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AMELIORATIVE STATE OF IRRIGATIVE SOILS OF THE MUGHAN
PLAIN DEPENDING ON SALINIZATION DEGREE AND TYPE

Abstract. The article is dedicated to the agromeliorative measures system prepared
for the meliorative state improvement of these soils on the bases of the researches
performed in the solonetzificated and salinized to a different degree in the Mughan-
Salyan massive of the Kur-Araz lowland.

During the researches the slope depth of subsoil waters and mineralization
dynamics were studied, the salts quantity and type was fixed in the soil, therefore
the full and subtle water weight was performed in the samples taken from the
experimental area.

Key words: salinity; salinized; solonetzificated; ameliorative state; collector-
drainage net; ground water

Formulation of the problem

As a result of agrarian reforms in the republic the new attitudes were created in Land
use, the soils were given to the different farm forms.

Preparation of the agro-meliorative measures system on the basis of the
researches performed in the areas salinized and solonetzificated to a different degree
will serves improvement of ameliorative state in these soils. All the researches have
been performed in the selected areas of the characteristic places in the Mughan plain.
Depth of the soils salinity was defermined from soil sections till 2,0 m on genetic
layers and sometimes in the soil samples taken from every 50 sm.

During the researches the samples were taken from subsoil waters which have
been observed in the characteristic cuts with the purpose of investigation of the slope
depth and mineralization dynamics in subsoil waters from the experimental area and
their mineralization and type have been fixed.

© M.G. Mustafayev, B.M. Mammadov, N.M. Huseynova, 2019
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To fix a quantity and a type of salts in the soil full and subtle water weight analysis
was performed in the samples taken from the soil sections possessing different
salinity in the experimental field.

Relevance of research

At present till 570 000 hectares of the irrigative area more than 1,43 million hectares
exposed to salinization to a different degree in the republic. 375 000 hectares of these
soils are weak, 165 000 hectares are mean and strong salinization [1].

To meet the population's need rising for food products, an improvement of
ameliorative state of the same soils remains current.

The object and methods of research

Salinized and solonetzificated sowing areas to a various degree in Mugan-Salyan
massive of the Kur-Araz lowland have been adopted as a research object to study
meliorative state of the irrigative soils in the Mughan plain. The soil and water
analysis were performed by the general method (Arinushkin’s method).

Preparation of the measures system for improvement of the same soils and
definition of ecomeliorative state of soils (fertility indicators, an available condition
of the collector-drainage and irrigation systems, change dynamics of water
mineralization and experiment) in the experimental soils is a main problem.

As a result of an accumulative activity of the Kur-Araz rivers the relief in the
Mughan plain was created and its formation was continuing up to now up to now.
Here an alluvial-accumulative forms (tough and high coast, ancient deep river-beds,
coast ways and etc.) of the relief are available.

Geology of the research zone concerns the background of the general historical
geotectorics in the Caspean Sea, north and south zones fell down, Alazan-Ayrichay
and Kur depression was created. A climate of Mughan concerns the subtropic
semidesert arid climate group [2]. An average annual temperature is +14,1°C,
a relative humidity of the air is 60%, a yearly quantity of the atmospheric
precipitations is 246-260 mm, annual evaporation from water surface reaches
950 mm. An average monthly temperature of the soil surface is 0,6°C in January,
+18,9°C in July-August [3, 4]. The plant-cover in the plain concerns semidesert type,
mainly three kinds: wormwood, saline and herbaceous plants. Here heat-loving
annual plants, including cotton planting is considered rational for the climate
condition. The various kind of the plants are grown in a great part of the zone and
they changed. At present natural plants are found in some places [2, 5].

The soil cover of the plain was learnt Y.A. Kamensky, S.A.Zakharov,
S.1. Tyuramnov. The following soil types have been determined: little humic grey-
meadow, mean humic grey-meadow, high humic grey-meadow, primitive-grey,
meadowagrey soils [2, 4].

Recently the main reasons of the land salinization in the Kur-Araz lonland soil
salinization was revealend by V.R. Volobuyev, M.E. Salayev, G.Sh. Mammadov,
M.P. Babayev and others. The authors seperated into meadow grey soils, salinelike,
solonchaklike, marlaceous, gleyed, irrigating species and noted us of these soils under
cotton, grain and orchard plants. But in the amelioration field V. Volobuyev,
M. Abduyev, Kh. Jafarov, G. Azizov, M. Mustafayev and others attracted an attention
for investigation of the salinization changes occuring in use period of them [4, 5, 7].

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019
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The soils in the plain are wholly fertile and good for cultivation. But the soils of
which water-physical characters are usatisfactory aren't little. A main reason of
difficulty of the sustainable product getting and obstacle of the agriculture
development is presence of more salts. Distribution of salts on salinity gradation in the
Mughan plain is as the folloning according to G.Z. Azizov and A.M. Gadimov [1, 4].

thous|h
%

Table 1 — Distribution of the Mughan plain soils on salinity gradation,

Salinity gradation, % | <0,25 | 0,25-0,50 | 0,50-1,00 | 1,00-2,00 | >2,00 | Sum
Area thous,h 117,1 49,8 78,6 137,3 95,6 478,4

% 24,5 104 164 28,7 20,0 100,0

Note: Salinity of the unsalinized soils less than 0,5% 166,9 hectares, salinized (salinity more than
0,5%) soils are 311 500 hectares.

Change of granulometric composition in the research lands is as the following on
the table, it is seen from the table that a quantity of the particles (physical gley), less
than 0,01 mm chandes by 52,64-68,58%, along the profile. The soils are mean
andheavy loamy by a granulometric composition.

Table 2 — Granulometrik composition of the soil samples, % (2018 year)

Number Depth Diameter of particles, mm
of ' 1,0- 0,25- 0,05- 0,01- | 0,005-
section cm 025 | 005 | 001 | 0005 | 0001 |<%000%| <0001

0-50 0,79 | 16,71 | 25,09 | 1492 | 19,58 | 22,92 57,41
50-100 083 | 26,79 | 21,78 | 15,04 | 16,32 | 19,24 50,60

M-3 100-150 | 0,65 | 22,39 | 24,32 | 16,28 | 17,84 | 18,52 52,64
150-200 | 0,61 | 22,71 | 23,16 | 14,62 | 18,86 | 20,04 53,52

0-50 0,40 | 14,20 | 24,67 | 10,89 | 26,22 | 23,67 60,73

M-5 50-100 025 | 18,17 | 27,04 | 1208 | 23,34 | 19,12 54,54

100-150 | 0,22 7,14 | 24,06 | 18,24 | 27,62 | 42,72 68,58
150-200 | 0,38 | 1452 | 19,70 | 8,66 | 26,64 | 30,10 65,40

The salts quantity, ground and irrigative waters mineralization was fixed in the
soils of the experimental area. As a result of the analyses it was determined that CO3
ion wasn't observed in the soil samples taken from the zone.

HCOs; ion vibrated by 0,012-0,102%. A quantity of CI ion was 0,016-0,255%.
But SO, ion number changed by 0,058-0,775% a long the profile. But the salts
guantity in these samples (for the dry residue) was 0,206-0,733% (Table 3).

Table 3 — Quantity of salts in the irrigated meadow-grey soils of the experimental
area in the Mughan plain, —2

mg.ekv
Numb_er of Depth, COs HCO; SO, cl Dry residue,
section cm %
1 2 3 4 5 6 7
0-50 0,065 0,775 0,255
M-1 No 1,06 1,62 0,72 0,254
50-100 N 0,093 0,058 0,016 0.228
° 1,52 1,21 0,44 '

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019



Continuation Table 3

1 2 3 4 5 6 7
100-150 0,090 0,068 0,018
M-1 No 1,48 1,42 0,52 0,292
: 150-200 N 0,102 0,074 0,021 0.306
° 1,76 1,54 0,60 '
0-50 0,017 0,276 0,058
No 0,28 5,74 1,62 0,518
50-100 0,012 0,362 0,074
M-3 No 0,20 7,53 2,03 0,570
100-150 N 0,024 0,203 0,028 0.276
° 0,40 4,23 0,80 '
150-200 0,029 0,101 0,028
No 0,48 2,11 0,80 0,206
0-50 0,018 0,210 0,228
No 0,30 438 6,44 0,733
50-100 0,019 0,167 0,214
M-5 No 0,32 3,48 6,04 0,578
: 100-150 No 0,019 0,177 0,229 0.654
0,32 3,70 6,44 '
150-200 0,022 0,128 0,203
No 0,36 2,67 5,72 0,554

It is seen from the given results thah the salts number begins to increase towards
the low layers. So the soils of the experimental area aren't salinized, they are
salinized to a mean and weak degree.

The ground waters are near the surface in the Mughan zone, the nourisment
sources are the followings: irrigative waters, atmospheric precipitations, infiltration
waters from the rivers and canals, underground pressure waters and etc. Nourishment
at the expense of rain waters forming 8-10% fromtotality occurs in the spring and
autumn seasons. There are pressure waters in the zone and they are connected with
the ground waters. The same waters are 15-17% of the inome part in water balance.
The ground waters level reaches 1,0-1,5 m. These waters are hydrocalcareous for the
chemical composition. The chlorine and sulphate types are found in some places
[1, 3, 6].

Mineralization of ground waters in the experimental area is as the following table:

Table 4 — Mineralization of ground waters in the experimental area, m(‘;'elkv
Numb_er of COs HCOs cl Dry residue, q|l
section 0,018 0,187
M-1 No @ % 2,215
M-2 No 0664351 05"28408 2,435
M-3 No W ﬁ 2,873

Mineralization of the subsoil waters in the research zone is different in these cuts:
2,215-2,873 g|l. CO3 ion wasn't observed in anion content of these samples.
A quantity of HCOs ion is 0,018-0,031 g/l but Cl ion changed 0,187-0,248 g/l. The

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019
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salts type soil was determined in available classifications. Cl ion number in this soil
is 10-23% and 25-34%, the salt type is chlorine-sulphatic and sulphatic-chlorine in
some places because CI|SO4 ratio is 1,0-0,2 and 2,0-1,0.

The salts quantity in soil is 0,206-0,733% for dry residue, humus number is
2,78-0,61%, pH is 7,6-8,5 along profile.

The experiments show that each agromeliorative measure performing with the
purpose of fertility increase, displacement of the harmful waters and decrease of the
salt quantity in soils causes improvement of the meliorative state of the same soils,
increase of the sowing area productivity. The complex measures performed with the
purpose of improvement of the ameliorative state in the soil areas good for sowing,
provision of the plant productivity.

Conclusion

The researches show that COs ion in the salts content wasnt observed along the
profile in the areas where the collector-drainage system is satisfactory in the Mughan
plain. HCOs ion is 0,012-0,102%, SO4ion — 0,058-0,775%, Cl ion — 0,016-0,255%.
The salts quantity for dry residue in soil is 0,206-0,733% and chlorine-sulphatic for
Cl|SO4 ratio. The soils in the Mughan plain are unsalinized, weak and mean salinized
for these indices. The soils are mean and heavy loamy for granulometric
composition. A quantity of physical clay is 52,64-68,58%, pH number is 7,6-8,5,
humus quantity changes by 2,78-0,61 in soil solution along profile. The ground water
mineralization is 2,2-2,9 g|l in these areas. The agromeliorative and ameliorative
measures which will be performed against salinization and swamping by fulfilling
provision of the tillage areas with irrigative water for the purpose of improvement of
the soils ameliorative state in the areas good for sowing will swerve increase of soils
fertility and agricultural plants productivity.
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M.T'. Mycradaes, 5.M. Mamenos, H.M. I'yceiinoBa
MEJIIOPATUBHUM CTAH 3POIIYBAHUX IPYHTIB MYT'AHCHKOi PIBHUHU
B 3AJIEZXKHOCTI BIJI CTYIIEHSA 1 TUITY 3ACOJIEHHSA

AHoTamnis. CTaTTs IPUCBSIYCHA CUCTEMI arpOMETiOPATHBHUX 3aX0/IiB, PO3POOIICHHUX IS
MOJIMIIIEHHS. METIOPAaTUBHOTO CTaHy IUX IPYHTIB Ha OCHOBI JOCII/DKCHB, MPOBEACHUX
B COJIOHITIOBAaTHX 1 3aCOJICHHX IPYHTax pi3HOro cTymneHs Myrano-CanbsHCHKOTO MacHBY
Kypa-Apascekoi HI30BUHE A3epOaiimxany.

B xomi mocmimkeHs Oynu BUBYEHI IMHOMHA 3aATaHHA IPYHTOBHX BOJ 1 JHHAMiKa
MiHepai3amii, KiTbKiCTh 1 THII coliel B TpyHTi. J{Js mboro B 3pa3kax, B3SATHX 3 JOCHTITHOL
IUITHKY, OyJla BHKOHAHA TIOBHA BOJHA BUTSIKKA.
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ASSESSMENT OF ADDITIONAL SEISMIC RISK
OF DESTRUCTION OF STRUCTURES ON FLOODED LOESSES
AND LOESSY-LOAMY ROCKS IN UKRAINE

Abstract. Over the recent decades in Ukraine regional activation of flooding of
lands, accompanied by landslide formation and subsidence of surfaces take place.
In the years 1982-2004, in the southern regions of Ukraine, the areas of
underflooding increased 9 times. Therefore the risk of destruction of structures
from probable seismic shaking increases in large areas, which will provoke
landslides and thixotropic dilution of flooded loesses. The article is devoted to the
regional economic assessment of additional seismic risk of destruction of
structures in Ukraine in areas of distribution of flooded loesses-rock formations.
Obtained data on the modern activation of changes in the geological conditions
of loesses and loessy-loamy rocks and increasing their contribution to the increase
of ecological and geological risks of life lead to the important conclusion that
loess-rock massifs in most regions of Ukraine become vulnerable elements of the
geological environment to the impact of increasing technogenic load and global
climate change. To strengthening the hazardous properties of loesses and loessy-
loamy rocks, in addition to subsidence, reduction of strength, etc., new processes
have been added — activation of swelling and thixotropy. They are most active in
cities and towns, which is caused by large losses of water and heat from urban
networks, which reach 35-45% and exceed the filtration capacity of loesses and
loessy-loamy soils. In most cases, this leads to the formation of anthropogenic
aquifers as a key factor in the mechanism of degradation loesses and loessy-loamy
rocks in cities and the formation of hydro-geodeformation fields during seismic
shocks. The consideration of climate parameters significantly changes the value
of economic assessment of the additional risk of seismic destruction of structures
on flooded loesses and loessy-loamy rocks in Ukraine towards its reduction at the
locally objective level. It is also advisable to add the number of days with rain for
the year and the number of days with non-freezing soil in winter (November-
February) to the climate parameters we consider at this stage. The rapid changes
of the engineering-geological state of subsidence rock masses in the conditions of
influence of factors of global climate change, the increase of global seismicity and
technogenesis, in our opinion, require the development of new regulatory and
methodological provisions for the study of loesses and loessy-loamy rocks
formations in technogenic loaded and vulnerable regions of Ukraine.

Keywords: seismic risk; loesses; subsidence; engineering and geological
conditions
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O.I'. Poroxun, €.0. SIkoBieB

[HCTHTYT TenexomyHikawii i riodanpHOro iHdopmariinoro npoctopy HAH VYkpainm,
M. KuiB, Ykpaina

OLIHKA TOJATKOBOI'O CEVMCMIYHOI'O PU3UKY
PYUHYBAHHS CHIOPY /] HA IIIATOILIEHUX JIECAX TA
JIECOBO-CYTJIMHUCTHUX TOPOJAX B YKPAIHI

Anomauin. 3a 1982-2004 pp. 6 nigdennux pecionax Ykpainu niowyi niOomonieHHs
spocau y 9 pasie. Uepez ye na Gequkux mepumopiax 30i1bUyEMbCa 3a2po3d
DVUHYBAHHA — CnOpyO  6i0  IMOBIPHO20  CEUCMIYHO20 — CMPYULY8AHHA, WO
nPoBoKygamume 3Cy8U Md MUKCOMPONHe pOo3PIOdiCeHHsi NiOMONJIeHUX Jecis.
Cmamms npuceauena pe2ionanbHitl eKOHOMIUHIN OYIHYI 000AMKOB020 CellCMIYHO20
PUBUKY pYUHYE8aAHHA cnopyO 6 YKpaiui 6 apeanax nowupens niomonieHux iecoso-
nopooxux mogwy. Ompumani OaHi nNpo CyYacHy aKmueizayilo 3MIH [HICEHepHO-
2eon02iuHux yMos Jecie i ecogo-cyerunucmux nopio (JICII) ma 30inewienns ix
6HECKY Y 3POCMANHS eKOI020-2€0I02IUHUX PUSUKIB JHCUMMEIATbHOCMI Ni0800sAMb
00 8AICIUBO20 BUCHOBKY, WO JECO80-NOPOOHI MACU8U y OLIbULOCMI Pe2ioHi6
Yxpainu cmarome nailbinbuws uymaueum eremeHmom 2e0n102iNHO20 cepedosuya 0o
BNIUGY 3POCTNAIOU020 EXHOSEHHO020 HABAHMANCEHHA A 2100ATbHUX  3MIH
kaimamy. J{o nocunenHs Hebesneunux enacmuseocmei necie ma JICII, kpim
npoCcaoKko8oCmi, 3MeHUWIeHHs MIYHOCmI mowjo, 000anucsi Hosi npoyecu —
akmueizayisi  Habyxaemocmi, 30i1bWEeHHs NpOsA6i6  NAUBYHOYMBOPEHHs mad
mukcomponii. HatiakmuseHniue 60HU NPOAGIAIOMbCA 8 Micmax I ceruwax, uo
00YMOBIEHO BENUKUMYU 8MPAMAMU 00U | MENA 3 MICbKUX Mepedc, AKI cAaiomy
35-45% i nepesuwyroms ginompayiiny soamuicmo aecie ma JICIIL. 'V 6invuwiocmi
BUNAOKIE Ye NpuU3eooUmsb 00 GOPMYBaHHA MEXHOLEHHUX 8OOOHOCHUX 20PU3OHINIG
(max 36aHUX «8epX08000K») AK KIOYOB020 HUMHUKA 6 Mexawismi despadayii
J1eCO80-NOPOOHUX OB Y MiCMaX Ma hopmyeants eiopo-2e00ehopmayitinux nouie
npu celcMonowmoexax. Bpaxyeanus knimamuunux napamempis icmomHo 3MiHIO€e
3HAYEHHS. eKOHOMIYHOI OYiHKU 000amKO8020 PUBUKY CEUCMIYHO20 DYUHYEAHHA
cnopyo na niomonaenux necax i JICII 6 Ykpaini y 6iK 11020 3MeHUIeHHS HA TOKAIbHO-
00’ekmogomy pieni. [lo 6paxosanux HamMu HA YbOMY emani OO0CHIOHNCEeHHS
KAIMAMUYHUX napamempie 0oyiibHO 000amu makodic: KilbKicms OHI8 3 doujem 3d
PDIK ma KitbKocmi OHIG i3 He 3aMep31um IPYHMOM 8 3UMOsUti nepiod (nucmonao —
smomuil). [LI6UOKi 3MiHU THOICEHEPHO-2e0N102IUHO20 CMAHY NPOCAOKOBUX NOPOOHUX
Macugie 6 ymoeax GnAuUBy HYUHHUKIE 2N00ANbHUX 3MIH KIIMamy, 3pOCMAHHSL
2n006anbHOl  ceticMiyHocmi ma mexHozene3y, Ha Hauy OYMKY, nompebyiomo
PO3POOKU HOGUX HOPMAMUEHO-MEMOOUUHUX NOJIONHCEHb 3 GUGHEHHS JIeCO8Ux ma
J1€CO80-NOPOOHUX opmayill i3 BUOIIEHHAM IX ONOPHUX PO3PI3i6 V MEXHOLEHHO
HABAHMACEHUX A 8PA3IUSUX pe2loHax YKpainu.

