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THE METHODIC OF MODELING AND CALCULATIONS OF THE
OXYGEN REGIME AT THE PURIFICATION OF THE WASTE WATERS
IN AEROTANKS WITH SUSPENDED AND FIXED BIOCENOSIS

Abstract. The methodic of mathematical modeling and calculations of oxygen
regime at biological treatment of waste waters from organic contaminants in
aerotanks with suspended and fixed biocenosis is given. The peculiarities of the
simulation of oxygen supply during purification in aerotanks-mixers and aerotanks-
displacers are considered at this.

Keywords: model; purification; oxygen; organic pollution; aerotank-mixer;
aerotank-displacer; biofilm; active sludge.

Introduction

In biological waste waters treatment reactors in particular in aerotanks the removal
of organic contaminants (OC) occurs in aerobic conditions that is when oxygen is
consumed for biooxidation of OC and self-oxidation of cell material and also used
in other processes that may occur at this time. Therefore the modeling and
development of the aeration system is to provide such an oxygen regime in the
reactor in which the rate of the biological treatment process should not be limited by
the amount of oxygen contained in the reactor. In such reactors the processes of
dissolution and consumption of oxygen develop simultaneously and are
interconnected. In well-known bioreactors — aerotanks the removing of OC occurs
under normal conditions only owing to suspended biocenosis (active sludge) and
these processes are sufficiently thoroughly considered in the special literature.

© T.S. Airapetian, S.V. Telyma, O.Ya. Oliynyk, 2018
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In this paper the peculiarities that occur at the modeling of the oxygen regime in
the aerobic biological treatment of waste waters in aerotanks-mixers and aerotanks-
displacers with suspended and fixed biocenosis are considered for conditions when
the process of biochemical oxidation is provided with oxygen in sufficient quantities
and the oxygen supply will not limit the kinetics of biooxidation (removal) of OC in
aerotanks with suspended and fixed biocenosis [1].

The main features of the proposed methodic

It is known that depending on the hydrodynamic conditions of the flow of the waste
waters in bioreactors its are divided on the aerotanks-mixers and aerotanks-
displacers [1-4]. If we take into account that oxygen supply takes place using the
most commonly used in practice pneumatic (bubble) oxygen delivery technology in
the volume of aerotanks due to the use of air then the indicated features of using
oxygen with suspended and fixed biocenosis in particular are as follows. If
suspended biocenosis (particles of active sludge) is directly used for oxidation of
oxygen dissolved in waste waters from oxygen bubbles then in the case of fixed
biocenosis (in the form of a biofilm loaded on the surface of the material) it is
necessary to determine the flow of dissolved oxygen that enters to the biofilm surface
through the boundary layer of the liquid and carry out a quantitative assessment of
the consumption of oxygen by microorganisms in the thickness of the biofilm. The
solution of these questions allows us to estimate the amount of oxygen needed for
biooxidation by suspended and a fixed biocenosis and moreover allows solving such
an important question which of the substrates (oxygen or OC) will limit the oxidation
process in the biofilm. It has been established by research that at considerable
(saturated) arrangement in the aerotank (reactor) of the elements of loading the
oxygen can enter in the biofilm not only from the volume of liquid (dissolved
oxygen) but also as a result of so-called inter-surface transfer (IST) directly from the
bubbles adhering to the surface of the biofilm. The account of IST allows in some
cases to increase the concentration of oxygen entering to the biofilm up to 20% [2].

In both cases of the removing of organic contaminants by suspended and fixed
biocenosis in aerotanks for growth and livelihoods of microorganisms it is necessary
to provide the uninterrupted supply of oxygen and to control its consumption in the
amount necessary to maintain the kinetics of reactions with a high rate of utilization
of OC in these conditions of the aerobic process. In this work in order to evaluate
and analyze the oxygen regime in aerotanks-mixers and aerotanks-displacers under
the indicated conditions a general mathematical model was constructed which
reduces to the realization of the corresponding equations of the material balance
recorded relative to the concentration of oxygen C.

So for aerotank-mixer we have

w. Ca
W, =2 =Q,(Co—C, J+W JaKealfC, ~C,)-Fs No =R, Wy, ()

and for the aerotank-displacer we have

aC o’C, oC Fs
= —V=2 ygaK.alfC,-C,)- LN, -R, , 2
5t c 6X2 8x & C (IBCp a) Wp c ac ()
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Re. =Re, +R..

In practical calculations it is enough to consider equations (1)—(2) in stationary
conditions and to evaluate their members taking into account the known diffusion

criterion of Peckle pg :L| according to [1]. For further implementation let's bring
D

Cc

them to the form:
for aerotank-mixer

Co —C, +aKcalC, —C,JT, —Ry =0, 3)
Fs W,
R3:Q_INC+RaCTa’ Ta:Q—a
a a

for aerotank-displacer

dC F
—v—2+soK.a(fC,-C,)- 4N, —R, =0, A =-2. ()
dx ; F
In general case in the above equations the value of the flow of oxygen entering to
the biofilm through its surface is determined by the equation:

N __p 9C _

c— “¢ E - (1_77)KC (Ca _C|z=0)+77aKCn (ﬂcp _C|z=0)’ (5)

where 77 — the ratio of the surface area of the biofilm in contact with air bubbles to

the total surface area of the biofilm.

In other words the equation (5) takes into account the possible additional flow of
oxygen into a biofilm both from the volume of liquid in the form of dissolved oxygen
and as a result of the so-called inter-surface transfer (IST) directly from the bubbles
adhered to the biofilm. The expediency of taking into account IST takes place with
sufficiently significant (saturated) of loading of the elements in the aerotank (reactor)
which takes place for example in flooded filters with sand-gravel material of loading.
In aerotanks with fixed biocenosis (biofilm) it is possible ignoring the IST and some
possible positive impact of IST will go into the stock of the calculations. In this case
at implementing models it is necessary to take 7 = 0 and take into account only the

flow of dissolved oxygen from the volume of liquid to the biofilm due to diffusion:

dcC
N¢ :_DCd_:KC(Ca_C|z=O)' (6)

z
Note that the determination of the flow of oxygen through the surface of the
biofilm N, and for the quantitative estimation of the removal of the OC by the

biofilm depending on their parameters in particular which of the substrates (pollution
or oxygen) limits the purification process in the biofilm is obtained as a result of

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018
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solving the following equations which characterize the consumption of oxygen in
the removal of OC by a fixed biocenose (biofilm).
In general this equation for a biofilm has the following form:

oC 0°C
o e e )

In the case of cylindrical loading elements in which the biofilm is formed the
equation for the biofilm will be as follows:

“-D
5"[ C

oC 0°C 1 oC
{? r'ﬂ‘RC ©

According to the analysis the solution of equations (7)—(8) for practical
calculations is sufficient to solve for stationary conditions that occur fairly quickly

. oC
that is when —=0.
ot
The solution of equation (7) is performed under the following boundary
. oC )
conditions, namely: N, for z=0, and . =0 for z =0, which allows us to

determine the change in the concentration of oxygen in the thickness of the biofilm
| and in subsequent calculations to determine the concentration on the surface of the

biofilm C|,_, =C3.
In the general case the reaction rates are described by the following equations:

C

RC = alRL + azbc m X , (9)
S (10)

Y Ky +L Ky +C

C

R.=a, R, +a,, b, ——2—X_, 11
Ca la "Yai 2a Mac Kmac +Ca a ( )

_:uma La Ca X (12)

a-

R = K 1L K +C
maTLlg mac+a

In the above equations and dependencies we have C, N s» Ca, Co — respectively the

concentration of oxygen in the biofilm, on the surface of the biofilm, in the aerotank and
in the waste waters at the entrance to the aerotank; Cp — concentration of saturation

(soluble) oxygen in the liquid; RC, Rac — the rate of reactions of using oxygen in a

biofilm and aerotanks, taking into account the oxidation velocity of the isolated
substances during the death of microorganisms; Wa, Wp, W5 — respectively the

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018
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aerotanks working volume, the volume of the liquid in the aerotank, the volume of the
elements of the established loading with the fixed biocenosis F 0 Fy — respectively the

total surface area of the biofilm in the aerotank (reactor), the surface area of the biofilm
per unit length of the aerotank (reactor); K.a, K,,, K. — respectively the volumetric

mass transfer coefficient, the coefficient between the surface transfer of oxygen in the
biofilm, the coefficient of mass transfer of oxygen in the liquid film. The denotation of
other variables in the above equations is given in [1, 3].

To assess the impact of these mechanisms of supply and consumption of oxygen
in the removal of OC it is advisable to consider the limiting cases of the work of the
aerotanks in the system of biological waste water treatment.

1. In the absence of fixed biomass (additional loading) the removal of OC occurs
only with the suspended active sludge and for the supply and consumption of oxygen
the given equations are solved with N_ =0. In this case the calculation of the

parameters of the oxygen regime taking into account the specifics of the oxygen
supply systems and the work regime of the aerotank was considered in [4].

2. In the case when the removal of OC occurs only on the biomass fixed on the
load that is without taking into account the action of suspended active sludge the

given equations are solved at RaC =0.

3. In the case when the removal of OC in aerotanks occurs at the expense of
suspended and a fixed biocenosis in determining the optimal parameters of its work
the various variants of its location in the volume (in the plan) of the aerotanks and

the required area of the surface of the biofilm surface Fm (loading elements ) are

possible.At this the loading elements (nozzles, grids, etc.) can be located throughout
the aerotank volume or more densely and compactly only in its individual sections.
Depending on the technological scheme of the location of the elements in the
aerotank for length (in volume) and in connection with the received reactions in the
biofilm and aerotank the general equations can be greatly simplified. Let's consider
further the possible following technological schemes:

a) The load elements are not sufficiently close distributed throughout the length
of the aerotank. In this case in the above equations we adopt =0 that is the inter-

surface oxygen transfer may not be taken into account and with sufficient
justification the removal of OC in the volume of aerotanks occurs by reaction of zero
order and in biofilm by the first order reaction.

Since in equations (9) and (11) ch << Cand KmaC <<C, then for oxygen

in practical calculations the oxidation occurs by the reaction of zero order in a biofilm
and in aerotank. So for reactions we have:

R =k L=oX . (14)
mL
Rca =R, + aZabac Xai (15)
R, = HmaXa (16)
Ya

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



Determination of the concentration of OC in a biofilm L (z) and in particular on
its surface L; is given in [5]. Determination of the concentration of oxygen C in the

biofilm and in particular on its surface Co occurs as a result of the solution of
equations (7), (8) depending on the construction of the loading elements on which
the biofilm is formed for example or in the form of flat plates with holes or a net of
separate cylindrical rods. At the same time with some approximation we can take for

the determination of the reaction RCL the next dependence:

R, =ak Ly +a,b X, (17)

CL
where L,

b) The loading elements are located at the beginning of the aerotank in its first part
—the reactor 1 in which the removal of the OZ occurs due to the fixed biomass and in
the second part of it — in the reactor 2 where the removal of OC occurs by a suspended
biomass (active sludge) that is a reactor 2 works like a regular aerotank (Fig. 1a).

c) The elements of the load are located at the end of the aerotank in its second
part in the reactor 2 in which the removal of the OC occurs due to the fixed biomas
and in the first part — the reactor 1 the removal of OC occurs due to the suspended
biomass (active sludge) that is the reactor 1 works as a regular aerotank (Fig. 1b).

is an averaged concentration of OC in a biofilm [5].

Reactor |  Reactor 2
R
Q._[_,.,X, L sl
-
Lo X;
o [
A
Y
QL. X o
- »
a
Reactor |  Reactor 2
> T T T
QLpX, . Qb | oL} !t
T A X X; 1ot
. { A S|
O, L:X;

Fig. 1 — Scheme of biological purification in aerotanks: a — fixed biomass in reactor 1;
b — fixed biomass in the reactor 2

Depending on the adopted hydrodynamic regime of the liquid flow the reactors 1
and 2 can work as bioreactors-mixers and bioreactors-displacers. The supply of
oxygen for removal of OC in reactors takes place in accordance with the given
general mathematical model that takes into account the accepted reactions of OC
utilization and oxidation.

ISSN: 2411-4049. Exonoriuna Gesneka Ta mpupogokopuctyBants, Ne 2 (26), 2018



The theoretical substantiation and the methods of calculations of the oxygen
regime in aerotanks-mixers and aerotanks-displacers for the above described
different technological schemes are considered respectively in [6, 7].

To implement the proposed models and calculations we consider some of the
features and prerequisites that have been adopted in the formation of the oxygen
regime in aerotanks with an fixed biomasses.

Thus in the above models when we remove OC by the suspended and the fixed
biocenosis the linear kinetics of the reactions of the first and the zero orders are
accepted and the limits of use of which are limited in particular the values of the
concentrations of waste waters which enter to the purification. Therefore in the
general case with a sufficient justification in the special literature at the removing of
the OC it is proposed to use in the models mainly the Kinetics of reactions which is
described by the known nonlinear Mono equation [5]. Based on the use of the
obtained solutions for the reactions of the first and the zero orders the approximate
methods for calculating the required parameters are proposed in accordance with the
Mono equation [5]. As a result of the aforementioned in [8] and on the base of the
implementation of the above mathematical models a methodic of calculations of the
removal of the OC in aerotanks with suspended (active sludge) and with fixed
biocenosise (biofilm) in which the kinetics of reactions is described by the nonlinear
Mono equation is developed, namely:

Pl Hnla
R =—F—, =— 18
TR AL Pn Y (18)
pmaLa ;umaLa
—_fmaa = 19
2 Ko, + L p Y, (19)

At the removal of OC by fixed biomass in the reaction of an oxygen regime of
zero order instead of a variable concentration L with sufficient justification its

average value L5p is taken according to the following dependence:
LS, =05(LJ, , + L5, ;) (20)

where LJ,_, is the concentration of OC on the outer surface of the biofilms (z = 0),
Lo,_; is the concentration of OC on the inner surface of the biofilm (z = 0).

In order to determine the concentrations Lo, , and LJ,_; the solutions of

problems for determining the concentration changes in biofilms at different kinetics
of reactions are given in the works [5, 6, 9]. Thus the following equation was

obtained in [9] which connects the concentrations Lo, , and Lo, ; to the
conditions of the nonlinear Mono equation:

Lol B )

LS, , = L5, ;—Km,_In —
‘L&ZZ& +K,, ‘ 20,
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N, = KL(La - L5z:0): A By (1_[52:0) (22)
_ _ m X 2
WhereL:L’KmL: LlaL:lum 5 !ﬁL:KLé‘;ﬂvL:&La.
L, L, YD, L, D, fo)

In the case of the necessity of considering the interfacial transfer (IST) according
to equation (5) the solution of the problem in particular the determination of oxygen
concentration on the surface of the biofilm Co was obtained in [9].

In an aerotank (reactor) where the removal is due to an active sludge it is usually
necessary to recirculate the discharge Q which will be determined by the following
formula:

Q, =Q(l+r) (23)

where Q — estimated wastewater discharge, m®h, r — the degree of recirculation of
active sludge which is taken according to the work [10].

An important question when using the proposed models and methods for
calculations the oxygen supply of the processes the removal of OC is the definition

of unknown mass transfer coefficients K.a and K. and related to their

determination other parameters. If the technological schemes of supplying oxygen
and the peculiarities of its use in aerotanks with active sludge were investigated in
to a sufficient extent but in the structures in which the removal of OC occurs by fixed
on the loading elements biomasses(biofilm) the study of the oxygen regime was
provided insufficient. It was assumed at this that the process of removing of OC is
not limited by oxygen that is provided in sufficient quantities of oxygen and is
maintained mainly at a concentration close to the concentration of saturation. Among
other the processes of oxygen supply of microorganisms in the fixed biofilm and in
the form of suspended flakes of active sludge are somewhat different that need to
take into account when calculating the consumption of oxygen in the utilization of
contaminations by fixed and suspended biomasses.

Taking these features into account when calculating the oxygen regime in
reactors with suspended and a fixed biomasses allows more basically to substantiate

the determination of the coefficients K.a and K as is shown in [1].

In the future on the base of the proposed models and methods of calculations it is
necessary to analyze and evaluate their impact in order to ensure the supply of the
required amount of oxygen to the place of reactions and the utilization of OC.

As an example of the calculation (simulation) of the oxygen regime consider the
aerotank-mixer in which in the reactor 1 the removal of the OC occurs by suspended
biocenosis (active sludge) and in the reactor 2 the removal of the OC occurs due to
the fixed biomass (biofilm) on the installed load (Fig. 1). This technological scheme
of purification from a practical point of view will be more appropriate and more
consistent with the current requirements for providing oxygen treatment because in
existing traditional aerotanks to provide the proper more higher quality of the waste
waters treatment is too difficult and uneconomical.
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Conclusions

Thus the implementation of the proposed models allows with known geometric and
other characteristics to evaluate the influence of oxygen regime on the processes of
purification in aerotanks at the different conditions of their operation and to
substantiate an economical and efficient technological supply system with oxygen
taking into account the features of removing of OC in aerotanks with suspended and
a fixed biocenosis. In this case it is possible to substantiate the criteria in which the
biochemical oxidation process will be adequately supplied with oxygen that is it will
be not limit the kinetics of biooxidation both suspended and fixed biocenosis.
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T.C. Aiipanersid, C.B. Tearuma, O.51. Oailinuk
METOJUKA MOJAEJIOBAHHS 1 PO3PAXYHKIB KHCHEBOT'O PEXKUMY ITPU
O4YHUCTHI CTIYHUX BO/J B AEPOTEHKAX 31 3BA’KEHUM I 3AKPIIIVIEHUM
BIOIIEHO30M

AHotanisa. HaBoxuThcst MeToaMKa MaTEMaTHYHOTO MOJENIOBAHHS 1 PpO3paxyHKiB
KHCHEBOTO PEXUMY HpH OI0JNOTiYHIA OYMCTHI CTIYHHUX BOJ BiJl OpPraHiYHUX 3a0pyIHEHb
B AepOTEHKaxX 31 3BaAKEHWM 1 3akpimieHnM OiomeHo3oM. Ilpm mpomy po3TIIsIaroThCs
OCOONMBOCTI MOJETIOBAHHSA NOAa4di KHUCHIO NPU OYHCTII B aepOTeHKax-3MillyBadax i
B aCPOTEHKaX-BUTUCKYyBayax.

KatouoBi cioBa: Mozens, O4YHMCTKA; KHCEHb; OpraHiuHe 3a0pyJHEHHS; aepOTeHK-
3MilIyBay; aepOTEHK-BUTHCKYBay; O10IUIIBKA; aKTUBHUH MYJI.
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EXPANSION OF THE RANGE OF WET AIR I-D DIAGRAM FOR
ENVIRONMENTAL SAFE HEAT PRODUCTION

Abstract. For environment protection, condensing boilers may be used instead of
emission of high temperature combustion products. For condensing combustion,
high moisture content in exhaust gases is typical. I-d diagram can be used for
condensing economizer development, but it is primary built for heating, ventilation
and air conditioning. In the work, new approach to build 1-d diagram is proposed
that allow widening of the range of parameters without precision loose. It allows
obtaining higher precision for calculation of condensing economizers.

Keywords: exhaust gases; condensing boiler; condensing economizer; I-d diagram;
wet air; enthalpy.

Introduction

The most environment-safe technology of fuel combustion is condensing boiler. It
saves from 3% (by the datasheets of OkoFEN, 2015) of hard fuel to 10...12% of gas
fuel. There is a less volume of combustion products. Some pollutants are absorbed
by the condensate. They can be utilised more easily than from the smoke. One of the
problems developing the condensing heat exchangers is precise calculation of the
thermodynamic processes. The most easier tool for wet air calculations is I-d
diagram also known as Ramzin diagram or Mollier diagram. The main purpose of it
is heating, ventilation and air conditioning (HVAC) systems. Often, laboratory
researches of heat-mass transfer in the condensing heat exchangers are performed on
very wet and hot air. Authors tried using the diagram for researches for new
condensing polymer economizer [1]. Precision of the calculations was not enough
because the basic parameters of enthalpy calculation are heat of vaporization and
isobaric specific heat at temperature t=0°C. In is enough for HVAC systems
because of low temperature range — up to 40 °C. In the temperature range of
condensing heat exchangers — up to 100 °C and higher, — the physical properties are
different from the values above. To avoid difficult integration, the averaged values
in the range of experimental studies are used. But an universal precision tool that can
be used in the wide temperature range from HVAC to combustion systems may be
preferred.

© V.H. Dziubenko, V.O. Mileikovskyi, I.A. Sachenko, 2018
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Basic equations for I-d diagram building

Relative humidity can be found from the following equation using the pressure of
saturated vapour psa [Pa]:

@ = Pvap / Pat. 1)

The work [2] uses very rough quadratic approximation of the pressure of
saturated vapour. Moisture content d [kg/kg dry air] is dependent on partial pressure
of the vapour pwap [Pa] and the pressure of the process p [Pa] (usually equal to the
barometric pressure):

d = 0.623 puep / (P — Puap) = 0.623 @ Psat / (P — @ Psav).- )

In the equation (2) 0.623 is the ratio between the specific gas constant for the dry
air and the vapour Rga/Rvap. The precise value, used in this work, is
Ra.a / Rvap = 18.016/28.96 = 0.6221.

The standards of I-d diagram building are described in the work [2]. The enthalpy
[kJ/kg dry air] can be calculated by the following simplified formula:

| = 1.005 t + (2500+1,81) d. 3)

In the equation (3) the numerical values are the physical properties at t = 0 °C:
specific heat of the dry air cga =1.005 kJ/(kg K), of the moisture (vapour)
Cvap. = 1.8 kJ/(kg K) and the heat of vaporization of water r = 2500 kJ/kg. All of the
values are dependent on temperature and will be represented below.

These equations are valid in temperature range of HVAC systems. If we need
more precise calculations for wide temperature range, the equations will be more
complex. If we pass any process from the starting point O (t = 0°C, d = 0) to some
point C (with current enthalpy I [kg/kg dry air], temperature t [°C] and moisture
content d [kg/kg dry air]), there are some non-answered questions, how to integrate
the heat, required for the process. The most important is: what heat of vaporization
[kd/kg] we need? It is dependent on the temperature. However, the vapour is
superheated except the curve ¢ = 1. Thus, what temperature does correspond to the
vaporization?

Principles for wide-range I-d diagram building

To answer the question above, it is possible to use the property of isobaric processes
that no work will is performed. All heat g [kJ/kg] necessary for a process is equal to
the difference between ending and starting enthalpy [kJ/kg] and independent on the
process curve. Therefore, we can introduce a basic process (possible or fictitious)
from a point with known enthalpy (the best choice is a point with | =0) to the
calculation point C. The process may be easy calculated with minimum assumptions
and simplifications (fig. 1).
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Fig. 1 — Scheme of I-d diagram with basic process
(x and y are the coordinates of graphic window for plotting, units)

We will start the basic process from the point O and perform it along three lines:

OA —isothermal humidification at (t = 0 °C) up to ¢ = 1 and the moisture content
da, kg/kg dry air. As we have very low moisture content (up to 0.001 kg / kg dry air),
it is possible to use heat of vaporization at zero temperature ro = r(t = 0 °C) without
significant error. The necessary heat [kJ/kg dry air] is

Joa = I da. (4)

AB — the process of humidification and heating along the curve ¢ = 1. The heat
of the process consists of vaporization heat, heating of the dry air and the already
vaporized water. The necessary heat [kJ/kg dry air] is

qap = fddA rddgge + fOtB Caqdt + fodtB Coapd(dsqrt), )
where d is the differential operator (straight and bold in contrast with moisture
content — italic, not bold); dsx is the moisture content of the air at ¢ = 1. It is called
by the different index because it can be found easy.

BC - heating with constant moisture content d [kg/kg dry air]. The heat of the
process consists of heating of the dry air and the vapour. The necessary heat
[kd/kg dry air] is

dsc = fttB (Cd.a. + Cvapd)dt- (6)

The enthalpy [kJ/kg dry air] of the air at the calculation point C is equal to the
sun of the equations (4-6)

| =goa* Qas + Osc =

Cd.a.dt + j
0

d
= rOdA + fdA(r + Cvapt)ddsat + fOtB(Cd.a. + Cvapdsat)dt + f;(cd.a. + Cvapd)dt' (7)

tp dtB

d t
=T1od, + f rddeq; + f Coap@(dsart) + | (Caa + copd)dt =
0 tp

da
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Replacing the moisture content by the temperature in the first integral of the
equation (7) can simplify the expression but cause additional derivative ddss/ dt. The
derivative can be found only using table data for saturated vapour pressure. This is
possible only numerically with additional error and can be recommended only for
rough calculations.

