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GusevA.A., Shvetsova N.A., Voloshin AE., Yakovenko N.A.

Kuban State University, Krasnodar

FUZZY GOALORIENTEDSYSTEMS FOR EVALUANG THE ENVIRONMENTABTATUS
OF RESIONS OF THE RUSSIAREDERATION

The subject of the research is the develop-
ment and application of fuzzy goabriented
OUOOAI O &£ O 2000EAT
evaluation with the aim of supporting public
policy in the field of environmental protection
and decisionmaking on investment in the re-
gional economy. The methodological basis of the
study is formed by the methodology of systems
problem solving described by George Klir. The
data source for analysis are reports of Federal
Service of State Statistis of the Russian Federa-
tion. The authors proposed criteria for evaluation
of the ecological status of the region. Audited
pairwise correlation among the criteria and
investigated the possibility of predicting their
values using artificial neural networks. The re-
sults of the study are intended for use in complex
examination of execution of the environmental
legislation by regions and individual enterprises,
the examination of execution of international,
national and regional pollutant emission reduc-
tion plans, making decisions on state support and
private investment in the regional economy,
capable of fulfilling the target requirements in the
field of environmental protection.
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General systems theory; decision support
systems; goaloriented systems; ecologichstatus

On January 5, 2016 Vladimir Putin
signed Executive Order On Holding
the Year of the Environment in the Russian
Federation in 2017 [1]. So much state at-
tention to the environmental problems
requires the dewelopment and application
of technologies of data mining and decision
support in the field of territorial environ-
mental status evaluation.

The aim of this publication is to pro-
vide the decision makers with fuzzy goal
oriented systems for evaluation andcom-
parative analysis of the environmental
status of the regions of the Central Federal
District of the Russian Federation and
Krasnodar region to support the federal
and regional policies of environmental
protection as well as making decisions on
investments in regional economies.
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The methodological basis of the study V3 7 the percentage of the volume of
is formed by the methodology of systems fresh water use to the volume of recycled
problem solving described by George Klir and consistently used water.

FqY8 +1 EO8O0 OEAT OUR A ANQA ihdt Bé deledied cHamdterisck A
colleagues at the University of New York, are not correlated with each other in most
the United States is airad at formalizing investigated regions.

the semantics and logic of systemwide As a preparatory step before the crea-
concepts to determine the hierarchical tion of goaloriented systems we investi-
classification of systems. This classification gated the possibility of prediction of select-
allows us to build the universal classifica- ed indicators for the regions.

tion of systems problems and methods of Due to the small amount of statistical
their solving with the computer no matter data and its heterogeneity we did not use
the particular subject area those problems statistical methods of time series analysis
concern. to predict the values ofVi, \4, \4 . Instead

As the data source for the construction we constructed artificial neural networks
of goaloriented systems in our study we in the Matlab 7.8.0 R2009a environment
used the information provided by the Rus- using the Neural Network Toolbox for
sian Federation Federal State Statistics predicting Vi, \b, 4. The netvorks con-
Service (FSSS) in the reporbn environ- tained 4 layers, the number of neurons in
mental state of Russian regions in 2005 the first layer was 20. The training of the
¢mpt fo¥8 /1 OEA AAGEWorks MasGlend with3tBe3ndethodAohA OA x A
introduced three mediate characteristics to back propagation. The training set consist-
describe each region of the Central FederalAA | £ OEA OAAI &£0613,3860 AAOA
District of Russia (CFD) and Krasnodar OEA OAOO OAO xAO & O AA AU
region. Those characteristics are: ues for 2014.

V1 7 the percentage of emissions of pol- &33380 AAOA &I O OEA OACE
lutants into the atmosphere from station- 2013, obtained forecast for 2014, the test
ary sources to the volume of capture of air sample and the absolute prediction error
pollutants from stationary sources; for Vi, \b, \4 are shown in Tables 13, re-

V2 7 the percentage of the volume of spectively. In bold we mentioned the re-
waste water discharged into surfacevater gions, for which the absolute prediction
bodies to the volume of fresh water use; error exceeded 20%.

m;
m
o)

Table 1. Source data and the forecast fofi

Forecast Test Error

Region 2005 2010 2011 2012 2013 (2014) (2014) (%)
Belgorod region 11.2 17.28 17.07 15.76 13.92 17.28 18.09 4.48
Bryansk region 6.65 6.25 7.76 7.46 6.3 6.62 7.48 11.5
Vladimir region 322.22 250 250 246.15 | 228.57 | 232.21 | 221.43 | 4.87