Kniouogi cnosa: celicmiynuil pusux, ecu, npocaokosicms, iH#CEHEePHO-2e0N02IUHT
yMo8u

Beryn

B ocranni gecATHNITTA TOPOBIIHUM YMHHUKOM 3HIDKEHHA i1H)KEHEpHO-
ceficMOreoIoriuHoi CTIHKOCTI JIECOBUX TOBII[ CTAa€ iX Jerpajallis Iij 30BHIIIHIM
BIUTMBOM MiATOIUICHHS 1 3aCOJIEHHS, CIPHYMHEHOT'O TEXHOT€HHO-TOCIIOIAPCHKOI0
nisutbHICTIO Ta 3MiHamu kmiMaty. Sk Oymo mokazano y [1,2], wi dakropu
aKTHUBI3YIOTh HETATHUBHI 1HXEHEPHO-Teooriuni BiactuBocTi necis i JICTI, Taki sik
PO3MOKAEMICTh, IPOCAIKOBICTh Ta THKCOTPOITHICTb.
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3a 1982-2004 pp. B MBOCHHWX pETiOHAaX YKpaiHW TUTONI MiITOIUICHHS 3pOCIH
y 9pasis [3, c. 188]. Uepe3 Lie Ha BEIMKHX TEPUTOPISAX 30LIBIIYETHCS 3arpo3a
pYHHYBaHHS CIIOpY[ Bill iIMOBIpHOTO CEHCMIUHOTO CTPYILYBaHHSI, IO MPOBOKYBATHME
3CYBH Ta THKCOTPOITHE PO3PiPKEHHS MiATOIJICHHX JIeCiB (Tiepexif X y INIMBYHHUH CTaH
BHACJIIOK BiOpOpYHHYBaHHS HEBOAOCTIIKOI arperaTHol CTPYKTYPH JIECOBOTO IPYHTY).

KaproMmerprunmii aHami3 mokaszaB, IO YacTKa ITATOIUIEHUX JIECIB 1 JIGCOBO-
cyrmuauctux nopin (JICIT) B Mesxax TepuTopiii i3 ceiicMigHICTIO 6 6asiB i Oibie (Bif
3aranpHOI o JieciB 1 JICII B Ykpaini) cranoBuTh moHan 15%. YacTka HaceneHHX
MyHKTIB (MicT 1 ci) Ha migroreHnx jecax 1 JICII i3 ceficmiunicTio 6 OanmiB i OinbIme
(Bin THX, 10 Ha Beix necax 1 JICII B Ykpaini) mepesuirye 18%, a KinbKicTb HaceIeHHS
B HUX (Bij HaceneHHs Ha Beix secax 1 JICII B Ykpaini) Habmmkaetbes 10 10%.

Harmroto memoro Ha mOTOYHOMY €Tarti JOCIIPKEHHS 0yJI0 BUKOHATH PETi0HATBHY
E€KOHOMIYHY OLHKY JOAaTKOBOTO CEHCMIYHOTO PHU3UKY DPYHHYBaHHS CIHOPYX
B VYKpaiHi B apeasax TOMMPEHHS MiATOINICHUX JIECOBO-TIOPOJHUX TOBIL,
CIIPUYMHEHOTO 1X CIENMU(IYHAMHA TEOTEXHIYHMMH BIACTHBOCTAMHU. OIiHKa
3MiACHEHAa METOJOM KapTOMETPHYHOTO aHaji3y 3 BHUKOPHUCTAHHAM IHCTPYMEHTIB
I''C ArcMap 9.3, normmOiro0Yd  Halll TONepeaHi JOCHIKSHHS 3arpo3
pYHHYBaHHSI CIIOPYJ, CIPUYAHCHUX JICTPAJIAIIEI0 JIECOBUX 1 JECOBO-CYTITHHHUCTHX
MOpiJ B yMOBax 3MiH KJIiMary Ha TepUTOpii YKpaiHu.

TexHorenHe miaTonseHHs sk GakTop 3arpo3u pyiiHyBaHHsI CIIOPYA Y MicTax

VY micTax i mpoMHCIOBUX cenuliax reojioriyne cepeponuiie (I'C) B minomy pazom
3 TEXHOTEHHOIO 1H(pacTpyKTyporo (KUTIOBa i TpOMHUCIIOBa 3a0yJ0Ba, BOAO-
EHEePreTHYHI 1 TPaHCIIOPTHI KOMYHIKAI[il TOIIO) YTBOPIOIOTH CKJIaTHI TEXHOT€HHO-
reosoriuni cuctemu (TI'C) «imxenepHi 00’ektu micta — ['Cy». Came mi TI'C e
TOJIOBHHUM «JICTIO» TEXHOTeHHHX (akTopiB BIMBY Ha jecu Ta JICII, ockinbku B iX
MeXax po3TalloBaHa OUTBIIICTE MPOMHUCIOBO-MiChbkHX arjomepanii ([IMA)
VYkpainu.

TonoBuoro ocobnuBicTio 'C B Mexax takux [IMA € ioro 3pocTarodi 3MiHH,
BHACIIIZIOK 4YOTO 3a CBOIMH 1HXKEHEPHO-TEOJOTIYHUMH, TiJPOTCOJOTIYHHMH Ta
reotexHiuauMy napamerpamu TI'C y IIMA maroTh HecTaOinbHUI XapakTep 3a yMOB
30epeKeHHs] TEXHOI€HHHX  HAaBaHTAXEHb  (BOAHO-0AaNaHCOBMX, TEIUIOBHX,
re0JMHAMIYHUX Ta 1HIIHUX).

Perionanpamii aHamiz ckimamy 3miH y 1980-2015 pp. rigporeosiorivHUX Ta
1H)KEHEpHO-TEO0JIOT1YHIX YMOB MICT Ta CeNuIl YKpaiHH, SKi BIUIMBAIOTh HA Oe3MeKy
KUTTEMISUIBHOCTI [12], 3acBi4MB, IO TOJIOBHUM (PAaKTOPOM iX MOTIPIICHHS Ta
OJTHOYACHOT'O 3pocTaHHs pr3uKy Haa3BuuaifHux cutyanii (HC) B [IMA na snecoBo-
MPOCAIKOBHUX IPYHTAX € MiATOIUICHHS TEPUTOPIH.

Amnamni3 npoctopoBoro posnojainy [IMA mnokasas, mo ¢GpopMyBaHHS OiIbIIOCTI
3 HUX BiJIOYBaJIOCS 3a MEPEBaKHO PIBHMHHOTO pesbedy Ha MPOCAAKOBUX JIECOBHX
1 JecoBo-cyrnmuHUCTHX IpyHTax (moHan 50% teputopii YKpaiHu) 31 3HWKEHUM
MOBEPXHEBUM CTOKOM. B Takux yMoOBax MOpYLIEHHS HPUPOAHOTO BOIHOTO
i TeruioBoro OanaHcy BepxHbOi 30HM ['C B Mexax [IMA cnpusiio akTHBHOMY
migiiomy piBHIB IpyHTOBHX Boa (PI'B) 1 akTuBizamii npouecy miaTOIUIEHHS MICT i
cenunl. 3a octaHHi 35 poKiB 3araiibHa KUTBKICTh migToruieHnx [IMA (monan 540) Ta
roma miaroreHns (o 200 tuc. ta, 1o 11% 3araabHOT 10111 ) 3pocin OibIle HiX
B 2 pasu.
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[Ipo 3HAYHMI BOAHO-TEOTEXHIYHHWH BILTAB BOJOIPOBITHO-KaHATI3AIIMHIX Ta
terwoBux Mepex (BKTM) mict Ta cenumn Ha imkeHepHO-reonoriuauii ctan ['C
CBiUMTH iX 3arambHa cepeiHs mimbHicTh y IIMA, sxa gocsrae 11,0 xm/xm2,
[Iprdomy TpPOTSHKHICT BOAONPOBIIHUX, KaHANI3ALiHHUX Ta TEIIOCHEPTETHYHHX
mepex v [IMA cranoButs, BiamoBigao: 127, 39 Ta 41 THC. KM, 3 HuUX 35-45% —
B aBapiifHOMy cTaHi.

B 3a3HaueHnx yMmoBax BaKJIMBO Te, 110 3HAUHA YacTKa eHeprocnoxuBanus [IMA
mmoB’si3aHa i3 3abesnedeHdsM ¢yHkmionyBanHs BKTM, migBumieHi BomHI BTpaTH
3 SKHX BHACHIAOK HE3aIOBUIBHOI TiIpOI30JIMii BIUIMBAIOTH SK Ha CTIMKHM
pOCTOpoBO-yacoBuii miniom PI'B, Tak 1 Ha goxaTkoBi AedopMmartii 3ami300eTOHHIX
KOHCTPYKIiH OyAiBeNnb 3 HACTYITHUM MPUCKOPESHHSM iX CTapiHHA 1 3HOLICHOCTI.

3a cyyacHux BTpaT BogM B Mexax IIMA y mpubmmsno 1,2 mupa M%/pik,
JOJaTKOBE TEXHOTGHHE J>KWUBJICHHS IPYHTOBOTO MIapy Ha IUIONI MICT Ta CEJHII
(19,6 Tuc. KM?) y cepeHBOMY CTAHOBUTh HOPSIKY:

1,2 « 109 m3/pik = 19,6 * 10%  10°= 0,062 M = 62 Mm/pik a60 2,0 /cex-Kkm>.

Lle maibke B 2 pa3u TMepeBHUINyEe OaraTopidHi perioHaNbHI 3HAYEHHS
iHQinpTpaniiinoro *xuBneHHs migzemuux Box (~ 1,0 n/cek-km?) i ToMy crpuse
MOJIANTBIIIOMY PO3BHUTKY MiJTOIUICHHS MICT Ta CEJHIIL.

I3 HaBenmeHoro BWIUIMBa€E OOTPYHTOBaHE IPUITYIICHHS, IO B OCTaHHI 2-3
necaTinitTs cydacHuid ctan BKTM € ronoBHUM (akTOpoM pO3BUTKY IiATOTLICHHS
XKHUTIIOBUX 1 POMUCIIOBUX criopyA y Oibiiocti [IMA Ykpainu, a Takox — pakTopomM
3pocTaHHs pPHU3UKY Ham3BuuaiHux cutyamiin (HC) imkeHepHO-TeoNoridyHoro Ta
T€OTEXHIYHOTO MOXO/KCHHSI B apeaiax MoIIUpeHHs npocaakoBux Jiecis Ta JICII.

I'eoTexniuni Mexanizmu aerpaaauii miaTonJieHUX JIeCOBUX TOBII

3rigHo 13 pe3ynbTaTaMd CYYaCHHMX TCOTEXHIUHHX JIOCIiKeHb ((Pi3UKO-XIMIYHUX,
reoi3MYHNX, MIKPOCKOMIYHUX TOMIO) TOJOBHAMH TNPHYMHAMU TEXHOTEHHOI
aKTHUBI3aLli MPOCAJKOBUX MPOIECIB € BUIIYTOBYBaHHS LEMEHTYIOUMX KapOOHATHHX
cronyk i3 jecoBux Ta JICII Ta rimpatailisi ITMHACTHX MiHEpaiB 3 iX MepeBaKHUM
MIEPETBOPEHHSAM Y HecTiliki kooinHi Gpopmu [13]. Lle npu3BoauTh 10 reoMexaHigHOT
Jerpajamii TOpiJ MiMIaHO-TIIMHUCTOTO CKIamxy 1 (QOpPMyBaHHS JUISTHOK —1X
TUKCOTPOIHOTO (TUMBYHONOAIOHOTO) craHy. [lokasHmkom Takoi pderpagamii €
3pOCTar0ue YTBOPEHHS 3CYBIB-TIOTOKIB Ha CXWJIOBHX TEPUTOPISX JIECOBO-IIOPOTHUX
MacuBiB y Oinbmocti [IMA Vkpainu (3okpema, y micrax Jninpo, Kam’siHCbKe
(xon. ninpomsepmxuHCchK), YepHisii, Ky’ sacpk, Kui, XepcoH).

3a OKpeMHMH OIIHKaMH ITiJ] Yac TiJpoMeTiopaTUBHUX 3HOMOK B JIHIMTPOBCHKIii
obuacTi [13], Oyno BCTaHOBJIEHO, IO BETMYHUHA CTATHYHOTO HANIPY>KEHHS 3pYIICHHS
(CH3) nepe3BOJOKEHUX JIECIB y IJIMBYHONOAIOHOMY CTaHi CTaHOBHTH
ocns = [100-150 mr/cm?]. Toxi KpUTHYHA CTPIMKICTh CXUITY O VIS JAHUX YMOB
TEXHOTEHHUX 3MiH T€OMEXaHIYHUX NOKAa3HUKIB JIECIB OPIEHTOBHO CTAHOBUTUME:

o}

° =arctg —<2-; 1
al('p g p.Ah ( )
(01-0152/c?) _
(1,82 / CMS)' lem

a,, =arctg S-7,

Jie p — cepeans mWiIbHicTh Bogonacudenux JICTI, p = 1,8 r/em®.
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HaBeneni po3paxyHKH ITUTKOM 30iratloTbCsi 3 (aKTHIHUMH JaHUMH 1010
3pOCTAIOYUX BHITAJIKIB CY4aCHOTO 3CYBOYTBOpeHHS B Mexax [IMA Ha cxmmax 3i
CTpIMKIiCTIO 5°-7°, a TakoX WI0A0 cyO3ilHUX OCifaHb MmoBepxHi Oing OyaiBenb,
MICIIb CKYMYEHHS! TPaHCIOPTY, KaHAIi3aliiHUX KOJIOJA3iB, TOOTO CKpi3b, A€ Mae
MicIle iHTCHCHBHA TEXHOTCHHA 1HQIIBTpAIsS Ta TMEPE3BOJIOKEHHS JICCOBUX IIOPI,
AKTWUBHI JWHAMI4YHI 3MiHH TIOPOBOTO THCKY, T€OMEXaHIYHOTO Ta (Pi3UKO-XIMIYHOTO
CTaHy Mopixa miarpyHts OyaiBens i BepxHboi 30Hu ['C B MicTax i cenuimax.

Po3BHTOK MiNSTHOK TIEPE3BOJIOKEHHSI Ta THUKCOTPOIHUX IMPOSBIB Yy BEPXHIH
YaCTWHI TEOJIOTIYHOTO pPO3pi3y JIECOBUX TOBII OOYMOBIIOE MOXIIMBICTh
(dhopMyBaHHs y Hill TiApO-reoePopMaIliifHAX MOJIIB Ta OCTA0JCHHUX 30H Y BUMAIKaX
BIUIMBY TpaH3WUTHHX (30Ha Bpanua, Kpum) Ta TexHOreHHMX (MPOMHCIIOBI BUOYXH,
OyZiBenbHI pOOOTH TOIIO) 3eMIIETPYCIB.

Ha npubGepexnux Teputopisx (30kpema B okonuisx M. Omeca) OYiKyeThCs
301IBLICHHS MIPOSBY AOAATKOBOTO (DaKTOPY YCKIaJHEHHS 1HKCHEPHO-T€O0IOT1YHOTO
crany neciB Tta JICII — migiiomy piBHS MOps Ta 30UTBIIEHHS €HEPTrii XBWJIb IMif
BIUTMBOM TIIOOaNbHHUX 3MiH KiiMmary. lle Mae mpu3BOIWTH O MiABUIICHHS 30HU
3BOJIOYKEHHS IITHINOKS CXUITIB Ta 3MEHILICHHS 1X KPUTUYHOT BUCOTH H,op. 32 BiZjOMOIO
3anexHicTio mpod. M.A. [lutoBuya [14], xpuTHdHA BUCOTa BEPTUKAIHHOTO CXUITY
Hyp, AKHI CKIIAIEHUH IpyHTaMu i3 3amMimKkoBuM 34emwieHHsam y C = 0,2 kr/cm? Ta
00’€MHOIO I'YCTUHOIO Y Yw = 1,4 r/cM®, nopiBHIOE:

Ho=2+C/yw=2+02/0,0014=3,0 m. )

ToOTo KOMIUIEKCHMI BIUIMB (aKTOPIB CyYacHHX TIIIOOalbHUX 3MiH KJIiMaTy
(moTerutiHHS, 301MBIICHAS 3BOJIOKEHHS Ta 3aCOJICHHS) HAa BEPXHIO 30HY JIECOBO-
MTOPOTHOTO MACHBY, 30KpeMa 1 Ha IprOepexKHO-MOPCHKUX TEPUTOPISX, PU3BOIUTH
N0  30UNbIIEHHS  TUIONI  3CYBOHEOE3NMEYHMX  apeajiB Ta  iHKEHEepHO-
CeiCMOTe0IOTiYHOT Bpa3IMBOCTI CIOPYl B ix Mexkax (ocobmuBo B [IMA).