Physical properties of dry air and water vapour can be found by author’s
interpolations (preserving all table digits) of the data [3]. Specific heat [kJ/(kg-K)]
in temperature ranges, corresponding, t =—73,15... 276,85 Candt=0... 130 C

Caa. = (0.00394 (/100) + 0.0016) (t/100) + 1.00583; (8)
Cuap = ((0.0352 (/100)% + 0.1058) (t/100) + 0.0282) (/100) + 1.86443.  (9)

Heat of vaporization [kJ/kg] by [3] with deviation of 0.087 kJ/kg or 0.0038% at
t=0...100 °C:

r = ((5.434— 12.850) (/100) — 236.28) (t/100) + 2500.97. (10)

Pressure of saturated vapour [Pa] can be found by the following author’s
interpolation (repeats all digits of the table data) of data in [4] at temperature range
t=0...105°C

Pear = 610.753 + (442.91 + (144.6448 + (24.2836 + (5.45193 + (0.66836 —
—0,006354(£/10))(t/10))(t/10))(t/10))(t/10))(t/10) +
+(0.209 — 1.8172(t/10)*),/t/10. (11)

Method of wide-range I-d diagram building
From the equation (2) it is possible to find the pressure of saturated vapour at ¢ = 1:

pd p

Psat = Raa/®oap ;= (Raa/Roap)*d | o241 2

If temperature is known, the pressure can be found by numerical solution of the
equation (11) at known pressure psa: [Pa] and unknown temperature t [°C]. Using the
equation (12) it is possible to find the temperature t [°C] of saturated vapour using
the moisture content d [kg/kg dry air] and the pressure p [Pa].

By the equation (11) at zero temperature psa(t = 0) = 610.753 Pa. Therefore, by
the expression (2) at the point A moisture content [kg/kg dry air]:

da = 379.949/ (p—610.753). (13)

The equations (2) and (11) dives the opportunity to find moisture content on the
line ¢ = 1 at known temperature t [°C] and pressure p [Pa].

If we create functions in computer algebra system (or using some programming
language) by the equations (8-13), we can use it to calculate integrands in the
expression (7). The integrals may be numerically computed using any quadrature
formula. Desired precision can be achieved using some known adaptive quadrature
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algorithm. Therefore, the equation (7) can give enthalpy I [kJ/kg dry air] by known
temperature t [°C], moisture content d [kg/kg dry air] and pressure [Pa]. The function
that computes it, is enough to build isotherms (t = const) in coordinates (I, d).

To operate with relative humidity, partial pressure of the vapour is necessary. It
can be found from the equation (2):

Psat =P d/ ((Rd.a. / Rvap) + d) (14)

Using the equations (14), solving the equation (11) and substituting the results to
the function created by the equation (7) it is possible to build a function that
calculates enthalpy at known moisture content d [kg/kg dry air], relative humidity o,
and pressure p [Pa]. This function allows building curves of relative humidity
(¢ = const) in coordinates (I, d) at constant pressure p [Pa].

I-d diagrams usually use oblique-angled coordinates. Lines of constant moisture
content [kg/kg dry air or g/kg dry air] are vertical. Lines of constant enthalpy
[kJ/kg dry air] and vertical axis form an angle a. One of the convenient values is
a=m/4 (or 45°). Let us use scales for enthalpy C; [units/(kJ/kg dry air)] and for
moisture content Cq [units/(kg/kg dry air)]. As the value of the moisture content is
very small, usually Cq = 1000 units/(kg/kg dry air) and the axis is often labelled in
a/kg dry air. The transformation to/from the euclidean coordinates (X, y) [units] can
be performed by the following equations:

(15)
X
y=Cl- —.
! tan (OC) (16)
d=x/C,. (17)
_ x _ ytan(a)+x
I'= (y + tana) /G = Citana ' (18)

Example of wide-range I-d diagram building

Let us build an 1-d diagram for standard barometric pressure p = 101325 Pa (Fig. 2).
The calculations and plotting are performed in ScilLab 5.5.2 [5-10].

Let us compare it with I-d diagram in the work [2]. The maximum moisture
content is 30 g/kg dry air or 0.03 kg/kg dry air. The maximum value of temperature
that allows easy take enthalpy at the maximum moisture content is 48 °C. The
corresponding enthalpy by the equations (7—13) is 124.79 kJ/kg dry air. By [2] it is
125.8 kJ/kg dry air. The deviation by enthalpy is 0.8%. At the same moisture
content, but the temperature 32°C the enthalpy is, corresponding,
107.77 kJ/kg dry air and 108.9 kJ/kg dry air. The deviation is 1.05%. It is enough for
engineering calculations.

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



P 5 & Zary
<L A4 LA
AL AT
Rve cdbg gt
Pt
L g
AL
//\/ //Q = 100 %

d, g/kg
Fig. 2 — Fragment of I-d diagram for p = 101325 Pa

At moisture content 15 g/kg dry air or 0.015 g/kg dry air and temperature 24 °C the
enthalpy has no deviation: 62 kJ/kgdry air. At the same moisture content and
temperature 60 °C the corresponding values of enthalpy are 99.30 kJ/kg dry air and
99.5 kJ/kg dry air. The deviation is comparable with line thickness on the diagram [2].

At moisture content 4 g/kg dry air or 0.004 g/kg dry air and temperature 4 °C the
enthalpy has no deviation: 14.06 kJ/kg dry air. At the same moisture content and
temperature 60 °C the corresponding values of enthalpy are 70.86 kJ/kg dry air and
70.8 kl/kg dry air. The deviation is comparable with line thickness on the diagram [2].

Therefore, the enthalpy deviation is near to zero, but at the right part, close to
d =0.030 kg/kg dry air, it has tendency of increasing. At high moisture content,
typical for condensing economizers, the deviation may reach 3% - energy saving of
hard fuel condensing boilers. Let us test a point, typical for the economizers:
t=60°C, d = 0.1 kg/kg dry air. The equation [2]

| = 1.005 t+(2500+ 1.8t) d = 1.005 - 60 + (2500 + 1.8 - 60) - 0.1 = 321.1 kJ/kg dry air.

By the equations (7-13) the value is | = 313.33 kJ/kg dry air. The deviation is
7.8 kilkg dry air or 2.5%. It is comparable with energy saving on hard fuel
condensing boiler (near to 3%). We can make a mistake calculating such devices up
to twice. At moisture content d = 0.2 kg/kg dry air the deviation reaches 3.3%.

If we use standard I-d diagram, we need to include the deviation into the total
uncertainty of the experimental results. This can be avoided using proposed method.

Therefore, the standard 1-d diagrams are acceptable for rough calculations. For
more precise calculations, the proposed method is recommended.
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Conclusions

Proposed method provides results that have good agreement with 1-d diagrams for
HVAC. At high temperature and moisture content the results allow refining the
diagram. The deviation is comparable with energy saving of hard fuel condensing
boilers (3%). Therefore, the standard I-d diagrams are acceptable for rough
calculations. For more precise calculations, the proposed method is recommended.
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B.T'. I306enko, B.O. MineiikoBcbkuii, [.A. CaueHko
PO3SIMIMPEHHSA AIAITIA3OHY 1-D JIATPAMM BOJIOTOI'O NOBITPSA 1JIA
EKOJIOI'MTYHO BE3IIEYHOI'O BUPOBHUIITBA TEIIVIOTHU

AHoTamisg. Jlmg  3aXUCTy  HABKOJIMIIHBROTO  CEPEAOBUINA  3aMiCTh  BHKHIIIB
BHUCOKOTEMIIEPATYPHUX MPOJYKTIB 3rOPSHHS MOXXYTh BHKOPHCTOBYBATHCS KOHICHCAIliIHI
KoTiH. JIJis KOHACHCAIIMHUX KOTIIIB THUIIOBHM € BHCOKHMH BOJOTOBMICT BiIBIIHUX ra3iB.
I-d nmiarpama moke OyTH BUKOpHCTaHa JUIS PO3POOKHM KOHIEHCAIIHHUX EKOHOMai3epiB,
OJIHaK BOHA 1MO0OYI0BaHA B MEPIIY Yepry Ui OMAJICHHS, BEHTHIALIT Ta KOHAUI[IOHYBaHHS
ToBiTPs. Y poOOTi 3alIpONIOHOBAHO HOBHUH MinXin 10 moOymosu [-d miarpamm, mo g03Bosiste
PO3IIMPUTH Aiana3oH mapaMeTpiB 0e3 BTpath ToYHOCTI. lle mo3Boisie oTpuMaTH OiNbII
BHCOKY TOYHICTb JJIsl PO3PaXyHKY KOHICHCAI[IHHUX eKOHOMal3epiB.
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Abstract. Results of expeditionary researches of limnological systems in Western
Polissya region of hydroacoustic methods complex using and information-
analytical technologies are presented. Remote sensing monitoring method for lakes
eutrophication processes research is considered. The concept of lake passport
information model is proposed.
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Theme importance

The problem of environmental conditions, water resources restoration and delivering
high quality drinking water to consumers is one of the key problems not only in
environmental sphere but one of the most important problems for humankind. This
supposition confirms by assessment of qualified expert groups from different
countries all over the world and international organizations. For example, among the
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latter, the analytical report of World Economic Forum experts “The Global Risk
Report 2018”can be cited. In this assessment, the risk of “water crisis” is in the
5" place in the global risks impact rating. Also, the water resources condition
indirectly affects the other specific influential risk: “mankind unpreparedness to
climate change” (4" place), “natural disasters” (3™ place), “extreme weather
conditions” (2" place by influence and 1% — by probability of occurrence risk).
Surely, for Ukrainian territory the named risks are also relevant.

When speaking about solving the issues around water supply, water quality and
water resources protection, the Ukrainian society and government regulates the
above in a number of bylaws and international agreements, particularly, the Law
“About main principles (strategy) of the state environmental policy in Ukraine for
the period to 2020”. There are agreements that are also dedicated to environmental
policy transformation in accordance with sustainable development foundation.
Problems of water resources monitoring, water quality control in natural reservoirs
and hydro ecosystems sustainable functioning ensuring are in this list. Researching
the limnological systems, i.e. lakes, water reservoirs, ponds are the part of these
tasks. Its importance is linked to the increased requirements for the efficiency and
information completeness during monitoring. The latter is carried out both by contact
and remote sensing methods [1, 2]. However, current development level of
infrastructure and information technologies enables to increase effectivity of these
both methods combination. Contact methods allow to research physical, chemical,
biological parameters simultaneously [3]. The remote sensing not only obtains
geographic binding, but also water level dynamics monitoring, water area
3D-model creating, anthropogenic influence on coastal areas to water conditions
assessment.

Fulfillment of the listed tasks with modern information technologies will allow
to estimate anthropogenic impact peculiarities with more precision. In turn, it can
lead to a refinement of the environmental assessment. Results can be used in water
resources and environmental safety operation procedures.

The purpose of the research is to create and to improve information
technologies for its usage in environmental safety management of limnological
objects (lake ecosystems) of Ukraine as strategic sources of fresh water.

Main content of research

In the paper, authors considered the problem of monitoring efficiency increasing and
assessment of limnological ecosystems ecological conditions on the example of
Ukrainian lakes through creating and implementation of modern information
technologies for further usage of the results in the system of territorial environmental
management. Domestic and foreign research analysis show that the problem of hydro
ecosystems conservation and restoration can be solved using geographic information
system (GIS-based) technologies, remote sensing, integrated monitoring of
ecosystems based on ecological indicators, databases with complex and local
monitoring results, analytical technologies for remote sensing results processing and
landfill and gauge measurements [4]. Authors made conclusion about expeditions of
contact and remote limnological objects monitoring methods integration in order to
solve named task.

After the analysis of Ukrainian limnological ecosystems, authors concentrated
researches on a number of lakes located mainly in Western Polissya region. Lakes
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as Svityaz, Nobel, Lyubyaz, Bile and a number of smaller water objects [5, 6]. In the
period since 2010 to 2017, numbers of expeditions were carried out for every water
object from the list. Expeditions consisted of the field research stage, when contact
methods of lakes environmental monitoring and remote sensing data processing and
analysis were used.

In the course of expeditions, a number of hydrochemical and hydrobiological
measurements were performed, notably for Nobel and Lyubyaz lakes. In particular,
transparency, salt content, pH parameters have got, samples of bottom sediments
were taken using specialized developed equipment (geological tube). The results of
field research made it possible to draw conclusions about the peculiarities of
anthropogenic influence to these limnological ecosystems. In particular, intensive
eutrophication of lakes’ surface was observed due to changes in water chemical
composition. It is being caused by mineral fertilizers flushing from agricultural lands
and the active increasing of uncontrolled tourism and recreation scale [7]. Also, the
water regime of the lakes gradually changes, in particular under the influence of
climate factors. The anthropogenic disturbance level on these ecosystems is currently
low, but there is continuous intensification of economic and recreational impact, that
begins to influence on limnological objects negatively as a whole.

The authors propose the following algorithm to research anthropogenic influence
in limnological systems using remote sensing methods:

e Selection of remote sensing data, cartographic materials and descriptive
information;

o Creation of lake water area and coasts detailed digital map using ultra-high
resolution remote sensing data;

e Determination of seasonal variability of the lake using time-varying images;

e Conducting the classification of the coastal territory to determinate coastal
vegetation and anthropogenic impact on water object;

e Sources of anthropogenic influence determination;

e Classification of aquatic vegetation;

e Lake temperature regime determination using time-sensitive images in
thermal channel;

o Measurements on the ground and water surface, test areas selection;

e Comparison and calibration of the results using remote sensing data
processing and above-ground measurements;

¢ Limnological system geodatabase creating.

In order to increase the monitoring efficiency using remote sensing data, base of
space images was created. It made it possible to research the dynamics of the
environmental parameters. Limnological systems of Nobel lake (Rivne region),
Lyubyaz (Volyn region, Pripyat — Stohid Natural Park) were considered as an
example of the integrated application of remote sensing possibilities [6]. High-
resolution images such as Spot, GeoEye, DigitalGlobe, Sich-2 with various ranges
were used to analyze man-caused impact on the water areas of listed lakes and their
coastal zones. Selection of remote sensing data, cartographic materials and
descriptive information has been performed.

The analysis of eutrophication effect using space images processing methods is
based on diffuse reflection coefficient of light by surface and subsurface water layers
variation analysis. Coefficient changes when concentration of phytoplankton
increases which in turn causes a diffuse reflection of light due to increased light
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scattering back to microalgae [8]. On the other hand, this process is accompanied by
phytoplankton pigments content increasing that absorb light in specific intervals
intensively. This process leads to a decrease in diffuse reflection of light in certain
areas of the spectrum. It should be taken into account during remote monitoring for
different periods of year.

For absorption processes, skin-effect impact is considered. It leads to decrease in
the electromagnetic waves depth penetration into the thickness of conductive
environment. Based on the Maxwell equations and the expression for electric power
density vector, according to the Ohm law in differential form ( j = oE , E — vector

of electric field strength; p — magnetic permeability; o — specific electrical
conductivity; j — electric current density vector; @ — frequency of electromagnetic
wave), the basic model and A — thickness of the skin layer (absorption layer)

A =.2/cum. 1t determines the effectiveness of light depth penetration in the

conducted environment (in the case of water) for a given wavelength (frequency),
which was chosen as 430 — 450 nm. If the absorption of light effect and processes of
its scattering and reflection is considered simultaneously, we can establish the total
effect accuracy and determine the optimal wavelength, which was confirmed
experimentally. As a result, we can confirm that there are three independent effects
(reflection, scattering and absorption) which affect on the lake bottom image quality
(depending on its depth).

transparency, m

T - T
> Aa = [

depth m

- T - T
o 1 2

Fig. 1 — Dependence of transparency from depth (research of Nobel Lake)

The obtained data at one point for different depths (fig. 1) allowed constructing a
functional dependence on the received light flux. Deducting of this dependence
offers an opportunity to determine the influence of each of the three effects for a
particular limnological object for each period of the year. That is why we can
determine the content of suspended particles, presence and thickness of the water
film the accuracy of depth remote measurement. It has been established that fixing
continuous data for depth from 0 to 10 m provides the opportunity to obtain the most
accurate result of measurement.

Equipment with available blue coastal canal (0,40 — 0,45 microns) was used for
limnological objects monitoring. Today there are only three satellites have such
equipment on board — Landsat-8, WorldView-2, WorldView-3. Canal choice was due
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to penetration of sunlight in this spectral range at a greater depth. It allowed analyzing
the spectral brightness of the main classes of natural objects in Nobel Lake basin.

LAI — Leaf area Index NDVI Normalized difference vegetation index

September, 29

September. 29

05 06 o7 08 03 10

Fig. 2 — Classification of aquatic vegetation on Nobel Lake using LAl and NDVI indexes

The main periods of limnological objects seasonal variability were identified as
a result of time-dependent remote sensing data analysis (fig. 2). In particular, it was
discovered that in the warm period of the year there is an active reproduction of
phytoplankton and algae in most lakes. During the cold season, water has maximum
transparency and algae are falling to the bottom. Therefore, for aquatic vegetation
monitoring, remote sensing data should be used for the summer period (July —
August). The depth definition measurement needs images for October and
November. As a result, detailed digital map of water basin and coastal area was made
using ultra-high spatial resolution space images.

Also, during the expeditions, hydroacoustic bathymetry of the water areas was
conducted. On the measurement results, interactive maps of the bottom relief were
constructed, as well as 3D-modeling of underwater relief. Fig. 3 shows one of the
created lake bathymetry maps, for Lyubyaz Lake (Pripyat — Stohid Natural Park).
The lake refers to flood-plain-channel way type, has irregular shape, the surface area
is 519 hectares, the average depth is 5 meters. The coastline of the lake is low, sandy,
mostly waterlogged, with an island.

In addition to direct depth measurements during expedition the echolocation
method based on remote sensing was used on Nobel Lake [8, 9]. Results proved that
using “WorldView-2” satellite images deliver more detailed bathymetry results (fig. 4).

Relative depths transformation into absolute values was carried out using
reference points, which were selected using echolocation equipment. It allowed us
to obtain data for constructing a depth map and a three-dimensional model of Nobel
Lake.
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Fig. 4 — Nobel Lake satellite image (WorldView-2 remote sensing data) and bathymetric
map based on result of its decoding

The results of experiments, measurements and remote sensing data allow to
systematize individual parameters and to offer information technology for
classifying the limnological object conditions in the form of passport [8, 10]. For
passport creating, methods for determine lake and coastal territories hydrochemical
characteristics, satellite image processing, sub-satellite experiments, statistical
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analysis and processing physical, chemical, electrolytic, physicochemical, biological
researches, spatial data GIS-processing were used. Basis for the passport creating is
the ground binding of processed satellite images optical-spectral characteristics to
the water area hydroecological conditions and landscape conditions of the
limnological ecosystem territory.

Based on the ontology method, data package, collected during expeditions, the
MS Excel toolbox (primary data spreadsheets) the lake passport information model
was created. Also the query constructing rules were defined for forming user
interface. These rules are essential for working with passport of limnological object
through web-interface. Passport databases are implemented in Oracle environment.
Passport technology proposes a sequential algorithm using to find information based
on ontology method [11]. This method allows to obtain the exact information
quickly, that is necessary for different groups of users. Ontology concept used to
create limnological object passport has allowed reflecting the semantic properties of
the research environment information resources logically.

The logical structure of lake e-passport shows object features and taking into
account using requirements. Semantically, limnological object passport structure
is represented in the scheme shown on Fig. 5.

- general features of the object
- detailed description ofthe
environment

- detailed features of biogeocenosis

Ensuring the purpose of - geological features ofthelake

monitoring - transport and infrastructure
information
Preventing the development of -Information about emergency alert
critical situations in the SY stem
ecological safety of the lakes -Information about environmental
safety threats
| -Information about agricultural and
Information about system mining industry
conditions and compliance with
environmental standards -Regulations and maximum
I permissible concentrations
-Environment
G.e'.mng Eiata.for p:revmtu-}n of ‘Resource balance
critical sitnationsin a particular .
moment - I?E%p&ns?blepersons
-Notifications

-Available means to response
environmental disaster

If the criterion of ecological - Available hazardous materials
balance ensuring is not reached .

I 5| -Model rejection
- Additional meansto overcome
dangerous consequences

Fig. 5 — The structure of limnological object passport
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This scheme is based on mathematical models and satellite images processing
results. It gives an idea of what questions this information model can answer of
a particular limnological object in general. Also passport data should provide data
for forecasting, that is, mathematical model creation. It allows the specialists in
different areas to coordinate their efforts quickly and to take steps for
environmental conditions stabilization.

After the passport was developed, the effectiveness parameter of user speed in
the search of words in passport was determined. User interface of limnological object
passport is preferable even for users with limited training. The average time of the
operation of entering a search word to the search query in the system is 16,1 s.
Recommendations for implementation of limnological object passports indicate that
the focus should be on natural reserves and natural parks.

Conclusions and practical significance of the research result

Authors proposed, grounded and applied the integration of ground-based monitoring
for limnological ecosystems with space monitoring of water areas. Water regime of
lakes in Western Polissya region was analyzed using presented methods. An
increasing tendency of eutrophication effect has been established in Nobel Lake
ecosystem. New technique to research absorption and dispersion effects was
proposed and grounded mathematically. The methods, modern devices and software
for bathymetric mapping of lakes were used. Method of hydroacoustic analysis of
bottom lake relief for morpholithogenetic analysis of lake basins with different
origins has been worked out, bathymetric mapping has been carried out. E-passport
of the Nobel lake has been developed, a list of biotesting methods was presented
with defined logical structure. Based on the collected data package, lake passport
information model was created with the use of ontology method. The query
constructing rules were defined for forming user interface. The passport implements
the use of sequential algorithm to find information.

The practical significance of the results consists of satellite information base
creation for the ecological monitoring in Western Polissya region. It allows to control
the situation in water ecosystems, to analyze anthropogenic load on limnological
objects. Technologies of environmental condition assessing for limnological
ecosystems based on satellite information decoding methods (for freshwater
reservoirs) was developed. Lake e-passport information technology was created. It
allows to carry out situational environmental management depending on the intensity
of anthropogenic influence.
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AHoTtanis. HaBeneHi pe3yipTraTi eKCIeAUIIHHUX TOCTIIHKEHB JTIMHOJIOTIYHUX CHCTEM
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ANALYSIS OF THE STABILITY OF WATER BODIES TO THE ACTION

OF DESTABILIZING FACTORS

Abstract. Methodical approaches to the assessment of ecological safety of
ecosystems based on the establishment of a comprehensive indicator of the
degradation of environmental components have been developed, which will allow
us to assess non-additive properties of different-scale aquatic ecosystems. The
analysis of methods for assessing the stability of water bodies to change the
parameters of natural and anthropogenic regimes is carried out. Investigation of
the nature of resistance of water bodies has revealed not only their desire for
balance, but also a complex fight against regular and irregular (fluctuations) forces.
Keywords: ecosystem; ecosystem safety; stability; anthropogenic impacts;
properties; parameters; environment; entropy.

Introduction

Today, we meet various global ecological problems such as the formation of ozone
holes, the elimination of forests, the formation of deserts, the lack of clean water, the
appearance of greenhouse effect, the reduction of species of animals and plants). One
of the central issues among them is the problem of environmental safety of water

bodies

(lakes, rivers, reservoirs and seas). In the practice of modern nature

management, we do not have the single general method to assess of the non-additive
properties of ecological systems: stability, environmental well-being of reservoirs,
etc. It makes us seek for techniques and develop the methods for evaluation the non-
additive properties of the complex systems in nature and society.

© S.I. Azarov, O.S. Zadunaj, 2018
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At the end of the 1960s — the beginning of the 1970s the scientific community got
interested in the assessment of the stability and variability of natural ecosystems, the
ecological well-being of ecosystems at the different levels of the hierarchy, their
sensitivity to external impacts.

On the one hand, it can be explained by the successes, achieved by the classical
ecology and the rapid development of mathematical ecology. On the other hand we
can highlight it by the need for quantitative estimates of man-caused loads on
ecosystems, which lead to an «ecological catastrophe». The latter means the
destruction of the ecosystem. In addition, we can determine it by the search for non-
additive criteria to assess the properties of natural and anthropogenic-transformed
complex systems.

Taking into account the above-mentioned, there is a lack of research on the
assessment of non-additive properties of various scales of aquatic ecosystems and
the need to zone territories and aquatories by the degree of vulnerability to external
man-caused impacts.

Purpose of Research

The purpose of the research is to analyse the methods to assess the stability water
bodies to change the parameters of natural and anthropogenic regimes.

Results of Research

Stability is a fundamental concept of the ecological systems theory [1]. We use it to
find out the maximum permissible level of human intervention in the natural
environment.