Voronezh region 123.81 | 150.98 | 138.46 | 161.22 143.4 161.19 80.95 | 99.12

Ivanovo region 133.33 | 142.31 | 154.17 138.1 120 154.17 62.26 |147.62

Kaluga region 11.32 8.96 9.63 9.63 10.14 11.22 14.07 | 20.26
Kostroma region 30.06 120 147.06 | 179.31 200 199 188.46 | 5.59
Kursk region 103.85 102.5 91.3 100 92.68 94.03 97.3 3.36
Lipetsk region 29.28 32.45 28.75 2391 25.65 25.15 22.12 13.7
Moscow region 16.18 23.48 22.33 20.02 19.43 16.18 19.9 18.69
Orel region 260 383.33 | 328.57 220 480 473.22 300 57.74
Ryazan region 31.06 24.91 24.11 26.72 20.89 29.99 16.93 | 77.14
Smolensk region 23.29 42.86 52.75 51.69 57.84 54.42 49.53 9.87
Tambov region 270 460 436.36 | 433.33 450 290.25 300 3.25
Tver region 226.32 200 291.3 262.5 315.79 | 254.37 | 246.43 | 3.22
Tula region 34.82 27.97 28.94 31.83 31.87 34.82 34.48 0.99
Yaroslavl region 155 152.83 | 177.27 | 167.39 | 160.78 | 152.83 | 179.59 14.9
Moscow 102.3 85.14 91.04 | 153.19 | 126.92 85.14 117.24 | 27.38

Krasnodar region | 20.55 19.94 24.81 15.31 1541 15.31 157 2.48
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Such a high prediction error for a falling in other regions of the Central Fed-
number of regions is caused, in our opin- eral District.
ion, by an abruptchange in the economic Thus, the use of the constructed artifi-
situation in 2014, which affected the cial neural networks to predict the envi-
amount of air emissions in the regions. ronmental performance of regions is justi-
According to the same report of the fied only if there is no significant chang in
FSSS, in Voronezh region in 2014 there wasoutput due to external macroeconomic
a falling in volume of shipped goods of own factors, which can not be taken into ac-
production, mining works and sewices on count in the model at this stage.
their own from 7982 to 5246 million ru- The V2 indicator, reflecting the ratio of
bles, which is not typical for other regions wastewater discharge to the volume of
of the Central Federal District in 2014. fresh water use in the region yielded better
In lvanovo region the production index prediction results.
for manufacturing industry as the percent- The Vs indicator experienced signifi-
age of the previous year decreased from cant fluctuations in 2013-2014 in a lot of
113.9% in 2013 to 96.6% in 2014. regions that impacted on the quality of the
In Kaluga region the production index forecast.
for mining decreased from 130.3 (2013) to To construct the epistemological Level
118.6% (2014). 0 systems corresponding to the regios
In Orel and Ryazan regions indexes fell studied, it is necessary to determine the
for the production and distribution of elec- properties of the systems being created,
tricity, gas and water from 101.6 and 96.0 the set of their manifestations, as well as
in 2013 to 96.3 and 89.6 in 2014, respec- the base of the observations.
tively. As the properties of the system we
Prediction error for Moscow, though it consider the indicators Vi, \s, \4. The setof
is not as high as for Ivanovo and Voronezh their manifestations may be selected by an
regions can be attributed to the optimiza- expert, or specified by dividing the range of
tion of regional production and transfer of the indicator into equal intervals (Table 4).
polluting factors in Moscow, which is indi- As the base of the observations of the
rectly confirmed by the growth of produc- OUOOATI 80 HOI PAOOEAOD
tion indices in 2014 in Moscow against the choose the year in this case (Table 5)

Table 2. Source data and the forecast fok

. Forecast | Test Error
Region 2005 2010 2011 2012 2013 (2014) (2014) %)

