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SUBSTANTIATION OF THE
ENVIRONMENTAL AND ENERGY
APPROACH OF IMPROVEMENT OF
TECHNOLOGICAL REGULATIONS OF
WATER TREATMENT SYSTEMS
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1. Introduction

The operation of water treatment equipment is based on
the implementation of the technological regulation (TR) —
a regulatory document for internal use [1, 2], relates to
the technological documentation system of Unified system
for technical documentation (USTD), which, in turn, is
part of the Unified system for technological production
preparation (USTPP) [3].

Technological regulations should facilitate the flow of
processes of appropriate (planned) quality with a minimum
consumption of resources. Moreover, it should contribute to
the achievement of optimal technical and economic indica-
tors of production, to regulate the conditions of produc-
tion processes and operation of production as a whole [3].

Copyright © 2020, Shtepa V., Plyatsuk L., Ablicieva 1., Hurets L., Sherstiuk M., Ponomarenko R.

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

The mandatory availability of such a document at waste-
water treatment facilities, which includes water purification
equipment, is provided for by the current Order of the
State Committee of Ukraine for Housing and Communal
Services No. 05 dated July 5, 1995. In the context of
technical regulation of water purification systems, tech-
nological regulations are a prerequisite for the uninter-
rupted functioning of the complex of water purification
equipment with the mandatory fulfillment of environmental
safety conditions while minimizing resource costs. At the
same time, there are factors at production facilities that
systematically negatively affect the fulfillment of these
conditions: insufficient nomenclature of measuring devices,
potential effects of unpredictable factors of a natural and
technogenic nature.
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At the same time, insufficiently object — oriented TRs
can lead to poor — quality functioning of treatment facili-
ties and, consequently, to environmental pollution.

That is why the creation and implementation of new
approaches to improve the creation and compliance with
the TR of treatment facilities is relevant.

2. The ohject of research
and its technological audit

The object of research is the environmental safety of
wastewater treatment plants while minimizing resource
costs for the implementation of technological processes
for the removal of pollutants from effluents.

According to the Law of Ukraine «On Technical Regula-
tions and Conformity Assessment» [4], a specific require-
ment of an object is a stated need or expectation fixed in
technical regulations, standards, technical specifications or
in another way. At the same time, the object of conformity
to a specific material, product, installation, process, service,
system, respectively, wastewater treatment plants (WWTP)
also correspond to this definition. So, in relation to them,
it is necessary to implement tests (determining the cha-
racteristics of the object of assessment) and establish an
assessment of their compliance with relevant regulatory
documents (the process of proving that the requirements
for products, process, services, systems have been met).

Mandatory components of the TR, the requirements
of which must comply with the current WWTP:

— characteristics and features of the treatment facilities;

— quality control of effluents at the entrance to the

equipment and treated wastewater at the discharge;

— information about: the volume of the spillway, the

consumption of electricity and other energy carriers

used to ensure the stable operation of the system for
removing pollutants from effluents.

At the same time, there are factors that comprehensively
create the prerequisites for the inefficiency of metrologi-
cal activity to ensure the uniformity of measurements of
the implementation of the assessment of compliance with
WWTP, and accordingly the complexity of the implemen-
tation of technical regulation [5] based on TR:

— uncontrollable and unpredictable actions of emer-

gency situations of natural and man — made nature;

— lack of real — time information on a specific com-

bined process of water treatment, the complexity of

its adequate research, even in laboratory conditions;

— lack and/or low accuracy and speed of modern tech-

nical means of measuring the composition of aqueous

solutions, especially in industrial conditions.

3. The aim and ohjectives of research

The aim of research is improvement of the scientific and
theoretical foundations for the creation of technological
regulations for wastewater treatment plants while increas-
ing the environmental safety of industrial facilities, taking
into account the requirements for reducing resource costs
in accordance with the concept of implementing environ-
mental management systems.

To achieve this aim, it is necessary to complete the fol-
lowing tasks:

1. Theoretically substantiate the environmental and
energy criterion for water treatment.

2. Check in production the environmental and energy
criterion for the functioning of wastewater treatment plants.

3. Improve the methodology for creating technologi-
cal regulations for wastewater treatment plants based on
environmental and energy criteria in accordance with the
concept of environmental management systems (EMS).