The stability of aquatic ecosystems means their ability to change under the
influence of external factor and to return to their original state after them. There are
several properties of this complex phenomenon. So, aquatic ecosystems have
different resistance to various types of influence. The single ecosystem can be
resistant to one type of violations and unstable to others at the same time. The
important property is the emergentism of the stability. Thus, the stability of
individual components does not ensure the stability of the entire ecosystem as a
whole, but the stability of the ecosystem is always higher than the stability of its
subsystems or components.

Thus, the stability of the water body to change the parameters of the regimes is
its ability to maintain its properties and parameters of the regime in the conditions of
external and internal loads. Therefore, the bodies, which are not able to save their
specified properties at the certain time interval of their functioning, are vulnerable to
changing the regime’s parameters.

There are two methodological approaches to the definition of the concept
«stability» in the environmental literature. They differ. The first approach defines
stability as the ability of the ecosystem to exist for a long time, saving its basic
properties either in a constant environment or in the environment, which changes are
not taken into account by the researcher. The second one explains the stability as the
ability of the ecosystem to withstand external influences, retaining its properties.

Regarding the above-mentioned, the scientists assess the following properties [2]:

o inertia of the system means the ability of the ecosystem to save the initial state
for some time under the influence of external impacts;
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o plasticity of the system means the ability of the ecosystem to move from one
state of equilibrium to another, retaining internal connections;

e restoration of a system means the ability of the ecosystem to return to its
original state after temporary external influences.

The technique of the assessing the stability of water bodies is associated with
solving the problem of quantitative description of many processes that determine the
properties of ecosystems and the ability of systems to keep these properties
unchanged, or to return to the original state after losing it for a while.

The assessment of the stability to the change in the properties of the natural
system is not limited only by one property. It is obtained as a result of taking into
account many properties, characterized by a large set of evaluation parameters. The
physical-geographical and climatic conditions and the nature of anthropogenic
influence are key among them. It should also be noted that the stability of aquatic
ecosystems of the cyclic (lakes, slightly flowed reservoirs, ponds) and transit (rivers,
highly flowing reservoirs) types is determined by the different natural mechanisms.
The stability of the first type is called «adaptive», whereas the stability of the second
type is «regenerativey. In the first case, the most important property of the natural
system is its ability to maintain its original state or smoothly transform into another
state, preserving internal links (inertia, plasticity). However, in the second case, the
ability of the system to restore its properties many times, to return to the initial state
after temporary external influence (recovery) plays the leading role. In addition, the
abiotic and biotic components of the ecosystem also differ in their mechanisms of
stability. The stability of the abiotic components is achieved by physical-mechanical
and chemical processes of transferring, dilution, sorption, migration of matter. The
stability of the biotic ones is determined by the ability of the adaptation of organisms
to influence, caused by the internal resistance of the biochemical organization as well
as the ability to biochemical decomposition of toxic compounds and changes in the
specific rates of metabolic processes in the ecosystem under the influence of their
actions.

The development of the technique of the assessing stability of aquatic ecosystems
of the cyclic type is carried out according to the type of adaptive stability, whereas
the watercourses and transit aquatic ecosystems is based on the type of regeneration.
Researching the patterns of the influence of environmental factors on hydrobionts, it
is very important to choose the optimal criteria for the stability of the communities,
which should be the basis of the method of its quantitative assessment. Today, within
the framework of the above-mentioned concepts of stability, the scientists
distinguish its various features, whereas the gradations and the assessment scales of
stability are little researched in the Ukrainian and foreign literature. The scholars
often apply quantitative characteristics of various forms of stability, which are based
on integral indicators of abundance (traditionally - biomass, the number of organisms
in the community or biota as a whole, and rarely — the energy indicators). Formally,
we can evaluate all forms of stability according to this principle, whereas the stability
of the ecosystem, considered without any impact on it, can be analysed only by the
degree of constancy of these quantitative characteristics. Obviously, it is not enough.
With this basis, it is impossible to obtain environmentally determined norms,
regulate and predict any impacts.

Assessing the sustainability of aquatic ecosystems, we get a problem of finding
right criteria. We can use a thermodynamic (entropy) concept of stability as one of
the approaches. Besides the spatial-temporal structure, the aquatic ecosystem is
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thermodynamic. The structure, functions and evolution of the aquatic ecosystem
depend on the exchange of matter and energy with the environment, as well as on
the relationships among processes that increase or decrease the entropy within the
ecosystem [3]. This approach to the assessment of environmental sustainability is
based on non-equilibrium thermodynamics. We can choose 1. Prihozhin’s position
as a basic principle [4]. According to it, the states, corresponded to the minimum
entropy production in linear non-equilibrium thermodynamics, are automatically
stable. If we influence the ecosystem by the perturbation, the entropy production will
increase. However, the system will respond by returning to the state with the least
entropy production. The limit of the perturbation characterizes the magnitude of the
stability of the aquatic ecosystem and the level of its self-organization. With the
probability of the development of the process in different directions, which are
allowed by the principles of thermodynamics, we can see the realization of the factor
that provides a minimum of energy dissipation. So the natural evolutionary
development of the aquatic ecosystem is always aimed at reducing the growth of
entropy that maintains its environmental sustainability [5]. The process of self-
organization begins in the cases of the changing one or more control (bifurcation)
parameters, and exceeding certain limits of stability. Thus, the aquatic ecosystem
transforms into a new state [6]. Here it becomes stable again. Thus, the aquatic
ecosystem that develops in the direction of lowering entropy through its passage or
decline in production, is more resistant to external influences.

All processes, which contribute to the growth of the ecosystem's order
(condensation, polymerization, compression, crystallization, coagulation,
differentiation, or another process, which leads to the decrease of the number of
states of matter), are accompanied by a decrease in entropy. Entropy increases with
the enlargement of the number of particles and states (dissolution, dissociation,
evaporation, peptization, erosion). Depending on the combination of the influence
of external and internal factors, the ecosystem can be at different stages of growth,
instability and survival. According to the theory of I. Prihozhin [7] the order is
formed in a non-equilibrium system of chaos. During this process, the energy of the
system dissipates and the so-called dissipative structure spontaneously arises. The
dissipation means the decrease in energy in the system and the increase its entropy
by itself. However, in non-equilibrium conditions, the energy losses are offset by its
external influx, which contributes to the self-organization of the system. It needs
prevent the system from equilibrium, which is possible only when it exchanges the
material-energy flows with the environment. It is sensitive to external perturbations.
Given the non-linearity of the processes, small external perturbations can get stronger
and generate large-scale changes in ecosystems [8]. If we denote energy by — &, the
entropy of the ecosystem by — 1, and the lower index for variation (3) is the amount,
which, in this case, does not change — energy (€), the equilibrium criterion will be
written as: (6n) € < 0.

It means that for all possible changes in the state of the isolated ecosystem with
its constant energy, the variation in the entropy of an equilibrium ecosystem is zero
or negative.

To distinguish the types of equilibrium with respect to their stability, we take into
account the absolute values of variations (signature by the symbol A) that do not
neglect infinitely small higher orders.

Then the necessary and sufficient conditions for different types of the
ecosystem’s equilibrium are formulated in a such a way [9]:
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o for stable equilibrium: (An) € <O0;

o for the indifferent equilibrium, there are changes in the state of the ecosystem,
for which (An) € = 0;

e In the case of the unstable equilibrium, there are changes in the state of the
ecosystem, for which (An) € > 0.

It is quite clear the ecosystem is always in equilibrium if it has the maximum
entropy for this energy. In this case, the ecosystem may have several equilibrium
states. The state, which corresponds to the highest of the maximum of entropy, has
absolute stability.

With anthropogenic pollution of the aquatic environment, the extent of the
maximum permissible impact is the volume of pollutants, which can assimilate the
ecosystem. Two groups of the mechanisms of the sustainability determine the
assimilation capacity. The first one includes the destruction (transformation) and the
disposal of pollutants, which lead to their removal from the geochemical cycle. The
second group combines the processes of removal outside of this aquatic ecosystem
and the conservation (temporary burial) of toxic substances.

The first step in assessing the stability of the aquatic environment to technogenic
pollution is to find out the main features that determine the assimilation capacity and
balance of entropy. There is some limit significance of man-caused impacts on water
bodies. If the system achieves them, it corresponds to a sharp deterioration of the
state of the aquatic ecosystem. Thus, the ecosystem loses its stability. Let’s imagine
that there are perturbations, caused by pollution, in an aquatic ecosystem. It can make
the ecosystem be instability. So, we should evaluate the risk of the transformation of
the aquatic ecosystem into the state of instability during the period of time. In this
case, the risk of instability is the probability of the transition of the aquatic ecosystem
from one point of the phase space, where it is at an initial point of time, to the critical
area of the space, where the ecosystem becomes unstable. The given model is used
to analyse different scenarios and evaluate the probability of transition of the aquatic
ecosystem to unstable states.

The numerical significance of the probability characterizes the «risk» of the
aquatic ecosystem to become unstable. Recently, the specialists in the theory of
stability has been using synergistic ideas about the order and chaos [10].

We can see sudden and cut transitions in the behaviour of the ecosystem, when it
reaches the points of bifurcation. There we can highlight the choice of the group of
possible trajectories under the influence of small shift of parameters. Such
trajectories are unpredictable radically change the pattern of the behaviour of the
system. Therefore, the bifurcation is the qualitatively new behaviour of the
ecosystem with the small change in its parameters. The example of it can be the
evolution of the ecosystem with the development of the trajectory of its movement.
In the context of the theory of ecosystem development, we can see rather strange
combination of different stages in the process of changing ecosystems, where slow
and fast, smooth and sharp phases converge. That is why the subject of the study of
synergetics is the significance of the parameters of the system, which determine its
bifurcation and self-organization in the new complex structures. In this case, the
bifurcation phenomena are always considered by the catastrophe theory, which
studies the radical rearrangements of the ecosystem in the process of slow, smooth
and small changes in its parameters.

In such ecosystem the scientists distinguish two types of the instability — dynamic
and static. The dynamic instability (the effect of «galloping») leads to the chaos and

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



the complete destruction of the system. To prevent it we should conduct structural
changes in it. The static instability is characterized by the jump transition from one
equilibrium state of the ecosystem to another (static bifurcation).

We can observe the static instability in ecosystems with a significant and
prolonged deviation of two or more variables 3miHHIX from optimal ratios. In the
catastrophe theory [11] the bifurcation of the state of equilibrium and the involuntary
process make the stability be non-equilibrium, caused by the change in the parameter
of the ecosystem. With the approximation of the parameter to the bifurcation value,
the ecosystem loses the state of equilibrium, going to other equilibrium states or
creating the new pair of states of equilibrium. Moreover one of the equilibrium states
is stable, another is unstable.

In the catastrophe theory scientists use the ordinary differential equations, applying
So-called «strange attractors», which concern the thresholds of stability and
«bifurcation points». So, they are associated with the concept of the stability. The
peculiarity of the approach is the fact that in the «points of bifurcation» the dynamic
system becomes unstable regarding to fluctuations. The transition through the
bifurcation point can be considered as the accidental process that can be compared to
flipping a coin. Randomness (chaos), in some extent, always governs the dynamics of
ecosystems. The role of chaos at bifurcation points is quite significant. At bifurcation
points or at critical threshold points, the behaviour of the ecosystem becomes unstable
and can evolve into several alternatives corresponding to different steady modes. In
this case, we can only deal with opportunities, and nothing will allow us to predict
what kind of mode the ecosystem will choose. The simplest bifurcation point
corresponds to a situation where a stable state becomes unstable, whereas two other
possible stable states arise symmetrically. The scenario of the loss of a stable
equilibrium state involves two possible variants that differ in the phase portrait (space
of states) of the ecosystem. The first one is the degeneration of the equilibrium position
into the limit cycle that means the transition of the state of equilibrium from stable to
unstable (Fig. 1, Upper row). The second option is the situation of unstable equilibrium
and the ecosystem becomes unstable (Fig. 1, Lower row).

/-P

Fig. 1 — Phase portrait of an ecosystem during the loosing of the stability

The first variant is characterized by the slowed-down «swinging» system to its
quasi-equilibrium state, which moves from stable to unstable. Such a smooth loss of
stability of the equilibrium of the ecosystem will be called soft. We can see it in the
nature of the change in equilibrium position by oscillatory periodic processes (Fig. 2)
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Fig. 2 — Soft loss of the stability of the ecosystem’s equilibrium state

Comparing to the first one, the second variant is inherent to the more unstable
ecosystem within the high-risk zone. The system with the destructive dynamics
deforms and its quasi-equilibrium becomes unstable. The sharp loss of stability of
equilibrium is called rigid, which corresponds to a jump-like transition of the
ecosystem from stationary behaviour to another mode (Fig. 3).

A
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Fig. 3 — Rigid loss of stability of the equilibrium state of the ecosystem

However, in the future the regime, which occupies the ecosystem, may be far
from equilibrium or oscillating with a strict period. Therefore it is called the strange
attractor (attraction - attracting a lot of phase space) that can be represented by phase
divergent, which are curving (Fig. 4).

Fig. 4 — Chaotic attractor
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Such a process is the dynamic chaos. So it is the non-periodic movement in the
deterministic system. The process of transition from the stable equilibrium to a
strange attractor can take place both in hard and soft loss of stability, whereas the
cycle, which occurs in the second case, loses stability. These non-periodic variations
are sensitive to little changes in initial conditions. Maintaining the stability of the
averaged characteristics, they reflect the turbulent behaviour of the ecosystem.

Conclusions

Thus, the stability of the aquatic ecosystem is the relative invariance of its properties,
which can be observed under the influence of permissible perturbations: the ability
of the ecosystem to remain within certain limits, despite the interference with
perturbations, provided by the task. At the same time, depending on the field of initial
perturbations, the scientists distinguish such types of the stability as «in small», «in
large» and «in general». According to the nature of the coincidence of the perturbed
state to the unsolvable, we can say about the usual and asymptotic stability. The
research of the nature of the water bodies’ stability has found out their desire for
equilibrium as well as the complex fight between regular and irregular (fluctuations)
forces, which makes the achievement of equilibrium in real conditions complicated.
Under the influence of perturbations, the chaotic state of the aquatic ecosystem can
undergo restructuring, when the choice of its steady state depends on the transition
process at moments of the bifurcation.
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C.L A3zapos, O.C. 3agyHaii
AHAJII3 CTIMKOCTI BOJHHUX OB'EKTIB J0 JIi JECTABLIIBYIOYHX
DAKTOPIB

AHoTamnis. Po3po0iieHo MeTOIMYHI i IXOIH IO OI[IHKHY €KOJIOT19HOT OE3MEKH EKOCUCTEM,
siki 0a3yIOThCSI Ha BCTAHOBIICHHI KOMIUIEKCHOTO ITOKa3HWKAa Jerpajarmii KOMITOHEHTIB
MPUPOJHOTO CEpeAOBHUINA, IO JO3BOJNMATH OIIHIOBATH HEAJWTUBHI  BIACTHUBOCTI
pizHOMAacIITAOHUX BOIHHUX €KocHUcTeM. I[IpoBeleHO aHami3 METONIB OIHKH CTiHKOCTI
BOJIOIM JI0 3MiHHM MapaMeTpiB MPUPOJHOTO 1 AHTPONOTCHHOTO PEXHMiB. JlOCHiHKEHHS
NPUPOJH CTIMKOCTI BOJHHUX OO'€KTIB BUSBWIIO HE TIIBKM NpPArHeHHs X 1o piBHOBaru, a u
CKJIaZiHy OOpOTHOY PEeryispHuX Ta HeperyisapHuX ((iaykryariii) cu.
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ECOLOGICALLY CLEAN EVAPORATION-CONDENSATION METHOD
APPLICATION FOR OBTAINING OF ELECTRICAL CONTACTS BASED
ON COPPER COMPOSITE MATERIALS

Abstract. In this paper is considered the electron-beam technology on new materials
creation, including copper and its alloys, as one of the most promising directions of
modern electrometallurgy. The formation process of condensed composite materials
(CCM) using this technology is absolutely environmentally clean, because it occurs
in a vacuum, in addition, similar materials are obtained in a single technological
cycle, what is economically profitable.

It is shown that this method was used for the first time to obtain structural composite
materials Cu-Mo, Cu-W, Cu-Cr (massive sheet condensates weighting up to 30 kg
separated from the substrate), which were used for electrical contacts and
electrodes. The most industrial applications found the condensed from the vapor
phase CM of Cu-Zr-Y-Mo and Cu-Cr-Zr-Y-Mo systems for discontinuous electrical
contacts.

The mechanical properties of materials of Cu-Zr-Y-Mo system have been studied
and it is shown that these materials are characterized by a sufficiently high
electrical conductivity, hardness, strength and satisfactory plasticity, and mostly
allows to refuse from silver-containing contacts, since they are not inferior, and in
some cases exceed them for their operational reliability.

Key words: method; evaporation-condensation; copper; composite materials;
electrical contacts.

Introduction

Historically, emissions of sulfur dioxide, which amount — 75%...80% of the total
amount of pollutants produced during melting in the off-gas, are the most urgent
environmental problem connected with the production of copper and its alloys. The
main quantities of pollutants, except sulfur dioxide, fall on such elements as dust,
nitrogen oxides, carbon monoxide generally presenting emissions of non-ferrous
metallurgy enterprises and copper smelters in particular.

The presence of gases, vapors, particles of liquid and solid substances in the air
adversely affect man and the surrounding biosphere. In terms of dust emissions, non-
ferrous metallurgy is also one of the main polluting industries, its part is 2.8%.
Therefore, to capture emissions of process gases in the production of copper and its
alloys, more attention is paid to thorough design of process plants and processes,
which requires additional material expenses and, accordingly, leads to a rise of the
production process cost.

© V.G. Grechanuyk, O.V. Matsenko, 2018
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Main part

Modern technology requires for its development the elaboration of new and
improvement of existing materials using production methods that do not harm the
surrounding atmosphere [1]. One of such promising directions for creating
fundamentally new materials, including copper and its alloys, is electron-beam
technology [2, 3]. The process of condensed composite materials (CCM) formation is
absolutely environmentally clear, as it occurs in a vacuum, in addition, similar
materials are obtained in a single technological cycle, what is economically profitable.

Evaporation and subsequent condensation of metal and non-metal in vacuum is a
relatively new scientific and technological direction in materials science. Until recently,
evaporation-condensation processes exclusively were used as application of protective
coatings (corrosion-resistant, heat-shielding, etc.) on products. For the first time this
method was used in the SPE "Eltechmash” to produce constructional composite
materials Cu-Mo, Cu-W, Cu-Cr (massive sheet condensates weighing up to 30 kg
separated from the substrate), which were applied for electrical contacts and electrodes.
For the first time, it has become possible to obtain bulk (massive) nanocrystalline
materials at a deposition temperature above 300°C, which have a complex of properties
that are not specific of traditional polycrystalline materials (Fig. 1).

Fig. 1 — Light-field (a), dark-field (b) electron microscopic image of the structure and
microelectronogram (in) CM (Cu-0.1% Zr, Y) -8-12% Mo

Application of CCM mostly allows to refuse from silver using, as the Cu-W
contact materials are not inferior, and in some cases exceed the silver-containing
compositions in terms of their operational reliability. Their cost is approximately in
1.5-1.7 times lower compared to powders and in 2-2.5 times lower compared to
silver-containing compositions, and according to operational characteristics they
correspond to them or 1.5 times higher depending on operating conditions.
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To produce composite materials for electrical contacts, industrial equipment
(installation L-5) has been developed (Fig. 2).

This makes it possible to produce about 12 tons of condensed composite materials
per year, from which about 1 million electrical contacts and various electrodes can
be produced (Fig. 3). Payback of such equipment is 2—3 years.

Working chamber
Cannon chamber

Product
Electronic guns
Block of crucibles
Flapper
Mechanism of suspension
and rotation of the product
Ingot feeder
Vacuum system
. Cooling system
. Viewing system
. Remote Control
. Control cabinets
. Screens
. High-voltage input
. Manipulator
. Service platform
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Fig. 2 — Installation L-5 scheme

Fig. 3 — Types of electrical contacts
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The condensed CM from the vapor phase of Cu-Zr-Y-Mo and Cu-Cr-Zr-Y-Mo
systems found the largest industrial applications for discontinuous electrical contacts [4].
Materials, which received the name of MDK, are certified and manufactured in
accordance with the technical specifications TCU 20113410.001-98, 1SO-2009.
Patents of Ukraine and the Russian Federation [4-7] protect the technology of their
manufacture. These materials are characterized by a sufficiently high electrical
conductivity, hardness, strength and satisfactory ductility (Table 1).

Table 1 — Physical, chemical and mechanical properties of CM
on the base of Cu-Zr-Y-Mo

chemical density, | electrical | Micro- Mechanical properties
composition, |y, kg/m? | resistivity, |hardness Before annealing After annealing,
% mass. P, HV 300°C, 1h
pOm*m 602, Os, 8,% 60,2, s, 8,%
MIla | MIla MIla | MIla

Cu-Zr-Y 3-5% Mo| 8980- | 0,021- 1000- | 210- | 300- | 10,3- | 200- | 295- |17.6-
9000 0,022 1500 | 370 430 7,3 360 420 |95
Cu-Zr-Y 5,1-8% | 9000- | 0,022- 1500- | 380- | 440- | 7,25- | 365- | 425- |9,45-

Mo 9050 0,024 1650 | 530 630 34 510 600 |49
Cu-Zr-Y 8,1-12% | 9050- | 0,024- 1650- | 550- | 635- | 3,25- | 520- | 605- |4,85-
Mo 9100 0,028 1800 | 750 785 1,8 695 730 |39
Cu-Cr-Zr-Y 8,1- | 9050- | 0,026- 1650- | 560- | 641- | 3,21- | 531- | 618- |4,70-
12% Mo 9100 0,030 1800 | 760 792 1-7 699 742 |36

A number of specialized electron beam devices for metals and alloys smelting
and refining are known [1, 8], deposition of protective coatings [9-11], obtaining of
massive composite materials separated from the substrate [12].

The design and manufacture of specialized electron beam installations is not
always economically viable, since only a certain scientific and technological
problem can be solved on this type of equipment (for example, the development of
new types of protective coatings).

Conclusions

The creation of universal equipment that allows, after a small adjustment, to solve a
number of applied research tasks is more promising. A distinctive feature of such
equipment is the possibility of implementation, on one installation, the majority of
typical technological processes, which are currently being implemented with the help
of various special-purpose electron beam systems. Cleaning of the installation with
the ion-cleaning device and the process gas inlet system also expands the
technological capabilities of the equipment for carrying out experimental work to
improve the technologies for obtaining protective coatings.

The developed contact materials based on copper and molybdenum as silver
substitutes (containing no noble metals) (TCU 31.2-20113410-003-2002) passed
successful industrial tests at more than 200 enterprises in Ukraine, Russia, Poland,
Romania, Georgia, etc. Contact areas made of these materials (MDK-3, TCU 24.4-
33966101-001: 2014) are successfully operated with alternating voltage and currents
from 1 to 1000 A.

The technological problem of foundations developing for high-speed evaporation
of copper through a zirconium-yttrium intermediary bath was solved in the process
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of this work implementation, so that the evaporation rate of the steam flow increased
to 60 pm/min and specified materials have become competitive with similar
compositions obtained by powder metallurgy techniques.
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B.I'. I'peuaniok, O.B. Manenko

3ACTOCYBAHHSA EKOJIOTTYHO YUCTOI'O METOAY BHUIIAPOBYBAHHSI-
KOHAEHCANII JJ5 OTPUMAHHS KOMIO3UIIMHAX MATEPIAJIIB HA
OCHOBI MIAI AJIsI ENEKTPUYHUX KOHTAKTIB

AHoTanisgs. B po6oTi po3risiHyTa €NeKTPOHHO-MPOMEHEBA TEXHOJIOTIS 31 CTBOPEHHS
HOBUX MarepialliB, B TOMY YHMCIi Ha OCHOBI Miai Ta 11 CIUJIaBiB, sIK OJWH 3 HaOLIbLI
MEPCIeKTHBHUX  HANPSAMKIB  cydacHOi enekrtpometanmyprii. Ilpomec  dopmyBaHHS
KoHJZIeHcoBaHUX Kommosumiianx MmatepianiB (KKII) 3a mi€ro TexHOIOTi€0 € abCOMOTHO
€KOJIOTIYHO YHCTHM, OCKUIBKM BiOYBa€ThCcs y BaKyyMi, KpiM TOTO, MOMIOHI MaTepiain
OTPUMYIOTH 32 OJIUH TEXHOJOTIYHUH IUKJI, [0 €KOHOMIYHO BUT1IHO.