Belgorod region 35 32.49 30.51 29.1 29.46 32.06 28.03 14.38

Bryansk region 68.46 66.67 67.57 66.98 | 65.38 65.46 63.27 3.46

Vladimir region 82.01 82.69 78.26 81.05 82.76 79.24 76.92 3.02

Voronezh region 30.4 29.13 29.93 29.64 34.13 30.12 31.28 3.71

Ivanovo region 66.67 60.71 63.46 70.8 68.75 70.75 52.9 33.74

Kaluga region 68.28 71.32 69.84 | 68.85 | 78.81 78.37 79.65 1.61
Kostroma region 4.07 2.61 241 2.46 2.07 2.09 1.78 17.42
Kursk region 10.53 14.92 20.83 19.31 6.99 19.42 6.09 218.88
Lipetsk region 50.6 49.71 48.52 | 52.73 | 48.78 52.73 50.64 4.13
Moscow region 42.73 52.74 44.41 | 5159 | 52.61 52.74 51.4 2.61
Orel region 55.74 59.52 65.06 | 66.25 | 69.23 69.23 64.29 7.68
Ryazan region 8.97 47.85 46.41 49.43 50.9 50.76 49.69 2.15
Smolensk region | 42.06 43.2 40.72 | 41.88 | 41.06 41.45 37.91 9.34
Tambov region 31.55 13 9.29 43.3 41.05 41.56 40 3.9
Tver region 6.13 6.63 6.2 6.58 6.43 6.63 5.51 20.33
Tula region 70.19 69.26 69 70.08 | 69.52 69.42 67.59 2.71
Yaroslavl region 85.93 86.33 90.83 | 101.78 | 94.64 91.43 91.9 0.51
Moscow 74.37 60.76 59.58 52.5 55.65 52.73 50.5 4.42

Krasnodar region | 25.6 27.47 28.07 2756 | 27.84 28.07 27.72 1.26
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Table 3. Source data and the forecast fofs

Region 2005 | 2010 | 2011 | 2012 | 2013 F(‘;[)effft (Z,Toelsj) E&gr
Belgorod region 19.41 14.85 13.96 14.96 14.56 19.04 14.43 31.95
Bryanskregion 216.67 | 148.1 | 108.82 | 185.96 | 266.67 | 265.28 280 5.26
Vladimir region 55.92 62.9 51.27 49.04 58.47 52.49 57.66 8.97
Voronezh region 22.03 15.03 16.11 12.78 10.91 10.93 11.75 6.98
Ivanovo region 110.2 74.34 79.59 69.9 69.19 74.79 153.47 | 51.27
Kalugaregion 100 90.85 89.36 85.92 86.76 97.63 91.87 6.27
Kostroma region 837.23 |1451.61 [1963.92 |1478.29 | 783.4 814.15 | 493.11 | 65.11
Kursk region 5.34 4.22 3.98 3.8 4.34 4.72 3.74 26.2
Lipetsk region 12.29 8.37 8.1 7.65 7.52 9.51 7.29 30.45
Moscow region 43.46 80.82 89.77 77.1 77.84 85.06 70.15 21.25
Orel region 33.7 26.01 21.67 22.99 24.38 33.48 26.17 27.93
Ryazan region 10.22 9.8 9.22 9.08 8.75 10.16 11.23 9.53
Smolensk region 4.54 3.37 3.37 3.2 3.2 3.68 2.81 30.96
Tambov region 73.62 44.05 42.67 44.29 42.41 72.91 42.41 71.92
Tver region 51.69 33.13 32.67 23.2 21.92 22.87 25.36 9.82
Tula region 12.45 12.13 12.2 12.14 10.41 10.45 12.07 13.42
Yaroslavl region 53.78 | 106.92 | 93.75 89.64 89.6 58.23 93.33 | 37.61
Moscow 44.95 25.74 27.45 38.18 38.14 44.94 40.42 11.18
Krasnodar region | 259.83 | 213.02 | 172.25 | 171.67 | 164.07 | 164.07 | 176.14 6.85

Table 4. The set of manifestations d&f1, \4,
V3

Table 6. The epistemological Level 2
system for Krasnodar region

Manifestation of the Correspon‘ding i'n terval
system's property of the indicator's val-
ues (%)

Op o 0-20

O¢o 21-40

00 d 41-60

Ot 6 61-80

Ou é 81-100

Opod over 100

Table 5. The range of the base of the

observations
The value of the The year of the observa-
base tion
Opd 2005
Oc b 2010
oK) 2011
Ot 6 2012
Oud 2013
Qb 2014 (forecast)
[ 2014 (FSSS)

On the basis of the initial statistical da-
ta from Tables 13, using the chosen corre-

Base/ | 1| o1 3|als |67
property
A 11121111
A 212121212122
Vs 66|6|6|6]|6]6

After determining the epistemological
Level 2 systems one should select the data
mask, i.e. the method of generating data at
the transition from one value of the base to
another, which would impact on the selec-
tion of data for further analysis. The mask
is normally selected on the basis of the
expert knowledge of the interaction of the
system properties. The optimization crite-
rion for the mask selection is also the min-
imum of the generating fuzziness which is
the measure introduced by Klir on the basis
of the Shanon entropy.

