EKOJIOITYHA BE3ITEKA

UDC 621.43.068.4:504.064.4

METHODOLOGICAL BASICS OF CRITERIAL INTEGRATED ASSESSMENT
OF ECOLOGICAL SAFETY MANAGEMENT SYSTEM FUNCTIONING EFFICIENCY
OF POWER PLANTS EXPLOITATION PROCESS

S. Vambol, O. Kondratenko, V. Vambol, O. Mietielov

National University of Civil Defense of Ukraine,

vul. Chernyshevska, 94, Kharkiv, 61023, Ukraine. E-mail: kondratenko@nuczu.edu.ua.

Purpose. Creation of the methodological basis for complex ecological and economical assessment of power plants
with piston internal combustion engine exploitation process efficiency. Methodology. We have applied the analysis of
scientific ant technical literature, ecology safety management systems developing methodology, complex criterial eco-
logical and economical efficiency assessment developing methodology. Results. In this paper the algorithm of criterial
integrated fuel and ecological assessment of power plants with piston internal combustion engines exploitation
efficiency has been developed, described and illustrated. This is an integral part of methodological basis for ensuring
the legislative established ecological safety level of such objects. The hierarchical place of developed criteria in
structure of construction and life cycle of power plant as well as in structure of corresponding ecological safety
management system has been determined. We have also grounded the choice of measurement units for the criteria
components. Originality. The methodological basis of criterial integrated fuel and ecological assessment of power
plants with piston internal combustion engines exploitation efficiency has been developed. Practical value. With
developed complex criteria the feedback and monitoring of functioning efficiency of the ecology safety management
systems can be carried out. Conclusions. They are consistent with formulations given in the research results, scientific
novelty and practical value. References 15, tables 1, figures 4.
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Po3po0biieHo, omrcaHo 1 IPOITIOCTPOBAHO aITOPUTM KOMIUIEKCHOT'O KPUTEPiaJbHOTO €KOJIOr0-CKOHOMIYHOTO OLIiHIO-
BaHHs €(DEKTHBHOCTI MpOLIECY eKCIUTyaTallii eHepreTHYHNX YCTaHOBOK 3 IOPIIHEBUMH JABUI'YHAMU BHYTPILIHBOTO 3r0-
PSIHHS SIK HEOIMIHHOI CKJIJI0BOI METOAOJIOTIYHMX OCHOB 3a0€3MEeUYEeHHs 3aKOHO/IaBY0 BCTAHOBJICHOTO PiBHS €KOJIOTi4-
HOT Oe3MeKu TakuX 00 €KTIB, M0 CKIIAJa€ HAYKOBY HOBH3HY JAHOTO MOCIIKeHHS. PO3KPUTO 3MiCT 3aX0/IiB 100 pea-
Ji3arii OKpeMuX KpOKiB 3aIpOIIOHOBAHOTO alTOpUTMY. BU3HaueHO iepapXidHe Micle TAKOTO KOMILIEKCHOTO KPUTEPIio
Y CTPYKTYPi KOHCTPYKLIT €HEPreTHYHOI YCTAaHOBKH, Y CTPYKTYPI 11 )KUTTEBOrO LUKITY, & TAKOXK Y CTPYKTYPI BiAIOBiIHOT
CHCTEMH YIIPABIiHHS €KOJIOTIYHOI0 Oe3mnexoro. OOrpyHTOBaHO BHOIp OAWHUIG BUMIPIOBaHHS CKJIaIOBHX TAKOTO KOMII-
JIEKCHOT'O KPUTEPil0. 3a JOMOMOTOK TAKOTO KPUTEPil0 MOXKE 3[iHCHIOBATHCH 3BOPOTHHM 3B'SI30K i MOHITOPHHT edek-
TUBHOCTI (DYHKIIIOHYBaHHS Ii€] CHCTEMH YIIPABIIIHHS SKOJIOTIYHOI OE3IeKO0I0, 0 CKIaae MPaKTHYHY MiHHICTh JaHO-
IO IOCIIIKEHHS.

KoaiouoBi cjioBa: TeXHOTeHHO-EKOJIOTiYHA O€3MeKa, eKOJI0ro-eKOHOMIYHA e()eKTHBHICTh, KpUTEpiaibHE OLIHIOBaH-
Hs1, nopuiHeBi /IB3, eHepreTHyHi yCTaHOBKH.