INoka3zaHo, 1m0 JaHWH METOJ BIiEpIllle BUKOPUCTAHWH /I OTPHMaHHS KOHCTPYKLIHHHX
kommo3uniiianx Matepianie Cu-Mo, Cu-W, Cu-Cr (MacBHHX JHCTOBHX KOHJICHCATIiB Barol
10 30 Xr, BIIOKpEMIICHUX BiJI IIKIAIKH), IKi OyJI0 3aCTOCOBAHO JISI SIICKTPUYHIX KOHTAKTIB
1 enexrpoiB. HaiiOuibie mpoMucioBe 3aCTOCYBaHHS 3HANUIIIIIM KOHJEHCOBAaHI 3 TapoBoi (a3u
KM cucremu Cu-Zr-Y-Mo i Cu-Cr-Zr-Y-Mo 151t pO3pHBHUX €IEKTPUYHUX KOHTAKTIB.
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JocmipkeHo MexaHiuHi BIacTUBOCTI MatepianiB cucremu Cu-Zr-Y-Mo i nokaszaHo, 1o
3a3HAYCHI MaTepialy BiPi3HIIOTHCA JOCUTh BHUCOKOKO CIICKTPOIPOBIMHICTIO, TBEPIICTIO,
MIIHICTIO 1 33JI0BUTBHOIO IJIACTUYHICTIO, IO JIO3BOJIAE B 3HAYHIA Mipi BIIMOBUTHCS BiJ
BUKOPUCTAHHSA KOHTAKTIB, IO MICTATh CpiOo, Tak sSK 3a3HaucHI MaTepiaiu He
MOCTYMAIOThCS, & B JCAKUX BHUIAJKaX IMEPEBEPIIYIOTh iX 3a CBOEK EKCIUTyaTalidHOo
HaIIHHICTIO.

Kuro4uoBi cj10Ba: MeTox; BUIapoByBaHHA-KOHICHCAITIS; Millb; KOMIIO3UIIiiHI MaTepiaiu;
CIIEKTPUYHI KOHTAKTH.
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ECOLOGICAL SAFETY OF TERRITORIES AT INTRODUCTION
OF MODERN TECHNOLOGIES OF PROCESSING
OF VEGETABLE WASTES

Annotation. Work is devoted to the decision of research and practice task from the
ground of changes of the state of ecological safety of territories at introduction of
modern technologies of processing of vegetable wastes. The worked out practical
recommendations are in relation to reduction of negative influence on the
environment of vegetable wastes that is passed for introduction in further activity in
relation to providing of ecological safety of territories.

Key words: ecological safety of territory; vegetable wastes; treatment vegetable
wastes.

Introduction

Providing ecologically and technically safe terms of vital functions of society
attributed to priority national interests, because a present ecological situation in
Ukraine is characterize as difficult.

The feature of the ecological state in Ukraine is that ecologically sharp local
situations become complicate by regional crises with her protracted medico-
biological, economic, ecological and social consequences. Relations in relation to
providing of ecological safety closely constrained with the rational and effective use
of natural resources, with the use of ecologically dangerous territories and objects
that stipulates the complexity of maintenance of concept of ecological safety. That
includes for itself, the guard of natural environment: a) the certain state of natural
object (safety of nature) and b) system of guarantees of the state to the citizens on
providing of normal vital functions of human.

The decision of problem of providing of ecological safety of territory at
introduction of modern technologies of processing of vegetable wastes is in the first
turn related to the choice of general conception of further development of the state.

Analysis of previous researches and publications

Analyzing the modern state of ecological safety of territories and handling wastes of
production and consumption it is possible to assert that: design of changes of the
state of ecological safety, what would take into account quality of environment and
condition of residence, their influence on mean time of life is not would prove to
practical application. Such Ukrainian and foreign scientists and practices did a
ponderable contribution to research of problems of ecological safety of the inhabited
territories: Adamenko O.M., Bilyavskiy G.O., Babyak O.S., Iliin O.J., Drawn M.C.,
Safronov T.A., Ushakov E.P.

© V.M. Trysnyuk, 2018
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Basic part

Existent procedures of evaluation of the state of ecosystem of any region of
settlement at building or reconstruction of industrial enterprises are took to
verification of the possible exceeding maximum of possible concentrations of toxic
substances in up casts and extras of enterprise.

The ecological constituent of steady development of countries is estimated by
means of the known index of ESI (Environmental Sustainability Index is an index of
ecological constancy, first presented in 2001 in Davos), offered by Center on an eco-
law and politics of Yale University (USA). It is form from a 21 ecological indicator
that in turn settled accounts based on the use 76 sets of ecological data:

— about the state of natural resources in a country,

— levels of contamination of environment in the past and today,

— efforts of country in relation to a management,

— possibility of country to improve ecological descriptions and others like that,
the ecological state [1].

System of ecology of management has fully certain differences from the system
of ecology of production. Under an ecology, managements understand the process
of steady and successive introduction of the systems of technological, administrative
and other decisions that allow to promote efficiency of the use of natural resources
and terms equally with an improvement or even maintenance of quality of natural
environment (or in general vital environment) on local, regional and global levels.

Under the system, a management understands element of organizational structure
in that the systems of financing, planning, and control are included after producing
of products, account, grant of services and others like that. A main problem in
organization of control system consists in the exposure of measure of accordance of
existent factors of the systems of strategy of development of object, with those that
is set.

At conducting a ranking of methods of utilization and processing of wastes of
phytogenous on results there in flounce on a natural environment, mark results
(table 1).

Table 1 — Results of ranging of methods of processing of vegetable wastes are on
results influence on an environment

Ne | Name of method of Consequences of influence of method of processing of
processing of vegetable | vegetable wastes are on ecological safety of territory
wastes

1 2 3

1 | Sorting of organic Harmful effect on a natural environment on the whole and

wastes of phytogenous | on a health man in particular minimized during a
simultaneous exception potentially of dangerous and
harmful components

2 | Destruction of The extras of hazardous substances considerably below than
vegetable wastes isina | maximum possible concentrations
catalytic environment

3 | Anaerobic fermentation | Harmful effect of biogas on the environment and human
is with a receipt and health depends on his concentration in atmospheric air and
utilization of biogas sentinel period of breathing in this product
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Table 1 continuation

1 2 3

4 | Punching Contamination of objects of hydrosphere and fertile
epiphaseofsial hazard — to soil, incomplete taking into
account of properties, composition and state headstock

5 | Method of heat Contamination of atmosphere hazard with high probability
treatment of vegetable | of further contamination of objects of hydrosphere and soil,
wastes to incinerations | exceeding maximum of possible norms of extras of
carcinogenic dioxins and furan. Elimination of valuable
components, high exit of ash and slags, incomplete taking
into account of properties, composition and state of
feedstock, decline of immunity of population and animals
that live in a radius 30-50 kilometers, high maintenance of
dioxin in pectoral milk of mothers; complication of
stabilizing of process of incineration.

The results of the conducted procedure of ranking witnessed that most dangerous
for a natural environment on the whole and for the health of population of territory
there is a method of heat treatment of vegetable wastes by means of incineration.
The friendliest to the environment and health of population are two methods. Method
of sorting of wastes with a simultaneous exception as potentially dangerous so
valuable components and method of destruction of organic wastes of phytogenous
in a catalytic environment [2].

For realization of effective management of territory ecological safety the map-chart
of distribution of areas of Ukraine is use after ecological strength security (fig. 1).

One of dangerous for an environment and health of humanity of problems there
is an accumulation of various wastes in the process of vital functions and productive
activity of man that in the whole world grows rates that pass a head their processing,
disinfestation and utilization.

Fig. 1 — Map chart of distribution of territories of Ukraine after administrative distribution
for to ecological strength of territories securities in obedience to the conducted calculations
for 2015: 1 — crisis, 2 — nepeaxpuzoBuii, 3 — normal

Thus, to provide acceptable to quality life of society and steady development of

territories ecological strength security and to decrease negative in fluency of wastes
on a natural environment overall and on the state of health of population in particular,
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it is necessary to develop new technologies in industry of handling wastes or to
perfect already existing.

Wastes of consumption or hard domestic wastes have various morphological
composition. In composition contained on the average 30 organic wastes of
phytogenous [3].

Results of conducted ranking of methods of processing of vegetable wastes,
witnessed that the most favorable in ecological sense methods of processing and
utilization of vegetable wastes are two methods. Sorting with the simultaneous
exception of components, that can threaten to both the health of population and
environment on the whole and destruction of organic wastes of phytogenous in a
catalytic environment. Leaning on the results of conducted ranking of methods of
processing of vegetable wastes after the degree of their influence on a natural
environment, offered recommendations in relation to reduction of negative influence
of vegetable wastes on ecological safety of territories of compact residence of
population.

Based on undertaken scientific studies research and practice recommendations
are work out in relation to the evaluation of changes of the state of ecological safety
of territories at introduction of modern technologies of processing of vegetable
wastes.

At prognostication of indexes of ecological safety of the inhabited territory, it is
needed to apply the procedure, based on Bayes’ theorem taking into account the
complex of indexes that characterize the state of ecological situation and totality of
parameters of natural environment.

During realization of the activity related to handling organic wastes of
phytogenous, it is expedient to apply reasonable methodology of ranking of the pre-
arranged methods of utilization of wastes on the indexes of negative influence on
a natural environment overall and on a health population that lives on concrete
territory.

The worked out technological analysis of organic wastes of phytogenous taking
into account factious compaosition of plant it is expedient to use for determination of
method of processing of concrete part of plant and application of finish good domain
from her.

To promote ecological strength of territory of compact residence of population
security during handling vegetable wastes it is necessary by means of combination
of method of sorting of wastes with a simultaneous exception from them both
ecologically dangerous and valuable components, destructions of these wastes in a
catalytic environment and also method of their processing on one territory.

Conclusions

For prognostication of indexes of ecological safety of territory at handling vegetable
wastes, the modified procedure based on the use of Bayes’ theorem is involved.
Authentication of dynamics of changes of her indexes is take to the analysis of
supervisions and comparison of results.

The distribution of areas of Ukraine evidently represented on a map-chart on three
groups after ecological strength security is use for realization of effective
management of the inhabited territories ecological safety at handling wastes of
phytogenous.
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Abstract. An example of the application of modern regulatory requirements for the
scientific and technical support of construction and monitoring of building
structures for the safe arrangement of the pile foundation on a landslide hazardous
building site in conditions of dense urban development in Kyiv during the
installation of a @820 mm bored pile according to the plan of the pile field has been
considered. Experimentally registered levels of vibration acceleration on the
foundation wall of the building in the vertical and horizontal directions do not
exceed 0.015 m/s? which is significantly lower than the minimum permissible values
of vibration acceleration for the foundations of buildings with brick bearing walls
0,15 m/s>. The research also evaluated the presence of visible damage to the
building in the available places and their possible development before and after
piles placement. The condition of the plaster screed on a vertical crack in the wall
of the house on the 8th floor, which was installed before the start of construction
work, after pile foundation installation has not changed — it remained undamaged.
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Introduction

The general condition of the construction sites in Ukraine does not ensure safe living
conditions for citizens and society due to the increased risk of emergencies [1]. The
increase in the buildings and constructions height, break with symmetric forms,
constant increase in the technogenic load on the site during construction in
conditions of dense urban development enhance the likelihood of disasters
conditions. First of all, it regards Kyiv where there are numerous examples of such
violations:

1. In the center of Kyiv there have been another construction scandal regarding
construction of "Elegant" residential development in dense urban development
conditions on 118, Zhilyanskaya street [2]. At the beginning of construction process
the neighboring five-storey house cracked during the pile driving, the tenants had to
be resettled. As a result, an old five-story mansion and a one-storey building next to
it on 120-V Zhilianskaya street was broken down and a huge trench was dug on this
site. Residents of nearby houses are afraid that the walls of their houses will collapse
— the cracks have already appeared on the upper floors [3].

2. Residents of houses number 3, 5, 5a, 7 on Lesya Ukrainka bvld. and three
more houses along Mechnikov Street were united by one problem — the construction
in their yard. Houses are built on a landslide slope. Delicate balance can be disrupted
by any intervention of construction equipment. Houses on Lesya Ukrainka bvld. will
simply slide down to Mechnikov Street [4].

3. On 7, Marjanenko lane crack opening in the house walls coincides with the
beginning of excavation for a residential complex on 9 and 11 Mechnikova street.
The state of the house was affected immediately by two construction sites — 9a and
11 Mechnikov street and 12a Klovskiy uzviz street as well

The above examples are just the tip of the iceberg of constantly increasing number
of ground displacements and catastrophes across Ukraine both in terms of their
number and in terms of economic losses scale. There is an acute need for monitoring
and scientific and technical support for new constructions taking into account the
fulfillment of the requirements of new regulatory documents for soil accidents
prevention in future [5].

Over the past 10 years State Enterprise "State Research Institute of Building
Constructions” gave much attention to both the regulatory and methodological
support and to construction monitoring systems implementation. During this time, a
number of regulatory documents considering building structures monitoring issues
have been developed:

1. State Construction Standard DBN B.1.2-5: 2007 "The scientific and technical
support of construction sites" [6].

2. DBN B.1.2-12-2008 "Construction in conditions of dense urban development.
Safety requirements” [7].

3. DBN B.1.2-14-2009 "General principles of reliability and buildings,
structures and foundations structural safety ensuring” [8].

All of the above documents were a basis for new final document National
Standards of Ukraine DSTU-B B.1.2-17: 2016 "Guidance on scientific and technical
monitoring of buildings and constructions™ [9], which was developed under
scientific supervision of prof. Yu.l. Kaliukh as well as complex of standards for
buildings and constructions technical diagnostics systems [10]. Construction
standards [9] include all the main methodological instructions and developments on
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the scientific and methodological basis, design and experimental development of
construction monitoring systems [6-8, 10-11] that were put into effect on
01.04.2017. Guidance [9] was developed in harmonic accordance with international
building standards fib [12]. In [9], as in the document fib [12], the classification of
construction monitoring systems is the same (see Figure 1 [12]).

Theoretical and methodological issues of the design and organization of
monitoring research are analyzed in the works of modern foreign scientists Sassa K.,
Casagli N., Catani F., Lu P., Miko§ M., Zeljko A. and others [13-18]. Among the
Ukrainian scientists, one should note the researches by associate member of NAS of
Ukraine, prof. O. Trofimchuk and prof. I. Kaliukh on theoretical and methodological
background of monitoring systems concept, their design and experimental
development in practice in construction and geotechnics [19-23], as well as studies
in this direction of their students: Kaliukh T. [24], Polevetskyi V. [25],
Klymenkov O. [26], Khavkin K. [27], Berchun Ya. [28], et al.

Main points

Let's consider an example of modern regulatory requirements application for
scientific and technical support for building structures construction and monitoring
[6-11] for safe arrangement of the pile foundation on a landslide hazardous
construction site in conditions of dense urban development at the address 14,
Pimonenka street in Kyiv during the installation of a bored pile Ne 87 3820 mm in
accordance with the pile field plan. The work area with a well for the bored pile is at
a distance of 18-20 m from the nine-storey residential brick building. The area of
the construction site is below the level of adjacent to the building area, on the
boundary of which there is a retaining wall made of concrete blocks in height = 5 m.
The mutual location of the building, the retaining wall and the construction site is
presented in Fig. 1

iy
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Fig. 1 — Investigated building and Fig. 2 — Chalky screed state after pile
retaining wall view installation
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According to the present DBN [6-11] the inspection of technical condition of the
building structures of the nine-storey building was performed in advance, prior to
conducting drilling works, (Fig. 1). During the study of the technical condition of
building constructions, the presence of visible damage in the places available for this
site and their possible development before the works beginning, during and after the
installation of the piles were assessed. The monitoring of the impact on building of
drilling operations was monitored not only instrumentally, but also visually, by
periodic observations during the arrangement of the bored pile Ne 87 3820 mm
taking into account the integrity of the chalky screed on a vertical crack in the bearing
brick wall of the house on the 8th floor. The screed was installed in advance, prior
to drilling operations beginning (see Fig. 2).

Well drilling was performed by the BAUER 40 BG drilling rig (Fig. 3). In the
photo (Fig. 4) there is a view of the investigated building, including the retaining
wall on the side of the construction site. During the research period, one drilling rig
BAUER 40 BG (Fig. 3) worked on the site.

Fig. 3— Rotary drillingrig BG40  Fig. 4 — Construction site location near the building toe 14,
Pimonenko street (view from the flat on the 9" floor)

The vibration sensors were located on the foundation part of the building
(3 vibration sensors), fixed oriented towards X, Z and Y directions (Fig. 5); two
vibration sensors that were located on the floor of the 9th floor of the house were
oriented towards X, Z or Y, Z directions (Fig. 6). The change in the orientation of
the vibration sensors for the measurement of vibration acceleration was conducted
in concert with the moment of their registration.

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



Y

Fig. 5— Vibration sensors Ne 1, Ne 2, Ne 3
for foundation oscillations registration
towards X, Z and Y directions

Results

Fig. 6 — Vibration sensors Ne 4 and Ne 5 for
registration of oscillations of the top 9% floor

of the building towards X, Zor Y, Z

directions

With the help of “Seismic monitoring” software [29] the initial experimental results
were processed, that are represented in the table.

Table — The values of vibration acceleration (typical and peak) of the building
foundation part (sensors Ne 1, Ne 2 and Ne 3) and the upper 9th floor of the building

(sensors Ne 4 and Ne 5)
Ne | Monitoring Grade, soil Max values of vibration Drilling
time accelerations practice
1 2 3 4 5
1 |1044 0 m; Clay Ne 1 -0.0005, 0,002-0.004 (X) | Silence regime
Ne 2 - 0.0005, 0,002-0.004 (Z) record
Ne 3 - 0.0002, 0,002-0.004 (Y)
Ne 4 - 0.0001, 0,002-0.003 (X)
Ne 5 - 0.0005, 0,002-0.004 (Z2)
2 |10.59 0 m; Clay Ne 1 -0,002-0,004 (X) | Drilling start
Ne 2 - 0,001-0,005 (z) | Welldrilling
Ne 3 - 0,001-0,002 (Y)
Ne 4 - 0,001-0,005 (X)
Ne 5 - 0,001-0,002 2
Ne 2 - 0,001-0,003 (Y)
Ne 3 - 0,001-0,002 2
Ne 4 - 0,001-0,002 X)
Ne 5 - 0,0005-0,001 2
3 | 11:18 4-5 m; Clay Ne 1 -0,001-0,003 (X) Well drilling
Ne 2 - 0,001-0,003 2
Ne 3 - 0,001-0,002 (Y)
Ne 4 - 0,001-0,002 X)
Ne 5 - 0,0005 2
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Table continuation

1 2 3 4 5
4 |11:20 6-7m; Clay | Nel-0,001-0,003 (X) Well drilling
Ne 2 - 0,001-0,006 2
Ne 3 - 0,001-0,002 (Y)
Ne 4 -0,002-0,0025 X)
Ne 5 -0,0005-0.001 2
5 | 11:22 8 m; Clay Ne 1 -0,001-0,002 X) Microseismic
Ne 2 - 0,001-0,003 @ background.
Ne 3 - 0,001-0,002 (v) | Tube timbering
Ne 4 - 0,001-0,002 (x) | lengthening
Ne 5 - 0,0005-0,001 2
6 | 11:28 8 m; Clay Ne 1 - 0,002-0,001 (X) Motion of
Ne 2 - 0,001-0.0035 (z) | adrilling rig with
No3 - 0]001_0]002 (Y) tube tlmberlng
Ne 4 - 0,0015-0,001 X)
Ne 5 - 0,0005 2
7 | 11:40 9-10m, Clay | Ne1-0,0015-0,004 (X) Tube timbering
Ne 2 - 0,001-0,005 2 spudding with
No3 - 07002_07003 (Y) further drllllng
Ne 4 - 0,001-0,005 (X)
Ne 5 - 0,002-0,0005 (4]
8 | 11:56 14-16 m, . Well drilling
Clayed sand Ne 1-0,001-0,002; 0,006 (X)
Ne 2 - 0,001-0,002; 0,006 (2)
Ne 3 - 0,001-0,002 (Y)
Ne 4 - 0,001-0,0015 (X)
Ne 5-0,0003 2
9 |12:05 16 m, Microseismic
Clayed sand Ne 1 -0,001-0,0015 (X) background.
Ne 2 - 0,0005; 0,002 (z) | Tube timbering
Ne 3 - 0,0005 ) lengthening
Ne 4 - 0,0005; 0,003 X)
Ne 5 - 0,0005 (Y)
10 | 12.50 17-18 m, Well drilling
Clayed sand Ne 1 - 0,006-0,008 (X)
Ne 2 -0,004; 0,001-0,003 (2)
Ne 3 -0,001-0,003; 0,015  (Y)
Ne 4 - 0,0035 X)
Ne 5 - 0,0005; 0,0015 2
11 | 12:54 18-19 m, Well drilling
Clayed sand Ne 1-0,006 X)
Ne 2 - 0,001-0,003; 0,004 2
Ne 3 - 0,0025-0,0015; 0,005 (Y)
Ne 4 - 0,002-0,004 (X)
Ne 5-0,0005; 0.003 2
12 | 12:56 19-20 m, Well drilling
Clayed sand Ne 1-0,006 X)
Ne 2 - 0,002-0,005 (4]
Ne 3 - 0,0025-0,003; 0.006  (Y)
Ne 4 - 0,0025 X)
Ne 5 -0,0025 2
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Table continuation

1 2 3 4 5
13 | 13:22 22 m, Watered Ne 1 - 0,001-0,003 X) Well drilling
clayed sand

Ne 2 - 0,001-0,006 (4]
Ne 3 - 0,001-0,002 )
Ne 4 - 0,001-0,0025 X)
Ne 5 - 0,0005-0,003 (4]

14 | 13:36 24-25 m, Watered Ne I -0,001-0,0015 X) Well drilling

clayed sand, Red clay

Ne2 - 0,0005; 0,002 (2)
Ne 3 - 0.0008 (Y)
Ne 4 - 0,0005-0,002 (X)
Ne 5 - 0,004; 0,0005 (2)

15 | 14:04 28-30 m, Hard marl | Ne 1 - 0,001-0,002 X) Well drilling
Ne 2 - 0,001-0,002 (2)
Ne 3 - 0,001-0,002 (Y)
Ne 4 - 0,0025-0,001 (X)
Ne 5-0,0003 2

16 | 14:32 |32-33 m, Waterlogged Ne 1 -0,001-0,004 (X) Well drilling

marl, Hard clay

Ne 2 - 0,0005-0,003 (2)
Ne 3 - 0,001-0,002 (Y)
Ne 4 - 0,0025-0,001 (X)
Ne 5 - 0,0005 2

17 | 14:43 | 35-36 m,nC]:;rrlnpacted 0,0008-0,0015 (X) Well drilling
0,001-0,002 2
0,001 (Y)
0,001; 0,002 (X)
0,0005 2

18 | 15:13 37-38 m, Marl 0,001-0,002; 0,004 X) Well drilling
0,001-0,0015; 0,005 (2)
0,001-0,0015; 0,003 (Y)
0,001; 0,002 (X)
0,0035 2

19 | 15:26 38-39,5 m, Marl 0,001-0,002 X) Well drilling
0,001-0,002 2)
0,001-0,0015 (Y)
0,001; 0,002 (X)
0,0025; 0,0005 2

20 | 17.25 39.5-35 m Ne 1 -0,001-0,002 X) Well filling
Ne 2 - 0,001-0,004; 0,006 () | withconcrete at
Ne 3 - 0,001-0,0015 ) tgg Eoé”st ;f
Ne 4 - 0,0015; 0,003 (X) :
Ne 5 - 0,0005 2)

21 | 17.35 39,5m Ne 1 - 0,0005-0,001 (X) Lifting of tube
Ne 2 - 0,0005 (2) timberi_ng from
Ne 3 - 0,0005-0,0008 (y) |thewellin 39.5m
Ne 4 - 0,0015; 0,0005 ) depth
Ne 5 - 0,0005 2)
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Table continuation

1 2 3 4 5

22 [ 17.41 31-23m | Ne1-0,0015-0,001 x) n
Ne 2 - 0,0012-0,0003 @ Well filling
Ne 3 - 0,0015-0,0003 (y) | Win concreteat
Ne 4 - 0,0025-0,0008 X) | 31 23m
Ne 5 - 0,0003 @

23 | 17.56 316m | Nel-0,001-0,0018 (X) | Lifting of tube
Ne 2 - 0,001-0,0003 (Z) | timbering from
Ne 3 - 0,001-0,0002; 0,006 (Y) |thewellin31.5m
Ne 4 - 0,001-0,002 X) depth
Ne 5 - 0,0003 @

Conclusions

An example of use of modern regulatory requirements for the scientific and technical
support of construction and building structures monitoring [6-11] is considered for
safe installation of the pile foundation on a landslide hazardous building site under
conditions of dense urban development at the address 14, Pymonenka street in Kiev
during the installation of a bored pile Ne 87 ¥820 mm in accordance with the plan
of the pile field. Continuous monitoring of the piling process was conducted from
10.44 (time of works start) to 17.56 (time of works end). The materials obtained
from experiments have shown:

1. The registered vibration acceleration levels on the foundation wall of the building
in the vertical and horizontal directions do not exceed 0.015 m/s?, which is considerably
less than the minimum permissible values of vibration acceleration for the foundations
of buildings with brick bearing walls 0,15 m/s? according to Table 2 in [30].