4. Research of existing solutions
of the prohlem

Analyzing the structure of various technological regu-
lations, let’s single out the works that are part of the
structure of such regulations [6]:

— verification and adjustment of the components of

the water treatment complex [7];

— diagnostics of the automation node(s);

— rapid analysis of the liquid at the inlet and outlet

of the water treatment plant (or appropriate studies

in the laboratory);

— diagnostics of measuring instruments for water qua-

lity and the state of technological equipment;

— regulation of pumping equipment for pressure and costs;

— diagnosis of individual functional and technological

units of water treatment (filters, electrolyzers, aeration

tanks, sand traps, etc.);

— final test of the complex with full control of all nodes;

— examination of adjacent nodes for integrity;

— formation of an official opinion on the status of the device.

Analyzing the composition of technological regulations
and the features of the functioning of water treatment
equipment, it is possible to conclude that the key and
very complex tasks when fulfilling the technological regu-
lations directly at the factory are [8]:

— control of technological processes at design — es-

tablished sampling points for wastewater and sludge,

characteristics of existing monitoring instruments of

treatment facilities [9];

— technological analysis of the equipment according

to production operational indicators, resource costs,

cleaning efficiency in accordance with the established

criteria and indicators [10].

Moreover, the more difficult the task of water purifi-
cation, the more cumbersome and less reliable (efficient)
control over compliance with regulatory requirements. For
example, when implementing the technological scheme of
the chemical method for removing contaminants from the
international concern Siemens, it is necessary to simultane-
ously monitor more than 40 technological quantities (ac-
cording to the manufacturer’s requirements and the actual
availability of a small number of reliable sensors) [11].

At the same time, effluents (domestic, industrial and
atmospheric) usually contain a large number of inorganic and
organic components [12], their exact composition, even in
qualitative terms, can’t always be predicted in advance — in
the vast majority of cases this can’t be done. For example,
even with simple mixing of effluents from various shops of the
enterprise, chemical reactions occur between the components
of these effluents, leading to the formation of new pollutants.

At the same time, the development of similar European
regulatory documents is more object — oriented and is
based on a system of permits for discharges [13]:

— taking into account the characteristics of the best

practically applicable technology (best available tech-

nology, BAT) [14];

;12
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— taking into account the need to ensure compliance
with environmental quality standards (EQSs), which is
part of the goal of ensuring the quality of the water
intake [15].

At the same time, the classic shortcomings of the me-
thodology for the development of TR for water treatment
systems [16], concerning foreign regulatory solutions:

— development of technological regulations does not

take into account the effect of emergencies of anthropo-

genic and natural origin on water treatment processes,
only «after — action» is calculated — minimization of
consequences after an accident;

— requirements of energy efficiency and financial com-

ponents of the operation of water treatment plants are

not comprehensively taken into account.

Moreover, in fact, there is no single algorithm for writing
TR for combined WWTP, which combines various methods
of influencing pollutants, which causes significant practi-
cal problems in creating effective ecological safe systems
capable of working for a long time.

Summing up the above analysis of studies by other
authors, it should be noted the lack of unified approaches
to create technological regulations for WWTP and the
fact that they do not take into account complex envi-
ronmental and energy requirements. This emphasizes the
prospect of a study to develop a methodology for the
implementation of environmental management systems in
relation to water treatment.

5. Methods of research

The methodological support for further research is based
on the elimination of the identified key shortcomings of
the existing TRs according to the requirements of resource
conservation for WWTP (Table 1).

The rationale for the environmental and energy crite-
rion is advisable to fulfill on the basis of the provisions of
DSTU ISO 50001:2014 «Energy Management Systems»:

— paragraph 3.8: Energy efficiency — the ratio (coefficient)

or other quantitative relationship between the result

obtained (initial indicator), that is, between the work per-
formed, services, goods or energy and the input indicator;

— paragraph 3.12: Energy performance — measured results

on energy efficiency, energy use and energy consumption;

— paragraph 4.6.1: Organization shall ensure periodic moni-

toring, measurement and analysis of the key characteristics

of its operations that determine energy characteristics. Key
characteristics should cover at least: the essential impor-
tance of energy use and other results of energy analysis.

Therefore, taking into account experimental tests and
theoretical developments [16, 17], it is necessary to develop
a universal criterion for evaluating the efficiency of treatment
of multicomponent wastewater, which would take into account
its cost in addition to the quality of the treatment process.

When creating such a criterion, the expression for calcu-
lating the technical effectiveness of water treatment is taken
as the basic one:

(Cmt - Cuft )

P=
Cem

100 %, (1)

where C,,; — the concentration of pollutants entering the
treatment, g/dm?3 C,; — concentration of pollutants after
purification, g/dm?.