PROBLEM STATEMENT. Power plants (PP), a functioning criteria of the PP with PICE process
mechanical power source in which there is a piston exploitation as an integral part of their life cycle (LC),
internal combustion engine (PICE), are powerful characterized by the greatest possible universality and
sources of ecological danger, in particular — of mass taking into account in this context as much as possible
emission of gaseous pollutants with the flow of exhaust danger factors, is an actual problem with a significant
gas (EG) [1]. Ensuring compliance of PP with PICE scientific novelty and practical value.
with legislatively established ecological safety (ES) ANALYSIS OF PREVIOUS STUDIES. The authors
indicators is one of the priorities as well for experts in of the study [1] have developed the ESMS of PP with
the PICE field as for experts in the ES field. Due to the PICE exploitation process. The structure of such ESMS
above it is also possible to ensure urbosystems ES, contains Stage 4, entitled «The results of ESMS use»
which should also be based on the appropriate which in their turn contains Level 8, called «ES level
methodological support — ecological safety managing monitoring and control system» is the final in ESMS
systems (ESMS). For the quantitative estimation of me- structure, closes it by feedback through use of the ES
asures to ensure the urbosystems ES effectiveness indicators monitoring and control of the ESMS effecti-
considering anthropogenic impact on them there is a veness as itself [1-3]. Functions of the whole ESMS and
necessity of the relevant criteria. Also, using such its Level 8, which we are interested in, can be described
criteria, it becomes possible to compare competing by the following verbal and logical formulas [1, 4]:

designs and individual technical solutions for the same
designs. Thus, the development of ESMS effective
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F; {N} = [A, B, C] = F {ES ensuring system} =
[ES indicators (A) of extracting and processing
of waste and pollutants technological process,
the source of which are PP with PICE (B), by
organization and technical parameters by the way
of using of new and improved technologies of ES
ensuring (C)]; (1)

F® {ES level monitoring and ESMS operating
control system} = [monitoring and control of ES
of PP with PICE exploitation process indicators
level (A) in the appropriate ESMS functioning
process of (B), at the rational organization and
technical parameters with using of new and
improved technologies of ES ensuring (C)], (2)

where A — action of the system or of its component,
which gives necessary result;

B — name of the object on which aimed action of
the system or of its component;

C — formulation of the special conditions and
limitations at which performed action of the system or
of its component;

i — number of the ESMS Level,

j — number of the ESMS Level structure element;

N — name of the ESMS Level structure element.

Structure of that ESMS is shown on Figure 1 [1].

EXPERIMENTAL PART AND RESULTS
OBTAINED. Purpose of the study is creation of the
methodological basis for complex ecological and
economical assessment of PP with PICE exploitation
process efficiency.

Goals of the study are the following:

1. Creation of the criteria for complex ecological and
economical assessment of PP with PICE exploitation
process efficiency;

2. Creation of the algorithm for such criteria and se-
lection of its components measurement units;

3. Definition of the hierarchical place of such criteria
in structure of ESMS, of PP with PICE and of its LC.

Obiject of the study is the methodological basis for
complex ecological and economical assessment of PP
with PICE exploitation process efficiency.

Subject of the study is the criteria that give complex
characteristic for object of the study.

Solution of the task of the study. The solution of the
task of creation of methodological support for im-
plementation of that ESMS Stage are proposed by the
way of development of its functioning efficiency crite-
ria, which differs as much as possible universality. The
proposed conception of that criteria development and its
application algorithm involves the following sequence
of Steps shown in the Table 1.

Stage 2
Stage 1 —
— Improved and new

Initial data for ESMS
creation

technologies for ES level
ensuring which using by

Stage 3
—
Organization and
performing of
technological processes for
ES level ensuring which

Stage 4
—
Results of ESMS
application

ESMS

using b

ESMS

Level 1

!

Level 2

!

Level 3

—

Level 4

!

Level 5

!

Level 6

—

Level 7

—

Level 8
—

Identification of ecological danger factors
sources and analysis of low and normative
data base
Classification of ecological danger factors
with taking into account their genesis and
significance
Development of improved and new
preparation technological processes
Development of improved and new
equipment for technological processes
implementation

Organization and management of ESMS
which ensure specified ES level
Output results of ESMS application:
values of ES factors and obtaining
of designated purpose production
System of monitoring and control
of ES level

Manufacturing and technological processes

Figure 1 — Scheme of ESMS of PP with PICE exploitation process
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Table 1 — Sequence of Steps of the algorithm

Step

Name and gist of the Step

«Basic version of the object».