2. The registered levels of vibration acceleration at the level of the 9th floor slab
of the building in the vertical and horizontal directions do not exceed 0.004 m/s2,
which is significantly lower than the permissible values of vibration acceleration for
high-rise buildings of 0.08 m/s? in according with paragraph 7.2 [31].

3. In the studies, the presence of visible damags to the building in the available
places and possible development before and after pile installation was also assessed.
Their development was evaluated according to a plaster screed on a vertical crack
in the wall of the house. The condition of the chalky screed was established prior to
the beginning of vibration dynamical tests on 02/15/2017 on the vertical crack in the
building on the 8th floor, on the date of research on 02/21/2017 and after the
installation of the concrete pile and further entire pile foundation has not changed. It
remained undamaged. This is shown in the photo (Fig. 2).

4. Based on the above mentioned, it is permissible to carry out work on pile
foundation implementation with the observance of the necessary technological
procedures during the operation of the BAUER 40 BG drilling rig (see Fig. 3-4).

5. For the control of pile concreting quality, modern theoretical-numerical
developments and technical means of the SE “SRIBC” [32-34] can be used.
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BIBPOJJMHAMIYHUMA MOHITOPUHI' VJAIITYBAHHS TAJBOBOI'O
®YHJIAMEHTY HA 3CYBOHEBE3NEYHIA JUISHII B YMOBAX
YULIBHEHOI MICBKOI 3ABYJIOBU

AHoTanist. Po3risiHyTo npHKIan 3aCTOCYBaHHS Cy4aCHUX HOPMATHBHHUX BHMOT IOJIO
HayKOBO-TEXHIYHOTO CyNpPOBOAY OYAIBHUITBA T4 MOHITOPHHTY OY/AiBEIbHUX KOHCTPYKIiH
JUIst 6€3IeYHOT0 YIIalTyBaHHS NMAJIbOBOro (pyHJaMEeHTy Ha 3cyBOHeOe3MeuHii OyiBesbHIN
IUITHII B YMOBaxX VIIUIBHEHOi MiCBbKOi 3a0ymoBu B M. KueBi mij 4ac BiIalITyBaHHS
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OyponabuBHOi mami 820 MM 3TiJHO 3 IUIAHOM MAIBOBOTO MOJIA. EKCIepHUMEHTaIbHO
3apeecTpoBaHi piBHI BiOponpHrCcKopeHb Ha (yHAaMEHTHIH CTiHI OyIiBIIi B BEpTHKAILHOMY Ta
TOPU30HTAJIBHOMY HalpsiIMKax He nepeBuInyrots 0,015 M/c?, 110 3Ha4HO MEHIIEe MiHIMAJIBHO
JOIYCTUMHX 3HaYEeHb BiIOPONPUCKOPEHB JUIsl DyHAAMEHTIB Oy1iBeJIb 3 IETIIIHUMU HECYYHMU
crinamu 0,15 wm/c?. Tlpu [OCHIIKCHHSAX OIHIOBAaJach TAaKOXX HAsBHICTh BUIAUMHUX
YIIKO/KEHB B OYAIBII B TOCTYIHUX AJIS IIBOTO MICIIIX Ta iX MOKJIMBHAN PO3BUTOK JIO 1 TICIIA
BiamTyBaHH nani. CTaH TiICOBOro Maska Ha BEPTHUKAIBHIN TPIIKHI B CTiHI OyIUHKY Ha
8-my moBepci, axuii OyB BCTAHOBJICHHUH 10 MOYATKy OyAiBEIbHHUX POOIT, MiCII BIAIITYBAHHS
MATBOBOTO (PYHIAMEHTY HE 3MIHHUBCS — BiH 3QJIUIIABCS HEYIIKOIKECHIM.
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CALCULATIONS AND PROGNOSIS OF THE INFLUENCE
OF THE EXPLOITATION OF THE "HOTYSLAVSKE" QUARRY ON THE
HYDRODINAMICS OF THE GROUND AND UNDERGROUND WATERS
OF THE WESTERN POLISSYA

Abstract. The problems of the influence of the exploitation of the deposit of the sand
and chalk "Khotislavske" on the hydrodynamics of ground and underground waters
of Western Polissya are considered. At this the analytical methods of calculation of
geophiltration processes and methods of mathematical modeling were used. The
analysis of the validity of forecast calculations and modeling of the influence of a
quarry on the territory of Ukraine carried out by the Belarusian side and the
comparison of data are carried out.

Key words: filtration area; infiltration recharge; water inflow; hydrogeological
conditions; overdraining; technogenic conditions.

Introduction

The development of the deposit of building materials "Hotislavske" on the territory
of the Republic of Belarus for many years has been the subject of discussions on its
possible impact on the adjoining territory of Ukraine.

This problem was particularly acute when known specialists and specialists came
to the conclusion that is the real possible negative impact of the quarry development
on the territory of Western Polissya including the territory of the Shatsk National
Park.

Taking into account the aforementioned, the problem of quantitative assessment
of the transboundary impact on the territory of Ukraine on the development of this
field for the long-term period of its exploitation was raised.

Analysis of recent researches and publications

In the process of the investigations the hydrogeological conditions of the territory of
Western Polissya and the conditions of the formation of water resources of the zone
of active water exchange the hydrological conditions, the state of surface water
courses including the reclamation facilities and the modern water and ecological
status of a certain territory were analyzed and determined.

In addition on the base of the analysis of the hydrodynamic conditions of the main
aquifers and the filtration schemes of the ground and underground waters
interactions in the given area have been developed which allowed to create
a conceptual model for water exchange of surface and groundwaters.

When creating the model the results of the modeling of the impact assessment on
the environment of the Khotilaslavske field development which are presented in the
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corresponding Report of the Belarusian side [13] and monographs [2, 14], were used
and analyzed. It was shown that the results of the impact can be considered
approximate in connection of with the insufficient reliability of the used data by the
Belarusian specialists.

The purpose of the research is to evaluate the impact of the development of the
sand and chalk deposit "Khotilslavske" (Republic of Belarus) on the hydrogeological
and hydroecological conditions of the territory of Ukraine within the Western
Polissya, including the territory of the Shatsk National Park.

In this case the analytical methods of calculation of processes of geophylration
and methods of mathematical modeling were used. In addition the analysis of the
validity of the projected calculations and modeling the impact of a quarry on the
territory of Ukraine performed by the Belarusian side and the comparison of data has
been carried out.

Research results

The research area is characterized by complex hydro-geological conditions and is
not well understood especially in the north-western part where the Kopayevsk
drainage system is located [14, 2].

Absence of reliable data on the separate areas of the determined territory
predetermines the approximate approach to the calculations and forecasting of the
impact of the operation of the quarry on the hydrodynamics of the ground and
underground waters of Western Polissya within its possible influence (Figure 1),
which is also noted in the Report of the Belarusian side [13].

Water intake to the quarry is formed at the expense of natural resources of the
main aquifers and atmospheric precipitates and at the hydrodynamic schematization
it can be considered as a radial flow to a well with a large diameter in an unbounded
area of filtration with the assignment on the contour of the quarry the corresponding
boundary conditions (values of water intake or constant drawdown on the contour of
the quarry).

Proceeding from the foregoing one can consider the problem of water inflow to
a large diameter well in a three-layer aquifer unbounded in plane with the absence
of flowing from below aquifer and with infiltration recharge [6, 12].

In the assumption of a rigid regime of filtration in a weakly permeable distribution
layer of the colmatation zone of the marl-chalk layer and the failure to take into
account the infiltration feed of the ground stream the process of transient filtration
can be described by the following system of differential equations in partial
derivatives [12]:

3’s, 1 88 a8
al( S lJ_bl(Sl_Sz):El

)

or? r or

0%S, 1 @S, oS
a| =221 =22 0ip(s,-S,)="2
l(ar2 r ar] 1(S: -S,) ot

where a, =T, /m, A =T5/u,, b =K,/iym,, b, =K,/u,m,;
Sl(r,t) =H, - H, (r,t) —the drawdowns of levels and heads in aquifers with water
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permeabilities T, = k,m,, T, =k,m;; H, and Hi(r,t) — levels and heads before

and during the water uptake process (i = 1,2) ; 1, and u, — coefficients of storativity

of water-bearing horizons.
The system of equations (1) is solved under the following boundary conditions:

t>0, r—0, 27T, 2 g, B2 _g @
or or

t>0, r > oo, Sl—>0, SZ—)O

where t — hour, day; I' — coordinates in space and Q — constant water uptake from
the well.

R N e
KhotislaysKy
<0 2

\'Quarry”
§

i e g (o
Ea -y ; ,

oA Frmamn

L —l - area of research L —l - part of the model of the Belarusian side

Fig. 1 — Selected area of research within the territory of Western Polissya. Scale 1:200 000.
Note. Within the research area a part of the model of the Belarusian side is demonstrated

The general analytical solution of this problem was received with a help of
integral transformations which has the following form with respect to the drawdowns

S,(r,t)and S,(r,t) [12]:

Si(r,t)= T Pio(Pr)S; - (p.t)t (3)

Equation (3) is a complex analytic expression which can only be realized in a
numerical way. To do this an appropriate software package was developed and
special tables of filtration resistances for multilayer filtration schemes were designed
which greatly simplify the calculations and simulation of the problems of the given
class [7, 12].
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It is known that in practical calculations the process of interconnection of aquifers
through weakly permeable layers during water uptake from one of the horizons can
be divided into several stages, namely [6, 7, 12]:

1. small times when the magnitude of the drawdown in the adjacent horizon is
insignificant and mainly in the horizon from which the water uptake takes place one
can consider the filtration according to the scheme of the isolated water-bearing
layer; 2. intermediate times when the flow from the adjacent horizon begins;
3. intermediate large times when there is an uneven drawdown in levels and heads
in both horizons; 4. The time when the magnitude of the drawdown can be calculated
according to the scheme of a single-layer formation with integral parameters of the
whole water-bearing thick:

S,(r1) =5, (r.t) =, - wlu) @

where T =T, +T,, s = g4 + 42,, a=T/u, W(u) —function, u=r?/4at .

For small times the expression for calculating the time criterion of the well
operation in the scheme of a single-layer formation has the following form [7]:

t, <0.01m, /K, )

Substituting the data on the aquifer of the quaternary deposits in the area of the
quarry 2z, =0.2, m, =10.0 m, K, =5-10"* m/day, we find that t, < 4 days that
is the water uptake from the quarry is provided of only from the horizon of
groundwater during 4 days after which the interaction with the lower horizon in the
marl-cretaceous strata begin because of the flow from the bottom to the top.

Since according to project decisions [13] the production of chalk and sand from
a quarry is planned until 2040 that is for 30 years starting in 2009 when the
development of the first stage of the deposit began it is interesting to calculate the
time criterion after which the water uptake from quarry can be modeled according to
the scheme of a single-layer formation with integral parameters of the entire aquifer.
For this case the following dependence is recommended [7]:

t,>20B%/a,, r/B>5 (6)

where B — flowing parameter, M; @, — piezotransmission coefficient, m?/day.
Substituting the data for the quarry area taken from the model of the Belarusian
side we obtain that B =419 m. At a, =1.3-10* m%day, t, > 270 days that is after

270 days the system of aquifers can be considered as the only one aquifer with
integral parameters of the whole water-bearing thick.

As arule at calculations of quarry drainage one operates the concepts of working
out of depth of a quarry with the corresponding drawdowns of the levels of ground
water in it. Forecasting relative to drawdowns is more reasonable than the
designation of drainage design values in a quarry as in the development of deposits
the determination of drainage values is more approximate in comparing with the
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calculations of the distribution cone of depression with a constant drawdown in the
career contour.

Taking into account the accepted schematization of hydrogeological conditions
in cross section of the research area the following dependence was used to determine
the impact of the development of a quarry on the level regime of groundwater [1, 9]:

S(r,t)=S,-Alz, p) )

where S(r,t) — the magnitude of the drawdown at the time t at a distance r from the
quarry; ro — radius of a "big well" that is a career, m; So — the design value of

drawdown of the level of groundwater at a water uptake, m; A(r, p) — special
tabulated function; 7 =at/r? ; p=r/r, .

The advantage of using this model is that the calculation of drawdowns is taken
from existing levels of ground water in which the infiltration takes into account and
for long-term forecasts this assumption is justified [9].

Since in the modeling results of the Belarusian side the values of the design
drawdowns of 12.0 m are appeared in the development of the first stage of the deposit
and 45.0 m with its further development by 2040 a simulation of the distribution of
changes in groundwater levels for the project period from the beginning of the
development (2009) until 2040 at Sp = 12.0 and So = 45.0 m based on the dependence
(7) was performed.

Data of numerical simulation at different distances from a quarry at So = 12.0 m
are given in Table 1.

Table 1 — The magnitude of the drawdowns of the groundwater levels in the
research area based on the results of numerical simulation at Sp = 12.0 m

. So=120m
Ne Distance from the career, 2016 - 2025yy. 2016 - 2040 yy.
n/a km
t =10 years t = 25 years

1. lake Svyate, 6.0 2.02m 3.08m
2. village of Guta, 7.0 1.62m 26m
3. settlement of urban type

Zabolotya,7.0 1.62m 26m
4 lake Velikhovo, 7.2 148 m 255 m
5 reservoir Turske, 7.6 1.35m 2.38 m
6 village Zalisy, 10.0 0.73m 0.99m
7. village Yarevishche, 14.4 0.23m 0.85m
8. Pripyat River, 16.4 0.115m 0.60m
9 lake Krymno, 17.2 - 0.5m
10 settlement of urban type

Ratne, 23.4 — 0.17m
11. lake Liutsymer, 25.6 - 0.1lm

Based on the results of the simulation the graphs of groundwater levels
drawdowns in dependence of the distance from the quarry to the area of possible
influence on the given periods of time were building (Figures 2-3).
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As can be seen from Table 1 and from the corresponding graphs of the
drawdowns the potential impact reaches the Pripyat river by 2025 where a drawdown
of S =0.115 m is forecasted. The radius of influence will be more than 16 km. The
zone of influence will include lakes Svyate, Velychovo, Tursk reservoir and a
significant number of settlements of the border with the territory of Belarus.

The levels of water in the lakes of Svyate and Velickovo will decrease
respectively by 2.02 and 1.62 m at the existing depth of the lake Svyate 15.0 m that
is the depth of the lake can be reduced by about 2 m. As for the reservoir of Tursky
at its depth of 2.0 m a decrease of 1.35 m will practically change its hydrological
regime [14, 5]. In addition the drawdowns of ground water levels in the impact zone
by 0.5-1.5 m will worsen the water supply conditions of the population living in this
area.

A more difficult situation may arise as of 2040. The impact of quarry
development will be of a regional level. The radius of influence will be more than
29 km reaching the territory of Shatsky lakes (Fig. 1). So the water level in the lake
Lutzumer is projected to be 0.1 m below the current one that is all lakes of Shatsk
National Park will fall into the zone of influence.

Fig. 2 — Charts of the dependence of the Fig. 3 — Chart of the dependence of the
ground water level drawdown from distance ground water level drawdown rom
to quarry with constant level on its contour  distance to a quarry with a constant level
So =12.0 m by 2024 and for 2040 years of on its contour Sp = 45.0 m by 2040y
working out of a quarry quarry development

For the purpose of the comparison with the Belarusian side's forecast solutions
for 2040 at Sp= 12.0 m a schematic map of the influence of the development of a
guarry on the level regime of groundwater on a scale of 1: 200 000 was constructed
(Fig. 4). As can be seen from the map the magnitudes of the drawdowns differ
significantly among themselves and the distribution of the impact zone according to
the modeling of the Belarusian side by 2040 to some extent coincides with the data
of the calculations performed at So=12.0 m on 2025 taking into account and without
compensatory measures to decrease the zone of influence on the territory of Ukraine.
Thus even with the development of only the upper part of the quarry cross section
the projected impact will cover a significant territory of Ukraine.

The next stage in the assessment of the impact of the exploitation of the quarry
was the simulation of the drawdowns of groundwater levels by 2040 with the
designation on the quarry contour a constant value of drawdown So= 45.0 m for a
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period of 15 years from 2025 to 2040 according to design decisions for the
development of this deposit [3, 13].

The choice of the modeling period from 2025 to 2040 at So= 45.0 m is due to the
assumption that by 2025 the second queue of the quarry will start working as there
are no exact dates for the introduction of the second stage in the reporting materials
of the Belarusian side. At all forecasting maps for 2014, 2019, 2024 and 2040 the
isolines of drawdowns are given at So=12.0 m (Fig. 4), only one of the maps shows
the plane propagation of groundwater levels drawdowns at So = 45.0 m but on state
of 2014 year. These data of the drawdowns of the groundwaters are not trustworthy
since according to the monitoring data of the Belarusian side in 2014 only the upper
part of the cross section of the quaternary sediments was developed with drainage of
1500 m?/day in 2009, 1200 m3/day in 2013, 7176 m*/day in 2015 and 8836 m3®/day
in 2016 [10, 11].

For specify of the obtained data we have carried out calculations of groundwater
level drawdowns in the territory adjacent to the quarry by the end of 2009, 2013,
2015 and 2016 according to the data of the Belarusian side on the drainage using on
the dependence (4). Thus for 2009 at Q = 1500 m®day the drawdown on the contour
of the quarry was about 1.8 m and about rs. Tursk (observation wells 7 and 7a, Fig. 1)
the influence is absent, S < 0.1 m). As of 2013 at Q = 1200 m®/day the drawdown on
the contour of the quarry was about 1.95 m and in the vicinity of observation wells
7 and 7a — about 0.1 m; as of 2015 at Q = 7176 m*/day the drawdown was 12.4 m
while near the Turske reservoir was 1.2 m; as of 2016 at Q = 8354.7 m®day the
drawdown is calculated S = 14.8 m and in the area of the reservoir Tursk — about
1.4 m.

7\ - the forecasted level of groundwater levels decrease by the results of simulation of the Belarusian side [13]

7\ - the forecasted level of groundwater level reduction based on the results of the simulation of the Institute of Water Problems and Land Reclamation

Fig. 4 — The map of forecasted ground water levels drawdowns on the research area
by 2040 with a constant drawdown on the quarry contour So = 12.0 m

Similar calculations were carried out at a distance of 7.0 km (Huta village) where
observation wells 15 and 15a (Fig. 1) are located.
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The analysis of the calculation data and the data of the observation wells indicates
that there is a sufficient agreement between the data of calculations and regime
observations as both regime data and estimated data show almost the same
drawdowns in groundwater levels at a distance of 7.0-7.6 km from the quarry on
2016 year.

The comparative characteristic of the obtained data allows us to assert that for the
accepted schematization of the technogenic conditions in the zone of possible
influence of the operation of the quarry the indicated calculation models are
reasonably reflect the process of changes in water exchange on the territories
adjacent to the quarry.

In order to assess the possible impact of the development of a quarry with the full
development of its on 2040 year with a design drawdown of So = 45.0 m an
appropriate numerical modeling of the distribution of influence on the basis of
dependence (7) was conducted. Data model calculations are given in Table 2.

Table 2 — Data on groundwater level drawdowns in the research area by numerical
simulation results at So = 45.0 m

I’J]\}.(; Distance from the career, km So = 45.0 m, t = 2040 year
1. lake Svyate, 6.0 10.37 m
2 village of Guta, 7.0 8.86 m
3 settlement of urban type Zabolotya, 7.0 8.86 m
4. lake Velikhov, 7.2 8.46m
5. reservoir Turske, 7.6 7.96m
6 village Zalisy, 10.0 2.97m
7 village Yarevishche, 14.4 248 m
8. Pripyat River, 16.4 15m
9. lake Krymno, 17.2 1.43m
10. | settlement of urban type Ratne, 23.4 0.39m
11. lake Liutsymer, 25.6 0.2m
12. lake Svityaz, 25.8 0.19m
13. | village Khripsk, 29.0 0.09m

According to this simulation a map of the depression distribution was constructed
in the definite area of research for the forecast period of 2040 (Fig. 5).

The obtained data indicate that the zone of possible influence with full
development of a quarry practically covers the entire study area within a radius of
29.0 km. The influence will extend also and in the eastern direction beyond the
investigated filtration area on the same distance (Fig. 1, 5).

As can be seen from Table 2 the influence of a quarry reaches in the 2040 year
the group of Shatsky lakes. On the territory of Shatsk National Park the groundwater
levels will decrease from 0.1 to 0.2 m on average.

If you compare the estimated values of the drawdowns with the depths of
individual lakes then it is predicted that, for example, the depth of the lake Svyate
will decrease by 10.0 m relatively the present depth of 15.0 m, the depth of the lake
Liutsymer will decrease by 0.2 m at the present 11.2 m, the depth of the lake Krymno
will decrease by 1.43 m with the existing 6.0 m, lake Luky at 0.7 m with existing
3.5m, lake Svityaz with 0.2 at existing 58.4 m. As all lakes are hydraulically
connected their hydraulic regime will change significantly and the lakes with small
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depths located in the zone of the influence where the forecast drawdowns will be of
the order of 3-10 m will be practically on the verge of drying out.

A similar picture should be expected regarding the river network. Taking into
account the fact that almost all watercourses in the territory are characterized by
insignificant depths, for example, the depth of the Pripyat River near village
Ritchitsya is 2.73 m and higher along the channel the depth is yet smaller, the depth
of the Vyzhivka River near the village Vyzhivka is 0.97 m it is possible that there
will be drying out of all rivers. Gradually instead of the drainage function the river
system will turn into a groundwater recharge area whose drawdowns of the levels
will result in an increasing of the thickness of the aeration zone and the drying of the
main aquifer.
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7\ - the forecasted level of groundwater levels decrease by the results of simulation of the Belarusian side [13]

7\ - the forecasted level of groundwater level reduction based on the results of the simulation of the Institute of Water Problems and Land Reclamation

Fig. 5 — Mapping of forecasted drawdowns of the groundwater levels in the research area
by 2040 with a constant drawdown on the contour of the quarry Sp=45.0 m

Khotyslavsky quarry with hydrodynamic schematization can be considered as a
separate field which drains aquifer complex of ground and underground waters. In
the conditions of the steady filtration in the unbounded water aquifer in the plan the
water inflow to the quarry by 2040 can be calculated according to the following
dependences [9, 12]:

Q- 27T,
R

In| —

r-0

(8)

where T — coefficient of the permeability of the complex, 7 = 420 m?/day;
So=45.0m;

R — radius of influence in the field of filtration, R = 29.0 km;

ro — quarry radius, ro = 400.0 m [14].
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Substituting the given data into (8) we obtain that Q = 27732 m3/day that is for
the conditions of ensuring of the lateral recharge of the complex the designed
drainage from the quarry is almost equal to the quantity of the water inflow. Taking
into account the fact that the recharge of the aquifer system will decrease due to
precipitation and in order to ensure water inflow to the quarry the area of the impact
of its will be expanded changing the water balance within the entire area of
distribution of the aquifer complex [2, 15, 16].

It should be noted that in the forecast period the water withdrawal from the
aquifer system will also increase for water supply of the population with drinking
water. In total it is planned to increase the water withdrawal to 50 thousand m*/day
and in general taking into account the drainage from the quarry the water uptake will
increase to 70-75 thousand m?/day [13].

Thus the carried out numerical-analytic calculations and simulations have shown
that the development of the Khotsyslavske sand and chalk deposit for the projected
period of operation by 2040 will significantly change the hydrodynamic conditions
in the territory of Western Polissya and in general will aggravate the hydrogeological
and ecological situation in the defined territory.

Conclusion

According to the results of numerical simulation for the 1st stage of quarry
development at So = 12.0 m it follows that by 2025 the potential impact will reach
the Pripyat River where the decreasing of the groundwater levels is expected to be
S =0.115 m. The radius of influence will be more than 16 km. The zone of influence
will include the lakes Svyate, Velychovo, Tursk reservoir and a significant number
of settlements within of the border with the territory of Belarus.