Tahle 1

Methodological foundations for improving the structural components
of modern technological regulations for wastewater treatment plants

Modern TR analogues

Justified TR based on resource saving and
emergency risk accounting

Preamble. The technological
regulations should clearly
illuminate in stages the en-
tire process of removal,
collection and treatment of
wastewater

Preamble. The technological regulation should
clearly illuminate in stages the entire process
of removal, collection and treatment of sewage
from settlements with measures at each of these
stages to comply with resource conservation
and counteract the risks of emergencies

Information about the pa-
rameters and quality of the
spillway

Water technological passport of the enterprise
indicating the sources of pollution (including
technological processes) and potential risks
of emergencies

Characterization and fea-
tures of the sewage system

Description and features of the wastewater
system with an indication at each stage of
measures to comply with resource conserva-
tion and countering the risks of emergencies

Characteristics and features
of the treatment facilities

Characterization and features of the opera-
tion of treatment facilities with an indication
at each stage of measures to comply with
resource conservation and countering the risks
of emergencies, focusing on automation systems

Quality control of treated
wastewater at the discharge
(with what frequency and
with what laboratories the
control is carried out)

(Quality control of treated wastewater at the dis-
charge and at the entrance to the treatment plant
(with what frequency and which labaoratories
are monitored). And also with the obligatory
inclusion of technical and software that can
control in real time: the quality of effluents at
different stages of pollutant removal, the resource
consumption of water treatment and sanitation

Disaster Recovery Activities

Disaster recovery and preventive emergency
response measures

Conclusion on the availabi-
lity of appropriate resources
at the enterprise for high —
quality and sustainable pro-
vision of drainage and water
treatment

Conclusion on the availability of appropriate
resources at the enterprise for high — qua-
lity and sustainable provision of drainage and
water treatment

At the same time, energy consumption is taken as
the main resource consumption, since WWTP is used by
electrical technologies to implement pollutant removal
processes — the energy and energy recovery of WWTP
processes is more than 50 % [16].

6. Research resulis

B.1. Justification of the environmental and energy crite-
rion for water treatment. To establish the electricity costs
for the effective removal of the pollutant, let’s calculate
its ratio to the consumed capacity during the time the
pollutant removal operations:

IL1,, - MPC1
MPC1

( LN,,—MPCN

-100 %]+...

MPCN

-100 %)

EF, = %/kW,  (2)

4

W,

i

where L, — the actual value of the corresponding indi-
cator of wastewater quality; MPC1,...,MPCNy; — standard
values of the corresponding indicators of wastewater quality;
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Q - equipment operating time, h; W — electricity spent
on water treatment, kW year; N — the number of waste-
water quality indicators, pieces.

If one installation (a complex of treatment facilities)
provides the rationing of several parameters, such an envi-
ronmental and energy criterion:

L ~MPCL
7MPC1 . o |+...
LN, ~MPCN Q
MPCN ’
EF, = = % /kW. (3)

At the same time, one of the most common methods
in Ukraine for assessing the quality of surface waters,
including those formed by the discharge of industrial
wastewater, is the method for determining the pollution
multiplicity scores. For each ingredient, on the basis of
actual concentrations, points of exceeding the maximum
permissible concentrations (MPC) K; and the frequency
of occurrence of excess cases H; are calculated, as well as
the total estimated score of water pollution — Bi:

k-G 4
"= MPC; @
RMPCi
Hi_ Ri ) (5)
B =K;-H,, (6)

where C; — concentration of the i-th ingredient in water;
MPC; — the maximum permissible concentration of the
i-th ingredient; Rypc; — the number of cases of exceeding
the MPC for the i-th ingredient; R; — the total number
of measurements of the i-th ingredient.

Ingredients for which the total estimated score is greater
than or equal to 11 are allocated as limiting pollution
indicators (LPI). By the value of the combinatorial pol-
lution index, the class of water pollution is established.
The combinatorial pollution index itself is calculated as
the sum of the total rating points of all the ingredients.

Then, having received from (4) the MPC;:

MPC—C" 7
i_z) ( )

substitute (7) into (3) (assuming that C;=LN,y):

L1 L1[l{.‘l,’ 1
act —
B ST
i 100 % [+...
K, 0
LNucL
LNact _T
Ry 4009
+ IN,, 100 %
Ky
£F, =L v - ®)

Hence, the relationship between the environmental
indicator of the points of the multiplicity of exceeding
the MPC and the environmental and energy criterion (3):

EF,-W

K1+...+KN :m‘FN.