Mogaesb 10AaTKOBOI0 CeiicMiYHOr0 PU3UKY Ha miaTonaenunx jgecax i JICIL

JIist po3paxyHKy 3HAUCHHS J0aTKOBOTO CEHCMIYHOIO PU3HUKY PYHHYBaHHS CIIOPY/T
Ha migrorenux Jsecax i JICII BukopucTaHa NPUHIUIIOBA MOJENb TaKOTO
peTioHaIBHOTO PHU3KKY, HaBeaeHa v [4].

Raestr = Nav * Pm e kne b« P; (3)

ne: Ngy — HOpMa )KHUTIIOBOT TUIOIII Ha OJHY JIOAMHY (mpuiiMaeThes, mo 12 m3);
Pm — cepenus GamancoBa BapTicTh M2 KUTIOBOT TUTOIII (mpuiimaetbces, mo $1 tuc.);
Kn — KisTBKiCTh HacenmeHHs Ha migToruienux yrecax i JICIT (ocib);
P — iMoBipHiCTb pyHHIBHOI MOII1;
b — mnonpaBouHMil KOeQIUiEHT CTYNEHsS IOMIKO/PKEHHS OyiBII, 3aJIeKHUHA BiJ
iHTeHcuBHOCTI cTpymryBans [ (1=6-69:b=0,1; [=7-79:b=0,3; 1=8-89:b=0,7;
1>9 6amnis: b = 1).

s Mmonenb moTpeOye yTOUHEHHS, 30KpeMa, B YaCTHUHI BU3HAYEHHS IMOBIpPHOCTI
(3arposm) peanizanii pyiHIBHOT MOAIT 3 ypaxyBaHHSIM KJIIMATUYHHUX TTAPaMETPIB Ta
IXHBOT 3MIHH.
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IMOBIpHICTE celicmiunozo nowtmoexy Ta 1oB’ I3aHOTO 3 HUM (OPMYBAHHS IO
3MiH HanpyxeHo-aedopmoBanoro ctany (HC) mopomHOro MacuBy po3risgacTbes
HamMH AK (iKcoBaHa BeIMYHMHA. 3TiTHO 3 KapTOK 3arajbHOrO CEHCMIYHOTO
paiionysanns 3CP-2004 (kapra B) Bona cranosuts 1/1000 Ha pik (ps = 107 pix?)
[5, c. 55, 57].

Bnuius kaiMaTHYHUX (aKTOPiB HA celCMiYHMII pU3NK PYHHYBaHHS CIIOPYA

3a BucHoBkamu (axisiiB YkpHAI'MI, cydacHi 3Minu kmiMaty B YKpaiHi B 4acTHHI
OTIa/IiB MOJISATAIOTE Y TOMY, IO iX piYHME 00cAT Maike He 3MIHUBCS 1 B HAHOmxK4i
POKHM iCTOTHO HE 3MIHHTBCS; HATOMICTb 3pocia (i MPOJOBXKYE 3pOCTATH)
HEpIBHOMIPHICTE OTIaIiB 32 CE30HAMH Ta IHTCHCHBHICTIO: PIAIIAIOThH 3aTsHKHI JIOII,
YacTilIalTh EKCTpeMallbHi 31MBHU B TEIUTHH CE30H (TpaBeHb — BepeceHb). | Bce e Ha
(OHI 3pocTaHHA CepeTHbOMICSIYHUX TEeMIIepaTyp i mocynumBux mepioaiB. ToOTo
3arpo3d MIATOIUIEHHS Ha PEriOHaIbHOMY piBHI YHM[ANi CTalOTh: a) SICKPaBO
CE30HHMMH, 0) NHUCKPETH3YIOTBCA B daci 1 MpocTopi; B) apeand LiJOPiYHOTO
MIATOIUICHHS 3MEHINYIOThCs, 0co0ymBo JieciB 1 JICII, po3milieHux mepeBakHO
y TiBJEHHIN MOoJ0BMHI YKpaiHu (JricocTenoBa i cremoBa MpupoAHi 30HH). Take
«CE30HHE» MIATOIUICHHS, OYEBUIHO, CIPUYMHIETHCSA 3EOUTBIIOrO BECHIHUMH
MOBEHSMH Ta aHOMaJIbHUMH 3JTHBAMHU.

Tobto st yrouneHHs iMOBipHOCTI pyHHIBHOI moxii Ha necax i JICII crae
HeOOXiTHUM BU3HAYHUTH KIIMAaTHYHY IMOBIPHICTH PETiIOHATHHOTO MiATOIUIEHHS. MU
MPOTIOHYEMO 3I1MCHIOBATH 1I€ Ha OCHOBI BpaxyBaHHs CEpPeJHBOPIYHOT TPUBAJIOCTI
HACIiIKIB BECHSHUX TOBECHEH 1 aHOMaNbHHUX 37MB. Y TEpHIOMY HaONMKEHHI iX
MIPUITYCTHMO PO3TISAAATH SIK HE TIOB’s3aHi TMOfil (MMOBeHi: Oepe3eHb — TpPaBEHb;
3ITUBU: TPABEHb — CEPIICHB).

IMOBIpHICTh MiATOIICHHS BHACITIJIOK 8eCHAHUX NOGeHel TIPOIIOHYEMO BU3HAYATH
TaK:

prn = Tn/ 365 pix?; (4)

ne: Tn — cepemHs OaraTopiyHa TpPWBAJICTh MOBEHI B PETiOHi, AHIB (OIiHKa 3a
30HAJILHUMH 1 PEriOHAIbHUMH KIIIMAaTHYHUMHE y3arajJbHeHHAMH [6, 7]).

IMOBIpHICTh MIATOIUICHHS BHACHIJIOK GHOMAIbHUX 37116 TIPOTIOHYEMO BH3HAYATH
TaK:

psh = Tsh = t/ (365 * 10) pix?; (5)

ne: Tsh — KUTbKicTh 3adiikcOBaHMX B perioHi anomansHux 37muB 'y 2001-2010 pp.
3rigHo 3 [8];

t — TpUBAJICTh MIATOIUICHHS TICJIsS aHOMAJIbHOI 3JIMBHU, JAHIB (MPUHMAETHCS, 110
t=14).

I3 3aranbHUM MOTEIUTIHHAM, BUKJIMKAHUM 3MIHOIO KJIiMAarTy, TaKOX IOB’s3aHe
CKOPOYEHHs Yacy Ta rmbuHu npomep3anns [9, €. 195, 197] BepxHbOi 30HH JIeCOBO-
MMOPOJHOTO MAaCHBYy, IO TMOTEHIIHHO 30uIblrye Horo BomoHacwueHHsS. Lleit
TEOPETUYHUH BHCHOBOK Ma€ OYTH IMiATBEPHKEHUI MOJIBOBUMH CIIOCTEPEKEHHIAMH
3a (hparMeHTAIli€l0 3CYBHUX MAacCHBIB Ta 30UIBIICHHSM B OCTaHHI POKH 3CYyBHHX
JUISTHOK Y BUTJISII IOTOKIB HA YPaXXEHUX 3CyBaMU cxmiax y Kapnarcekomy perioHi,
[Ipunninpos’i, Kpumy toro.
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Ha »xanp, My Oy BUMYIICHI BHKOPHUCTATH JCILIO 3acTapiji i HEIOBHI JaHi,
OCKLJIBbKH, HAPUKJIa1, iHPopMallist PO TPUBAIICTh BECHSIHHMX IMOBEHEH Ta KiJIBKICTh
aHOMaJIbHUX 371MB B YKpaiHi y aecarwritts 2010-2019 pp. g0ci He OnpuITIOIHCHA.

Tomi, OCKIIBEKY CEHCMIYHMM IMOMITOBX 1 miaTomieHuii ctan gecis Ta JICII MmaroTs
30irTricss B Yaci, IHTerpaibHa IMOBIPHICTP pPYHHIBHOI TMOAIi TakKOro THITY
CTaHOBHUTHUME:

P =ps * (pr + psh). (6)

3riZiHO 3 HAIIOIO OLHKOIO 32 JaHWMH HaBeICHHUX BHUIIE JITEpaTypPHUX JXKepel,
iHTerpaibHa IMOBIPHICTh 3arpo3W pyWHYBaHHs CIIOPYJ Ha MiATOIUICHHX Jjecax i
JICII (3a ceiicMiuHOTO TOIITOBXY IHTEHCHBHICTIO TIOHA 6 0alliB) B CEpEeTHHOMY 10
VYkpaiHi cTaHOBUTHME:

Pua ki =103(0,137 +0,031) = 1,68 « 10 pix™.

B pi3HHX perioHax BoHa BapitoBaTuMe B iHTepBaii 1,23 « 104+2,58 « 10 pix™.

OpHak BimOMO, IO Yepe3 3MiHHM KJIIMaTy, IOB’s3aHi 3 HECTIHKICTIO CHITOBOTO
MOKPHUBY B 3UMOBHI IEPioj] 3aBISKH 3POCTAHHIO YAaCTOTH 1 TPHBAJIOCTI BiJUJIMT,
TPHUBAJIICTh BECHSIHOI TIOBEHI B YKpaiHi 3HIKYETHCS, K 3HIDKYETHCS 1 TTOBEHEBUI
cTik [6, €. 199; 10, c. 46-47; 11, c. 97]. Mu cripoOyBanu BpaxyBaTH I Y TepIIOMY
HaOJIMKCHHI, 3MCHIIUBIINA TPUBAJIICTh BECHSIHOI MOBEHI B cepeaHboMy Ha 36%.
BiamoBiHO 3MEHIUTHCS 1 CepeIHLOPIYHA IMOBIPHICTh MiATOIUICHHS IMOBEHSIMH Ta
iHTeTpalbHa IMOBIPHICTh PYHHIBHOI MO/Ii B cepeTHROMY 110 Y KpaiHi J0:

Pua_cn = 102+ (0,087 + 0,031) = 1,18 « 10 pix™.

B perionax Bona BapitoBatume B inTepBaii 8,22 ¢ 10°+2,58 « 10 pix™.

g po3paxyHKy KUTBKOCTI HACEJICHHS B apealiax CyMapHOi CeHCMIYHOCTI TIOHA
6 OamniB, Hebe3meuyHUX I CTiiKocTi criopyn (30U 6-6,9; 7-7,9; 8-8,9; 9 GamiB i
OlJIbIle), a TaKOXK KIJIBKOCTI HACEJNICHHS Ha IUIomiax minroruieHux Jecis 1 JICII
(y BIAMOBiAHMX 30HAaX CyMapHOi CEHCMIYHOCTI) BHKOHAaHO KapTOMETPUYHE
nocnimpkerds 3acobamu ['IC ArcMap 9.3. KinbkicTe HacelleHHsS po3paxoBaHa
B po3pi3i perioHiB Ykpainu. Bukopucrana npoueaypa nepeTHHy KOHTYPIB, B3ITHX
3 BIIMTOBIIHUX MapiB OIU(PPOBAHUX TEMATUIHUX KaAPT:

— KoHTypiB nomupeHHs JieciB 1 JICIL, 3 «KapTsl ycioBuii pa3BUTHsI 3K30T€HHBIX
re0JIOTMYECKUX IpoueccoB Teppuropun Ykpauns» (M 1:1500000), I'ockomreo,
I'TTI «I"'eonporuos», ['ocreondonn Yrpaunsi, 1994-1997;

— KaprorpadiuHuil Imap KOHTYpIB PO3BUTKY PETiOHAIBHOTO ITiITOTLICHHS
cranoMm Ha 2004 p., ckoperoBanmii 3a JaHuMH «KapTH MIiATOIUIEHHS TEPUTOPIi
VYxpainun» (M 1:1500000), IHBII «I'eoindopm Ykpainny, 2016;

— KOHTYpIB 30H CyMapHOi CeHCMIYHOCTI 3a JOCTIJDKEHHIMHU
npod. A.B. Jlymuka 3 «KapTbl-cxemMbl BIMAHUSI WHXEHEPHO-TEOJIOTMUYECKUX
YCIIOBHII Ha TEXHOTE€HHOE IIpHpalleHne ceidcMuuHoctd Ttepputopun Y CCP»
(M 1:1500000), 1990.

KinbkicTh HaceneHHS OILiHEHa 3a CYKYIHICTIO HACENCHHUX IyHKTIB (MICT i ci),
IO MOTPANWIX Y BIJNOBIHI apeanu, HaknaleHi Ha «TomorpadiuHy eneKTpOHHY
Kapty VYkpainu 3 iHpopmariero JIepKKOMCTaTy MpO YHUCENbHICTh HAasIBHOTO
HaceneHHs1 Ykpainm» M 1:200000 (nepernc 2001 poky). Bepcis 1.0. AIT «MLEK».
Xapkis, 2004.
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OniHka 101aTKOBOI0 CeiicMiYHOT0 PU3MKY PyiHYBaHHsI ciopya Ha Jecax i JICIT

BapianTtu ouinku pu3mkiB 3a popmynamu (3-6) po3paxoBaHi B po3pi3i perioHiB Ta
Ut YKpainu B nijiomy (tadi. 1).

YnpaBmiHCEKHIT CEHC TPOIIOBOI OLIHKK PU3UKY TOJIATAE B TOMY, III0 CAM€ CTUTBKU
MaroTh KOINTYBATH 3YCHWJUIS IIOJO 3MEHILICHHS 3arpo3W. B HamioMmy BUTagKy —
3YCHILIA 13 3a1I00IraHHS IMiITOIUICHHIO Ta IMiITPUMaHHS CeHCMOCTIHKOCTI Oy TiBENb Ha
BIIMTOBITHUX TepuTOpisx mommmpenns jeciB 1 JICII 3a ekBiBaleHTHOI 1HTEHCHBHOCTI
CEMCMIYHOTO TIOIITOBXY.

MakcumabHa OLiHKa KUIBKOCTI HacelIeHHs Ha miarorienux Jiecax 1 JICII B 3oHax
3arajbHOI ceficMiuHOCTI MoHax 6 GaiiB o YKpaiHi B uisiomy nopieatoe 3,01 MiH 0cid
(6,3% Bix BCHOTO HAacEIEHHS B 30HaX CyMapHOI ceiicMIYHOCTI 6 1 OibIie OaiB).

Tabnuus 1 — BapianTu mioTHO eKOHOMIYHOT OLIIHKK JOAATKOBOTO PU3HUKY
CeficMIYHOTO pyiHYyBaHHSA criopyx Ha miaromienux jecax i JICII B Ykpaini B minomy

CyMapHa celiCMIYHICTh, OalliB

Kareropii perionansHOT0O

pusuky, $ muH pik’? 6i 6-69 | 7-79 | 889 9i

OlpIIIe OlbIIIEe

3aranpHUHA cCeHCMIYHIIA PU3HK
1 pytiHyBaHHS (0e3 BpaXyBaHHS 189,82 13,28 | 102,30 59,24 15,01
KJIIMaTHYHUX NapaMeTpiB)

JlonaTkoBUii celicMiYHMI PU3UK PYHHYBaHHS CHOPYA Ha miaTormienux jecax i JICIT

— 0e3 BpaxyBaHHS KIIMaTHYHIX

. 13,88 0,54 6,18 6,89 0,27
napaMeTpiB

3 % BiJI 3araJIbHOTO PU3UKY 7,3 41 6,0 11,6 1,8

— 3 BpaxyBaHHIM KIIMaTUIHHUX

4 . 2,32 0,091 1,03 1,15 0,045
napameTpiB
% BiJl pU3HMKY Ha MiJTOIJICHUX

5 necax 0e3 BpaxyBaHHsI 16,8 16,8 16,8 16,8 16,7

KJIIMaTHYHUX [IapaMeTpiB

— Y TOMY YHCITi 3 BpaXyBaHHIM
6 3MEHIIICHHS TPHBAJIOCTI 1,64 0,064 0,73 0,81 0,032
BECHSHOI ITOBEHI

% Bi pU3HUKY HA MiATOTUICHUX
7 necax 0e3 BpaxyBaHHS 11,8 11,85 11,8 11,8 11,85
KIIMAaTHYHAX [TApaMeTpiB

Jloicepeno: aBTOPCHKI pO3paXyHKH.

MaxkcumanbHa orliHKa (0e3 BpaxyBaHHs KIIMAaTHYHUX MapaMeTpiB) JOJaTKOBOTO
PHU3UKY pyHHYBaHHS CIIOpy/1 Ha miaToruieHux jecax i JICI 3a ceficMi4HOTO MOIITOBXY
6 Gais i Ginbiie craHOBUTMME NpUOIM3HO 13,9 $ Mo pik™.

Cepe/Hs OliHKA (3 BpaxyBaHHAM KJIIMaTHYHUX T1apameTpis) — 2,3 $§ mun pikt.

MiniMallbHa OIliHKa (3 BpaxyBaHHIM 3MEHIIICHHS TPHBAIOCTI BECHSIHOI ITOBEH1) —
1,6 $ mun pix™.