A | Quantitative estimation in absolute and relative units of values level of complex technical and economical mode

for increasing of its ES level.

or/and middle exploitation indicators of basic version of PP with PICE, that is before implementation of events

«Action of ESMS on the object».

PICE exploitation process.

Development and implementation of events in the ESMS structure for ensuring of certain ES level of PP with

«Modernized version of the object».

Quantitative estimation values level of such indicators complex for modernized version of PP with PICE that is
after implementation of events for increasing its ES level based on new or improved methods and means.

«Response of the object to ESMS actiony.

Definition of absolute and relative difference of values such indicators complex for basic and modernized
versions of PP with PICE that is offered to consider the ESMS functioning efficiency criteria.

«Normalization of the ESMS functioning efficiency criteria».
Comparison of obtained difference of such indicators complex values with its legislative limited values or
developed scale and conclusion of certain findings based on comparison of that results.

«Correction of action of ESMS on the object».

of impact of individual event.

Correction of kind or sequence of events for ES level ensuring in the ESMS structure and also intensity or nature

«Feedbacky.

Rationalization of ESMS functioning efficiency criteria value in iteration process with variation of parameters
values of technological processes and executive organs that ensure necessary ES level.

Thus, proposed algorithm is closed with feedback
(i.e., cyclic) and is not autonomous regarding ESMS as
itself, because it contains Steps B and F, with which its
interaction with the ESMS is implemented. Therefore, it
can be called integrated in ESMS. Here Step B is the
source of the new information in the algorithm and the
Step F is the source of information for ESMS.

For realizing the Step A «Basic version of the ob-
ject» and Step C «Modernized version of the object» of
developed algorithm, taking into account specific featu-
res of technical object on which acts ESMS, using
complex fuel and ecological criteria of prof.
I.V. Parsadanov [5] and other criteria that is similar to it
developed on its basis or likeness are proposed. As a
mode initial data for such assessment the results of
experimental or computational researches, which is
based on known, improved or developed methodic
should be used, such as in research [6]. For obtaining
the middle exploitation values of initial data the test
methodic, which appropriate exploitation model of
PICE or PP should be used because of fact that it
contains stationary, transition or mixed operation modes
list with its characteristics (for PICE it is values of
crankshaft speed, torque and weight factor etc.) and also
appropriate techniques for experimental obtained data
processing. In the case of impossibility of carrying out
of experimental studies for specific exploitation models
and availability data from previous studies for obtaining
the necessary initial data the mathematical apparatus of
approximation (for example, least square or linear
regression methods), interpolation or extrapolation can
be used [4].

For implementation of Step B «Action of ESMS on
the object» of the algorithm it is proposed to use the re-
sults of other ESMS Steps described in [1, 2].

For implementation of Step D «Response of the ob-
ject to ESMS action» of the algorithm the difference of

complex of technical, economical and ecological
indicators values for basic and modernized versions of
PP with PICE actually considered the criteria of ESMS
operation efficiency of PP with PICE exploitation pro-
cess — Qggvs 1S proposed [5]. Composition of complex
of technical, economical and ecological PICE
operational indicators that can be taking into account by
such criteria has to be as comprehensive as possible,
what determines criteria universality level. For that it
must be in accordance with paragraphs of ecological
danger factors classification that created in research [1]
and presented on Fig. 2. In this case the criteria of
ESMS operation efficiency of PP with PICE exploitati-
on process are defined by formula [4]:
Qesys = (Ev —Eg)/Eg, ®)
where Ey and Eg — accordingly monetary expenses for
modernized and basic versions of PP with PICE, $.

Justification of measurement units choice for Qegys
criteria— US Dollars ($) is presented in [4].

This decision is due to the following circumstances.

Firstly, by definition, money is the commodity of
maximum liquidity and the universal equivalent of the
value of goods and services [7].

Secondly, the presence of the successful experience
of applying well-known approach to assessment of tech-
nical, economic and ecological indicators of PICE deve-
loped by prof. 1.V. Parsadanov as a part of the methodo-
logy of calculation of the fuel and ecological criteria
Kee [5].

Thirdly, not all of monetary expenses components
are possible to bring to form the dimensionless quantity
B and, moreover, to give them a physical meaning of
average operational efficiency specific mass hour fuel
CoNSUMPLion g, ay exp: aS iN the case Kee [5].