)

That is, an increase in the value of the environmental —
energy criterion corresponds to an increase in the sum
of the points of the multiplicity of exceeding the MPC.

It is also established that the overall assessment score
is directly proportional to the environmental and energy
criterion for water treatment technologies:

B, By

EF,-W
E+...+H7N

~t0%a* N (10)

At the same time, the created ecological and energy crite-
rion allows eliminating an important drawback of exclusively
environmental criteria (4)—(6) — they focus on achieving
the environmental goals of water treatment without taking
into account the efficiency of use of raw materials, materials
and energy. Although at real facilities there is always not
only the creation of an environmental hazard, but also the
overexpenditure of resources for water treatment (Fig. 1).

So, it can be stated that such an ecological and energy
criterion (2), which shows specific energy consumption
for ensuring technical efficiency, is acceptable to apply to
adjust the functional parameters of real water treatment
systems to it. At the same time, imitating, if necessary, the
effect of emergencies and the necessary reactions to them.

Periodic obtaining of information on
environmental and energy parameters
of water treatment

v

Calculation of the value of the
environmental and energy criterion (EFy)

y

Is the
criterion
greater than
zero?

YES NO

Increase energy consumption

YES NO

Is the
criterion less
than zero?

Decrease energy consumption

Fig. 1. The block diagram of the algorithm for the practical use
of environmental and energy criteria for the treatment of industrial
wastewater

6.2. Production verification of the environmental and
energy criterion for the functioning of wastewater treat-
ment plants. A production check of the environmental
and energy criterion took place at a small — scale metal-
lurgy enterprise, where the daily expenses of wastewater
requiring treatment were 18 m?3/day (+2 m®/day). The
technological task is the treatment of effluents from
showers and the territory of the production workshop.
It is established by experimental modeling that the removal

14
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of synthetic surface — active substances (SAS) will ensure
the removal of other pollutants (ammonium nitrogen, oil
products, ammonium nitrogen) — the implementation of
the dominant dynamic pollutant method [16].

It is determined that emergencies can be caused by
unpredictable contaminants entering sewage (other situa-
tions, for example, the simultaneous use of all showers) are
generally taken into account at the design stage. Such pollu-
tants include toxic lead, which can get on workers’ clothing
near technological units, and then flush into the sewers.
That is why the electrotechnological

6.3. Improving the methodology for introducing con-
cepts of environmental management systems in relation
to wastewater treatment plants hased on environmental
and energy criteria. Based on the developed method for
constructing technological regulations for water treatment
systems, the concept of iterative integrated management of
environmental water resources by enterprises on the basis
of IWRM (Integrated water resources management) and
an improved methodology for the WWTP TR synthesis
are improved (Fig. 3).

system includes an electrocoagulator
with a function of pH correction
in alkaline solutions with the sub-

Does water have quality standards while minimizing

sequent neutralization of effluents.
Also integrated in WWTP: sorption

resource costs?
\ NO

filter, deaerator with electrolysis de-
struction, hydrodynamic intensifiers.
Setting the equipment to ensure

Does water meet the maximum
quality requirements?

NO

/ YES
Why not meet?

the environmental and energy crite-

YES \L

rion (2) makes it possible to fulfill the
requirements for observing the quality
of water treatment while minimizing

Set a target environmental and energy
indicator

resource costs — criterion (2) should
deviate from zero 3.4 % within a
month (Fig. 2).

The results of the industrial use of

What can be done?

Does measures are resource-
efficient? NO

improved approaches to the synthe-
sis of technological regulations of in-
dustrial water treatment systems at

Ensure no deterioration
of water quality over the long-term
operation of WWTP

What effect can be achieved
through affordable measures?

a small metallurgy enterprise have al-
lowed fulfilling environmental require-
ments for the quality of wastewater
of enterprises. And also to introduce

YES /

Set a target for environmental and energy
efficiency

resource — saving measures in the ope-
rating conditions of WWTP, improving
the technical regulation of the latter.

Thus, the prerequisites have been

Develop and establish a plan: achieving and
ensuring compliance with the target indicator in the
TR, implementation of measures for the reuse of
water resources

created for improving the methodology
for the synthesis of TRs using the en-
vironmental and energy approach and
the introduction of EMS at enterprises.