A more difficult situation may arise in the development of the second stage with
a drawdown of 45 m (So = 45.0 m) by 2040. The impact of a quarry development
will be of a regional character. The radius of influence will be more than 29 km
reaching the territory of Shatsky lakes. The influence will spread and in the eastern
direction beyond the investigated filtration area.

In addition the conclusions of the Belarussian specialists that the development of
the stated quarry will not influence on the territory of the Shatsky lakes are doubtfully
as in the Belarusian model this area is not included.

On the whole the comparative characteristics of the obtained data allows to
suggest that for the schematized technogenic conditions in the zone of possible
influence of the exploitation of the quarry the indicated calculation models are
reasonably reflect the processes of the changes in the water exchange on the adjacent
to the quarry territories.
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PO3PAXYHKHN TA IIPOTHO3YBAHHS BIIVIMBY PO3POBKH POJOBUILA
«XOTUCJIABCBKE» HA TIJIPOJUHAMIKY IPYHTOBHUX I NIJBEMHUX BOJ{
3AXIJTHOTI'O MOJIICCHA

AHoTanig. Po3risHyTO NUTaHHSA BIUIMBY pO3POOKHM pOJOBHINA WICKYy Ta Kpewau
«XO0THCTaBChKe» Ha TiIPOAWHAMIKY IPYHTOBHX 1 mig3eMHHMX Box 3axigHoro [lomiccs.
BuxopucTaHo aHamiTHYHI METOIM pPO3pPaxXyHKY TpomeciB reodimprpamii Ta MeTOAH
MaTeMaTHYHOTO MOZeoBaHHA. [IpoBemeHo aHami3 OOIPYHTOBAaHOCTI TPOTHO3HUX
pO3paxyHKiB Ta MOJETIOBAaHHS BIUIMBY Kap’€py Ha TEpUTOPiI0 YKpaiHH, BUKOHAHHUX
01JI0pyCHKOIO CTOPOHOIO, Ta CITIBCTABICHHS NaHUX.

KarouoBi cioBa: o6nacte ¢ineTpanii; iH}inbTpaniiiHe >KUBICHHS; BOJOIPHTIK;
T1JIpOreoIIoriyHi YMOBH; IEPEOCYIIEHHS; TEXHOTCHHI YMOBH.
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CREATION OF ENERGY EFFICIENT «GREEN STRUCTURES» IN
CONDITIONS OF MODERATE CONTINENTAL CLIMATE

Abstract. The main aspects of creation of energy-efficient «green structures» in
urbocenoses of moderate-continental climate are considered. It was established that
problems of exploitation of "green roofs" arise in case of violation of the technology
of laying roofing layers and in case of incorrect selection of plant assortment.
Technical problems in creating "green roofs" arise when the wrong choice of
waterproofing. There should also be a single drainage system, which accommodates
all other elements. Failure to observe these conditions may lead to rooting and the
development of microorganisms. The assortment of plants on an intensive roof is
usually limited to low-growing plants: herbs, shrubs and shrubs. Phenological
observations carried out on the intensive roof of the Royal Tower residential
complex in Kyiv have shown that with the correct selection of plant assortments and
their cultivation technology, plant height can be considerably larger: from 4 to 6 m,
which significantly expands the ecological and biological capabilities of intensive
green roofs moderately-continental climate. The assortment of species of plants with
high adaptive potential of various life forms with a wide variation of height is
proposed: from low-growing herbs to trees of 6 m in height: Quercus paludosus
multicaulus, Quercus rubra multicaulus, Pinus sylvestris, Acer rubrum, Acer
rubrum 'Scanlon’, Chenomeles Maulei, Aronia melanocdrpa, Berberis thunbergii,
Betula pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus tricuspidata,
Cornus alba, Picea abies, Picea canadensis, Picea pungens, Lonicera alpigena,
Lonicera caerulea, Salix caprea, Viburnum opulus, Cotoneaster lucidus, Acer
tataricum, Acer ginnala, Elaeagnus argentea, Juniperus horizontalis, Juniperus
sabina, Sorbus aucuparia, Ribes aureum, Symphoricarpos albus, Pinus mugo,
Spiraea arguta, Spiraea japonica, Thuja occidentalis, Philadelphus coronaries,
Malus sibirica, Malus niedzwetzkyana.

Key words: «green structuresy; «green roofsy; adaptive potential; assortment of
plants; «layered» design.

Introduction

One of the problems of modern cities is the lack of free territories. The expansion of
cities horizontally and vertically inevitably leads to the reduction of green zones, the
growth of motor transport communications, and the consolidation of development.
As a result, landscape modification, sharp decline in biodiversity, pollution of soil,
air and water. Environmental tension in the urban environment has a negative impact
on the people’s health. Unfortunately, due to the densely built up (especially in the
central regions), it is impossible to create a full-fledged recreational zone. A way out
of the current situation can be the use of «green construction» — «green roofsy,
«green slopes», vertical landscaping, eco-parking. The advantages of «green
constructionsy in the possibility of their use in the already built up territories, as they
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do not require additional space, but may be located on already created objects: roofs
and facades of buildings, built up slopes. At the same time, they fulfill not only
aesthetic, but also economic and ecological functions [1, 2].

Analysis of researches and publications

Nowadays, the energy saving of the roof is achieved not only through the use of
building and finishing materials, but also with the help of gardening.

All over the world, roofing gardening is given huge importance, raising this area
in the category of the most relevant. In Germany, France, Canada, Japan, the United
States, Switzerland, roofing landscaping during construction is mandatory. This
direction is becoming relevant in Russia and Belarus.

Already, no one doubts the effectiveness of green roofs in megacities. The
positive aspects of roofing gardening (effects of conditioning, noise insulation,
sanitary and hygienic, aesthetic) almost completely cover the items of expenditure
for their creation [3-9].

However, until now, when you build a garden on the roof, a number of problems
arise.

The aim of the work is to study and generalize the problems that arise when
creating and operating green roofs, as well as finding ways to solve them. We
evaluated the general condition of plants after wintering visually on a five-point scale
of Tumanov [10]: 5 — the absence of traces of plant death; 4 — slight damage of the
tops of the shoots; 3 — 50% of damage, about half of plants die; 2 — 70...80% of
damage, death of more than half of plants; 1 — complete destruction, or preservation
of individual plants only. In addition, the ability of plants to tolerate unfavorable
summer conditions, namely a strong increase in temperature, was determined. The
condition of plants in this period was also determined visually on the same scale.

Material, main findings and their analysis

One of the main problems is a high level of humidity. Operated roofs should have
increased moisture resistance and as low as possible moisture absorption. This is due
to the fact that penetration of water vapor and moisture into the structure of the
heater, multiple cycles of "freezing-thawing" ultimately lead to a loss of thermal
insulation properties and destruction of the material [11, 12].

The bearing structures of the roof should maintain the weight of the soil layer and
the weight of the plants extrapolated in time, other operational loads, usually
unevenly distributed over the surface area, and wind loads.

Waterproofing materials can be destroyed under the influence of climatic,
chemical and biological factors: temperature changes, aggressive effects of
chemicals, microorganisms, destroying effects of the root system of plants. In
addition, if in regions with a warm climate, traditional bituminous roofing materials
serve long enough, then under conditions of a temperate continental period, the
maintenance-free operation of these roofing materials is much shorter. Studies have
shown that an ordinary bitumen membrane is able to withstand the roots of plants
for no more than six weeks.

To increase the stability of waterproofing, special chemical preparations have
been developed — anti root additives, which are introduced into the bitumen-polymer
binder in the production process of waterproofing material and evenly distributed
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throughout its thickness. They make the membrane completely impermeable to plant
roots. Most of the existing bitumen-polymer waterproofing root-resistant materials
for green roofs use this method of protection.

There is a variant of roof protection, in which copper foil is applied to the
waterproofing membrane. In modern landscaping systems, the waterproofing
function is performed by the polymer membrane.

Before installing the landscaping system on the roof of the old building, it is
necessary to conduct an examination of the roof. If the roof needs repair, it is
necessary to complete it before installing the landscaping system, since, unlike a
conventional roof, repairing the multi-layer roofing cake of the green roof, in case
of leakage, requires a lot of effort and money.

One of the vulnerabilities of green roofs is the contiguity to vertical surfaces. To
avoid leakage in these places, the edge of the waterproofing layer should be raised
along the vertical surface. The solution to these problems lies in the strict observance
of project requirements. If the requirements are violated, leaks occur, the roof structure
is destroyed, the soil and plants rot, and the vegetation layer dries (or freezes).

The problems that arise in the operation of green roofs, in general, come from
improper installation or inaccurate calculation of the system load on the rafter and
slabs. Some problems may occur if the seeds of trees fly to the roof, so any green
roof still needs to be observed and periodically serviced to remove sprouting tree
sprouts in their infancy. If seeds of herbaceous plants fall, then the sedum replaces
them, because, in fact, it is a weed.

Under the system, the usual roofing cake is completed, which ends with
waterproofing. Next comes the root protection film — a special dark film, which
prevents the germination of roots in the waterproofing and supporting structures. The
quality of the film is checked by the roots of flax. Flax is a plant with the most
aggressive roots. In the case of a flat roof, a classic internal drainage system should
be provided.

Correct selection of assortment of plants for green roofing is almost 70% of its
successful operation. Each type of gardening («intensive» or «extensive») requires a
certain range of plants. Plants should not be very heavy, the root system should not
be very deep (so as not to damage the waterproofing and other layers of the roof).
But the main thing is to take into account the climatic features of the region. Abiotic
factors — a powerful load, increasing several times in height. From the correct
selection of plants depends on their adaptation and survival.

In the temperate continental climate, when creating an «intensive roof», you can
successfully use quince Chenomeles Maulei, Arénia melanocdrpa, Berberis
thunbergii, Betula pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus
tricuspidata, Cornus alba, Picea abies, Picea canadensis, Picea pungens, Lonicera
alpigena, Lonicera caerulea, Salix caprea, Viburnum opulus, Cotoneaster lucidus,
Acer tataricum, Acer ginnala, Elaeagnus argentea, Juniperus horizontalis,
Juniperus sabina, Sorbus aucuparia, Ribes aureum, Symphoricarpos albus, Pinus
mugo, Spiraea arguta, Spiraea japonica, Thuja occidentalis, Philadelphus
coronaries, Malus sibirica, Malus niedzwetzkyana [13].

The creation of gardens on green roofs has a great success. Creating a garden
design, you can choose as a traditional geometric scheme, and create something like
a flower border, with the inclusion of useful vegetable plants in it. Geometric
schemes are simple, but very effective. The classical variant is a composition in a
circle or in a square divided into sectors. It can be deployed both on the plane and in

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



elevated beds. On such beds the soil warms up faster and moisture does not stagnate.
To ensure that the beds do not lose shape, they are framed with walls of various
materials — wood, metal or brick. Many vegetable cultures are really beautiful. Leaf
salads, beets, onions, effectively look and neatly tied tomato bushes look great. In its
own way, powerful plants of squash and pumpkin are attractive, the main thing is to
place all this correctly on the site. The design of the garden will be especially
impressive if you select plants that are contrasting in color, shape and texture. For
example, you can create a beautiful pattern, alternating the bushes of green and
reddish salad or beets. As a soloist usually take large expressive plants, for example,
ornamental cabbage. Her elegant, with a pink middle of a head, decorate any garden,
and their coloring will become brighter every day until the late autumn.

We have studied the adaptation of plant species in a multi-storey residential
building.
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Fig. a, b — Intensive green roof of the residential complex Royal Tower, Kiev, 2016
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Table — The observation of plant phenotype in Kiev

Ne in Name Height,| Mark Damage level, %
order m

1 Quercus paludosus 5 4 slight damage to the tips of
multicaulus shoots with complete restoration

2. Quercus rubra multicaulus 6 4 slight damage to the tips of
shoots with complete restoration

3. Malus multicaulus 3 4 slight damage to the tips of
shoots with complete restoration

4. Carpinus 35 4 slight damage to the tips of
shoots with complete restoration

5. Pinus sylvestris 6,0 4 slight damage to the tips of
shoots with complete restoration

6. Amelanchier lamarckii 3,5 4 slight damage to the tips of
shoots with complete restoration

7. Amelanchier lamarckii 4,0 4 slight damage to the tips of
shoots with complete restoration

8. Acer platanoides 4,5 4 slight damage to the tips of
'Globosum’ shoots with complete restoration

9. Acer rubrum 5,0 4 slight damage to the tips of
shoots with complete restoration

10. Acer rubrum 'Scanlon’. 6,0 4 slight damage to the tips of
shoots with complete restoration

11. Ligustrum 1,10 4 slight damage to the tips of
vulgare'Globosum’ shoots with complete restoration

12. Thuja occidentalis 3,0 4 slight damage to the tips of
'Smaragd’ shoots with complete restoration

13. Thuja occidentalis Brabant | 2,5 4 slight damage to the tips of
shoots with complete restoration

14. Spiraea japonica Golden 0,40 4 slight damage to the tips of
Princess shoots with complete restoration

15. Spiraea japonica 0,40 4 slight damage to the tips of
Goldflame shoots with complete restoration

16. Spiraea japonica 'Little 0,30 4 slight damage to the tips of
Princess' shoots with complete restoration

17. Berberis thunbergii 0,25 4 slight damage to the tips of
shoots with complete restoration

18. Berberis thunbergii 0,60 4 slight damage to the tips of
shoots with complete restoration

19. Eudnymus alatus 1,50 4 slight damage to the tips of
shoots with complete restoration

20. Hydrangea arborescens 0,80 4 slight damage to the tips of
'‘Annabelle’ shoots with complete restoration

21. Pinus mugo ‘Pumilio’ 1,0 4 slight damage to the tips of
shoots with complete restoration

22. Pinus mugo ‘Pumilio’ 0,8 4 slight damage to the tips of
shoots with complete restoration

23. Azalea rubra 0,5 4 slight damage to the tips of
shoots with complete restoration

24. Thuja occidentalis 0,6 4 slight damage to the tips of
‘Danica’ shoots with complete restoration

25. Hydrangea anomala 1,5 4 slight damage to the tips of
‘Petiolaris’ shoots with complete restoration

26. Parthenocissus 1,0 4 slight damage to the tips of
tricuspiddta shoots with complete restoration

217. Physocarpus opulifolius 0,8 4 slight damage to the tips of
'Luteus’ shoots with complete restoration

ISSN: 2411-4049. Exonoriuna Gesneka Ta mpupogokopuctyBants, Ne 2 (26), 2018




Conclusions

Analysis of roofing gardening technology has shown that the success of the operation
of the entire roofing structure depends on the quality of the waterproofing, the
drainage layer and the proper laying of all layers. Difficulties with the operation of
the "green roof" are associated with a violation of the technology of laying layers
and improper selection of the range of plants.

The analysis of the phenological observations of the state of plants in the
conditions of the temperate continental climate of Ukraine showed that all types of
life forms of plants can flourish in multi-storey buildings: grasses, shrubs,
semishrubs, trees. In this case trees with a height of 4 to 6 m showed a high adaptive
potential. All plants came from the winter period with an index of 4 points, which
indicates the preservation of decorativeness and vitality. The analyzed range of
plants can be considered as promising for roofing gardening in the conditions of the
temperate continental climate of Ukraine.

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Tehnoekologija: navch.posib. dlja vyshh. navch. zakl. / V.M. Udod, V.V. Trofimovich,
0.S. Voloshkina, O.M. Trofymchuk. — Kyi'v: KNUBA, ITGIP NANU, 2007. — 195 s. (in
Ukrainian)

2. Landshaftna ekologija: navch. posibnyk / A.Je. Kuskov, T.M. Tkachenko. — Makii'vka,
Donec'k: vyd-vo Noulidzh, 2009. — 165 s. (in Ukrainian)

3. Tkachenko T.N. Vozmozhnost' sozdanija jenergojeffektivnyh jekologicheski chistyh
zelenyh tehnologij v uslovijah Ukrainy // Stroitel'stvo, materialovedenie, mashinostroenie:
sb. nauchn. trudov. Serija: «Sozdanie vysokotehnologicheskih jekokompleksov v Ukraine na
osnove koncepcii  shalansirovannogo  (ustojchivogo) razvitija, Vyp.81, GVUZ
«Pridneprovskaja gosudarstvennaja akademija stroitel'stva i arhitektury». — Dnepropetrovsk,
2015. — S. 256-260. (in Russian)

4. Grant, G., L. Engleback, B. Nicholson, D. Gedge, M. Frith, and P. Harvey. 2003. (in
English)

5. Brenneisen, S. 2003. The Benefits of Biodiversity from Green Roofs Key Design
Consequences. In Proc. Greening Rooftops for Sustainable Communities: Chicago 2003.

6. Sutton R.K. Green Roof Ecosystems. — Cham: Springer, 2015. — 447 p.

7. lzumi C. Mori. Biomarkers of green roof vegetation: anthocyanin and chlorophyll as
stress marker pigments for plant stresses of roof environments / C. Mori Izumi, S. Utsugi,
S. Tanakamaru, A. Tani, T. Enomoto, M. Katsuhara // J. Environ. Eng. Manage., 19(1),
21-27 (2009)

8. Peck Steven W. Report on benefits, barriers and opportunities for green roof and vertical
garden technology diffusion / Steven W. Peck, Callaghan C., M. E. Kuhn, B. Bass — Canada
Mortgage and Housing Corporation, 1999. — 77 p.

9. Minke whales, G. und Witter, G.; Haeuser mit Gruenem Pelz, Ein Handbuch zur
Hausbegruenung; Verlag Dieter Fricke GmbH, Frankfurt, 1982.

10. Metody opredelenija morozostojkosti rastenij. / Pod red. Tumanova I.I. — M.: «Naukay,
1967. — 88 s. (in Russian)

11. Nojferta P., Nefa L. Proektirovanie i stroitel's'vo. Dom, kvartira, sad. — M.: Arhitektura-S,
2005. — 255 s. (in Russian)

12.Ljusev V.K. Posobie po ozeleneniju i blagoustrojstvu jekspluatiruemyh krysh zhilyh i
obshhestvennyh zdanij, podzemnyh i polupodzemnyh garazhej, ob#ektov grazhdanskoj
oborony i drugih sooruzhenij. — M.: Strojizdat, 2008. — 110 s. (in Russian)

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



13. Tkachenko T.N. Al'ternativnye vidy promyshlennogo ozelenenija / Tkachenko T.N.,
Savenkova S.V. // Naukovo-tehnichne ta organizacijno-ekonomichne spryjattja reform u
budivnyctvi i zhytlovo-komunal'nomu gospodarstvi: tez. 1l mizhnar. konf. (12.04-
13.04.2012) / Makii'vka, Donbas'ka nacional'na akademija budivnyctva i arhitektury. — 2012.
—Ch.l. - S. 211-214. (in Ukrainian)

REFERENCES

1. TexHoekousoris: HaBY.mociO. Ui Buil. HaBY. 3aki. / B.M. Ymon, B.B. Tpodimogiu,
O.C. Bosomkina, O.M. Tpopumuyk. — Kuis: KHYBA, ITT'TITI HAHY, 2007. — 195 c.

2. JlanmmagTHa exoyoris: HaBy. mocioHuk / A.€. Kyckos, T.M. Tkauenko. — MaxkiiBka,
Honenpk: Bun-so Hoymimk, 2009. — 165 c.

3. Txkagenko T.H. Bo3mokHOCTH co3nmaHus SHEPTro3(p(PeKTUBHBIX HKOIOTHIECKH YUCTHIX
3€JICHBIX TEXHOJOTHH B YCIHOBUSAX YKpawHbl // CTpOHWTENHhCTBO, MaTepHaJIOBEICHUE,
MamuHOCTpoeHne: c6. HaydH. TpyaoB. Cepus: «CoznaHne BBICOKOTEXHOJIIOTHIECKUX
9KOKOMIUIEKCOB B YKpaWHE Ha OCHOBE KOHIICTIIIUH COAJaHCHPOBAHHOTO (YCTOWYHBOTO)
pazsurus, Bemn.81, 'BY3 «lIpunnenpoBckas rocygapcTBEHHas akaeMusl CTPOUTENLCTBA U
apxXUTeKTyph». — [IHemponerposck, 2015. — C. 256-260.

4. Grant, G., L. Engleback, B. Nicholson, D. Gedge, M. Frith, and P. Harvey. 2003.

5. Brenneisen, S. 2003. The Benefits of Biodiversity from Green Roofs Key Design
Consequences. In Proc. Greening Rooftops for Sustainable Communities: Chicago 2003.

6. Sutton R.K. Green Roof Ecosystems. — Cham: Springer, 2015. — 447 p.

7. lzumi C. Mori. Biomarkers of green roof vegetation: anthocyanin and chlorophyll as
stress marker pigments for plant stresses of roof environments / C. Mori Izumi, S. Utsugi,
S. Tanakamaru, A. Tani, T. Enomoto, M. Katsuhara // J. Environ. Eng. Manage., 19(1), 21-
27 (2009)

8. Peck Steven W. Report on benefits, barriers and opportunities for green roof and vertical
garden technology diffusion / Steven W. Peck, Callaghan C., M. E. Kuhn, B. Bass — Canada
Mortgage and Housing Corporation, 1999. — 77 p.

9. Minke whales, G. und Witter, G.; Haeuser mit Gruenem Pelz, Ein Handbuch zur
Hausbegruenung; Verlag Dieter Fricke GmbH, Frankfurt, 1982.

10. Metoasl ompeneseHuss MOpo3ocToikocT pacteruit. / [lox pen. Tymanosa .M. — M.:
«Hayxkay, 1967. — 88 c.

11. Hoiidepra I1., Heda JI. IIpoexTupoBanue u ctpoutenbcbBo. Jlom, kBaptupa, caa. — M.:
Apxutektypa-C, 2005. — 255 c.

12. JIroce B.K. ITocobme 10 0O3eJCHEHUIO W OIAroyCTPOWCTBY IKCILTyaTHPYEMBIX KPBIII
XKHJIBIX M OOIIECTBEHHBIX 3MaHWH, MOJ3EMHBIX M MOJYNOJI3EMHBIX Trapaxkeil, 0ObeKTOB
TpaXXIaHCKOH 000POHBI U APYTUX coopykeHmA. — M.: Ctpoituzaar, 2008. — 110 c.

13. Tkauenko T.H. AnbTepHaTUBHBIC BU/IbI IPOMBIILICHHOTO o3eneHenust / Tkauenko T.H.,
CasenkoBa C.B. // HaykoBo-TexHi4HE Ta OpraHi3alifHO-CKOHOMIYHE CHPHUATTI pedopM
y OYAIBHHLTBI 1 )KHTJIOBO-KOMYHaJbHOMY Tocrofapctsi: Te3. Il mixkHap. xoud. (12.04-
13.04.2012) / MaxiiBka, /loHOackKka HalliOHaJbHA aKajieMis Oy/AiBHHUITBA i apXiTEKTypH. —
2012. - 4.1.- C. 211-214.