Le cranoButh, BigmosigHo, 7,3%, 1,2%, 0,8% Big 3aranbHOTO PHU3UKY
pyHHYBaHHsS CHOPYA, PO3paxOBaHOrO MAJs 30H CyMapHOi CEMCMIYHOCTI 3TifHO
3 owinkamu mpod. A.B. Jlyirka 3 iHTEHCHBHICTIO CEHCMIYHOTO HOIITOBXY 6 OajiB
i Ginbie — 189,8 $ mutn pix? (Ge3 BpaxyBaHHs KIIIMATHYHKX MTAPAMETPIB).
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Perionom i3 HAOLIBIIIM TOTATKOBHUM CEHCMITHAM PU3UKOM PYWHYBaHHS CIIOPY/T
Ha miaromteHux Jjecax 1 JICII e Opecbka ob6macte — 41,5-60% Big
3araJbHOYKpPaiHCHKOTO 3HAYCHHS PU3MKY B 30HI CyMapHOi ceiicMiuyHOCTI 6 OaiB i
OisblIe 32 pO3paxOBaHUMHM BapiaHTaMH OLIHKH. B IbOMy perioHi nepeBakHa 4acTHHA
TaKOTO PU3HKY TMOB’si3aHa 3 8-8,9-0abHOI0 CyMapHOIO celicMivHICTIO, Ta0. 2.

Tabmuiyt 2 — PerioHanbHa OIiHKA JOATKOBOTO PU3UKY PYHHYBaHHS CIIOPY. HA
migromtennx Jecax i JICII B YkpaiHi y 30Hi cymapHOi celicMiuHOCTi 6 6aniB 1 Oinbiie

BapiaHTH OLIHKH PU3NKY
bes BpaxyBaHHs 3 BpaxyBaHHIM V T.4. 3 BpaxyBaHHAIM
. KIIMaTH9IHUX KITIMaTUIHUX 3MEHIIeHHS TPUBAJIOCTI

Ne Obuacri rapaMeTpiB napameTpiB BECHSHOT ITOBEHi

Bererele 6,9/7-7.9/8-89|> 9| PO 6-6.9/7-7.9/8-89| > 9| P2 6-6.9|7-7,9|8-89]> 9
1| Kpum 384| 2|328/55|0 9| 0| 8| 14| 0 9| 0|8 |14 |0
2 | Binanmpka 305 3 27| 102173 48 16 | 27 31 0 3| 10 |18
3 | BonuHcbKa 0] O 0] 0|0 0 0 0] 0| O 0 0 00
4| loneupka 263| 78 | 185 0 | O 39 (11| 271 0] O 28| 8|19| 0|0
5 | IHinpoBchKa 1376 | 10 [1322| 43 | O 217 21209 7| 0] 161 1154 5|0
6 | JKuromupcbka 590| 10 | 580| 0| O 121 21119 0| O 73 1|71 0|0
7| Bakapnatcbka 0| O 0ol 0|0 0 0 0ol 0| O 0 0 0 0|0
8 | 3aropizeka 430 19 | 411 0| O 65| 3| 62| 0| O 47| 2| 45| 00
9| IB.-OpankiBcbka 8| 0 3] 6|0 1| 0 of 1] 0 1 0| 0| 10
10 | KuiBcbka 63| 3| 53| 8|0 12| 1| 10 1| O 71 0| 6| 110
11 | KpormsHuipka 25| 0| 25| 0|0 41 0 4 0] O 3| 0| 3| 00
12| Jlyraucbka 3 3 o ofoO 0 0| 0] O 0| o 0| 0O
13 | JIsBiBCBHKA 16| 16 O 0|0 2 0 0|0 2 2 0 0|0
14 | MukonaiBcbka 431 214001 29 | O 71 0| 66 510 54 0| 50 410
15| Opecbka 5765| 0| 364|5307|94| 1235 | 0 | 78 |1137|20| 982 | O | 62 |814|16
16 | PiBHeHCEKA 11 0 11 0] O 2 0 2 0| 0 1 0 1 0|0
17 | Cymcbka 128|101 27| 0|0 21|16 | 4| 0] O 12| 9| 2| 0|0
18 | [TonTaBchka 1217| 107 (1105 6 | O 191 | 17 (174 1| 0| 128 | 11 | 116 110
19 | TepHorminbcpka 0] O0f 0] 0O 0 0f 0] 0| O 0 0 0 0|0
20 | XapkiBcbka 480| 45435 0|0 77 7170 0| 0 52 5 | 47 0|0
21| XepcoHcbka 220| 120( 100f O | O 3 (19|16 | 0| O 26|14 |12| 0|0
22 | XMenpHUIBKA 3 3 0f 0|0 0 0| 0 0 0 00
23 | Yepkacbka 90 6| 31|54 |0 15 91 0 10 6|0
24 | YepHiBeripka 1341| 0| 58|1283| 0| 192 | O | 8 | 183 0| 151 145 0
25| YepmniriBcrka 731| 15(716| O | O 147 3(144 0| O 69 1| 67 00
VYkpaina Beboro | 13882 | 544 |6180(6891(267| 2324 | 91 (1034 |1153| 45| 1638 | 64 | 729

Jloicepeno: aBTOPCHKI pO3paXyHKH.

[TixBuneHn# 1O0AATKOBUIA CEHCMIYHMI PU3UK PYHHYBaHHS Ha MMiJTOIUICHHX JIecax
i JICII, nepeBakHO TOB’si3aHMN 3 30HOIO §-8,9-0anpHOI cymMapHOI CelcMiYHOCTI,
crocrepiraerecsi ~ Takok y  YepHiBeupkiii  obmacti  (9,2-9,7%  Bix
3arajibHOYKpaiHCHbKOTO 3HAYEHHS PHU3HKY). A TEpeBaXHO TIOB’SI3aHUH 3 30HOIO
7-7,9-6anbH0i cyMapHOi ceficMiuHocTi — B JIHINPOBChKiit (9,3-9,9%) ta [TonTaBchkiit
obmactsx (7,8-8,8% Bij 3aralbHOYKpaiHCHKOTO 3HAUSHHS PU3HKY ).
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B immmx perioHax VYkpaiHH 3a pO3paXxOBaHMMH BapiaHTaMH OIlIHKH
mokamizoBano  11,6-32,2%  3aranbHOYKpaiHCHKOTO 3HAa4eHHA JOAATKOBOTO
CEMCMIYHOTO PHU3MKY pYHHYBaHHS cHopya Ha miaromieHux necax i JICII
(3a BunsTKOM Bonmucbkoi Ta TepHOMIIBCHKOT 00NacTeil, e BiH TOPiBHIOE HYJIIO).

BucHoBku

1. Orpumani maHi Mpo cydacHy aKTHBI3aIlif0 3MiH 1HXEHEPHO-TEOJIOTIYHUX YMOB
neciB 1 JICII Ta 30iipmeHHs IX BHECKY Y 3pOCTaHHS €KOJIOTO-TEOJIOTIYHUX PH3HKIB
KUTTENISUTBHOCT] MiIBOJSATH JO BAXKIMBOTO BUCHOBKY, IO JIGCOBO-TIOPOIHI MaCHUBH
y Oimpmiocti perioHiB VYkpaiHW cTaloTh HaAHOMBII YYyTJIIMBUM E€IEMEHTOM
T€0JIOTIYHOr0 CEPEeIOBUIIA 10 BIUIUBY 3POCTAl0UOr0 TEXHOI'€HHOI'O HAaBAaHTAXKEHHS
Ta T7100aNbHHUX 3MiH KJIIMATy.

2. lo mocunenHs HeOesmeuHnx BiuactuBocteld JeciB Ta JICIL, kpim
MIPOCAAKOBOCTI, 3MEHITICHHSI MIITHOCTI TOIIO, TOIAIKCS HOBI MPOIIECH — aKTHUBI3aIlisd
HaOyXa€eMocCTi, 30UTBIIEHHS TPOSIBIB  IUIMBYHOYTBOPEHHS Ta  THKCOTPOITi.
HaitakTuBHiIIe BOHU MPOSBIISIIOTHCS B MICTaX 1 CEJIMIIAX, 1110 00YMOBJICHO BEJIMKUMU
BTpaTaMH BOIM 1 TeIUla 3 MICBKUX MepeX, fKi csraioTh 35-45% 1 MepeBUILYIOTh
¢binpTpaniiiny 3patHicTh JeciB Ta JICIL Y OimbImocTi BUNAAKIB 1€ MPU3BOAUTH JI0
(hopMyBaHHS TEXHOTCHHHUX BOJJOHOCHUX TOPU3OHTIB (TaK 3BaHUX «BEPXOBOJOK») 5K
KJIIOYOBOI'O YMHHHUKA B MEXaHi3Mi Jerpajaallii JIeCOBO-IIOPOJHUX TOBI y MicTaxX Ta
(hopmyBaHHS TiIpo-reoaedopMaIliifHuX OB MPH CEHCMOITOIITOBXAX.

3. BpaxyBaHHs KJIIMaTHYHUX TMapaMeTpiB ICTOTHO 3MIHIOE 3HAYCHHS
€KOHOMIYHOI OI[IHKH JOJAaTKOBOT'O PU3UKY CEHCMIYHOTO PyHHYBaHHS CIOpYH Ha
migrorieanx yecax i JICII B Vkpaini y Oik HOro 3MEHIICHHS Ha JIOKaJIbHO-
00’exTOoBOMY piBHI. BpaxyBaHHs iX 3MiHH B OCTaHHI JECATHIIITTS 3MEHIIYE TaKHHA
pU3MK 11e OiNIbINe, OCKUIbKA Ha (DOHI CTIHKOI TEHACHIIT JO 3POCTaHHS CEPEIHIX
TeMIIEpaTyp BiIOYBA€ThCS MTUCKPETHU3AIlisl OMAJiB B 4aci i MpocTopi, 30LIbIICHHS
YacTOTH aHOMAJIbHUX 3JIMB, 3MEHIIEHHS CTIHKOCTI CHITOBOTO TOKPOBY (Bi/UTATH) i
TPUBAJIOCTI BECHSHUX IIOBEHEH, IO NPU3BOIAUTH JO TaKOi K JAMCKpETH3aIlil
PETiOHAILHOTO MMiITOIIICHHS.

4. Jlo BpaxoBaHMX HaMH Ha [IBOMY €Tami JOCTi/PKEHHS KIIMaTHIHUX
MapaMeTpiB JOMUTFHO JOAATH TaKOX: KUTBKICTh AHIB 3 JOMIEM 3a PiK Ta KiIBKOCTI
JIHIB 13 HE 3aMep3JIMM IPYHTOM B 3UMOBHH 11epioj] (JIMCTOMAa — JIIOTHH).

5. Bce Oinbire akTyamizyeTbcst oTpeda y 3MiHCHEHHI PEeriOHANBHOTO aHATi3y
3MIHM 3a3Ha4eHHX KIIIMaTHYHUX TapaMeTrpiB 3a octanHi 10 i 20 pokiB Ta B
opranizaiii mocTiifHoro MoHiTOpHHTY 3a HUMH criiamu YKpHJII'MI i3 myGmikariieto
BIJIMOBITHUX PIYHMX 3BITIB Ha [HTEpHET-CANTI I[LOT'O IHCTUTYTY.

6. He MeHm BakIMBO 3IiMCHIOBATH MIOPIYHWA MPOCTOPOBHI MOHITOPHUHT
PErioHAJILHOTO MIATOIUICHHS (3 OIIIHKOI IUION[ B PErioHAJIbLHOMY pO3pi3i) Ta
OTIPHJIIOTHEHHS TaOIMYHUX 1 KapTorpadiqHUX Pe3yNbTaTiB CIIOCTEPEIKEHHSI.

7. HIBuaki 3MiHM iH)XEHEPHO-TEOJIOTIYHOTO CTaHy MNPOCAIKOBHUX IMOPOIHHUX
MacHuBiB B yMOBaxX BIUIMBY UYMHHHKIB TIJI00aJbHUX 3MiH KIJIMaTy, 3pOCTaHHSI
rIo0aIbHOI CEHCMIYHOCTI Ta TEXHOT€HE3y, Ha HAIy AYMKY, TOTPEOYIOTh PO3POOKH
HOBHX HOPMaTHBHO-METOJWYHUX IIOJIOKEHb 3 BUBUCHHS JIECOBHUX Ta JIECOBO-
nopoaHux QopMamiii i3 BUAIIEHHAM IX ONOPHUX pO3pPi3iB y TEXHOTCHHO
HABaHTa)KEHUX Ta BPA3JIUBHX perioHax YKpaiHu, 30KpeMa y 11 HalOiIbIINX MicTax.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019



CIIMCOK JIITEPATYPHU

1. Poroxwun O.T'., fAxosnes €.0. [ToTeHniitamii npupict ceficMmigHocTi B YKpaiHi sk pakTop
3pOCTaHHA PpU3HWKY JKUTTENSUIBHOCTI Bifg aBapiii Ha Ximiko-HeOesmewnmx ITHO /
O.T". Poroxwus, €.0. fxosnes // Exomnorigna 6e3neka ta nmpupogokopuctyBanas. — 2015. —
Bumn. 1(17). — C. 15-27.

2. SxosneB €.0., Poroxun O.I'. daktopu 1 MOXIMBI HacCliKH pPETriOHANBHUX 3MiH
IH)KEHEPHO-TEOTEXHIYHOTO CTaHy JIeCiB Ta JIECOBO-CYIJIMHUCTUX TMopin VYkpaiHu /
€.0. Skosnes, O.I'. Poroxxun // Exonoriuna Oe3neka Ta npupogokopuctyBanHs. — 2018, —
Bum. 3(27). — C. 5-23.

3. II’ate HamioHajbHE MOBIIOMIICHHS YKpaiHM 3 NUTaHb 3MiHM Kiimary. MiHnmpuponu
VYkpainu. Kuis, 2009. — 281 c.

4. Sxones €.0., Poroxwmn O.I'., Bacumuiok A.B. T'IC-ominka 3arpo3 mOTipHIeHHS
IHKEHEPHO-TEOTEXHIYHOTO CTaHy JIECIB Ta JIECOBO-CYTIIMHHUCTHX MOPiN YKpaiHd B YMOBax
riobanpHuX 3MiH KiaiMary / €.0. Sxosnes, O.I'. Poroxwun, A.B. Bacuntok // Tnpopmanitiai
TEXHOJIOTi1 YTIPaBIiHHSA EKOJOTIYHOI OE3MeKO0, MPUPOJOKOPHUCTYBAHHSAM, 3aXOJaMH B
Ha/3BUUAHUX cutyamisx: KomektuBHa mMoHOrpadis 3a matepianamu XVII MixuaapogHoi
HAyKOBO-TIpakTHIHOI KoH(pepenuii (Kuis, 25-26 Bepecust 2018 p.) — K: TOB «Bwux. «¥Octon»,
2018. - C. 154-156.

5. JIBH B.1.1.-12: 2006. : Tonatok B. — 82 c.

6. Cycinko M.M., Jlyx’smenp O.l. PaiionyBanHs Teputopii VYkpaiHM 3a cTyneHeM
rigponoriunoi HeOesmeku / M.M Cycinko, O.1. JIlyk’swenus // Hayk. mpani YkpHAT'MI. —
2004. — Bum. 253. — C. 196-204.

7. HamionanpHuii atmac VYxkpaimum. [loBepxHeBi Boam Ta BoaHI pecypcd. Tekct /
B.I. Ocagumii, A.l. IepeweBcbkuilt [Enekrponnuit pecypc] Pexum pgoctymy:
http://wdc.org.ua/atlas/4090100.html

8. TI'pebentok H.I1. XapakTepucTrka MOBTOPIOBAHOCTI CHIIBHUX 3JIUB Ha TEPUTOPii YKpalHH
B yMmoBax cydacHuX 3MmiH kiimary / H.II. I'pebentok // Tigpomoris, rigpoximis i
rigpoekomnoris. — 2014. — T.1(32). — C. 96-101.

9. Bacuinenko €.B. OcHOBHI uMHHUKM (OpMYBaHHS BECHSHOTO BOJONULISL B OacelHi
p. Ilpun’siTh Ta ixHi cydyacHi 3minu / €.B. Bacunenko // Hayk. npami YkpHAT'MI. — 2011 —
Bumn. 261. — C. 192-198.

10.T'pe6inp B.B. Ouinka BogHocTi piuok OaceiiHy BepxHboi [lpum'sri B ymoBax
kriMatuaanx 3mid / B.B. T'pe6iup // Timposoris, rimpoximis i rimpoekomoris. — 2011, —
T.4(25). - C. 38-48.

11. bi6ix B.B., Burapuyk O.0., Jlyx'srens O.1., Xinpuepcekuii B.K. IIpocTopoBo-yacoBa
XapaKTepUCTHKA CTOKY pidok OaceitHiB Cymna, [Icen, Bopckia / B.B. bibik, O.0. Bunapuyk,
O.1. Jlyx'simeup, B.K. XinsueBcokuit // Tigposnoris, rigpoximis i rigpoexosnoris. — 2011. —
T.4(25). — C. 85-99.

12. Tpopumuyk O.M., SxoBxneB €.0., 3akopueBHa H.b., 'ock E. PerionansHe miaTorieH s
MicT Ta cenuny Ykpainu sk Qakrop ii HaumioHansHOT Oe3neku. // Exonoris HoBKULIS Ta
Oesneka xutreaismbaoCcTi. — K. — 2003. — Ne6. — C. 12-23.

13. Tpopumor B.T., Koponer B.A. (pen.). MHxeHepHas TeojiorTHs MAacCHBOB JIECCOBHX
nopoxa. — M. MI'Y, 2004. — 139 c.

14. IprroBuy H.A. Mexanuka rpyHToB. — M. — Beic. mikona. — 1983. — 288 c.

Cmamms naditiuwna 0o pedakyii 02.08.2019 i npuiinama 0o OpyKy nicis peyeH3y8aHHs

29.08.2019

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019



REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Rogozin, O. G., & Yakovlev, Y. O. (2015). Potential increase of seismicity in Ukraine as
a factor of growth of personal and social safety risk from accidents on chemically dangerous
objects. Environmental Safety and Natural Resources , 17(1), 15-27. (in Ukrainian).