In this research, due to the small
amount of the source data, we used a sim-
ple solid mask formed by selective varia-

spondence between the manifestations of PIeSs1, . $ corresponding to the property

OEA OUOOAI 60 DOI bAOJEERYL %iVgwhey mavingin theedies-61 O §

values (Table 4), we construct a system oftion of the increasing value of the base, i.e.

epistemological Level 2 for the studied

regions. For Krasnodar region the episte-

from 2005 to 2014. The resulting data
sample for Krasnodar region is shown in

mological Level 2 system is shown in Table Table 7.

6.
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Table 7. The solid mask data sample for 60% on the Vs indicator, with lower values

Krasnodar region of V1, \,, \k considered asmore optimal.
Base/ 1l 213lals|sl 7 Converting the management goal into
property the goal of the system (Table 9) we were
s 1112 1] 1| 1] 1 |oguidedby Table 4, Table 5, Table 6 and the
selected data mask (Table 7).
S 2 2|22 ]2 ][22
S 6 | 6| 6| 6|6 |66 Table 9. The goal of the system
. The goal condi- The goalfre-
Similarly, the data was sampled for the| No tion. ¢ quency of oceur-
other regions studied. ' rence (A0 %R
To construct the epistemological Level |1 (1.,1,1) 10
3 system, it is necessary to determine the 2 (1.12) 10
behavior function of the system, using the 3 (1.1,3) il
: ; 4 (1,2,1) 8
obtained data samples. The behavior func 5 (122) -
tion of the system can be determined with — (1:2:3) 3
a variety of ways for a particular applica- 2,11 5
tion, however, one of the simplest and most[— g (2,1,2) 5
informative universal ways of determining 9 (2,1,3) 5
the behavior function is to calculate the [ 10 (2,2,1) 5
probability of occurrence of a particular | 11 (2,2,2) 5
condition c¢ of the system (as a vector| 12 (2,2,3) 5
c=(s1,%,%h &) wheresi is a selective vari- |13 (3.11) 5
able) among all the known conditions of | 14 (3.1,2) 5
that system. To determine the behavior |15 (3.1.3) 4
function in this manner we chose all the 13 8;2 2
unique conditions of the system and calcu- 18 323) 1

lated the frequencyf of their occurrence in
the data set. So thatf(c) presented the
behavior function of the system. The calcu-
lation results for Krasnodar region are
given in Table 8.

The method of determining the goal of
the system proposed by Kilir, which we
used in the study is based on the counting
of the distance between the estimated
Table 8. The epistemological Level 3 ~ system of epistemological Level 3, set in a

system for Krasnodar region form similar to Table 8 andthe goal of the
No | Condition of Number of f© system defined in a form similar to Table 9.
the system,c repetitions The distancey j O be@hweef the sys-
1 (1,2,6) 6 0.86 | tem s and the goalO & computed with the
2 (2,2,6) 1 0.14 | Hamming formula:
Similarly, the epistemological Level 3 dss) —dac|f(c) . @

systems were constructed for the other \yhere ¢ stands for a condition of the sys-

regions studied. ) _ . tem, which belong to the set of the condi-

To build a goaloriented system it is (ions# [ iEéhe Helivior function of the
enough to construct a system of epistemo- g,5|  gdefined for instance as the goal
logical Level 3 with the goal of the system equency of appearance of the conditions
defined. The goal may be set with a wide ot the system),f(c) is the behavior function
range of methods for a specific task, in of the estimated systems. It is easily seen
which it will be a reflection of a manage- that /& AQhf mnp Yh leadEStH A QM f T
ment or research purpose. In this study 17 OF 08 & weit B)Yj Oh QGTE-E ¢
under the management goal we realized gyonds 1o the case of total similarity be-
the achievement by the regions no more yyeen the goal and the set of observed
than 60% on theV: indicator, no more than . ditions of the system.