Text of the article was accepted by Editorial Team 25.01.2018

T.M. Tkauenko
CTBOPEHHHA EHEPTOE®EKTUBHUX «3EJJEHHUX KOHCTPYKIII»
B YMOBAX ITIOMIPHO-KOHTUHEHTAJIBHOI'O KJIIMATY

AHoTanis. Po3risHyTO OCHOBHI aclleKTH CTBOPEHHS CHEProe()eKTUBHHX «3EICHHX
KOHCTPYKILii» B ypOoIleHO3aX NOMiIpHO-KOHTHHEHTAJILHOIO KiiMaTy. BcTraHoBieHO, mio
npoOiieMH eKcInTyartalii «3eJeHUX IOKPiBeNb)» BHHUKAIOTH NPH HOPYIIEHHI TEXHOJOTii
YKJIaJaHHS TOKPIiBEJFHUX MIApiB i MPH HENPaBHWIFHOMY MigOOpi acOPTHMEHTY POCIHH.
TexHiuHI TPOOIEMH Y CTBOPEHHI «3€JIEHUX ITOKPiBEIh» BUHUKAIOTH IPU HENPABIIEHOMY
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BuOOpi rigpoizonanii. Takok mOBMHHa OyTH €QMHA JpEHa)XKHAa CHUCTEMa, Ha SIKid
PO3MIIIYIOTECS BCl iHIINI eleMeHTH. [Ipu HepoTpuMaHHI JaHUX YMOB MOXKJIMBE IPOTIKaHHS
TIOKPIBJIi Ta PO3BUTOK MIKPOOPraHi3MiB. ACOPTUMEHT POCIIMH Ha IHTCHCHBHIM MOKpIBIi
3a3BU4ail OOMEXYEThCS HHU3BKOPOCIMMH POCIMHAMH: TpaBaMH, HalliBYarapHUKaMy i
yarapHukamMu. DEHOJIOTIYHI CHOCTEpEXKEHHs, IPOBEIEHI Ha IHTEHCHBHIH IOKpIiBIi
XKHUTI0BOr0 Komiuiekcy Royal Tower y Kuesi, moka3anu, mo mnpu mpaBUIBHOMY MigOopi
Oimpmroro: Bim 4 Mo 6 M, IO ICTOTHO PO3MIMPIOE EKOJIOTO-0i0JIOTIYHI MOXKIHMBOCTI
IHTEHCUBHHX 3€JICHHX IOKpPiBENb MOMipHO-KOHTHHEHTAJIHHOTO KIIIMAaTry. 3ampOIoHOBAaHO
ACOPTUMEHT BUIIB POCIHH 3 BUCOKHM aJalTaIliifTHIM NOTEHINaJIOM Pi3HHUX XUTTEBUX (HopM
3 MIMPOKOIO BICOTOIO BapilOBaHHS: BiJl HU3bKOPOCIUX TPaB 10 JepeB 6 M BucoTor0: Quercus
paludosus multicaulus, Quercus rubra multicaulus, Pinus sylvestris, Acer rubrum, Acer
rubrum 'Scanlon’, Chenomeles Maulei, Arénia melanocarpa, Berberis thunbergii, Betula
pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus tricuspidata, Cornus alba,
Picea abies, Picea canadensis, Picea pungens, Lonicera alpigena, Lonicera caerulea, Salix
caprea, Viburnum opulus, Cotoneaster lucidus, Acer tataricum, Acer ginnala, Elaeagnus
argentea, Juniperus horizontalis, Juniperus sabina, Sorbus aucuparia, Ribes aureum,
Symphoricarpos albus, Pinus mugo, Spiraea arguta, Spiraea japonica, Thuja occidentalis,
Philadelphus coronaries, Malus sibirica, Malus niedzwetzkyana.

Kuro4oBi c10Ba: «3eleHiI KOHCTPYKIIIDY; «3€eHi MOKPIBI»; alanTaliiHIA TOTCHITIaT;
ACOPTUMEHT POCIIHH; «IIOLIapOBa» KOHCTPYKILis.
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ONTOLOGICAL APPROACH TO THE DESCRIPTION
OF THE RESERVOIR'S PASSPORT

i Summary: In this paper, an ontologized description of the ecological passport of
i reservoirs is proposed that allows grouping and combining all necessary data in
: one document for solving various ecological problems, in particular for planning
i environmental measures.

i Key words: ontologized description; forecasting; ontograph; ecological passport;
i monitoring of surface reservoirs.

Introduction

Today, society is increasingly using in its activities information on the state of the
environment. This information is needed in everyday life of people, when running
an economy, in extraordinary circumstances, etc. An important role in human life
plays water. It is necessary to keep hydraulic engineering facilities in proper
technical condition and ensure their reliable operation, in particular when passing
spring and rain floods.

The objective of monitoring the reservoir (as well as other objects) is to obtain
objective information on the state and development of measures to improve the
environmental situation. Important is the issue of certification of water objects. With
the help of certification you can evaluate the technical condition and to develop plans
for the prevention of emergencies, recommendations for necessary precautions, etc. [1].

From the point of view of the world-wide practice, the passport is a
comprehensive registration document, which contains information on the main
parameters (area, volume, width, length, the presence of a dam, etc.), a unified set
of basic data on water regime, physical and geographical features, use natural
resources and the ecological state, as well as the development of recommendations
for improving the sustainability of the ecological system [2].

The indicated information provides for the presence of a considerable amount of
various data, for the systematization and structuring of which should be developed
by the corresponding mathematical and methodical apparatus. At the same time, the
scientific literature describes models that allow mathematically to describe certain
components of the reservoir environment, but there are no complex tools that allow
for the formalization of the description [3, 4].

The main part

Passport of Protected Object of Nature is a document in which the basic information
about a particular object is recorded. In order to assess the ecological status of the
river basin and to develop measures for the rational use and protection of water and
the reproduction of water resources, the passport shall be developed in accordance
with the procedure established by the Cabinet of Ministers of Ukraine.

© Y.L. Tikhonov, 2018 .
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Individualization of water objects is carried out the by means of passport. This is
a set of state measures aimed at streamlining the use of water objects, protecting
them from pollution, clogging and exhaustion, prevention of harmful effects on
water and elimination of their consequences, improvement of the state of water
objects.

The passport of the water object is developed in accordance with the Order of the
Ministry of Ecology and Natural Resources of Ukraine "On Approval of the
Procedure for the Development of the Passport of a Water Object” dated March 18,
2013, No. 99, and does not provide for a formalized description for computer.

The purpose of the work is to consider approaches to formalizing the description
of the ecological passport of the reservoir on the basis of ontology, which allows to
systematize and structure all necessary data for solving various problems, in
particular for planning environmental measures.

Ontologized description of the reservoir passport

Passports that are developed by individual organizations are often subjective.

Single space of digital knowledge is not provided. Knowledge base describing
environmental passports should include environmental concepts and their links. One
of the effective approaches to describing such models is an ontological one, where
in the knowledge base in the formalized form the knowledge of the subject field is
presented. In ontological Knowledge base, the following requirements are taken into
account [5]:

1. Computer ontology provides efficient machine processing of knowledge.

2. In contrast to the usual subjective approach to the design of knowledge base,
the ontological approach involves rigid structuring of terms and concepts.

3. Itis necessary to use means of support the automated construction of ontology.

The ontological aspects of the description of the reservoir passport include a
range of issues: from the structuring of information and characteristics to the to
communications of characteristics and measures to improve the ecological status of
the reservoir.

The passport of the reservoir should include the following blocks: general
information, hydrotechnical characteristics of the reservoir, information on the use
of reservoirs for fish farming purposes:

General Information:

1. Name of the reservoir, year of creation.

2. Purpose of the reservoir (fish breeding, fishing, irrigation, water supply, etc.).

3. Filling of the reservoir (filled, deflated on a time, is withered, the dam is
broken, etc.). From what time without water.

4. Location of the reservoir (among the village, arable land, in the meadow, in
the forest, etc.), the catchment ground (black earth, loam, clay, forest, peat).

5. Pollution of the reservoir (wastewater or uncleanness), what types, what is the
source of pollution.

6. Distance from the reservoir to agricultural facilities and to the nearest railway
station or pier (name) in km.

7. The state of access roads to the reservoir in the spring and autumn.

8. Is there a fish farm in the area and the distance to it in km?

Morphometric and hydraulic engineering characteristics:

9. Form of the reservoir (round, oval, branched, rectangular, etc.).
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10. The area of the reservoir, formed by filling water, ha, change in spring, low
water.

11. Dimensions of the reservoir (length, width).

12. Depth of reservoirs (largest and medium).

13. The nature of the shores (high, low, steep, flattened, overgrown, swampy,
shattered shores, landslides, etc.).

14. Nature of the coastline (equable, winding).

15. Is there an inflow and a runoff or not, permanent, temporary (keys, stream,
river, atmospheric waters, etc.).

16. Is reservoir flooded with flood waters and on what time? Is reservoir
connected with other reservoirs after the fall of the flood?

17. Isreservoir overgrown with the vegetation, what is exactly, what percentage
of the area of overgrown, are there any islands?

18. Soils of the bottom of the reservoir and the degree of silting, the thickness
of the layer of mud, the relief of the bottom (even, hollow, etc.).

19. What kind of fish is the usual in the pond (list) that prevails. Fish fattening,
fish growth.

20. Isthere a predator and garbage fish (pike, perch, etc.) in reservoir and during
the flood?

21. Are there crayfish, mollusks in the reservoir?

22. Water quality (fresh, salty, is drinking by people, cattle, no one drinks).
Water color. Whether it is noted whether the smell of hydrogen sulfide and to what
extent (sharply, weakly).

23. Is there waterfowl in the reservoir and in what quantity?

24. What are the structures in the reservoir: the dam (its length, height, width),
water runoff, drainage, pipe, etc. Their design and condition (wooden, stone, brick,
working, old, damaged, filtering, etc.).

Information on the use of reservoirs for fish farming purposes:

25. Is it possible catches a fish in reservoir with a seine or other fishing gear, on
which part is not catches a fish and for what reasons (pits, driftwood, thickets, etc.).

26. Is there fishing in the reservoir, catching fish, fishing gear and fishing
season.

27. Number of fish per year. Specify which breeds are predominant in catches.

28. Is there fish mortality, when and what it is caused. Was it possible to spend
the winter in the reservoir: carp, crucian carp.

29. Is it possible to lower a reservoir for fishing, without breaking other
economic needs? What needs to be done for descent and how quickly the reservoir
is filled after descent and from where.

30. Was the filling with fish with a carp or other fish, when and in what quantity?
From which reservoir the fish was taken and what were the results?

Other information.

Accordingly, the part of the ontograph of the passport will look like (Fig. 1).

In addition, ontologized description of the passport of the reservoir contains
measures to improve the ecological status of the reservoir.

Methods of wastewater treatment can be divided into mechanical, chemical,
physico-chemical and biological, when they are used together, the method of
purification and disposal of sewage is called combined [6-15].

The essence of the mechanical method is that mechanical impurities are removed
from the sewage by means of settling and filtration. Particles, depending on the size,
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are captured by lattices, sieves, sand trap, septic tanks, trap for pus, and surface
contamination — oil trap, gasoline trap, sump, etc. Mechanical purification allows to
separate from domestic wastewater to 60—75% of insoluble impurities, and from
industrial — to 95%, many of which as valuable impurities are used in production.

Information
1N lame 9f qle 1\;(\-sen'oir 1 ... Name of the reservoiri =~ - - Name of the reservoir N

= T A\
year of rreation/ \\\ \\\ year of creation \
v
2. Pupose of the reservoir \ \
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etc. the dam is
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- \
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pits drifiwood . 1o, etc.
/
B =

Fig. 1 — Fragment of ontograph "Information"

The chemical method consists in the fact that various chemical reagents are added
to the waste water, which react with pollutants and enclose them in the form of
insoluble precipitates. Chemical purification reduces insoluble impurities to 95%
and soluble — up to 25%.

In the physico-chemical method of treatment from sewage, finely dispersed and
dissolved inorganic impurities are removed and organic and badly oxidized
substances are destroyed. Often, from physico-chemical methods, coagulation,
oxidation, sorption, extraction, and the like are used. Electrolysis is also widely used.
It consists in the destruction of organic substances in waste water and the extraction
of metals, acids and other inorganic substances. Electrolytic cleaning is carried out
in special structures — electrolyzers. The purification of sewage with electrolysis is
effective at the lead and copper enterprises, in paintwork and in some other areas of
industry.

Contaminated wastewater is also cleaned by ultrasound, ozone, ion-exchange
resins and high pressure, good purification by chlorination.

Among the methods of wastewater treatment, an important role is played by the
biological method, based on the use of regularities of biochemical and physiological
self-purification of rivers and other reservoirs. There are several types of biological
devices for sewage treatment: biofilters, biological pond and aero tanks. In aero tanks
there is a purification of water by bioorganisms, whose vital activity is supported by
the supply of oxygen.

Environmental rehabilitation of reservoirs includes:
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— cleaning of the bed of reservoir from contaminated deposits;

— strengthening the bottom;

— accumulation and purification of drainage and storm water, which feed the
reservoirs;
reclamation of catchment areas;

— strengthening the shore;
rehabilitation and improvement of floodplain territories;
landscaping of coastal zones.

Environmental rehab consists of several stages:

1. Stages of preparatory work.

The study of hydrogeological characteristics of the reservoir, its morphological
parameters (depth, relief of the bottom), sampling of water and sludge deposits for
laboratory analysis on the subject of chemical contamination doing.

2. Stages of technical rehabilitation of the reservoir.

Depending on the size of the reservoir, the availability of hydrotechnical structures,
hydrogeological characteristics of the area and a number of other circumstances, the
need for mechanical cleaning of the reservoir from the sludge is determined.

3. Stage of biological rehabilitation.

4. Creation (restoration) of the coastal ecosystem.

Correctly located and formed coastal areas in many respects determine the
gualitative composition of water in the future. Helps to form the natural landscape
to provide a forage base of the biota of the reservoir. Restoration in the coastal zone
of a certain type of green plantings and various living organisms favorably affects
the ecosystem of reservoirs.

5. Complex improvement of the adjoining territory.

Recovery measures include artificial breeding and subsequent release into the
habitat of fry, in the first place those species of fish that have suffered the greatest
damage and whose populations either have already reached, or are at the border of
the amount at which its self-recovery becomes impossible.

The next type of events considered is economic measures, one of which is the
rational nature management. The use of nature in any field is based on the following
principles:

— principle of system approach;

— principle of optimization of nature use;

— the principle of advancing;

— principle of harmonization of relations of nature and production;

— the principle of integrated use.

Let's briefly consider these principles.

The principle of a systematic approach involves a comprehensive assessment of
the impact of production on the environment and its corresponding reactions. For
example, rational use of irrigation increases the soil fertility, while at the same time
it leads to the depletion of water resources. The discharge of pollutants in the
reservoirs is assessed not only by the influence on the biota, but also determine the
life cycle of water objects.

The principle of optimization of nature management is to make appropriate
decisions on the use of natural resources and natural systems on the basis of
simultaneous application of ecological and economic approaches, forecasting the
development of various industries and geographical regions.
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The principle of outspeeding up the production of raw materials by processing
rates is based on reducing the amount of waste in the production process. It envisages
the growth of products through more complete use of raw materials, resource
conservation and technology improvement.

The principle of harmonization of relations of nature and production is based on
the creation and exploitation of natural and man-made ecological and economic
systems, representing a set of industries that provide high production rates. At the
same time, maintaining an environmentally safe environment is ensured. The
production has a management service for timely detection of harmful effects and
adjustment of system components. For example, if a deterioration of the environment
due to the production activity of the enterprise is detected, the management decides
to suspend the process or reduce emissions and discharges. In such systems,
prediction of unwanted situations is foreseen by monitoring.

The principle of integrated use of natural resources involves the creation of
territorial production complexes based on existing raw materials and energy
resources, which allow for a more complete use of these resources, while reducing
the technogenic load on the environment. They have a specialization, concentrated
in a certain territory, have a single industrial and social structure and jointly promote
the protection of the natural environment. However, these complexes can also have
a negative impact on the natural environment, but due to the complex use of
resources, this effect is significantly reduced.

The measures necessary for improve the ecological status of the reservoir are also
described by the relevant part of the ontograph of the passport (Fig. 2).

Measures to improve the ecological state of the reservoir
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Fig. 2 — Fragment of the ontograph "Measures to improve the ecological state of the
reservoir"

Applications of ontologized description of the passport.

Computer ontologies (KO) make it possible to solve a certain range of tasks:

— Analysis of the status of objects in order to develop recommendations for
improvement environmental indicators and prevention of emergencies.

— Analysis of static and dynamic information about objects with the purpose of
making recommendations for scheduled maintenance and (or) emergency repairs.
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— Development of recommendations for optimization of maintenance processes.

The use of an ontological description of environmental problems and measures
that are necessary to improve the ecological status allows us to take into account the
linkages of problems and corresponding measures, which should increase the
effectiveness of the recommendations and plan the measures for improving the
ecological state.

An example is the planning of some measures in reservoirs to improve the
ecological state. Notions of fragment ontograph "Information" (Fig. 1), which
determine the ecological problem associated with those notions of the fragment of
the ontograph "Measures to improve the ecological status of the reservoir" (Fig. 2),
which can solve this problem (Fig. 3).
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Fig. 3 — Communication concepts and measures

In Figure 3, such connections combine the notions of "waste waters", "pits",
"driftwood", "ruptured dam" with the notions of "sieves", "electrolysis”, "biological
pond", "banding", "fry production”, "the principle of integrated use", "the principle
of optimizing the use of nature".

The interest of society in solving a specific ecological problem is reflected in the
description of the concept of "relevance” which is associated with the concept defining
the problem. This indicator corresponds to the degree of "maturity” of the problem
(how clearly it is determined, how much it is necessary for society, how much society
is ready to pay for it). financing in a certain period or priority can be of the decision of
practical implementation of this characteristic. Specific data is contained in the
description of ontology (in the description of the concept of "relevance”).

For example, the notions of "ruptured dam" ontology with the threat of flooding
of housing will be the first priority, as society is very interested in solving this
problem. At the same time, the "Nature of the coastline” (the coefficient of winding)
is what is unlikely to be a problem for society.
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Each notion of the ontograph of measures that respond to environmental
problems is a technical, scientific or economic opportunity to address these
problems. The price of solving a specific environmental problem is reflected in the
description of the concept of "price™ which is associated with the notion of measure
that solving problem. Consider more detailed planning of measures to reduce the
pollution of reservoirs by sewage. Measures to improve the ecological state for this
are expensive and time-consuming. Meaningless carry out all measures at the same
time. Necessary is plan of development and implementation (ranking by the order of
conducting, in particular — which to implement first).

From the computer ontology (ontologized description of the passport) in the
automated mode selected notions that denote appropriate measures. The description
of the concept of "price", which is connected with the concept "wastewaters™ are
doing analyzed. The ranking is performed in accordance with the fragment of the
algorithm in Fig. 4. Using the graphical interface, an expert adjusts the ranking of
events and determines waste waters one to enter first.

: @
A/
‘ Search another notion | 1 it ~ \7
which defines the problem . ,—<( escription
T ! no \fomnly
* 2 ves

8
search for measures R
memorization

3

concept found ?
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4 check your ontology"

want to add personal }

miormation ?
) \]/ ne
ves l
5 .
* l ranging 10
‘ addition of concepts - measures
| —

6

reading the description of the concept
price associated with selected one

d ®

Fig. 4 — Fragment of the algorithm relating to the ranking of measures for a notion that
defines an environmental problem

In block 1 in this example, the notion "waste waters" choosed.

In block 2 the following notion is sought — a measure associated with the chosen
one.

In block 3 the situation when the notion is not found means that the list of
measures for this problem is exhausted.

In blocks 4, 5 a dialogue and a window for introducing additional notion —
measures are displayed.

In block 7, the situation when the description is not found requires updating the
ontology, is displayed message in block 9.

Block 8 stores the notion — measure and the value of its price for further ranking.

In block 10, the ranking of concepts — measures on the difference "funding from
the selected problem™ — "price of the event".
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Conclusions

An ontological approach to the description of the ecological passport of a reservoir,
which uses computer ontologies, provides systematization of concepts, taking into
account their interconnection and provides the opportunity to group and combine all
necessary data in one document for solving various ecological tasks, in particular for
planning of ecological measures. A similar approach can be used for planning in
industry and other industries, including in education to plan e-course preparation.
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UDC 628.35: 651.6: 556.3

The methodic of modeling and alculations of the oxygen regime at the purification of
the waste waters in aerotanks with suspended and fixed biocenosis / Airapetian T.S.,
Telyma S.V., Oliynyk O.Ya. // Environmental safety and natural resources. — 2018. —
Issue 2 (26). — P. 5-14.

The methodic of mathematical modeling and calculations of oxygen regime at biological
treatment of waste waters from organic contaminants in aerotanks with suspended and fixed
biocenosis is given. The peculiarities of the simulation of oxygen supply during purification
in aerotanks-mixers and aerotanks-displacers are considered at this.

YJIK 628.35: 651.6: 556.3

MeToauka MoJeJI0BAHHS i PO3PaXyHKIiB KMCHEBOI'0 PeKUMY NPU OYUCTLi CTIYHUX BOJ
B aepOTEHKAX 3i 3BaKeHHM i 3akpinieHum oiouenoszom / Aiipanerss T.C., Tenuma C.B.,
Omniitauk O.4. // Exonoriuna Ge3meka ta npupogokopuctyBants. — 2018. — Bum. 2 (26). —
C.5-14.

HaBoauTbesi MeTOIMKa MaTEeMaTHYHOTO MOJICTIOBAHHS 1 PO3PaxyHKIB KUCHEBOTO PEXUMY
mpu OIOJIOTIYHINA OYHMCTINI CTIYHMX BOJ Bil OpraHiuyHHX 3a0pyJHEHb B acpOTCHKax 3i
3BKCHUM 1 3akpimieHEM OioreHO30M. [lpH 1hOMY pO3MIIHAOTBECS OCOOIHBOCTI
MOJIETIFOBaHHS T0/1a4i KHCHIO NPW OYHCTIl B AepOTCHKax-3MilllyBayax i B aepOTEHKax-
BUTHCKYBaJax.

UDC 536.24: 662.994

Expansion of the Range of Wet Air I-d Diagram for Environmental Safe Heat
Production / Dziubenko V.H., Mileikovskyi V.O., Sachenko I.A. // Environmental safety
and natural resources. — 2018. — Issue 2 (26). — P. 15-22.

The approach to expanding the parameters range of wet air I-d diagram without loss of
accuracy for the tasks of condensing boilers is considered, which makes possible
simplification of the calculations of heat and mass exchange processes during the
development of condensation heat exchangers.
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Posumpenns aianazony I-d giarpamMm Bos10ororo moBiTps AJ1si €KOJIOTiYHO 0e3IEYHOT0
BHpPOOHHNTBA Temiotu / J[3to0enko B.I'., MineiikoBcbkmit B.O., Cauenxo L[A. //
Exouoriyna 6e3neka Ta npuponokopuctysanns. — 2018. — Bum. 2 (26). — C. 15-22.
PosrnsHyTO MiAXia 10 po3MHUpeHHs AianazoHy mapamerpis [-d miarpamu Bosmororo mosiTps
0e3 BTpaTH TOYHOCTI AJIs 3a7a49 po3poOKH KOHACHCAIIMHUX KOTIOArperaTiB, IO J03BOJISE
CIIPOCTUTH PO3PAXyHKH TEIJIOMAacOOOMIHHHMX TMPOILECIB HpU Po3poOIi KOHACHCAIHHUX
TEIUIOOOMIHHHUKIB.
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GIS-based assessment of anthropogenic influence in Western Polissya region
limnological ecosystems / Zagorodnya S.A., Novokhatska N.A., Okhariev V.O.,
Popova M.A., Radchuk LV., TrysnyukT.V., Shumeiko V.O., Atrasevych O.V. //
Environmental safety and natural resources. — 2018. — Issue 2 (26). — P. 23-33.

Results of expeditionary researches of limnological systems in Western Polissya region of
hydroacoustic methods complex using and information-analytical technologies are presented.
Remote sensing monitoring method for lakes eutrophication processes research is considered.
The concept of lake passport information model is proposed.
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I'IC-oninka aHTPONMOTeHHOro BIUIMBY B JIMHOJOTIYHHX eKocHcTeMax 3axiIHoro
Mouaices / 3aropoans C.A., HoBoxarpka H.A., Oxapes B.O., IToroa M.A., Paguyk 1.B.,
Tpuchiok T.B., Ulymeiiko B.O., Atpacesuu O.B. // Exonoriuna Oe3meka Ta
npupomokopuctyBanus. — 2018. — Bum. 2 (26). — C. 23-33.

HaBeneHi pe3ymbTaTH eKCIIEAWLIHHUX MOCHIIPKEHb JIMHOJOTIYHHUX CHCTEM 3axiJTHOTO
ITomiccs Ha OCHOBI KOMIUIEKCHOTO BHKOPHCTaHHS TiJpOAaKyCTHYHHX METOZIB Ta
iHpOpMaNifHO-aHATMITHYHUX  TEXHOJOTiH. PO3rISHYTO METOAWKY AHWCTaHLIHHOTO
MOHITOPHHTY €BTPO(DiKaIifHIX MPOIIECiB 03ep, 3aPOMOHOBAHA KOHIICIIIIis iHpOpMamiHHOT
MOJIETI ITacTopTy 03epa.

OCHOBH INTPUPOJOKOPUCTYBAHHA
NATURAL RESOURCES

UDC 049.3:574.4:581.526

Analysis of the stability of water bodies to the action of destabilizing factors /
Azarov S.I., Zadunaj O.S. // Environmental safety and natural resources. — 2018. —
Issue 2 (26). — P. 34-42.

Methodical approaches to the assessment of ecological safety of ecosystems based on the
establishment of a comprehensive indicator of the degradation of environmental components
have been developed, which will allow us to assess non-additive properties of different-scale
aquatic ecosystems. The analysis of methods for assessing the stability of water bodies to
change the parameters of natural and anthropogenic regimes is carried out. Investigation of
the nature of resistance of water bodies has revealed not only their desire for balance, but
also a complex fight against regular and irregular (fluctuations) forces.
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Awuaji3 criiikocri BogHuX 00'ekTiB 10 Ail AecTadimizywouux gaxropis / Aszapos C.1,
3anynaii O.C. / Exonoriuna 6e3reka ta npupogokopuctysanns. — 2018. — Bum. 2 (26). —
C. 34-42.