In research [5] monetary expenses, which included
in Kge criteria structure are expressed in Ukrainian
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Hryvnia (2). But in this case there appears the problem
of assessing the effectiveness of measures to ensure the
ES level of PP with PICE which are in operation for a
long time. So, for the case of raising the ES level of
diesel 2Ch10,5/12 by equipping it of exhaust system
with DPF, developed in Piston Power Plants Dept. of
A.M. Podgorny Institute for Mechanical Engineering
Problems of NAS of Ukraine with the participation of
staff members of the Applied Mechanics Dept. of
Technogenic and Ecological Safety Faculty of National
University of Civil Defense of Ukraine [6, 8-10], a
direct comparison of Kgg criterion values for the basic
(diesel without DPF) and modernized (diesel with DPF)
version to perform in the Ukrainian Hryvnia is difficult.

This is due to the following circumstances.

Firstly, diesel 2Ch10,5/12 (D21A1), which was used
as a generator of aerosol of PM in the EG in these studi-
es, released in the middle of the 80-years of the XX cen-
tury, modern its modification produced by the Vladimir
Tractor Plant (Russian Federation) and has significant
constructive differences (e.g., electronic fuel supply
control system). In this case to estimate accurately the
total operating time and the residual motoresource,
prehistory and features of its exploitation, maintenance
and repair measures and also, accordingly, its current
technical condition and correlate it with any value indi-
cator is extremely difficult.

Secondly, at the time of its release, such monetary
unit as the Ukrainian Hryvnia did not exist, and the unit
in which to express its cost parameters — USSR Ruble —
does not exist at present; monetary unit in which its cost
was estimated at the time when motor test bench was
equipped with this diesel engine — Ukrainian Coupon-
Karbovanets — neither exists no longer; and the current
modification of this diesel engine is estimated in
Russian Rubles.

Thirdly, for some reason the Ukrainian Hryvnia ex-
change rate against major freely convertible (so-called
hard) currencies is very unstable. So, at the time of in-
troduction into circulation Ukrainian Hryvnia (1996), its
rate against the US Dollar ($) amounts to less than 2
2/$, at the beginning of development of DPF concept
(2008) — about 5 2/$, at the time of obtaining experi-
mental data for the study [6] (2013) — about 8 &/$, at the
time of mathematical models [8 — 10] creation (2014) —
about 12 2/$, at the moment (October 2016) — about
26.5 @/$. To predict the behavior of this macroeconomic
indicator with reasonable accuracy for at least six mon-
ths in advance is impossible, not to mention the longer
term.

In connection with the above considerations, it se-
ems rational to express the monetary expenses values E
in the formula (3) that are forming Qgsys criteria value,
in one of the widely used in Ukraine freely convertible
world reserve currencies — Euro or US Dollar. However,
only the last one has a history that completely covers the
PICE history from the birth of the idea (1807 de Rivas
engine, 1860 Lenoir engine, 1863 two-stroke Otto engi-
ne,1876 four-stroke Otto engine, 1880 Kostovich engi-
ne, 1897 Diesel engine) and to the present day.

In this case we should take into account that pur-
chasing capacity of the US Dollar throughout its exis-
tence since the creation of the first PICE to the present

day was not constant too due to manifestations of infla-
tion phenomenon, which can be accounted by applying
the Consumer Price Index CPI [7].

In order to enable comparative studies of different
energy sources for PP, such as PICE and separately pho-
toelectric converter (PEC) based on nanostructured se-
miconductors [11], or a complex of PEC and supercapa-
citor or a complex of PEC, supercapacitor and electric
motor, in the structure of the developed criterion Qgsys
monetary expenses for fuel it must be converted into
energy or power units.

It should also be noted that the equipping diesel by
the DPF affects the value of Kgg criteria as a part of
Qesis, both positively — by reducing the PM mass emis-
sions from the EG flow (and corresponding money ex-
penses for compensation for impact of that ecological
danger factor on environment or urbosystem), and nega-
tive — due to fuel consumption increase to overcome the
DPF hydraulic resistance [4, 6, 10].

To implement Step E «Normalization of the ESMS
functioning efficiency criteria» of the algorithm it is
proposed to use the data of regulatory legal acts that are
in force in the territory, where PP operation is carried
out, such as the UNECE Regulation number 49 or 96
[1].

To implement Step F «Correction of action of ESMS
on the object» of developed algorithm it is proposed to
base on specific characteristics of the particular measu-
res to ensure the ES level of PP with PICE process ex-
ploitation or complex of such measures.