2. Yakovlev, Y., & Rogozin, O. (2018). The factors and possible consequences of regional
changes in engineering and geotechnical status of loesses and loessy-loamy soils of
Ukraine. Environmental Safety And Natural Resources, 27(3), 5-23.
doi:http://dx.doi.org/10.32347/2411-4049.2018.3.5-23. (in Ukrainian).

3. Fifth national message from Ukraine on climate change. (2009). Ministry of Environment
of Ukraine. Kyiv, Ukraine (281 p.). (in Ukrainian).

4. Yakovlev, Y. O., Rohozhyn, O. H., & Vasyniuk, A. V. (2018). GIS-otsinka zahroz
pohirshennia inzhenerno-heotekhnichnoho stanu lesiv ta lesovo-suhlynystykh porid Ukrainy
v umovakh hlobalnykh zmin Kklimatu. In XVIl Mizhnarodna naukovo-praktychna
konferentsila  «Informatsiini  tekhnolohii  upravlinnia  ekolohichnoiu  bezpekoiu,
pryrodokorystuvanniam, zakhodamy v nadzvychainykh sytuatsiiakh». (Kyiv, 25-26 veresnia
2018 r.) (pp. 154-156). Kyiv: «Vyd. «lustony. (in Ukrainian).

5. DBN B.1.1.-12: 2006. Addition B. — 82 p. (in Ukrainian).

6. Susidko, M. M., & Luk’ianets, O. L. (2004). Zoning of the territory of Ukraine by the
degree of hydrological danger. Naukovi Pratsi UkrNDHMI, (253), 196-204. (in Ukrainian).
7. Osadchyj, V. ., & Shereshevs'kyj, A. . (n.d.). National Atlas of Ukraine. Surface water and
water resources. Text. Retrieved from http://wdc.org.ua/atlas/4090100.html. (in Ukrainian).

8. Hrebeniuk , N. P. (2014). Characteristic of the recurrence of heavy rainfall in Ukraine in
the context of modern climate change. Hydrology, hydrochemistry and hydroecology, 32(1),
96-101. (in Ukrainian).

9. Vasylenko, Y. V. (2011). The main factors for the formation of spring waterfalls in the
Pripyat River basin and their modern changes. Naukovi Pratsi of UkKrNDHMI, (261), 192—
198. (in Ukrainian).

10. Hrebin, V. V. (2011). Assessment of the water quality of the rivers of the upper Pripyat
basin in the climate change. Hydrology, Hydrochemistry and Hydroecology, 4(25), 38-48.
11. Bibik, V. V., Vynarchuk, O. O., Luk'ianets, O. I., & Khilchevskyi, V. K. (2011). Spatio-
temporal characteristics of runoff of the Sula, Psel, and Vorskla basins. Hydrology,
Hydrochemistry and Hydroecology, 4(25), 85-99. (in Ukrainian).

12. Trofymchuk, O. M., Yakovliev, Y. O., Zakorchevna, N. B., & Hosk, E. (2003). Regional
flooding of Ukrainian cities and towns as a factor of its national security. Environmental
Ecology and Life Safety, (6), 12-23. (in Ukrainian).

13. Trofymov, V. T. (2004). Engineering geology of loess-rock massifs. (V. A. Korolev, Ed.).
Moscow: MGU. (In Russian).

14. Cytovych, N. A. (1983). Soil mechanics. Moscow: Vyssh. Shkola. (In Russian).

The article was received 02.08.2019 and was accepted after revision 29.08.2019

Poro:xxun Ouexkciii I'eopriiioBuy

JIOKTOP €KOHOMIUHHX HayK, TOJIOBHUI HayKOBUIi CIIiBPOOITHUK [HCTUTYTY TeJleKOMYHIKallii
i rmobanbHOTO iHpOpMaiiiHoro npocropy HAH Ykpainu

Anpeca po6oua: 03186 Ykpaina, m. Kuis, HokomiBcekuii OymsBap, 13

e-mail: olexarog@gmail.com

ORCID ID 0000-0001-8101-9368

SIkoBieB €Bren OsiekcaHAPOBUY

JIOKTOP TEXHIYHUX HayK, TOJIOBHUI HayKOBHH CIIBpOOITHHK [HCTUTYTY TenekoMyHikamii i
rino6anpHOro iH(opManiitHoro npocropy HAH Ykpainu

Anpeca po6oya: 03186 Ykpaina, M. Kui, YokoniBcskuii OynbBap, 13

e-mail: yakovlev@niss.gov.ua

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019


http://dx.doi.org/10.32347/2411-4049.2018.3.5-23
http://wdc.org.ua/atlas/4090100.html
mailto:yakovlev@niss.gov.ua

VK 622.25: 502.36/55

Olexandra V. Buglak, research assistant
e-mail: aleksandra.verkhovtseva@gmail.com

Katerina Y. Boiko, research assistant
e-mail: boyko_ekateruna@ukr.net

Oksana V. Lunova, PhD, Associate Professor of postgraduate education and management
e-mail: lunovaov@ukr.net

State Ecology Academy of postgraduate education and management, Kyiv, Ukraine

ARMED CONFLICT AS AN ENVIRONMENTAL RISK FACTOR
AT WATER SUPPLY FACILITIES IN EASTERN UKRAINE
(CASE STUDY OF “VODA DONBASSA” UTILITY COMPANY’S
SIVERSKYI| DONETS - DONBAS CANAL)

Abstract. The “Voda Donbassa” utility company’s Siverskyi Donets — Donbas
Canal is considered critical infrastructure and at increased risk, as existing
environmental threats have been identified (significant technical malfunctions in
connection with military operations — breach of the waterproof canal-bed;
damage to the pipeline’s water-tightness; flooding along the path due to
significant water loss and, as a consequence, development of dangerous
geological processes — swamps, landslides, surface subsidence, rising
groundwater levels; a possible complication of the humanitarian and sanitary-
epidemiological condition in the region is the presence of the prerequisites for
man-made accidents to occur at environmentally-hazardous chemical,
metallurgical, and energy enterprises that use large volumes of water in their
technological process) and recommendations given for minimizing the risks of the
beginnings of man-made environmental disasters (development of plans for the
localization and elimination of the consequences of accidents, where they are
lacking; measures to prevent breaching the integrity and waterproofing of the
Siverskyi Donets — Donbas Canal — technical inspection, planned and preventative
maintenance work, repair work, monitoring the canal’s hydrological and
hydrogeological systems, hydraulic structure technical condition, ensuring
systematic monitoring and renovation of the water supply system; implementation
of measures for drainage of land in areas of flooding in order to reduce the
negative impact).

In connection with the passage of the Siverskyi Donets — Donbas Canal route
through the line of armed conflict, it is necessary to create “secure zones” with a
radius of 5 km where the canal intersects the contact line in order to prevent their
destruction due to possible shelling.

Keywords: canal; critical infrastructure; environmental risks; degree of danger;
line of armed conflict; secure zone
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Jlep>kaBHa €KOJIOTIUHA aKaAeMis MiCIISAUIUIOMHOT OCBITH Ta ynpasiiHHs, M. KuiB, Ykpaina

35POMHUI KOH®JIIKT SIK ®PAKTOP EKOJIOTTYHOI' O PU3UKY
HA OF’E€EKTAX BOJONMOCTAYAHHS HA CXO/II YKPATHU
(HA IPUKJAJI KAHAJY «CIBEPCHKUIT JOHELL — JOHBAC»
KII «<KOMITAHISI «<BOJA JJOHBACY»)

Anomauin. Poszenanymo xanan «Cisepcokuii [Joneyv — [Jonbac» KII «Komnania
«Booa Jlonbacy» sik 00un i3 00'ekmie KpumuuHoi inghpacmpykmypu ma niosuujeHor
600H0-€K0J102I4HOI HeDe3NeKu, GU3HAYEHO HASA6HI eKONO2IuHi 3a2po3u (3HauHi
MeXHIYHI HeCnpasHocmi )y 36'A3Ky i3 30pOUHUM KOHMIIKMOM) — NOpyuwenHs
2iopoizonayii  pycia  Kahamy, HOUIKOOJCEHHS — 2ePMEMUYHOCMI  800020HY;
RIOMONAEHHS MePUMOPIU 830080iC MPACU X NPOXOOICEHHS 6 36'A3KY 31 3HAYHUMU
smpamamu 600U i, SIK HACIIOOK, PO3GUMOK HEOE3NeYHUX 2e0N02TUHUX Npoyecis —
3a060104Y8AHHI MICYe80CMI, 3CY8l, NPOCIOAHHSA NOBEPXHI, NIOUOM DI8Hs TPYHIMOBUX
600, MOJCIUBE YCKIAOHEHHA 2YMAHIMApPHOI ma CAaHimapHo-enioemionociuHoi
cumyayii 8 pe2ioni; HaA6HICMb nepedyMo8 00 BUHUKHEHHS MeXHO2eHHUX asapiil Ha
€KO0JI02IUHO Hebe3neuHux nionpueMcmeax XiMiunoi, MemanypeiuHoi, enepeemuyHoi
eanysetl, AKi 8 CGOEMY MEXHOJIO2IUHOMY NPOYeci BUKOPUCTNOBYIOMb 8eNUKI 00cs2U
600U.

Haoano pexomenoayii wooo minimizayii puzuxie GUHUKHEHHS MEeXHO2EHHO-
eKOoI02IUHUX Kamacmpog (po3pobra niamie Nokanizayii i aikeioayii HacHioKie
aeapiti, 0e 60HU 6IOCYMHI; 3aX00U WOOO HEOONYWEHHS NOPYUEHHSL YINICHOCI Mma
eepmemuyunocmi xauany Cigepcokuti JJoneys — Jonbac, 6 m.u. KOHMpoOb 3a
2I0PONOSIUHUM Ma 2I0PO2CONOCIUHUM PENCUMAMU POOOMU KAHALY, MEXHIYHUM
CMAHOM 2I0POMEXHIUHUX CROPYO).

V 38'azxy 3 npoxoodowcennam mpacu xanany Cisepcokuii [Jouweyv — [onbac uepes
JUHII0 30POUHO20 3IMKHEHHS NOKA3AHA HeOOXIOHICMb CIMBOPEHHS «30HU De3neKuy
paoiycom 5 KM 3 Memor NONepeOdCeHHsl PYUHY8AHHI KDUMUYHUX 2IOPOMEXHIYHUX
cnopyo.

Knrouosi cnosa: xanan;, 06'ekm kpumuunoi ingppacmpykmypu; eKon02iuni pusuKiL;
Hebe3neuni eK302eHHI 2e0Nl02iyHI npoyecu; JNiHis 30poliHO20 3IMKHEHHs, 30HA
be3nexu

HocTranoBka npodaemu

Cy4acHi €KOJIOTIYHI PU3MKM JUIsl HACEJICHHS Ta JOBKUUIS PErioHy JOCIIIKCHb
CTOCYIOTBCSI TOPYIICHHS EKOCHCTEM Ta IPHUPOJHHUX TEPUTOPiH, pyHHYBaHHS
00’ekTiB  Kputn4HOi iH@pacTpyktypu (OKI), 3a0bpynHeHHs mKepen MUTHO-
rocronapcbkoro Bogonocradanus (I11'B).

Kanan «Cisepcrkuii Jlonenp — Jlonbac» KII «Kommanis «Boma Jlonbacy» €
omauM i3 mpoBizHuX OKI, po3TamoBaHMX SK Ha KOHTPOJbOBaHIH, Tak 1 Ha
TUMYacOBO HEKOHTPOJILOBaHIKM TeputTopii [loHerbkoi obmacti [1-6]. Kpim Toro,
npupoano-texHorenHa cucrema (IITC) mporo o00’ekTa € OAHIEID 3 BHUPAa3HHUX
ocobmuBocteld  Tepuropii  JloHempkoi oOmacti. ['onmoBHUM 3aBmaHHSM il
(YHKIIOHYBaHHS 3aJIMIIAEThCs 3a0e3nedeHHs cTiikoro i exobesneuHoro [1I'B 3a
YMOBU BHUKOPHCTaHHS 3HAYHOT'O OOCSTY HE3aXHUINEHHUX BiJl BIUTUBY TEXHOT'CHHHX 1
BiiCbKOBHX (pakTOpiB MOBEpXHEBUX BOJ Oaceiiny p. CiBepcbkuii JJoHels.
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Cuiz 3a3HaYUTH, 110 HAa KOHTPOJILOBAHIH TEPUTOPii OpraHN BUKOHABYOI BIaIH Ta
MICILIEBOTO CaMOBPSAYBaHHs, 10 chepu yNPaBIiHHS SKUX HAJICKUTh LEH 00 €KT,
MAalOTh MOXKITUBICTB 3/IIHCHIOBATH OOMEKEHHH 3a CKJIAJIOM €KOJIOTIYHUX ITapaMeTpiB
MoniTopunar kaHaiy «Cisepcekuii Jonens — Jonbac» KII «Kommanis «Boga
Joubacy» Ta KOHTPONIOBAaTH pO3BHUTOK TOMIA, TMOB’S3aHUX 3  HOTO
¢dbyukmionyBanusaM. lle, B CBOIO depry, CyTTEBO YCKIAIHIOE OOTPYHTYBaHHS,
PO3pOOKY Ta BIPOBAIKEHHS 3aX0/1iB 00 MOIEPeAKeHHs BHHUKHEHHS aBapiiHO-
HeOe3MeuyHnX CUTYyalliil, a y pa3i BUHUKHEHHS TaKUX CHTYaIliil — 3aXOfiB MI0I0 iX
OTICpAaTHBHOI JIOKami3amii Ta JikBigamii. Ilpm 1boMy, Ha CBOTOAHI, OpraHam
MICIICBOTO CaMOBPSAYBaHHS HEAOCTaTHBO BiJOMHH CTaH IILOIO MPOCTOPOBO
PO3BHHYTOT'O Ta TEXHOJIOTIYHO CKJIAAHOTO 00’ €KTa, Y 3B’A3KY 13 UMM CUTYALis 1010
HOTO TIOAJIBIIIOTO CTIHKOTO Ta 6€3MeYHOro (QYHKIIIOHYBAaHHS € CKJIAIHOIO €KOJIOTO-
TEXHOJIOTIYHOIO 3aJauero.

Uepes npoBeneHHs: 00HOBUX il 3arpo3a MOIIKOMKEHHS KaHay «CiBepchKuit
Honens — Jlonbac» € mocuth Benmmkoro. KpiMm Toro, y pas3i BUHMKHEHHS aBapiit
JIOKAITi3amis Ta JIKBiAalis HACTIAKIB aBapiifHOl cuTyallii Moxke OyTH yCKIIaJHEHa
4yepe3 HEMOXKIIUBICTh OTPUMaHHSI JOCTYITY /10 MiCI[b MOIIKO/KEHb [2].

3rifHO 3 ICHYIOUMMH YSBJICHHSMH, CKOJOTIYHHH PU3UK — II€ HMOBIpHICTh
BUHHUKHEHHS HETATHBHUX 3MiH HaBKOJIMIIHBOTO CEPEAOBHILA Bl HETaTHBHOI MOI1,
sKa Ma€ BIJNOBiAHY WMOBIpHiCTH peamizamii [7]. BiH xapakTepu3yeTbcsi TaKUMHU
HOPMaTHBHUMH PiBHSMHU:

» TPUAHITHUI EKOJNOTIYHUI PHU3HK;

» TpaHUYHO JOIyCTUMHIA €KOJOTIYHUN PH3HK;

» KPUTUYHHUH €KOJOTIYHUHN PU3HK;

» HENPUITyCTUMUN PUBHK.

HasBHicT,  3HauHOI  KUIBKOCTI  JDKEpeNn  EeKOTEXHOTeHHOI  HeOe3meKu
(TiApOTEXHIYHUX CHOPYA, TEIUIOBHUX EJIEKTPOCTaHI, MaricTpaJbHHX ra3o- i
HapTONPOIYKTONPOBO/IB Ta 1HIINX 00’ €KTiB BUPOOHUIITBA) B YMOBaX BiHCHKOBOTO
KOH(QJIIKTY CTBOPIOE TIepelyMOBH 3a0pyIHEHHS BOJHOTO CEPEIOBHUINA SIK Y poLeci
HOpPMaJIbHOTO (PYHKIIIOHYBaHHS 00'€KTIB, TakK i B pe3yJIbTaTi Pi3HOTO POy aBapii i
KatacTpod) Ha BHIE3raJlaHNX TEXHOTEHHUX 00’ €KTax.

OcCHOBHI pe3yJIbTaTH JOCTiZKeHHS

Bopomnocrayanns Oinpiioi 4acTMHM JlOHeNBbKOI 00JIacTi 3OIMCHIOETBCS 32
JIOTIOMOT'OI0 TaKoi TiAPOTEXHIYHOI cropynH, sk kaHan «CiBepcbkuil [lonenp —
Jlonbacy, sika excrutyaryerbes KIT «Kommanis «Boaa Jlonbacy».

[Mpubnuzna nowxuna kaHany «CiBepcbkuii Jonenps — Joubacy KIT «Kommanis
«Boma [oubacy» — 130 xm. Bin Oepe cBili mouartox 6insi M. ClOB’SHCBK Ta
3aKkiHuyeThes Hemoganik M. Jlonenpk oHenbkoi obnacti. Kanan cknamaerses i3
BIJIKPHUTOI Ta 3aKPUTOI YaCTHH. BifkpuTa yacTiHa — TpaauiHHIA HA3eMHNH KaHaT
Tparnenienonionoi popmu. 3akpura YacTHHA KaHALy — TpyOHI MOCTH (IIOKEpH), SIKi
MPENICTaBISIFOTh co00r0 2-3 TpyOM aiamerpoM Onu3bko 2,4 M i3 JOJaTKOBUM
HACOCHMM OOJNaJIHAHHSM. BUWKOpUCTAaHHS MIOKEpiB 3YMOBJICHO HEOOXIIHICTIO
MEPeTHHY IHIIMX PIYOK, 3aJII3HUYHUX Nepei3fiB, aBTOMOOUTBHUX JOPIr, a TakoxX
HepiBHOCTEH penbedy.