40% on the V2 indicator and no more than The level of goalclosenesss j O 06 q
the system is counted with the formula:
14



ws,s) =%.- @8@00%.
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In Kuban State University post

2 graduate student Gusev A.A. and assistant
. . ., . . _ . professor Shvetsova N.A. designed a com-
Itis easily seen, thaty j Oh O 6ot THHOAO DOT COAI

sponds to the case of total disagreement creation and estimation of goadoriented
between the goal and theset of observed systems [4][5][6] (Figure).

conditions of the system.

a2l AimDSS 21 o] = |
OfbexT | Beon ceoiicTe ‘ Bson naHHbm ‘ Mopoxgatowan cucTema ‘ UeneHanpaeneHHan cucTema
Llene | TNoKansHel METOA NPOrHOSMPOBEHUA | YnpaeneHueckue anbTepHaTHEL! |

Homep ynpaeneruecoi ans TepHaTMBe! [ Hasan ] 4 [ Brepen ] [ Cosgats ] [ Yoz I

MepeMEHHEIE NPUHATHA pelweHuA | [AHHbIE 1 OLSHKE YNIPABNEHYECKOR ANbTEpHATIBS!
——am—
CeoiicTea ofbexTa: MNepemenHEIe NpUHATVA PELEHIA
W1 1 - -
W2 3 - -
V3 2 - -

3adHKCHpOBaTE

l ¥manums sankcs l l
MSMEHEHIR

-

I Wmnopmposats naHHbie ns Excel ]

I OueruTs anbTepHaMBY l

CreneHs UENEHaNpasneHHoc™ % 535

PaccTonHme XaMmiaHra: 0.55

Figure. AImDSS user interface

Table 10 shows the results of calcula-
tions of goatcloseness for regions studied
using AimDSS. Only the regions with nen
zero values of the level ofgoalcloseness
for the given goal (Table 9) were reflected.

Table 10. The studied regions with non
zero level of goalcloseness

) Level of goat Hamming

0 Region closeness (%) distance

1| Belgorod 59 0.82
region

2| Ryazan 52.5 0.95
region

3| Smolensk 515 0.97
region

15

Thus, only 3 of the regions demonstrat-
ed the behavior, relatively close to the man-
agement goal we had chosen. Note that the
10 other regions not included in the table
although have not demonstrated purposeful
behavior in the strict sense, nevertheless
significantly differed in their level of close-
ness to the conditions that had been speci-
fied in the goal requirements. Accounting for
such a proximity when calculating the goal
closeness level is not justified in all cases.
First of all, taking into account tie proximity
of the system conditions to the goal condi-
tions is possible, as a rule, for the quantita-
tive manifestations of the system properties.
After all, the existence of clear boundaries,
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dividing the set of numerical values into -xA8 OA POI BT OAA/, AT AGEO
intervals of manifestaions of properties of Vs to characterize the ecological state of

the system leads to the random hit of very Russian regions;

close values of data into different intervals. -xAB8OA ET OAOOECAGAA OEA
However, if instead of numerical values, we predicting the values ofVi, \%, \4 with the

would consider the qualitative manifesta- help of artificial neural networks in Matlab

tions such as "recovery" and "disability" of environment;

the patient in a medical institution, "ecologi- -x A8 OA AOQEI OoriénedsysEOUUU  (
cal balance" and "ecological catastrophe" intems to assess the ecological status of the

the simulation of natural territorial com- regions of the Central Federal District of th

plexesz the proximity on the set of manifes- Russian Federation and Krasnodar region

tations could not be equally responsible for using the AmDSS program created by us.

management purposes.

However, in this problem itis appro- Table 11. Fuzzy goal of the system

priate to allow a fuzzy goalsetting for the Goal Membership
i frequency | function to the
calculation of the level of goatloseness. No Goal of oceur- | set of desired
To do this we need to make changes in condition, ¢| o conditions A
the formula (1) in order to take into ac- (/B ik t a(c) %
count the different values of the member-[ 1 (1,1,1) 10 100
ship function t a(c). The functon reflects | 2 (1,1,2) 10 100
the level of membership ofthe conditionsc | 3 (1,1,3) 9 50
of the system to the fuzzy set of desireq 4 114 9 20
conditions A, whencalculating the distance |5 (1.4,5) 9 20
between the goal and the estimated system|_6 (1.5.6) 9 10
Determination of the membership |7 | (1.2.1) 8 100
function in a particular case is entiely on 8 (1.2.2) 7 100
the researcher and is highly dependent o 9 (1,2.3) 6 50
. 110 (1,2,4) 6 10
the characteristics of the task and domain 1 (1.25) 6 0
restrictions. Our recommendation is to [, (112:6) 6 30
choose the reference conditions, the values 13 (2,1,1) 5 100
of the membership functions of which are[ 714 [ 2,1.2) 5 100
close to 50%, and some set of neighbmg [ 15 (2,1,3) 5 50
conditions for each reference condition,| 16 (2,1,4) 5 20
which will describe the possible fluctua-| 17 (2,1,5) 5 20
tions in the goatsetting. At the same time| 18 (2,1,6) 5 10
the reference condition and its neighbors| 19 | (2,2,1) 5 100
should have the same goal frequency of 20 | (2.2.2) 5 100
occurrence, and the sum of their member{-2L | (2.2.3) 5 50
ship functions must be equal to 100%. 22 (2.2.4) 5 20
,A0806 Al OAO OEA cCil-&3 félgmgg‘mgo GEHE6—AT Al UZ
sis taking into account the abovestated: 25 3 ’1 ’1) 3 100
Table 11 shows the fuzzy goal of the systenf—g (3:1:2) 5 100
The reference conditions are typed iold. 57 (313 2 100
Table 12 shows the evaluation of the[ g 3.2,1) 3 50
regions studied for the given (Table 11) [ 29 (4,2,1) 3 20
fuzzy goal. Regions having a nerero level | 30 (4,2,3) 3 20
of goalcloseness even with the clear goal 31 (4,3,3) 3 10
are highlightedbold . 32 (3,2,2) 2 100
In conclusion, the following results | 33 | (3.2,3) 1 50
were obtained by us in this article: 34 | (324 1 20
-xABOA AGAI ET AA AR | &8Ap| ALATIOAA
the George KEOB O | AOEAI AGBRAIGCAY [IARY £ 5
37 | (35.4) 1 5