Fig. 3. An improved methodology for creating technological regulations and achieving
environmentally friendly sanitation in accordance with international systems for assessing

the quality of enterprise management

At the first stage of creating an
EMS, it is planned to develop a sustain-

able development safety scheme based
on an enterprise’s water technologi-

cal passport (WTP) with the crea-
tion of a conceptual model of water
resource flows. Moreover, technological

solutions for the construction of a new
enterprise or the reconstruction of an

old one should not cause environmen-
tal imbalance, regardless of the indus-

try sector.
The second stage in the implementa-
tion of EMS is the testing (optimiza-

tion) method of the model created at
the first stage, taking into account the
potential impact of anthropogenic and

%/kW
30
To the implementation of management based
on the environmental and energy criterion 24.5
25
213 22.8
20 . o
19.6
15
10 . .
After the implementation of management based on
environmental and energy criteria
5
2.2 1.1 34
.\.\ -1.2
0 \ y
1 2
-5

4 natural emergency situations:
— separate models of EMS elements

Fig. 2. Comparison of energy efficiency of electrotechnological industrial

water treatment (small metallurgy enterprise)

are studied (based on conceptual de-
composition), where specified (tar-
get) parameters are fixed,

Weeks
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— simulation of resource saving of technological param-
eters of the operation of the equipment for transportation
and water treatment (including the use of quasi — physi-
cal physical models, virtual measures, etc.) takes place.

The third stage of the implementation of EMS is pre —
design, when a business plan is compiled on the basis of
the data obtained, with a mandatory comprehensive as-
sessment of both economic (for example, through a profit-
ability index) and technological (energy efficiency) criteria
for project prospects.

At the same time, the use of new and improved scientific
and theoretical foundations of the regulatory framework
of industrial water supply systems makes it possible to
implement the concept of integrated goals for achieving
resource — efficient water supply in accordance with in-
ternational systems for assessing the quality of enterprise
management, taking into account environmental and energy
efficiency requirements.

7. SWOT analysis of research results

Strengths. A key advantage over analogues is the unified
methodological support for the creation of object —ori-
ented technological regulations of WWTP, which ensures
that environmental safety requirements are minimized and
resource costs are minimized.

Weaknesses. The weaknesses of the proposed approaches
include:

— need for preliminary laboratory and experimental

studies;

— lack of complex mathematical and software modeling

of water treatment processes.

Opportunities. The prospect for the development of an
environmental and energy approach is the synthesis of
mathematical and software that would allow to quickly
diagnose and predict the environmental safety and re-
source costs of specific WWTPs based on the enterprise’s
data on the quality of effluents. This would allow an
estimated saving of about 20 % of the financial costs of
using existing equipment.

Threats. The threat to the implementation of the pro-
posed solution lies in the lack of the necessary range
of reliable sensing elements that can work in real time
(clearly less than 30 % of the needs). This at certain
facilities may make it impossible to quickly calculate the
environmental and energy parameters of WWTP.

1. The justified environmental and energy criterion al-
lows to eliminate an important drawback of exclusively
environmental criteria for the effectiveness of water treat-
ment, since the latter are oriented only toward achieving
the environmental goals of water treatment without taking
into account the efficiency of use of raw materials, mate-
rials and energy. The proposed criterion is aimed at the
integrated creation of environmental safety of WWTP and
the elimination of resource overruns in water treatment.

2. An analysis of the results of industrial implementa-
tion has allows to state that the created environmental
and energy approach is acceptable to use when setting
the parameters of industrial water treatment systems and
creating their technological regulations. At the same time,
within a month the value of the environmental and energy

criterion was at a technologically acceptable level — they
had deviations from zero +3.4 %.