Jlo ckiany kaHaiy BXOASATh 4 HACOCHMX CTaHINI migiomy: crauiis [ migiomy —
9 HacocHux arperariB; ctaHuis Il migiiomy — 9 HacocHHWX arperaTiB; CTaHIIiS
I migitomy — 12 HacocHux arperartis; cranuis [V migiiomy — 7 HACOCHUX arperaris.
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3a IOmOMOror0 KaHaily BiOyBaeThCS BOJONOCTA4aHHA BepXHbOKaIbMiyChKOT,
MakiiBcpkoi, €HakieBcbkoi Ta [OpmiBchKMX (UIBTPYBANIBHMX CTaHLIN, sKi
3a0e3MeYyI0Th MUTHOIO BOJOIO OJM3BKO 2 MIIH YOJIOBIK.

Kanan Cisepcokuii Jloneup — JlonbOac, skuii moOymoBanmii y 1953-1958 pp.,
MIPOXOANTH IO BoAominax Mk piukamu CiBepcbkuii Jlonens i Kazennunii Toperlp,
10 00YMOBITIOE HOTO aKTUBHHUM €KOJIOTO-T€OIOTIYHIH BILTUB Ha PEXXHUM I'PYHTOBHUX
BoJ1. 3a0ip Boau B kaHat i3 p. CiBepcbkuii JloHenb 3MIHCHIOETECS B CMT Paiiropomok
CrnoB’saHCHKOTO paiioHy. B micti Bogo3abopy piuka mepexpurta rpediero, BHACTIIOK
9oro piBeHb BOAW B HIil MIOBUIIUBCA HA 5 M 3 OJHOYACHUM ITiIITOPOM PIiBHS
IPYHTOBHX BOJ Ta PO3BUTKOM JIOKaJbHHUX AUISHOK MiATOIUICHHS HA MPHJIETINX
teputopisx. Ha Bcili mporsokHOCTI KaHanmy Bim Paiiropoacekoro rigpoBysia 1o
p. Kanbmiyc BigzHadaeThes miniom piBHiB y Mexax Bin 0,5-1 1o 25 M, y ceperHbOMY
Ha 5-10 m. B GaraTpox BuIaaKax mii#OM piBHIB CyNIPOBOIKYETHCS 3200JI09yBaHHIM
3eMeNb Ta MOTIPHICHHSIM SIKOCTI MOBEPXHEBOTO CTOKY. Boza 3 KaHaly moJaeThCs
MPAKTHYHO B yCi TIPOMUCIIOBI PafOHM CHUCTEMOIO PO3MOAUTFHUX MariCTpaTbHUX
BOZIOBO/IIB. 3HAYHY POJb Y BOJOIOCTa4aHHI 00NacTi BiIrparoTh i miI3eMHI BOIH,
OCKUTBKM B OKPEMHUX MiCTaX, CEIMIIAX i cejaX BOHHM € TOJIOBHHMM, a HEPIIKO i
€TMHUM 3aXHIIECHUM BiJl IOBEPXHEBOTO 3a0pyJHEHHS JUKEPEIOM ITUTHOI BOJIH.

Crnig 3a3Ha4yWTH, MO TOB’SA3aHI 3 HEAOCKOHATUM (iIBTPAIlifHAM 3aXHUCTOM
3HayHl BOAHI BTpatu 3 kaHany Ciepchkuii [lonens — JloHOac, ski HaaXOIATh
y BOJIOHOCHHH TOPH30HT Y BIJKIAaJaX BEPXHbOI KpEeWIH, ITOKOPIHHO 3MiHHIIH
rigpomuHaMiuHy OOCTaHOBKY paioHy. [igporeoNoriyHUMu  TOCIiIKEHHIMHI
BCTaHOBJICHO, 110 Ha Mo4YaTKy 70-X pokiB QiabTpamiiHuiA MOTIK 3 KaHANy OTACHB
(dhopMyBaHHsI ACMPECIHHOT iKW Ha IO BOA03a00py AuIsHKK binsHchka. Ane
OLIBIN SICKPaBO BIUIMB KaHANy IPOSBUBCS, KOJNU 31 30UIBIIEHHSAM iHTEHCHBHOCTI
BOJIOBIIOOPY BimOyBanocs Oe3yNMUHHE IMiIBUIICHHS TUHAMIYHUX PiBHIB Ha 3-8 M.
Byna Bu3HaueHa MOTYXHICTh TEXHOTCHHOTO MiJ3eMHOro mMoToky (5,1 M), 110
HaJXOJUTh y BOJOHOCHHMI TOPU30HT y pe3ynbrari ¢iabTparii 3 kanamy. Lle
MOCITY>KWJIO TIPUBOAOM Il TIEPEOIiHKM 3amaciB AuisHkd binsHckka. OO6csr
BO03a00py cTaHOBUB 466 MiH M°/pik ab6o 73% Bim 3arambHOrO 3a00py BOIH
y JloHenpkiit obmacti.

Binx crifikocTi pyHKIIIOHYBaHHS KaHATY 3aJI€KUTh BUTPUMAHICTD MOIa4i IMTUTHOT
BoaM TakuM MictaMm, sk JloHempk, ['opiiBka, MakiiBka, €HakieBe, ABHiiBKa,
Topeurk, BonmHoBaxa, Mapiymnois Ta IpuIIeryi HaceleH] MyHKTH, B IKAX MPOKUBAE
Omm3bko 3,5 MutH mozeit. [Ipu oMy citijt 3a3HaYMTH, IO ATBTEPHATHBHUX MUIAXIB
JOCTaTHBOTO ITOCTaYaHHS BOJIM BHIIEBKA3aHUM MICTaM 3a TepeBaKaHHs Cy4acHOI
CXEMH BOJIHO-TIOBEPXHEBOTO BOJIOKOPHCTYBaHHS HEMAE.

Exonociuni puzuxu

VY 3B’s13Ky 13 IPOBEICHHSAM OOMOBUX JTiid, KaHAJ MEPiOAMYHO MaB 3HAYHI TEXHIYHI
HECHPABHOCTI  (MOPYIIEHHS Tigpoi3oJisiii pycia KaHally, ITOIIKOKEHHS
TepMETUYHOCTI BOJIOTOHY TOIIO), Yepe3 M0 BiOyBaIOTHCS 3HAYHI BTPATH BOJIH, IO
B CBOIO YEpry akTUBI3y€ MiATOIUICHHS TEPHUTOPiil B3JOBXK TPacH MPOXOKECHHS
BOJOHECYUMX KoMyHikauid. [Ipu 1pOMy 3pocTaHHS HUISIHOK IiJTOIUICHHS
TEPUTOPIH CHpusie TOJATKOBOMY PO3BHUTKY HEOE3IEYHHX T'€OJIOTIYHHX MPOIIECIB,
TakuX K 3a00J04yBaHHS MICHEBOCTI, 3CYyBH, KapCTOBO-Cy(O3ilHI JiHKH,
MPOCiIaHHs TOBEPXHi, MiAHOM piBHA IPyHTOBHX BoA [2, 9, 10].

[MpryrHaAMK TEXHOTEHHHMX TpaHCPOpMAliil MTYYHUX BOJHHX OO €KTIB 1
nucOanancy ix GyHKI[IOHYBaHHS € BUCOKUI PIBEHb TEXHOTEHHOI'O HABAHTAKCHHS 3a
paxyHOK iHTeHcu(ikalii TeXHOreHe3y, 10 HEMHHYYE MPU3BOAUTH O 3POCTAHHS

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019



piBHS CHTPOMIHHMX (HEPIBHOBOKHHX 3a Maco-€HeprooOMiHOM) IMpOIIECIB,
MOPYIICHHS TOMEOCTa3y, PEYOBHHHO-EHEPreTHYHOro OasaHcy Ta JUHAMIYHOL
piBHOBaru Mixk a0i0THYHOIO 1 G10THYHOIO CKJIAJTOBUMH.
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Puc. 1 — Kanan «Cisepcokuit Jonens — Jlondac» KII «Kommnaunis «Bona lonbacy»
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BuzHaueHHS MeXaHi3My €KOJIOTIYHHX IIEPETBOPEHb ITYYHUX BOJAHUX €KOCHCTEM
Y TEXHOTEHHO TpaHC(HOPMOBaHI MOKITUBO 32 PaXYHOK BCTAHOBJICHHS iIHTCHCHBHOCTI
3MiH BHYTPIIIHEOBOJIOMMHUX MPOLECIB Ta CHCTEMHOI Y3T0/PKEHOCTI B3a€MO3B’ SI3KiB
MK O10THYHOIO 1 a010THYHOIO CKJIaTOBUMH,

JlnHaMigyHa BOJHO-CKOJIOTiYHA piBHOBara ITOBEPXHEBOTO BOJHOTO 00’ €KTa
(kaHaTy) 3aJ€XWTh Bill MEXaHI3My OIOTHYHOI caMOperyJimii, BH3HAYAIHHOIO
CKJIaJIOBOI0 SIKOTO € CHUCTeMa JKMBHUX OpraHiamiB (iM HaJeXHUTh OCHOBHA
CepeOBHINEYTBOPIOBANIbHA (DYHKITIS), sSKa mepeOyBae B MpsAMii 3alIe)KHOCTI Bif
a010THYHMX YMHHUKIB Ta 3yMOBIJICHA MTOCTIHHUMH B3a€MO3B’SI3KAMH 1 B3aEMOISIMHU
3 aHTPOIIOTEHHUMH (DaKTOpaMH.

Cuctema ynpasiiHHs IIbOTO BOJHOTO 00’ €KTa Y IPUPOAHO-TEXHOTEHHUX YMOBaX
€KOJIOTO-TIAPOXIMIYHIX TapaMeTpiB 3BOJUTHCS N0 MiIBUIIEHHA OydepHOCTI Ta
30iMbLICHHST 11 3aXUCHOI 3JaTHOCTi, 3a paxyHOK BBeACHHS iH(OpMaTHBHOI
1HIMKATOPHOT CHUCTEMH KOHTPOJIIO, sSIKa BPaXOBYE CTPYKTYPHO-(YHKIIOHAJIbHI
3MIiHM pO3BHTKY BOIHHUX €KOCHCTEM 1 JIO3BOJIIE BHSBHTH HOPYIICHHS
B3a€EMO3B’SI3KIB MDK CHCTEMOIO BTPYYaHHS Ta CHCTEMOIO CaMOOYHINCHHS.
BpaxoByloun BuIllcHaBe[eHE, HaMH OKpEeMO OYyJIO pO3paxOBaHO CKJIAIOBI
eKOJIOTIYHOTO PU3UKY 3a ITOKa3HUKOM COJIbOBOTO CKJIagy Ta 3a IOKa3HUKAMH
HasBHUX y Mpo0Oax BOAW TOKCUYHHUX PEUOBHH 3 OJHAKOBOIO JIMITYIOUOK O3HAKOO
mKipmBocTi (Tabmuis 1). [lo ocraHHIX CIij BiIHECTH BHUSBJICHI KOHIECHTpAIl
conyk MeraniB — Zn, Pb Tta HQ, ski, ogHak, He NEpeBHUILYIOTh TPAHUYHO
JOMYCTUMHX KOHIIEHTpPALii, BU3HAYCHUX CaHITAPHUMH HOPMaMH JUIS ITUTHOI BOJH
(ACanulliH 2.2.4-171-10).

Tabmums 1 — ExonoriuHa omiHKa BOJ| KaHATy 3a 3aralbHAM €KOJIOTIYHUM 1HIAEKCOM

3arajabHU €KOJIOTTYHUN 1HAEKC
Ta MOTO TTIOKA3HUK
11 I3 Ie

KonTponbHi TOukH Binbopy mpod O1mox (D) 3araJlbHUN
MTOKa3HUKIB MMOKa3HHKIB €KOJIOTTUHUI
COJILOBOTO TOKCUYHOT THACKC

CKIIay bistl

p. Cieepcekmii JloHemp 522 xw,

Paiiroponcekka  TpeOist,  TUTHUH 0,72 0,09 0,81

B0s10320ip B kaHam CAJ]

kanan CJ1/1, B paiioni m. Hacis Sp 0,80 0,10 0,90

kanan CJIJI, B padoHi MMIAXTHOTO

monst  3akputoi 1maxtu  2-BUC 0,86 0,12 0,98

MUKHTIBCBKOTO PTYTHOTO KOMOiHATY

AHani3 OTpUMaHUX pE3yJbTaTiB IMOKa3ye, IO TEXHOT€HHO-3YMOBJICHUH
xapaktep po3BuTky kaHamy CJIJI mMae He3HauyHe KOJIMBAaHHS BMICTY OJIOKOBHX
MMOKA3HUKIB, a IX CHPSMOBAHICTh, 332 y3araJlbHGHUM EKOJIOTIYHUM iHIEKCOM, Mae
ONMM3BKi Tpajaiii B MeXaxX KOXXKHOTO KOHTPOJBHOTO IMOCTa 3a TigpOXiMiYHUMHU
MOKa3HUKaMHU (TIPOCTOPOBO-4ACOBE PO3IMOBCIOJDKEHHS 3a0pyaHtoBayiB). OcTaHHE
MOJKe OyTH CBIIYCHHSM HAsBHOCTI BIJJHOCHO CTIMKOI'O aCHMIIIOIOYOT0 MOTEHIaTy
y kommuiekci I1TC kanany «Cisepcrkuii Jonens — JJon6ac» KII «Komnanis «Bozaa
Joubacy».
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Jlist mporHO3yBaHHS 3MiH sKocTi BoA kaHainy CJ1/] 3 ypaxyBaHHSM CTPYKTYpPHO-
(YHKI[IOHATBHUX OCOOJUBOCTEH PO3BHTKY OOpPaHO CTaTUCTUYHO-MAaTEMATHUHUN
METOJ, 3aCHOBaHMW Ha BHUKOPUCTAaHHI PEUOBHHHOro OamaHCy, MeTaboJiuHOi Ta
€KOJIOT1YHOI CIPOMOXHOCTI TpaHchopMmoBaHux BoaHux ekocuctem (TBE) 3a
KOMIIEHCAIIHHM MEeXaHi3MOM Oi0THYHOI camoperyisiii. Takuil miaxia m103BoIse
HaJaTh 00’ €KTHBHY OIiHKY sIKicHOTO BHCHakeHHS TBE Ta maremaTwdHo omwmcaTu
3MiHM PEYOBHMHHOro OaynaHcy B mpoctopi Ta yaci. CTaTucTHMYHAa MaTeMaTHYHa
MOJIETIh SIBJISIE COOOI0 aHANITHYHO-BUPAKEHY TCH/ICHITIIO PO3BUTKY:

sz(t)*KcaMr

ne C — cymapamii moka3HuK XCK — KUCHEBHWH €KBIBAJICHT 3arajibHOi KiTBKOCTI
Y BO/Ii OPTaHIYHUX PEUOBHH;

t —gac;

Kecan — Opi€EHTOBHE 3HAUCHHS KOS(DiIi€HTA MTBUIKOCTI CAMOOYHIIIEHHS PIIKOBOT BOIH
Bijl 3a0pY/AHIOBAILHUX PEYOBHH (IaHUii TTOKa3HUK gopiBHIOE 0,2).

KoeiieHT caMOOYMIIIEHHS BBEACHO Y 3B’SA3KY 3 €KOCHUCTEMHHM CIIOCOOOM
PO3BHUTKY 0i01I€HO3iB, SIKWH BILTHBAE HA (i3UKO-XIMIUHY TpaHchopMaliro XiMIYHIX
CHOJYK 1 THM caMuM 00’ €THy€ 6i0Ty 3 OI0JOTTYHUMH MPOIIECaMHU.

OTxe, 3MiHa 1HTEHCHBHOCTI BHYTPIIIHBOBOJOMMHHUX TIPOLECIB, 32 PaxyHOK
MOPYLICHHS! B3a€MO3B’SI3KIB 1 B3a€MOJil MK 3a3HAUYCHHMH IlapameTpaMH,
MPU3BOIUTE IO TEXHOTEHHUX TpaHCOpMAIliid, KiIbKICHUM IHTETpalbHUM
MMOKAa3HUKOM SKHX € KOMIICHCAIlIMHIA MexaHi3M OIOTHYHOI caMoperysilii,
JMHAMIKY IHTCHCHBHOCTI 3MiH SIKOTO MTOKa3aHO HA PUCYHKY 2.