Po3pobneHo MeTOAMYHI i IXOIH JTO OI[IHKU €KOJIOTIIHOT O€3IIeKH eKOCHCTEM, SIKi 0a3yroThCs
Ha BCTaHOBJCHHI KOMIUIEKCHOTO TIOKa3HHMKa Jerpajmamii KOMIIOHEHTIB MPHUPOIHOTO
CepelIOBUINa, IO JO3BOJHTH OIIHIOBATH HEAJUTHBHI BIACTHUBOCTI PI3HOMACIITAOHHX
BOJIHUX €KOCHCTeM. IIpoBeleHO aHami3 METOJIB OI[HKH CTIHKOCTI BOAOHM 10 3MIHHU
rapamMeTpiB IPUPOJHOTO 1 aHTPOIIOTEHHOTO PEXHUMIB. JOCHiIPKeHHSI NPUPOIM CTIMKOCTI
BOJHMX O0'€KTiB BUSBHJIO HE TUILKHM MPArHEHHS iX 10 pPiBHOBArW, a i CKiIagHy O0pOTHOY
PETYIAPHUX Ta HEPETYISIPHUX ((QIIyKTyaliif) cui.
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Ecologically clean evaporation-condensation method application for obtaining of
electrical contacts based on copper composite materials / Grechanuyk V.G., Matsenko O.V.
// Environmental safety and natural resources. — 2018. — Issue 2 (26). — P. 43-48.

In this paper is considered the electron-beam technology on new materials creation, including
copper and its alloys, as one of the most promising directions of modern electrometallurgy.
The formation process of condensed composite materials (CCM) using this technology is
absolutely environmentally clean, because it occurs in a vacuum, in addition, similar
materials are obtained in a single technological cycle, what is economically profitable.

It is shown that this method was used for the first time to obtain structural composite materials
Cu-Mo, Cu-W, Cu-Cr (massive sheet condensates weighting up to 30 kg separated from the
substrate), which were used for electrical contacts and electrodes. The most industrial
applications found the condensed from the vapor phase CM of Cu-Zr-Y-Mo and Cu-Cr-Zr-
Y-Mo systems for discontinuous electrical contacts.

The mechanical properties of materials of Cu-Zr-Y-Mo system have been studied and it is
shown that these materials are characterized by a sufficiently high electrical conductivity,
hardness, strength and satisfactory plasticity, and mostly allows to refuse from silver-
containing contacts, since they are not inferior, and in some cases exceed them for their
operational reliability.

YK 669.187.001.2

3acTOoCyBaHHSI €KOJIOTiYHO YMCTOr0 MeTOAY BHIIAPOBYBAHHSA-KOHAeHcAWil s
OTPUMAHHS KOMIO3HIIHHUX MaTepia iB Ha OCHOBI Mili /ISl eJIEKTPUYHHX KOHTAKTIB /
I'peuantok B.I'., Manenxko O.B. // Exonoriuna 6e3neka ta npupogokopuctyBanHs. — 2018, —
Bum. 2 (26). — C. 43-48.

B po0oTi po3misiHyTa €IeKTPOHHO-TIPOMEHEBA TEXHOJIOTSI 31 CTBOPCHHS HOBHX MaTepialiB,
B TOMY YHMCJIl Ha OCHOBI Mijli Ta i1 CIJIaBiB, SIK OAMH 3 HAHOLIBLI EPCIIEKTHBHUX HANIPSIMKIB
cyyacHOl ejekTpoMetanyprii. I[Ipomec (opMyBaHHS KOHACHCOBAHUX KOMITO3UIIIHHUX
MatepianiB (KKII) 3a mi€to TexHONOTiEI0 € abCONOTHO EKOJIOTIYHO YHUCTHM, OCKIIBKH
BiIOyBa€THCS Y BaKyyMi, KpiM TOTO, ITOIIOHI MaTepialr OTPUMYFOTh 32 OJTUH TEXHOJIOT19HIH
LMKJI, 1[0 EKOHOMIYHO BHUTIIHO.

[okazaHo, m0 maHWH METOA BIEpIIEe BHKOPUCTAHWH I OTPUMAHHS KOHCTPYKIIHHIX
komro3nniifanx Matepianie Cu-Mo, Cu-W, Cu-Cr (MacHBHHX JHCTOBHX KOHJICHCATIB Baror
10 30 KT, BiTOKpEMIICHHX BiJT IKIAIKH), IKi OyJI0 3aCTOCOBAHO ISl SIIEKTPUYHIX KOHTAKTIB
i esekTpoaiB. HaitGibIie mpoMuCIIOBE 3aCTOCYBaHHS 3HANIIUTH KOHICHCOBAHI 3 MapoBoi (a3u
KM cucremu Cu-Zr-Y-Mo i Cu-Cr-Zr-Y-Mo 115t pO3pHBHUX €IEKTPUYHUX KOHTAKTIB.
JlocmipkeHo MexaHiuHi BiaacTuBocTi MatepiamiB cuctemu Cu-Zr-Y-Mo i1 mokasaHo, II0
3a3HaueHi MaTepiajM BiJPI3HSIIOTHCS JOCUTh BHCOKOKO €JIEKTPOIPOBIAHICTIO, TBEPAICTIO,
MIIHICTIO 1 3aJ0BIUIBHOIO MJIACTUYHICTIO, IO J03BOJISIE B 3HAYHIM MIipi BiIMOBHUTHUCS Bi[
BUKOPDHCTaHHS KOHTAKTiB, MIO MICTATh cpi0yio, Tak SK 3a3HauyeHi MaTepiaju He
MOCTYTAIOTECS, a B JEAKHX BHIIQJKaX IEPEBEPINYIOTH iX 3a CBOEI EKCIDTyaTaliiHOo
HaIMHICTIO.

UDC 504.349

Ecological safety of territories at introduction of modern technologies of processing of
vegetable wastes / Trysnyuk V.M. // Environmental safety and natural resources. — 2018. —
Issue 2 (26). — P. 49-53.

Work is devoted to the decision of research and practice task from the ground of changes of
the state of ecological safety of territories at introduction of modern technologies of
processing of vegetable wastes. The worked out practical recommendations are in relation to
reduction of negative influence on the environment of vegetable wastes that is passed for
introduction in further activity in relation to providing of ecological safety of territories.
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ExoJioriuyna Oe3nexa TepuTOpiii NpH BIPOBaJIKeHHi Cy4acHHUX TEXHOJIOTiii nepepodku
pocaunnnx Biaxoais / Tpucuiok B.M. // Exonoriuna 6e3meka ta mpupo0KOPUCTYBaHHS. —
2018. — Bum. 2 (26). — C. 49-53.

PoGora mpucBsueHa BHPILNICHHIO HAYKOBO-TPAKTWYHOI 3ajayl Ha MIJCTaBi 3MiH CTaHy
€KOJIOTIYHOT O€3MeKH TEePHUTOPi TNpH BIPOBAPKEHHI CYYaCHUX TEXHOJIOTIH TepepoOKH
POCIUHHHMX BiZXoJiB. Po3po0iieHi MpakTUYHI PEKOMEHJallii CTOCOBHO 3MEHIICHHS
HETaTUBHOTO BIUIMBY HAa HABKOJHIITHE CEPEIOBUIIE POCIUHHUAX BiIXOIB, IO EPEIAIOTHCS
JUI BIPOBADKEHHS Y TONANBITY TiSUTBHICTh MIOAO 3a0e3MeueHHs eKOJIOTIYHOI Oe3meKH
TEPUTOPIH.

TH®OPMAIIINHI PECYPCU TA CUCTEMH
INFORMATION RESOURCES AND SYSTEMS

UDK 519.7:624.012

Vibrodinamic monitoring of pile foundation engineering on landslide hazardous site in
dense urban development conditions / Kaliukh 1I., Lebid O.G., Dunin V.A,
Margvelashvili N., Berchun Y.O., Samoilenko S.M. // Environmental safety and natural
resources. — 2018. — Issue 2 (26). — P. 54-64.

An example of the application of modern regulatory requirements for the scientific and
technical support of construction and monitoring of building structures for the safe
arrangement of the pile foundation on a landslide hazardous building site in conditions of
dense urban development in Kyiv has been considered.

V]IK 519.7:624.012

BiOpoaunaMiyHMii  MOHITOPMHI  YJAIUTYBAHHA NAJNbOBOr0 (yHIaMeHTy Ha
3cyBOoHeOe3neuHiii aiisiHUi B ymMoBax yuriibHeHoi Micbkoi 3a0ymoBu / Kamox 1O.1.,
Jle6iny O.I'., ynin B.A., Mapreenamsini H., Bepuyn $.0., Camoitnenko C.M. //
Exosoriuna 6e3neka Ta npupojjokopuctyBanns. — 2018. — Bum. 2 (26). — C. 54-64.
Po3risHyTO mNpHKIIa[ 3aCTOCYBaHHS Cy4aCHMX HOPMATUBHHMX BHMOT [IOJO0 HayKOBO-
TEXHIYHOTO CYNPOBOAY OYAIBHMITBA Ta MOHITOPHUHTY OY/AIBEIbHMX KOHCTPYKLIH JUIs
0€3MeYHOro yJAIITYBaHHS MalbOBOr0 (PYHAAMEHTY Ha 3CYBOHeOE3MeuHii OymiBebHil
JUISHII B YMOBaXx VIMiIbHEHOT MiChKOT 3a0y10BU B M. Kueri.

UDC 532.5:519.86:556.182:556.3:631.621

Calculations and prognosis of the influence of the exploitation of the ""Hotyslavske™
quarry on the hydrodinamics of the ground and underground waters of the Western
Polissya / Diatel O.0. // Environmental safety and natural resources. — 2018. — Issue 2 (26).
—P. 65-76.

The problems of the influence of the exploitation of the deposit of the sand and chalk
"Khotislavske" on the hydrodynamics of ground and underground waters of Western Polissya
are considered. At this the analytical methods of calculation of geophiltration processes and
methods of mathematical modeling were used. The analysis of the validity of forecast
calculations and modeling of the influence of a quarry on the territory of Ukraine carried out
by the Belarusian side and the comparison of data are carried out.
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Y]IK 532.5:519.86:556.182:556.3:631.621

Po3paxynku Ta NpoOrHo3yBaHHSI BIUIMBY PO3POOKH POIOBHINA «XOTHCJIABChbKe» Ha
rigpogunamiky rpyHToBux i mimzemuux Box 3axigHoro IMoaicess / [sren O.0. //
Exouoriyna 6e3neka Ta npupoaokopuctysanns. — 2018. — Bum. 2 (26). — C. 65-76.
Po3risHyTO NMUTaHHS BIUIMBY PO3pPOOKH POIOBHINA IMICKY Ta Kpeau «XOTHCIIaBChKe» Ha
TiIpoaMHAMIKY TPYHTOBHX 1 miI3eMHHIX Boj 3axigHoro [lomiccs. Bukopucrano aHamiTH9HI
METOIH PO3paxyHKY MpOIECiB TeodilpTpallii Ta METOAN MAaTEeMaTHYHOTO MOJICITIOBAHHS.
[IpoBeneHo aHami3 OOTPYHTOBAHOCTI IMPOTHO3HHUX PO3PAXyHKIB Ta MOICTIOBAHHS BIUIHBY
Kap’epy Ha TEPUTOPil0 YKpaiHHW, BUKOHAHHUX OLIOPYCHKOIO CTOPOHOIO, Ta CIiBCTABICHHS
JaHUX.

UDC 504:712

Creation of energy efficient «green structures» in conditions of moderate continental
climate / Tkachenko T.M. // Environmental safety and natural resources. — 2018. —
Issue 2 (26). — P. 77-84.

The main aspects of creation of energy-efficient «green structures» in urbocenoses of
moderate-continental climate are considered. It was established that problems of exploitation
of "green roofs™ arise in case of violation of the technology of laying roofing layers and in
case of incorrect selection of plant assortment. Technical problems in creating "green roofs"”
arise when the wrong choice of waterproofing. There should also be a single drainage system,
which accommodates all other elements. Failure to observe these conditions may lead to
rooting and the development of microorganisms. The assortment of plants on an intensive
roof is usually limited to low-growing plants: herbs, shrubs and shrubs. Phenological
observations carried out on the intensive roof of the Royal Tower residential complex in Kyiv
have shown that with the correct selection of plant assortments and their cultivation
technology, plant height can be considerably larger: from 4 to 6 m, which significantly
expands the ecological and biological capabilities of intensive green roofs moderately-
continental climate. The assortment of species of plants with high adaptive potential of
various life forms with a wide variation of height is proposed: from low-growing herbs to
trees of 6 m in height: Quercus paludosus multicaulus, Quercus rubra multicaulus, Pinus
sylvestris, Acer rubrum, Acer rubrum 'Scanlon', Chenomeles Maulei, Aronia melanocarpa,
Berberis thunbergii, Betula pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus
tricuspidata, Cornus alba, Picea abies, Picea canadensis, Picea pungens, Lonicera alpigena,
Lonicera caerulea, Salix caprea, Viburnum opulus, Cotoneaster lucidus, Acer tataricum,
Acer ginnala, Elaeagnus argentea, Juniperus horizontalis, Juniperus sabina, Sorbus
aucuparia, Ribes aureum, Symphoricarpos albus, Pinus mugo, Spiraea arguta, Spiraea
japonica, Thuja occidentalis, Philadelphus coronaries, Malus sibirica, Malus
niedzwetzkyana.

YK 504:712

CrBOopeHHsI eHeproegeKTUBHHX <«3eJeHMX KOHCTPYKUiii» B yMOBaxX MOMipHO-
KOHTUHEHTAJIbHOro kJjaimary / Tkauenko T.M. // Exonoriuna ©Oe3neka Ta
npupookopuctyBanus. — 2018. — Bum. 2 (26). — C. 77-84.

Po3riiiHyTO OCHOBHI aCHEKTH CTBOPEHHSI €HEProe(EeKTUBHUX «3EJICHUX KOHCTPYKIIH» B
ypOoIieHO3aX TMOMIpHO-KOHTHHEHTAILHOTO KiiMaTy. BcraHoBieHo, M0 TpobiemMu
eKCIUTyaTallil «3eJleHUX MOKPiBeNb» BUHHUKAIOTh IPH MOPYIICHHI TEXHOJOTI] yKIIaZaHHS
MOKPIBEIbHMX INapiB i NPH HEMPaBWIFHOMY MiAOOpi acOPTHMEHTY pOCIHMH. TexHidHi
pobJieMH y CTBOPEHHI «3€JIC€HHWX MOKPiBEeNlb» BHHHUKAIOTH IPH HETNPaBHIEHOMY BHOODI
rigpoizomsrii. Takox MoBHHHA OYTH €1MHA IPEHAXKHA CUCTEMA, Ha AKiH PO3MIITYIOThCS BCi
iHmi ememeHTH. [Ipym HeZOTpMMaHHI TAHWX YMOB MOXIIMBE TPOTIKAHHS TOKPIBIi Ta
PO3BHUTOK MIKpOOpraHi3mMiB. ACOPTUMEHT pPOCIMH Ha IHTEHCHBHIN IOKpIBIi 3a3BHUYail
00MEXKYEThCSI HU3BKOPOCIMMH POCIMHAMHU: TPaBaMHM, HalliBYarapHUKaMH 1 4arapHHUKaMH.
deHoOTIYHI CHIOCTEPE)XXEHHS, POBEEH]I Ha IHTCHCUBHIN MOKPIBIIi )KHUTJIOBOTO KOMIUIEKCY
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Royal Tower y Kuesi, nokazanu, mo npu npaBHIbHOMY HiIOOpi aCOPTUMEHTY POCIHH i
TEXHOJIOTIT IX BUPOIIyBaHHs BUCOTA POCIMH MOKe OYTH 3Ha4HO OunbIIoro: Bix 4 10 6 M, 110
iCTOTHO PO3IIUPIOE EKOJIOT0-010JIOTIYHI MOJMJIMBOCTI IHTCHCHUBHHX 3CJICHHX IOKDPiBEIb
MMOMIpHO-KOHTUHEHTAJILHOTO KJIIMaTy. 3ampolOHOBAaHO AaCOPTUMEHT BHIIB POCIHH 3
BHUCOKHM QJaNTalliiHUM TOTCHI[AIOM pi3HUX JXUTTEBUX (OPM 3 IIMPOKOI0 BUCOTOIO
BapilOBaHHA: BiJi HH3BKOPOCIHX TpaB a0 JepeB 6 M Bucoror: Quercus paludosus
multicaulus, Quercus rubra multicaulus, Pinus sylvestris, Acer rubrum, Acer rubrum
'Scanlon’, Chenomeles Maulei, Arénia melanocdrpa, Berberis thunbergii, Betula pumila,
Crataegus laevigata, Vitis amurensis, Parthenocissus tricuspidata, Cornus alba, Picea abies,
Picea canadensis, Picea pungens, Lonicera alpigena, Lonicera caerulea, Salix caprea,
Viburnum opulus, Cotoneaster lucidus, Acer tataricum, Acer ginnala, Elaeagnus argentea,
Juniperus horizontalis, Juniperus sabina, Sorbus aucuparia, Ribes aureum, Symphoricarpos
albus, Pinus mugo, Spiraea arguta, Spiraea japonica, Thuja occidentalis, Philadelphus
coronaries, Malus sibirica, Malus niedzwetzkyana.

UDC 504: 004.6

Ontological approach to the description of the reservoir's passport / Tikhonov Yu.L. //
Environmental safety and natural resources. — 2018. — Issue 2 (26). — P. 85-94.

An ontological approach to the description of the ecological passport of reservoirs has been
developed, which makes it possible to systematize and structure all the necessary data for
solving various ecological problems. A technique is proposed that uses computer ontologies
to plan environmental activities.

YK 504: 004.6

Ownrosoriynmii miaxix 10 omucy macnopra Bogocxoeuina / Tuxonos H0.J1. // Exonoriuna
6e3rneka ta npupookopuctyBants. — 2018. — Bum. 2 (26). — C. 85-94.

P03po0iieHO OHTOOTIYHUI MiAXi IO ONMUCY €KOJOTIYHOrO MACcIopTa BOJOMM, IO J03BOJISE
CHCTEMAaTH3yBaTH i CTPYKTYPYBaTH BCi HEOOXiAHI JaHi OISl BUPIMICHHS Pi3HUX €KOJOTIIHUX
3aB/IaHb. 3alpONOHOBAHO METOJHKY, fKa BHKOPHCTOBYE KOMITIOTEPHI OHTOJOTII Iuis
IUIAaHYBaHHS €KOJIOTIYHHX 3aXOJIiB.
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© ABTOpCBHKI 1 CyMiKHI IpaBa Haje)KaTb aBTOpaM OKpeMHX IyOuikamii, [HcTuTyTy
TeJISKOMYHIKaIii 1 rmodanpHOro ingopmaniinoro npocropy HAH Ykpainu, KuiBcekomy
HalliOHAIFHOMY YHIBepCUTETY OYAiBHHUIITBA 1 apXITEKTYpH.

© ABTOpCKME W CMEXHbIE IpaBa INPHHAIIEKAT aBTOpaM OTHEIBHBIX ITyOJIMKalNH,
WHCTUTYTY TeNeKOMMYHHUKAIMKA ¥ TII00aIhbHOTO MH(POPMAIMOHHOTO mpocTpanctBa HAH
VYkpaunsl, KneBckoMy HallHOHAJILHOMY YHHBEPCUTETY CTPOUTENBCTBA U APXUTCKTYPHL.

Copyring © authors of publications, Institute of Telecommunications and Global Information
Space of NAS of Ukraine, Kyiv National University of Construction and Architecture. All
rights reserved.

10 YBAI'M ABTOPIB 3IPHUKA

3MicT MarepialiB, 10 HANPaBJISAIOTHCS 0 PEAAKLii, MIOBUHEH BiOBiaTH Mpodino Ta
HAYKOBO-TEXHIYHOMY piBHIO 30ipHHKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/1JIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TAKOX aHOTAII0 1 KIOYOBi cioBa (He MEHIIE I1’ATH) TPhoMa MOBaMH (YKpaiHCHKOIO,
POCIHCHKOIO Ta aHTIIHCHKO). Takok TpbOMa MOBaMH ITOAAIOTECS pedepaTH IO CTATTI.

[MigroroBka cTaTTi 3MiHCHIOETECS B TeKcTOBOMY pemakTopi MS WORD for WINDOWS,
3 BukopucTaHHAM mpupty Times New Roman, Cyr, xerms 11, omuHapHmWiA iHTEpBa,
mosiMu 2,0 cM 3 KOXKHOTO OOKY, 3aJaHIM PO3MIpOM CTOPIiHOK 17x26 cM.

VYci hopmynu maroth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 00OB'I3KOBO HyMEpYBaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh IEpPEBHIIYBaTH 32 PO3MIpOM 3aJlaHy CTOpIiHKY (mapamerpu cTopiHku 17x26 cm
3 momsmu 2,0 cm). Tlepemnik miteparypaux mxepen odopmiuserscs sriqao 3 TOCT 7.1-84
1 IOJJA€THCS 3arajlbHUM CITUCKOM Y KiHIII CTATTi 3@ YEproko MOCHIaHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBIAKA MPO aBTOPIB, /¢ BKA3YHOTHCSA Mpi3-
BHIIE, TOBHE iM’s Ta O 0ATHKOBI aBTOPIB, HAYKOBUIi CTYIiHb, BUCHE 3BaHHs, 110CaJa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizaiii, 0COOMCTI JaHi KOXKHOTO 3 aBTOpPiB (ampeca, MiCTO,
Kkpaina, koHTakTHU# Tenedown, e-mail), ORCID ID.

OO00B'3KOBO CITi/I HAJJATH EIEKTPOHHY Bepcito cTarTi B peaakropi Microsoft Word.

VYci mpexncTaBiaeHi B peNakiil0o PYKONMHCH TPOXOJATh peTelbHE OaraToslaHKOBE
pelCH3YBaHHS BiAMOBIMHUME (axiBIsMu 3a mpodimem craTti. SIKImo cymapHa OIliHKa
PCLIEH3EeHTIB MEHIIA 32 BCTAHOBJIEGHHH IIOPIr, PYKONMCH BIIXWIAIOThCA. ABTOpY
HA/ICWJIA€THCS BiAMOBIIHE TOBiMOMIICHHS. Marepiaiy, OTpUMaHi BiJl aBTOpa, pEAaKIi€l0 HEe
noBepraroThes. ITicist JoonpalroBanHs aBTOp MOXKE MOJIaTH MaTepiall TOBTOPHO.

3MicT cTaTTi Ta SKICTh HamucaHHs ab0 mepekiany (YKpaiHChKOH ab0 aHTIIHCHKOIO
MOBaMH) HEperisIaloThesi KOpeKTopamu 30ipHHMKa, IPOTE BiINOBIAAIBHICTH 3a 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpuM Matepiany. [lo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapakrepy 6e3 3roJu aBTopa.

Po3nin 30ipHnkKa, m0 sKOoro Oyzae BiJHECEHA CTaTTs, BH3HAYAETHCS DEAAKIIEI0,
Y3TOJDKYETBCS — TOJIOBHUM pelakTopoM abo Horo 3acTynmHUKOM. OCTaTOYHHI BHCHOBOK
o0 my6Jtikanii MaTepialliB CXBaJIIO€ peakiliifHa Koeris 30ipHuKa.

EnexTtponna Bepcist 30ipHHKa, paBuia oGOPMIIEHHS Ta BUMOTH JI0 CTaTed MICTAThbCS
B IHTepHeTi Ha caiiti http://www.es-journal.in.ua, sikuii CHCTEMATUYHO OHOBIFOETHCH.

30ipHUK HayKOBHMX Npallb TakoX IpelcTaBiIeHHi Ha caiiTi HamionanbHoi 06i6mioTexu
Vxpaian im. B.I. Bepraacekoro, Ha caifti [HCTHTYTY TenexoMyHikamid i rio6aabHOTO
inpopmaniitnoro mpocropy HAH Vkpainm http://itgip.org/ y posnim «BumaBHHYa
TSTBHICTHY» Ta Ha caidTi 610mioTekn KHIBCHhKOTO HAIIOHATBHOTO YHIBEPCUTETY OYAIBHUIITBA
i apxitexktypu http:/library.knuba.edu.ua/node/883.
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