goaloriented systems with fuzzy goal set-
tings for administrative tasks;
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Table 12 regional economy, capable of fulfilling te

) Level of goal | Hamming | target requirements in the field of envi-
No | Region o ; .
closeness (%) | distance | ronmental protection.
1 | Belgorod 59 0.82
region References
o | Bryansk 59 0.82 1. Executive Order on holding the Year of the
region Environment  in  2017.  Available  at:
3 Ryazan 525 0.95 http://en.kremlin.ru/events/president/news/51
region 142 (accessed 2 February 2016).
4 Krasno- 51.15 0.977 2.Klir G. (1985) Architecture of Systems
dar region Problem SolvingNew York: Plenum Press.
5 Kalyga 50.9 0.982 _ 3. B_GD z Regiony Rossii Z Social'no
region jekonomicheskie pokazateliz 2014g. [Bank of
6 Smolensk 50.75 0.985 ready documentsz Regions of Russiaz Socio
region economic indicators z 2014]. Available at:
Kostroma http://www.gks.ru/bgd/regl/  B14_14p/Main.htm
7 - 50.25 0.995 —
region (accessed 2 February 2016).

4.Gusev A. (2014) Realizacija nekotoryh

The study, which began in the article metodov sistemologii v komp'juternoj podderzh-
will be continued in the direction of: Ke prinjatija upravlenchgskih resheni_j [Realiza-
- construction of fuzzy goatoriented tion of some SysteraLogical Methods in Comput-

h logical fer Decision Support]. Politematicheskij setevoj
systemsto assess the ecological status o jelektronnyj nauchnyj zhurnal Kubanskogo gosu-

other regions of RUSS'iaJ darstvennogo agrarnogo universiteta(electronic
- adjustmgng of Jngervalg b,o[de'rs for _journal), no 09(103), pp.1110-1127. Available at
DOi PAOOEAOS i AT E EA OGp/é). Ktiadro@u/2014Go/ddi75.10A GeOET C

administrative goals in accordance with cessed 2 February 2016).

federal and international environmental :-Sﬁ:iﬁ‘; I’ﬁ(;dsi?l\flg:smoavti) r’:l's(zs(t):; h%szzign
regulations; 9 Y -

. sion support. Proceedings of thelopical areas of
- the use _Of dlffel_’entdata masks to ac- fundamental and applied research |V North
count for the interaction of factors and the charleston, SC, USA, August54 2014, vol.1,

formation of the data samples with the new pp.134-137.

management and prognostic characteristics. 6.Gusev A. (2014). Primenenie celenaprav-
The results of the study are intended lennoj infqrmacionnojl_sistemy klzaldache ocenki

for use in complex examination of execu- sootvetstvija povedenija slozhnoj sistemy zadan-

. . . noj celi [The application of a goabriented infor-
tion of the environmental legishtion by mation system to the problem of conformity

reglor_ls _and mdmdugl ente_rprlses,_ the assessment of the behavior of a complex system
examination of execution of international, with respect to the given gal]. Proceedings of the
national and regional pollutant emission Academic science problems and achievements, V
reduction plans, making decisions on state North Charleston, SC, USA, Decembei212014,
support and private investment in the Vol.1,pp.137144.
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