3. An improved concept for setting integrated goals to
achieve environmentally friendly sanitation in accordance
with international systems for assessing the quality of en-
terprise management on the basis of the environmental
and energy criterion creates the prerequisites for:

— obtaining ISO 14001 certificate (ensuring compliance

with the relevant requirements throughout the entire

life cycle of WWTP);

— reduction of financial costs by saving resources and

reducing penalties;

— profit growth due to potential implementation of

water reuse schemes.
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DEVELOPMENT OF NATURAL
UNDERGROUND ORE MINING TECHNOLOGIES
IN ENERGY DISTRIBUTED MASSIFS

O6’cxmom ocrioncenis € mexnonozis i mexuiuni 3acobu 0ns nidsemnozo 6udodymxy pyo 6 eneponapyuler -
nux macusax. OOnum i3 Haubinv NPOGIEMHUX MICYb € YMBOPEHHSL MEXHOZEHHUX NOPONCHEY, K 6NAUBAIOMb HA
BUHUKHEHH | nepepo3nodin nanpsaicenHo-Oepopmayionnozo cmany (HJ[C) macusy zipcoxux nopid. Ix icnysanmus
6 3eMMILL KOPI NPOBOKYE BNIUG 260 MEXAHTUHUX T CELLCMIMHUX S8UWY, aNc 00 PIBHI 3eMILeMPYcis.

B x00i docaidacens 6UKOPUCTOBYBANUCSL:

— dani rimepamypnux dxcepen i namenmnoi JoKymenmauyii ¢ 00aacmi mexnoi02itl i mexHiuHux 3acobie ois
nid3emnoz0 6UAOOYMKY pyo 6 eHeP2OHAPYULEHHUX MACUBAX, OOTPYHMYBANH MEXHOI0ZIUHUX NAPAMEMPIE eKCNIYa-
mayiinux 610Kie;

— zabopamopui ma 6upoOHUYL eKcnepumMenmu;

— ¢hisuune modemosanns i nidoip cxaadie meepoilouux cymiuLell.

Buxonano anarimuuni 00Ciiovcenis, nOPIGHANGHUL AHAIL3 MEOPEMUYHUX T NPAKMUUHUX DE3YLbMamic 3a
CMandapmuumu i HOBUMU MEMOOUKAMU 3a YLACMIO A8MOpIe.

Pozznsinymo numanns ceticmozeodunamiunozo monimopunzy H/IC macusy zipcokux nopio npu 6esneunitl pospooui
Ppyonux podosuuy cxeaviozo muny. Iloxazano 63aemodito nPUpoOHUX i MEXHOZEHHUX CUCTEM, W0 3a0E3NeUYIomy
zeomexaniuny 36arancosanicmy pYooSMilYIOWUX MACUBIE. JIOCIIONCEHO MONCAUBOCTE YNPABIIHHI 20 MEXAMHIKU
MACUBY 13 3ANOBHEHHAM MEXHOZEHHUX NOPONCHEY PIZHOMIUHUMU CYMIULAMU § X8OCMAMU NIO3EMHO20 BUILY208YBAHHSL
memanie i3 nekonduuitinux pyo. lana munizayis npouecia i chopmyivoeani 6iOMinni 03Haxu nio3emiozo 610K06020
BUILY208YBANIS MEMATIS 13 CKeILHUX PYO 6 aAcneKkmi ynpasiinus zeodunamixor macuey. Ilokasana npunyunosa
ouinKa KoMOIHOBANUX MeXHON02I i3 payionanisayieto suxopucmanns HJ[C zipcvkozo macusy 0ns pezymosanis
SHAKY 1 BeUUUNU HANPYHCEHD 8 NPUPOOHUX T WMYUHUX YMOBAX. 3POOIEHO BUCHOBKU 1000 ePeKmusHocmi Kepo-
8anoi 63aemMo0ii NPUPOOHUX | MEXHOZEHHUX CUCTEM, WO 3A0E3NeUYIOMb 2e0MEXAHIUNHY 30ALANCOBANICTND MACUBIE
i 3eMHOT NOBEPXHI 68 PALIOHI 0CBOEHHS HAOP NPOMs20M 0062020 nepiody uacy. Pesyrvmamu docaioxcens moicymo
Oymu suxopucmani npu niosemuii po3poouyi pyonux podosuuy ckiadnoi cmpyxmypu Yipainu, Pociicvroi Dede-
pauii, Pecnyobnixu Kasaxcman ma inuux possunenux 2ipnuuo0o6yenux kpain ceimy.

Kmouosi cnosa: ranpyocenio-oepopmarionnuil cman, 2ipcokuti Macues, niosemua po3pooxa, npupodooxoponua
MeXHOL02is, 2eoMexaniuna 30aianco8anicmo.
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sure the geomechanical balance of the masses in the area
of subsoil development becomes a general issue in the
development of ore deposits. At the same time, it should
be possible to monitor the stress-strain state (SSS) of the

17—)

1. Introduction

In the case of man-made intervention in the subsoil,
the interaction of natural and technical systems that en-
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