To implement Step G «Feedback» of developed algo-
rithm it is proposed to use experiment planning method
[12], mathematical apparatus of multi-criteria optimiza-
tion [13], as well as the mathematical apparatus of fuzzy
logic, namely Harrington generalized desirability functi-
on using psychophysical scales [14, 15].

When developing Qgsys Criteria we must take into
account the following aspects of the hierarchical
structure of ESMS, PP and its LC.

The whole LC of PP with PICE is traditionally divi-
ded into sequential chain of phases, a division into
which is found no common approach among
researchers. In the light of specifics of this problem and
the above considerations it makes sense to combine
them in blocks given in Fig. 3.

When developing Qgsys Criteria it is also necessary
to take into account the features of PP as is and PICE as
they energy sources.

Firstly, one and the same PICE can be used as actua-
tor for different types of PP (for example, autotractor
diesel engines), that is used by various exploitation mo-
dels.

Secondly, one PP can contain more than one PICE
(e.g., mobile concrete mixer with a drive mixer by a se-
parate PICE, articulated lorry consisting of tractor and
power unit with electric generator, water pump or air
compressor on board, etc.) that can be exploited simul-
taneously, separately and with some overlap of each
other's time.

Thirdly, PP as itself, excluding the presence in its
composition PICE and aggregates of its systems, made
outside the engine compartment, are also sources of
ecological and technogenic danger, and must be both
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qualitatively and quantitatively characterized by their
own factors, the criteria for these evaluations also
require development or modifications.

Fourthly, in some PP there is PICE, what is not the
primary or main source of mechanical energy, or produ-
ces such energy discontinuously (e.g., hybrid vehicles),
that is its operation model is fundamentally different
from a conventional as well by the structure, as by para-
meters of individual modes of PICE exploitation modes.

Due to the above, especially it should be noted that
the proposed Qggys criteria in the proposed formulation
takes the following hierarchical place in the structures
of LC and the composition of PP: firstly, characterizes
only Block Il of PP with PICE LC «exploitationy; se-
condly, characterizes ES level only of part PP, namely
PICE and systems units that its service, as shown in
Fig. 4.

Types of environmental pollution from PICE as part of PP

| |
| Pollutants I | Harmful influence factors | | Wastes |
l ! 1
— ||| Gaseous substances-pollutants]|| —||| Energy contamination ||| — ||{Solid substances-pollutants|

— ||| Fluid substances-pollutants ||| ~— ||| Information contamination|

Figure 2 — Classification of Types of environmental pollution from PICE as part of PP [1]

[Block I “Developing and manufacturing”|
Life cycle of " —
PP with PICE [Block I Exploitation |
[Block 111 “Utilization” |

Figure 3 — Dividing the PP with PICE life cycle into blocks suitable for use in the development ESMS process

| Hierarchical place of Qggys criteria

=

in the PP structure |

l

in the LC structure

[ Energy consumer|

[ Energy source|

Block I “Developing and manufacturing”

Block Il “Exploitation”

Block 111 “Utilization”

C
ESMS!
ES EC
EC

Figure 4 — Hierarchical place of Qggys Criteria

In Fig. 4 there are the following notations: indices I,
Il and Il are marked Qggvs criteria for the Block I,
Block Il and Block 111 of LC, respectively, while the in-
dex ES and EC is designated Qggys criterion for PP ene-
rgy sources (e.g., PICE and units of its systems, made
by outside the engine compartment) and its energy con-

sumers (PP all executive organs, parts of its skeleton,
control and measuring equipment, etc.), respectively.

Therefore, for the ESMS of the PP with PICE explo-
itation process criterion of efficiency of its functioning
Qesivis can be expressed by the following formula:
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OFP

ESMSII

M AES . ~EC
= f(jz_llg ESMSII ’glg ESMSII ] ! (4)

where f — some mathematical function that linking moi-
eties of the Qgqgys criteria;

j —number of energy source in the PP structure;

k — number of energy consumer in the PP
structure;

m — quantity of energy source in the PP structure;
n — quantity of energy consumer in the PP
structure.

Summing up the above arguments, the structure of
the algorithm of estimation the efficiency of ESMS of
PP with PICE exploitation processes and its place in the
ESMS structure is shown in Fig. 5.

Obtaining initial data using experimental or computational
research on the known, improved or developed methods

Step A
“Basic version of the object”

|

Results of implementation of other ESMS Stages

Step B
“Action of ESMS on the object”

!