F'y

CTAR-HAC T IKH)
AL

Vil 0

HOHTPOMN (k-

Puc. 2 — JIlunamika 3MiH iIHTEHCUBHOCTI KOMIICHCAIIITHOTO MEeXaHi3My 0i0THYHOT
camoperyssmii TBE:

1 — iHgeKc TeXHOTeHHUX BIUIMBIB; 2 — KpHuTepil 6iomacy; 3 — I3B; 4 — kpurepiit
e(peKTUBHOCTI MEXaHi3My IUIACTUYHOTO METa00I3My XIMIYHHX CIIOJIYK; 5 — KpUTEpiil
€KOJIOTIYHO1 €MHOCTI; 6 — KpUTEpil TEXHOEMHOCTI; 7 — KPUTEPil IHTEHCUBHOCTI MEXaHI3My
6ioTruHoi camoperynii TTBE

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019



PexoMenpanii momxo MiHiMizanii pu3UMKIB BHUHUKHEHHSI TeXHOT€HHHX
KaTtacTtpod BogHO-ekojoriunoro moxomkenusi y IITC kanany «CiBepchbKuii
Honennb — ondac» KII «Komnania «Boga Tondacy»

3 MeToro MiHiMi3allli PU3UKiB BUHUKHCHHS TEXHOTCHHO-EKOJIOTIYHMX KaTacTpod,
MOB's3aHUX 13 QyHKIioHyBaHHAM KaHay «CiBepcbkuit [lomenmp — JlonOacy
KII «Kommnanis «Boga HoHbOacy» sik TOJOBHOTO JKepeia MUTHO-TOCIIOAapPCHKOTO
BojomnocTadanHs y periodi Cximnoro [lonbacy, HeoOXiaHO:

— TMIABUIIUTH KOMIUIEKCHICTh CUCTEMAaTHYHOTO BOAHO-EKOJIOTIYHOTO KOHTPOIIO
3a TIAPOJIOTIYHMM Ta TiIPOTEOJOTIYHAM peKuMaMHu poboTH KaHamy CiBepChbKHit
Honens — JlonOac, a TakoxkK 3a TEXHIYHIUM CTAHOM HOT'O TiIPOTEXHIYHUX CHOPYI;

— PpO3poOWTH TUTAaHM JIOKai3amii 1 JiKBimamii HaCTiAKIB aBapiii Ha o0'ekTax
MiJBUIICHOT HEOE3MEeKU 13 3arpo30l0 CTIMKOro 3a0pyJHCHHS TOBEPXHEBOTO Ta
MiJ36MHOTO CTOKY, /I BOHH BiJICyTHI;

— BXKUTH 3aXOiB (T€XHIYHA MOBipKa, TNIAHOBI Ta MPOMITAKTHIHI POOOTH 3 iX
00CIIyroByBaHHs, PEMOHTHI POOOTH) 11010 HEMOMYIICHHS MOPYIICHHS IITICHOCTI
KaHaIy Ta TepMETHYHOCTI BOJIOTOHY;

— B3OiMCHIOBATH 3aXOQW IIOJO0 NPOBEICHHS OCYIICHHS 3EMellb B MICISX
3aTOTUIEHHS TEPUTOPi 3 MeTor 3MeHmeHHS nedopMaridi  miATpyHTS
TIAPOTEXHIYHUX CIIOPY/, TOMEPEeHKEHHS MPOIECiB eNeKTPOXiMIdHOI KOpo3ii Ta
iH]_HOI‘O HETraTUBHOI'O BIIJIUBY,

— B 3B'A3KYy 3 NPOXO/pKeHHsM Tpacu kaHany CiBepcbkuii JloHenp — loHOac
4epes JiHiI0 30pOoHOro 3iTKHEHHS, HEOOXiJHO CTBOPUTH «30HH OE3MEKM» B MiCIIIX
MEPeTHHY KaHajoM (POHTOBOI 30HHM PajiycoM 5 KM 3 METOI0 3HIKCHHS 3arpo3H
pyHHYBaHHS BiNOBiJaIbHUX TiAPOTEXHIYHUX CIIOPY/I;

— pO3poOUTH AepKaBHY MPOTpaMy MIOIO0 30UTBIICHHS BUKOPUCTAHHS MiCIIEBUX
JOKEPEIT HpiCHI/IX Hi)ISCMHI/IX BOJ SAK 3aXHIICHOI'O JoKepeiia IIUTHOI'O
BOJIOTIOCTAYaHHS 32 YMOBH 30pOMHOr0 KOH(IIKTY Ta 3pOCTaHHA 3a0pyAHIOI0YOr0
BIUIMBY 3aTOIIJICHHA 1IAaXT.

BucHoBku

Uepes 30poiiHuii KOH(IIKT Ta aKTHBI3aI[il0 HEKEPOBAHOTO 3aTOTUICHHS BYTITHHUX
mIaXT Ha CXOoAl YKpailHM 3HAa4HO TOTIpIIWIAcs CHTyalis i3 Oe3lnedyHum
(YHKIIOHYBaHHSM O0'€KTiB KpUTHYHOI iHQPACTPYKTypu Ta 00'€KTiB MiJBUIIECHO]
HeOe3MeKH, SKi po3TalIoBaHi B Oe3nocepeHiil OJIM3bKOCTI IO MiCIb MPOBEIESHHS
AKTUBHUX OOMOBHX JIiH, IO CTBOPIOE TIEPETyMOBH JI0 BUHUKHEHHS EKOJIOTTYHHUX Ta
TeXHOT'CHHUX aBapi.

3 METOI0 HEAOMYyLIEHHS BHHUKHEHHS €KOJIOIO-TEXHOTEHHHMX aBapiii Ta
KaracTpod) HEOOXiJHO 3MIMCHIOBATH TIOCTIHHMM MOHITOPUHT Ta aHami3
(YyHKIIOHYBaHHSI 00'€KTIB KPUTUYHOI 1HQPACTPYKTypU Ta O0'€KTIB TiJBUIICHOT
HeOe3neku, sIKi po3TalloBaHi sSK Ha MiIKOHTPONBHINA, Tak i HAa THMYacoBO
okynoBaHiil Teputopii loHeupkoi Ta JIyrancekoi obnacreil.

Takox HEOOXiIHO MPOBECTH JETallbHI JOCIIDKEHHS HPUPOAHMX Ta IITYYHUX
MPOLIECIB, 110 MAIOTh HETATUBHHUI BIUIMB HAa BOJIHO-CKOJIOTIYHY CHUTYAIIiI0 B MEKaxX
Honeupkoi Tta Jlyrancekoi obnacteil, 0coONMBO Ha THMYacOBO OKYIOBAaHUX
TEPUTOPIsIX, Yepe3 HASABHICTb B3AaEMOIOB'S3aHUX IPOLECIB MK IOTCHLIHHO
HeOe3NeYHUMHU 00'€eKTaMH, [0 PO3TAIIOBaHI Ha MiJKOHTPOJbHIM Ta THMYacoBO
OKYIOBaHiH TepuTOpii.
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[limcymoByroum  BUKIAneHE, HEOOXITHO  3ayBaXHTH, IO  MpoOIeMHU
AHTPOITOTCHHOTO BILTUBY Ta 30pOHOr0 KOH(IIIKTY Ha CXOIi YKpaiH! Ta 3pOCTaHHS
HeOEe3MeYHNX HE3BOPOTHUX 3MiH JOBKUUIL, B TMEpHIy 4Yepry TeoJOridyHOTo
Cepe/IoBHIA, BUMAraloTh MOCHJICHHS YBaru OO BUPILICHHS MPUPOJOOXOPOHHUX
mpoOyieM Ha BCiX PIBHSAX Oprasizaiii CyCHUIbCTBA, MOMIYKY HOBITHIX IiIXOZIB
IXHBOTO PO3B'SI3aHHS.
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FEASIBILITY ANALYSIS OF CONSTRUCTION OF NEW
HYDROPOWER PLANTS IN UKRAINE TAKING INTO
ACCOUNT THE RISK OF UNUSED POSSIBILITIES

Abstract. The article presents results of feasibility analysis of construction of new
hydropower plants in Ukraine according to the Hydropower development program
for the period till 2026, which was approved by our Government in 2016. In
particular, there are analyzed perspective plans for building the Kakhovka
hydropower plant #2 and six new hydropower plants on the river Dniester, as well
as developing small hydropower in the country. The feasibility analysis is based on
pairwise comparison of alternatives by the criterion of minimum aggregate risk
taking into account the risk of unused opportunities. Components of aggregate risks
of alternatives are estimated in dimensionless units for water-energy and operability
characteristics and costs of commissioning of new hydro aggregates.

Keywords: aggregate risk; alternative; decision-making; feasibility analysis;
hydropower; hydropower plants; optimization; pairwise comparison; renewable
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Introduction

In connection with the accelerated development of renewable energy in our country
[1, 2], especially solar and wind [3-6], being observed in the last decade (Table 1),
a number of difficult issues has appeared relating to sustainable and reliable
functioning the national combined energy system (CES) in the conditions of
a significant deficit of regulating capacities of large hydropower plants (HPPs) and
pumped-storage hydropower plants (PSHPPs) [7-9].

© D.V. Stefanyshyn, 2019
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Table 1 — Renewable energy in Ukraine (MW)? [3-6]

Renewable Years

Energy | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019°
Wind? 84 | 87 | 151 | 194 | 334 | 426 | 426 | 438 | 465 | 533 | 706
Solar? - 3 | 191 | 326 | 616 | 411 | 432 | 531 | 742 | 1388 | 2072
Household | - - - - lo1] 2 17 | 51 | 157 | 157
solar
Small 66 | 68 | 71 | 73 | 75 | 80 | 87 | 90 | 95 | 99 | 99
hydropower
Biomass ; - - 6 17 | 35 | 35 | 39 | 39 | 52 | 52
Biogas - - - - 7 14 17 20 34 46 51
New - 8 | 255 | 186 | 450 | -83 | 33 | 136 | 291 | 849 | 862
Total 150 | 158 | 413 | 599 | 1049 | 966 | 999 | 1135 | 1426 | 2275 | 3137

L Without large hydropower generation
2 Without power generation in the Autonomous Republic of Crimea and in the occupied territory of

Donbas (in total, Russia has arrogated 633.7 MW of renewable energy of Ukraine)
3 According to data for the first quarter of 2019

The role of manoeuvre power sources in the combined energy systems is best
fulfilled by HPPs and PSHPPs. For example, starting hydropower units from
a stopped position in a turbine mode with synchronization and a complete set of
power is only 1-2 minutes; while at idling speed is 15-30 seconds. Changing the
power of the hydro unit or its stop needs only a few seconds [9]. In conditions of
significant unevenness of daily power load schedules in the combined energy
systems, it is the HPPs and PSHPPs, which have the highest manoeuvrability and
the largest regulatory range (Table 2), in general, can best provide a stable, efficient
and reliable operation of the national energy system.

Table 2 — Comparative characteristics of manoeuvrable qualities
of main types of power plants [9]

Technical minimum load, Time to set the full
Types of power plants % (th_e rfitio of minimum | Regulation power, min
permissible power to the range, % After From the
installed power) stopping | “hot” state

Nuclear 85-90 10-15 390-660 60
Thermal (coal, fuel oil) 70-80 20-30 90-180 20-50
Gas turbines 0 100 15-30 0.5
Hydraulic 0 100 1-2 0.25-0.5
Pumped-storage 0 200 1-2 0.25-0.5

It is believed that for the stable and reliable operation of the CES of Ukraine, the
share of manoeuvrable capacities in its overall electricity balance should be about
15-20% [7-9]. At present, the domestic hydropower is capable of reliably providing
only about 8-9% of such regulating capacities. As a result, the main regulatory role
in the CES of our country is mainly performed by thermal power plants (TPPs) [7].
However, utilization of capacities of the TPPs for adjusting load schedules is
uncharacteristic, economically inexpedient and even dangerous for the specified type
of power generation. The work of the TPP’s equipment with a change in load,
frequent systematic shutdowns and start-ups of units, leads to decreasing in their
efficiency, fuel overconsumption, accelerated aging of equipment, increasing
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probability of failures and cost price of electric power. In particular, it is associated
with increasing environmental pollution.

Therefore, the decisions on further increase of hydro generating capacity in the
country, laid out in the Hydropower development Program for the period till 2026 [7],
at first glance, are quite rational. Ukraine requires additional high-manoeuvrability
and regulatory electro generation capacities, including because of the development
of renewable solar and wind energy, which is characterized by a high degree of
dependence on climatic conditions and instability of electricity generation
[1, 2, 7-9].

1. Some general remarks concerning current state of hydropower in Ukraine

The main functions of domestic hydropower are the regulation of frequency and load
schedules in the CES and the formation of an emergency power reserve providing
the technological energy safety of the country [8, 9].

Some quantitative characteristics of hydropower development in Ukraine from
2010 till 2018 are given in Table 3. During this period, in the country there have
been commissioned three hydro aggregates on the Dniester PSHPP with total
capacity of 972 MW in turbine mode (1263 MW in pumping mode) and 31 MW of
small hydropower.

Table 3 — Hydropower in Ukraine (MW) (according to data from [3-6])

Power Years

plants 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Large 5400.2 | 5400.2 | 5400.2 | 5724.2 | 5724.2 | 6048.2 | 6048.2 | 6048.2 | 6048.2
hydropower

Small

hydropower | 71 73 75 80 87 9 95 99
Total 5468.2 | 5471.2 | 5473.2 | 5799.2 | 5804.2 | 6135.2 | 6138.2 | 6143.2 | 6147.2
hydropower

Share, %, of

smallhydro | 4 o) | 130 | 133 | 120 | 138 | 142 | 147 | 155 | 161
in total

hydropower

Share, %, of

hydropower

in total | 97.19 92.98 90.14 84.68 85.73 86.00 84.39 81.16 72.99
renewable
energy*

Share, %, of
small hydro
plants in | 43.04 | 17.19 | 12.19 7.15 8.28 8.71 7.93 6.66 4.35
renewable
energy?

LWith large hydropower
2Without large hydropower

In general, the share of hydropower in the overall balance of renewable energy in
Ukraine from 2009 till the first quarter of 2019 decreased from 97.33% to 66.21%.
Accordingly, in this period the potential for more efficient regulation of the load
schedule in the CES of the country, by means of highly manoeuvrable hydropower
facilities, has decreased too. It should also be mentioned that the small hydropower
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industry that has been developing in the country in recent years (Table 3) does not
have sufficient regulatory capacity compared to large hydropower. Moreover, the
work of small hydropower plants according to the “green tariff” in the CES of
Ukraine, taking into account the climate, topography, and hydrological
characteristics of domestic small rivers [10], can be considered more in the context
of renewable energy that needs regulation. The only thing that can be calmed in this
situation is that the share of small hydropower in the balance of hydropower facilities
in the country is negligible. There is also a tendency for a significant reduction of
the share of small hydropower in the structure of non-traditional renewable energy
(see Table 3, without large hydropower). From 20009 till the first quarter of 2019 it
has fallen from 44% to 3.16%. At present, the power of solar plants in households
(see Table 1) in the country is already twice the installed capacity of small
hydropower. Household solar, along with bioenergy (biomass and biogas), can be
considered as a more acceptable “green” alternative to small hydropower, given that,
in general, small hydropower in Ukraine can not be considered as environmentally
friendly, including in comparison with the domestic large hydropower [10-12].

As for our large hydropower, one of its important features is a significant
proportion of hydro-accumulation in installed capacity. In turbine mode, this share
already makes up almost 25% (1508.5 MW). Taking into account the pumping
storage mode (2016 MW), the overall regulation range in the CES thanks to the large
hydropower currently reaches 8064.2 MW. Considering the world tendencies of
hydropower development with gradual accent on hydro-accumulation, and limited
reserves of hydropower potential of rivers in the country [13, 14], an increase in the
share of hydro-accumulation can be considered as a positive aspect of the further
development of hydropower in the country.

2. Some general remarks concerning the Hydropower development program
for the period till 2026

The Hydropower development program for the period till 2026 [7] was approved by
our Government in 2016. This Program has envisaged achieving an ambitious goal,
namely, increasing the share of hydrogeneration in the overall electricity balance of
the country from the current 8-9% up to 15%.

Although the achievement of the hydropower share of 15% in the total balance
of the CES due to the implementation of the Program [7] is quite questionable, in
any case an increase in highly manoeuvrable regulatory capacity of hydropower in
the national energy system will have a positive effect.

In particular, according to the Program, the following actions are foreseen to
provide (See also Table 4):

— completion of construction the Dniester and the Tashlyk pumped-storage
hydropower plants (PSHPP), the construction of the Kaniv PSHPP;

— the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades (in general, reconstruction of 76 hydro units is envisaged);

— construction of the Kakhovka HPP#2 to expand the Kakhovka HPP on the
Dnipro River and the construction of six new hydropower plants on the Dniester
River (the so-called Upper Dnistrovskyi cascade of HPPS);

— as well as rehabilitation and construction numerous small hydropower plants
(with the participation of private investors and state support for their activities
through the “green tarift”).
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Table 4 — The expected outcomes of the Program [7]

Power plants Installed capacity | Power generation | Cost C, 10°,
N, MW E, MW:h hryvnias

. the second stage 324 (421 388.5 (515.5'" 2.8
Dniester PSHPP 1= ihird stage 972 (1263) 1165.5 (15465 8.4
Tashlyk PSHPP 604 (861") 582 (785') 14.9
Kaniv PSHPP 1000 (1120") 1017 (1153") 405"
Reconstruction of existing HPPs 307 330 22.33
Kakhovka HPP#2 250 44 13.47V
Upper Dnistrovskyi cascade of HPPs 390 710 31.9V
Small hydropower"! 88 120 -
Total 3935 (3665 4387 (4000 134.3

"Pumped-storage mode

' Energy consumption in pumping mode
'ysD™1.5 billion at prices for January 1, 2013
V'0.42 billion Euros at prices for January 1, 2013
V1.1 billion Euros at prices for January 1, 2014
VI Private investments

Provided the Program [7] is fully implemented, the installed hydrogeneration
capacity in the national energy system will increase by 39%. The share of
hydroaccumulation in the overall balance of hydrogeneration in the country will also
increase and reach 43%. It can be concluded that the development of
hydroaccumulation in the near future is a priority objective of the Program [7].

In particular, the Program [7] states that according to the National Renewable
Energy Action Plan [1, 2], the total installed capacity of wind power plants and solar
power stations, which are non-manoeuvrable power generating capacity, is expected
to increase almost fivefold. It is also indicated that an increase in installed power of
objects of power engineering using these renewable energy sources should be carried
out within the limits that are technically feasible to ensure the reliability of the
functioning of the CES of Ukraine. Finally, it is recognized that the use of pumped-
storage hydropower plants is a universal mechanism for solving the problems that
exist in the CES of Ukraine.

