/ICI2)

VemoEHER 050SHATEHET
0,7401/0,7983 - mragerme KII3P3V]IC, cooTEETC TESEED 0 TA TOCTE ESMEESENA CHIPOCTHOTO PESmH M,
(I11) - mEana cozHEH 3DEEETHERCCTE O VERIHOHRPOBIHHA JeMeHTa & 1C.

Pucynox 7 — Pagap ouinku edekTuBHOCTI PyHKIIIOHYBaHHS enemeHTa BJIM no ta

micist OOMEKEHHS IBUJIKICHOTO PEXKUMY

Bignocna mioma pagapa (9) mias mocmimkyBaHol minsaku BJIM mo Ta micis
BBEJ/ICHHS ApaMETPiB 3MIHU MIBUAKICHOTO PEXKUMY Ha MEPErOH1 CKIIAJIE:

D% = 01337 _ 0,04259 D" = 01—7463 =0,05616

~ 0,05616-0,04259

.100 = 31,86%
3 0,04259

Pesynbratu po3paxyHKiB CBiI4aTh, 0 €PEKTUBHICTh QYHKIIOHYBAHHS JIJISTHKH
BJAM micns  3MIHM IIBUAKICHOTO  peXuMy miaBuinyerbcss Ha 31,86 %.
3anponoHOBaHUM  CMOCI0 JAMHAMIYHOTO YIPABIIHHSA JOPOXKHIM  pPyXOM  JUIS
MiABUILEHHS e()eKTUBHOCTI (yHKUIOHYBaHHA BJ/IM Ha OCHOB1 3MiHU HIBHUIKICHOTO
pexumy TII Ha okpeMuX OUISHKaX Mepexi 103Bojsie 3ano0irtu nosisi uepru AT3, a
omxe 1 hopmyBaHHs 3aTopiB Ha B/IM.

Takum 4yMHOM, MOXHA CTBEpP/UKYBaTH, IO 3MiHA MIBUAKICHOTO PEXHUMY Ha

NEepPEeroHax JA03BOJIsE MIABUUIMTH e(eKTUBHICTh (PyHKuUioHyBaHHS BJIM, a Takox
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napamMeTpu 3MIHU HIBI/I,IIKiCHOI‘O PEXKHMMY MOXYTb 3aCTOCOBYBATHUCA 3 MCETOIO

I1JBHUIICHHS MTPOMYCKHOI cripoMokHOCT1 B/IM Ta ii mpo1yKTUBHOCTI.
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