Obtaining initial data in a manner similar to Step A

StepC
“Modernized version
of the object”

exploitation processes Qesus

Criteria of efficiency of ESMS of PP with PICE

L

Step D
“Response of the object
to ESMS action”

L

ESMS of PP with PICE exploitation processes

Normative-legal acts, standards

StepE
“Normalization of the ESMS
functioning efficiency criteria”

|

!

Recommendations for adjustment of action ESMS on the object

Step F
“Correction of action of ESMS
on the object”

—————— ————— ————— ————— ———— —————
Step G “Feedback”

Figure 5 — Algorithm of estimation the efficiency of ESMS of PP with PICE exploitation processes

CONCLUSION. Thus, in the study methodological
basis of the criteria for evaluating the ESMS functioning
effectiveness of PP with PICE operation process has
been developed, in what the scientific novelty of the
study results consists. It is equal to the difference
between the values of the complex technical, economic
and ecological indicators of basic and modernized versi-
ons of such objects. It is the final in the structure of
ESMS, closes it with feedback through the use of moni-
toring ES indicators and monitoring the effectiveness of
the ESMS as itself, in what the practical value of the
study results consists. hierarchical place of such a
criterion in the structure of ESMS, PP and its life cycle
have been determined.
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METOJOJIOTMYECKHUE OCHOBbI KPUTEPHAJIbHON KOMIIJIEKCHOM OLIEHKH
IOOEKTUBHOCTHU ®YHKIHUOHUPOBAHUS CUCTEMbI YIIPABJIEHUS
3KOJIOT'MYECKOMN BE3OIMACHOCTH MMPOLECCA SKCILTYATAIIAU
SHEPTETUYECKHUX YCTAHOBOK
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Pa3pabotaH, omucaH W TPOWIIIOCTPUPOBAH AJITOPUTM KOMIUIEKCHONW KPUTEPHATBLHOW 3KOJIOT0-3KOHOMHYECKON
oreHKH 3()(PEeKTUBHOCTH MpoIlecca SKCILUTyaTAIlUi SHEPTETHUSCKIX YCTAHOBOK C TIOPITHEBBIME JABHTATEISIMH BHYTPCH-
HETO CTOpaHMs KaK HEOTHEMIIEMOU COCTABIIAIONICH METOMOIIOTHIECKUX OCHOB 00eCIeUeHHsI 3aKOHOaTeIIbHO YCTaHOB-
JICHHOTO YPOBHS KOJIOTHYECKOI 0€30ITacHOCTH TaKUX OOBEKTOB, YTO COCTABISET HAYYHYIO HOBH3HY JaHHOTO HCCIE-
noBaHus. PackpsITo comepikaHHe MEPONPHUSITUN MO peanu3aly OTAEIbHBIX IIAroB TAakoro aiaropurMa. OmpeneneHo
HEePapXUUECKOE MECTO TAKOT0 KOMILJIEKCHOTO KPUTEPUS B CTPYKType KOHCTPYKIMH SHEPreTUUECKOH YCTaHOBKH U CTPY-
KType ee )KN3HEHHOT'O IMKJIa, a TAKKEe B CTPYKTYPE COOTBETCTBYIOIIEH CHCTEMBI YIIPABIICHHUS 3KOJIOTHYECKOH Oe3omac-
HOCThI0. O0OCHOBAaH BI)I60p CANHUIL] UBMEPCHUA COCTABJIAIOMINX TAKOTO KOMIIEKCHOT'O KPUTEPUA. HpI/I IIOMOIIN TAKOIo
KPUTEPHSI MOXKET OCYIIECTBISATHCS 0OpaTHAs CBA3b U MOHUTOPHUHT 3P PEKTHBHOCTH (HYHKIIMOHUPOBAHUS 3TOH CHCTEMBI
YIOpaBJIEHHUS SKOJIOTHIECKOI 0€301MacHOCTRIO, YTO COCTABIISIET MPAKTHIECKYIO [IEHHOCTh JAHHOTO HCCIIEA0BAHNS.

KiroueBble c10Ba: TEXHOTEHHO-3KOJIOTHYECKas 0€30MacHOCTh, YKOJIOr0-3KOHOMUYecKas 3((HeKTHBHOCTh, KpHTe-
puanbHas oreHka, mopmHebie JIBC, sHepreTHiecKne yCTaHOBKH.

Crarra Hagivma 17.11.2016.
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