However, the Program also provides for the modernization and reconstruction of
existing hydropower plants and the construction of new HPPs. At the same time, with
the total capacity of additional hydrogeneration at large HPPs of about 947 MW, which
is more than three times less than the expected new hydrogeneration capacity at the
PSHPP (2900 MW), the total costs for commissioning of additional hydrogeneration
at the HPPs will be even slightly higher than the costs concerning the PSHPPs. Small
hydropower, which is financed by private investors, practically does not change this
negative relation between hydrogeneration at the HPPs and the PSHPPs.

3. Topicality, general objective and particularities of the research

In practice, not only cost indicators and ratio of expected results determine feasibility
of projects. Projects may be effective but not feasible. The effectiveness of any
project can be stimulated by various kinds of preferences, for example, in the form
of a “green tariff” for produced electricity, etc. However, a feasible project does not
necessarily have to be absolutely effective too. For example, the Program’s [7]
project for the reconstruction of existing hydropower plants of the Dnipro and
Dniester cascades may be considered quite feasible. Provided it is needed, various
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alternatives to its implementation may be analysed to find among them a more
efficient (optimal, etc.) one.

It is known that hydropower projects, like any other projects, may be burdened
with various risks, including the risks of unused (lost, etc.) possibilities (or
opportunities, etc.). The latter risks should also be taken into account when
comparing alternatives and making decisions. It is also known that traditional
hydropower can have a significant impact on the environment [15, 16]. Besides of
the expected positive effects, unexpected negative socio-environmental and
economic effects may occur, affecting other perspective fields of human activity,
limiting possibilities for other natural resources users. Taking into account even the
most significant socio-ecological and socio-economic effects is a complicated task
of analyzing and comparing alternatives. It is quite difficult to get rid of the influence
of various subjective conclusions while solving similar tasks. However, the task
could be simplified if, at the final stage of decision-making, the best alternatives are
compared in their spheres, fields, etc. These chosen alternatives may be considered
more feasible than others.

In the research, a method of decision-making was used on the basis of a pairwise
comparison of alternatives taking into account the risk of unused possibilities
(opportunities). The fundamentals of the method are given in [17]. The method has
already been used to solve several tasks related to development of the national
hydropower. The first task concerned selecting the optimal variant for the
development of the Dnipro HPPs cascade taking into account the risk. The task had
been considered in 2010 [18] before approving the Program [7]. There had been
established the feasibility of construction of the Kaniv PSP in comparison with the
construction of the Kakhovka HPP#2. As the next feasible option of the cascade
development it was determined the construction of the Kakhovka HPP#2 with three
or four additional units and total installed capacity of 168-224 MW. The second task
concerned grounding of an optimal scenario for setting of new hydrogeneration
capacities at PSHPPs in Ukraine in accordance with the Program [7]. In particular,
it was concluded the feasibility of the commissioning at first of the fourth aggregate
of the Dniester PSHPP with the subsequent construction of the Kaniv PSHPP in
comparison with other possible alternatives [19].

The purpose of this article is to ground the feasibility of building new hydropower
plants in Ukraine in accordance with the Program [7] taking into account the risk of
unused possibilities. Among the possible options is the construction of the Kakhovka
HPP#2, the Upperdnistrovsky cascade of the HPPs and the further development of
small hydropower (See Table 4). The problem is solved on the basis of a pairwise
comparison of alternatives according to the method [17]. The peculiarity of the
solution of the problem is that the project of the second stage of the reconstruction
of existing hydroelectric plants of the Dnipro and Dniester cascades in the Program [7]
is accepted as a “zero” alternative.

4. Formalization of the research: Risks of alternatives and decision making

According to the method presented in [17], the aggregate (or total) risk of each of
alternatives is determined in the form of a linear combination of possible costs or
other negative effects and results | associated with the corresponding decision, and
the expected positive effects or results (benefits, gains, achievements, advantages) g

that can be obtained in the case of an alternative solution.
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The task of multicriteria optimization on a countable set of admissible
alternatives A ={a;}, i =1,n, while their pairwise comparison, is reduced to the next
optimization problem:

dopt :{ai,opt |ai,0pt e An ri,opt = mm( I'-i,j!rj,i) v(ai laj)}’ i! J :(ﬁ ’ I * J ’ (1)
where T, ;,
comparing it with a;, and a; comparing with a;: r,; =, +g;, r;;= |, +g;, where
[, 1

r;; are aggregate risks, respectively, for an alternative a; when

j and g;, g; are the values of the correspondingly normalized convolutions of
criteria, which are subject to minimization or maximization, of the alternatives a;

and a; presented as own (or systemic) risks and risks of unused possibilities of the
alternatives a;, a;.

In general, various positive and negative effects or results may have different
units of measurement. Therefore, the quantitative assessment of the relevant
components of aggregate risk is carried out in dimensionless units (scores) based on
a universal log scale (see also [17-19]). Then, the score of some value y, of the

corresponding characteristic will be like that:
r(Yy) =24 19 Yy + Yio» 2

where x, is module, y, , is zero point on the integral log scale length L (let L be
equal to 10) for characteristic vy, :

_ L
Ig yk,max - Ig yk,min

Hy v Yo =~ 19 Vi min » (3)

Where Yy max Yimin @re maximum and minimum values of y, .

L
—, r(0) =0.
Ig yk,max

Further, the components of aggregate risks (systemic risks | and risks of unused
possibilities g ) of each alternative a; in comparison with a; are represented by the

If Yy min = 0 it will be counted that y, , =0, z, =

sums of scores of the corresponding characteristics, namely:
I zzlk,i 9 =ng,j : 4)
k=1 k=1

After the formation of the assessments of risk (4), the aggregate risks of alternatives
are determined in the form of linear combinations r; ;= I;+ g, r;; = |; +g, . Pairwise

comparisons of alternatives with choosing better one among them are carried out
according to the rule (1).
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5. Solving the problem and results obtained

While researching there were considered and pairwise compared eight alternatives.
They were ordered and numbered according to increasing installed capacity. These
are alternatives a, +a, (See their characteristics in Table 5):

— @, Is the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades (the “zero” alternative);

— a, Is the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades, and also the further development of small hydropower;

— a, Iis the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades, and also the construction of the Kakhovka HPP#2;

— &, Is the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades, the construction of the Kakhovka HPP#2 and the further
development of small hydropower;

— a, Iis the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades and the building of the Upper Dnistrovskyi cascade of HPPs;

— &, Is the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades, the construction of the Upper Dnistrovskyi cascade of HPPs
and the further development of small hydropower;

— a4 Is the second stage of reconstruction of the HPPs of the Dniprovsky and
Dnistrovsky cascades, the construction of the Kakhovka HPP#2 and the construction
of the Upper Dnistrovskyi cascade of HPPs;

— a, is the second stage of reconstruction of the HPPs of the Dniprovsky and

Dnistrovsky cascades, the construction of the Kakhovka HPP#2 and the Upper
Dnistrovskyi cascade of HPPs and the development of small hydropower.

Table 5 — The characteristics of alternatives a, +a,

Characteristics
Alternatives
N, MW E, Mwh | C,10°% hrs Ce Nieg » MW
a, 307 330 22.33 330 276.3
a 395 450 22.33 930 293.9
a, 557 374 35.8 374 513.8
a, 645 494 35.8 974 531.4
a, 697 1040 54.23 1040 529.8
ag 785 1160 54.23 1640 547.4
dg 947 1084 67.7 1084 767.3
a, 1035 1204 67.7 1684 784.9

As characteristics, from which the components of the risk | were formed, costs
of construction (or reconstruction) C of HPPs and averaged (weighted) expected
costs of power buying C depending on alternatives a, +a, were considered. Costs

C were determined according to formula:
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k=1

where E, is the total quantity and v, is score value of tariff of the unit of electricity
produced by the source of hydrogeneration with the index k .
For our research, if electricity is produced at large HPPs score value of tariff v,

is equal 1. If electricity is produced at small HPPs, let v, will be 5.

As characteristics, from which the components of the risk of unused possibilities
g were formed, the power capacities N ., , which can be used in adjusting the load
schedule in the CES of the country, and power generation E depending on
alternatives a, +a, were considered. The corresponding power capacities N g

were determined according to the formula:
Nreg:ZNk'Ck, (6)
k=1

where N, is the installed capacity and c, is the reliability coefficient concerning

regulation possibilities in the framework of the CES depending on the source of
hydrogeneration with the index k , respectively.
For our research the following values c, are taken: the HPPs of the Dniprovsky

and Dnistrovsky cascades, the reliability coefficient c, = 0.9; the Kakhovka HPP#2,
¢, = 0.95; the Upper Dnistrovskyi cascade of HPPs, c, = 0.65; in the case of small
hydropower, ¢, =0.2.

The results of numerical assessment of risk components of the considered
alternatives a, +a, are given in Table 6. The results of their pairwise comparison in

accordance with the rule (1) are given in Table 7.

Table 6 — Results of numerical assessment of risk components
of the alternatives a, +a,

) Systemic risk Risk of unused possibilities
Alternatives C C. | N i, £ 9

a 0.00 0.00 0.00 0.00 0.00 0.00

a, 0.00 6.36 6.36 0.59 2.40 2.99

a, 4.26 0.77 5.02 5.94 0.97 6.91

a, 4.26 6.64 10.90 6.26 3.12 9.38

a, 8.00 7.04 15.04 6.24 8.87 15.10

dg 8.00 9.84 17.84 6.55 9.71 16.26

ag 10.00 7.30 17.30 9.78 9.19 18.97

a, 10.00 10.00 20.00 10.00 10.00 20.00
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Table 7 — Decision table for pairwise comparison
of the considered alternatives

a;/a, a, a a, a, a, as ag a,
a, - 2.99 6.91 9.38 15.10 | 16.26 | 18.97 | 20.00
a 6.36 - 13.27 9.97 2146 | 22.62 | 25.33 | 26.36
a, 5.02 8.01 - 1440 | 20.13 | 21.28 | 24.00 | 25.02
a, 1090 | 13.88 | 17.80 - 26.00 | 27.16 | 29.87 | 30.90
a, 15.04 | 1803 | 21.95 | 24.42 - 31.30 | 3401 | 35.04
as 17.84 | 20.83 | 2475 | 27.22 | 32.94 - 36.81 | 37.84
ag 17.30 | 20.28 | 24.21 | 26.68 | 32.40 | 33.56 - 37.30
a, 2000 | 2299 | 2691 | 29.38 | 3510 | 36.26 | 3897 -

So, the best alternative is a,. This alternative is burdened with the lowest risk
when pairwise comparison with any other alternative among the considered
alternatives a;, i=0,7.

Conclusions

The results of our research show that the best alternative to build new hydropower
plants in the country among the considered alternatives the alternative a, is. This is

the second stage of reconstruction of the HPPs of the Dniprovsky and Dnistrovsky
cascades and also the construction of the Kakhovka HPP#2. This alternative should
be considered the most feasible to improve situation in the domestic hydropower
without significant risks.

As well as, it should be noted that alternatives, which provide for the further
development of small hydropower in the country, are worse than alternatives which
neglect its development. It may indicate that decision to develop small hydropower
in the country under the current conditions and thanks to the “green tariff” is
questionable and ungrounded.
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JA.B. Crepannmmnn
AHAJII3 JOHUIBHOCTI BYJIIBHUIITBA HOBHUX TIEC B YKPAIHI
3 YPAXYBAHHSM PU3UKY HEBUKOPUCTAHUX MOXKJIUBOCTEM

AHoTanis. Y cTaTTi NpeJcTaBIeHO Pe3yIbTaTH aHaIII3y JOLIBHOCTI OYAiBHUIITBA HOBUX
rizpoenekTpocTaHiid B YkpaiHi BignoBigHo no IIporpamMu po3BHUTKY TigpOEHEpPTEeTHKU
Vxpaian mo 2026 poky, 3aTBepmikeHoi Ypsgom y 2016 pori. 3okpemMa, aHai3yIOThbCS
MIepCTIeKTUBHI TUTaHu oo po3mmpenHs Kaxoserkoi ['EC 3 moOynosoro Kaxoscrkoi 'EC-2,
OyAiBHHIITBA KacKaay 3 MIECTH HOBHX TiPOENEKTPOCTaHIii Ha piumi JJHicTep Ta po3BUTOK
MaJIoi TiIpOeHEePTeTHKH B KpaiHi. AHaii3 0a3yeThcs Ha MOTIAPHOMY ITOPiBHSHHI albTePHATHB
3a KpUTEpieM MiHIMaIbHOI'O CyMapHOTO PU3MKY 3 ypaxyBaHHAM PH3UKY HEBUKOPHCTAHUX
MoxxBocTel. CKIIamoBl CyMapHUX PH3HKIB albTEpHATHB OIIHIOIOTHCS B OE3pO3MIipHHX
OJIMHUIISIX, SIKUMH OMHCYIOTHCS BOAHOEHEPTETHYHI 1 eKCIUTyaTalliifHi XapaKTepUCTHKU Ta
3aTpaTH Ha BBEJICHHS HOBHX TipoarperaTis.
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ASSESSMENT OF STABILITY OF ECOSYSTEMS

Summary. The transformation of ecosystem behavior with the change of unstable
equilibrium persistent imbalances in the light of nonlinear dynamics. The task of
ensuring the sustainability of ecosystems inseparable from the search admissible
class of perturbations that it can withstand and not lose with the stability of their
condition or movement. Focusing the analysis on the nature of the perturbations
corresponds to the classical theory approach, because the essence of the stability
concept is in calculation of numerical values of the perturbations for the given
deviation estimates rather than in nature of the change of the perturbed movement
versus undisturbed.

The paper proposes expansion of methodological means of investigation and
stability sustaining of the ecosystems through involvement of traditional system
approaches. The analysis of ecosystem diversity, accompanied by justification of
ordering options that allows us to formulate the principle of sufficiency in
ecosystems, enter the parameters of heterogeneity and irregularity of states to
classify these ecosystems.

Keywords: stability of ecosystems; ecosystem; equilibrium; external influences;
ecological reserve; perturbation; trajectory

C.1. Azapos!, O.C. 3agynaii’

Mncruryt spepanx poctimkens HAH Ykpainu, M. Kuis, Ykpaina
2JlepkaBHUI HAYKOBO-JOC/iIHUM IHCTUTYT CHELIaIbHOIO 3B'A3KY Ta 3aXUCTy iH(popmaii,
M. KuiB, Ykpaina

AHAJII3 CTIMKOCTI EKOCUCTEM

Anomayin. Tpancgopmayis nosedinku ekocucmem 3i 3MIHOIO HecmiliKol pieHosazu
CMIUKUM  OUCOANIAHCOM PO32TA0AEMbC NIO KYMOM 30pY HEeNiHIUHOI OUHAMIKU.
3asoanus 3abe3neuenns cmitikocmi exocucmem Hegi0'cMHe 6i0 NOWYKY Kuacy
donycmumux 30ypeHs, AKi OHA MOXCe SUMPUMAMU | He 8MPAMUMU NPU YbOMY
cmitikocmi ¢6020 cmary abo pyxy. DoxycyeauHs awanizy Ha xapakmepi 30ypeHb
8I0n06idac i OYXy KIACUYHO20 GUEHHsl, OCKLIbKU CYMHICIb NOHAMMs CMIUKOCMI He
CMiNbKU 8 Xapaxmepi 3MIHU GelUYUH BIOXULEHb 30YPEeH020 PYXy 6i0 He30ypeH0eo,
@ CKIbKU 8 OYIHKAX YUCTICHHUX 6eIUYUH 30YPEHb NPU 3A0AHUX OYIHKAX YUX BIOXUNEHD.
B cmammi  obrpynmosyemuvcs  poswupenHs  MemooOoN02iuHO20  anapamy
00CiOdNCeHHs ma  NIOMPUMKU  CMIUKOCMI  eKOCUCMeM, 3a80KU  3ALYYEHHIO
mpaouyitinux cucmemHux nioxodie. Ilpoeooumvcs aunaniz pizHOMAauHimHOCMI
cmawie exocucmemu, AKULL CYNPOBOONCYEMbCA OOTPYHMYBAHHAM NAPAMEmpie ix

© S.1. Azarov, 0.S. Zadunai, 2019
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6NOPAOKOBAHOCI, WO 0036015€ CQOPMYTIOBAMU  NPUHYUN  OOCMAMHOCHI
8 eKOCUCIeMAXx, 66eCmu Napamempu HeOOHOPIOHOCII | Hepe2yiapHoCmi i1 cmanie
ons Kaacuixayii yux exocucmenm.

Kniouosi cnoea: cmitixicms exocucmem, ekocucmema, cmaw pieHo8azu; 308HIUHI
BNAUBU, €KONOSTUHUL pe3eps; 30YPeHHsL; MPAEKMOpIs

Beryn

B acmekri 3a0e3meueHHs] mepexoay CYCIIIbCTBA HA 3acagd CTAJOTO PO3BUTKY
Ba)XJTUBOT'O 3HAYCHHSI HAOYBa€ OILIHKA PU3UKIB BTPATH, 3HUIMICHHS €KOCHCTEM, IO
TICHO TIOB’SI3aHO 3 IXHBOI CTIHKICTIO. CTIHKICTh C€KOCHCTEM PO3TJISAAETHCS SIK
3IATHICTH 30epiraté cBOIO CTPYKTYPY i XapakTep (PYHKI[IOHYBaHHS B IPOCTOPI Ta
Yaci miJ| BIVIMBOM 3MiH YMOB 30BHIIIHLOTO cepeaopuiia [1].

CriiikicTb € ()yHAaMEHTAIBHOI BIACTUBICTIO MPUPOAHUX eKocucTeM. CTIHKICTbh
€KOCHCTEMH — OJMH 3 HaWOUIBII 3HAYYIIMX IMOKA3HWKIB CTaHy HAaBKOJIHITHHOTO
cepenoBua. BoHa sBisie cOO00 3MATHICTH €KOCHUCTEMH B LIOMY Ta ii CKIaOBUX
YaCTHH YCHIIITHO MPOTUCTOATH HEraTHBHUM 30BHIIIHIM YMHHUKAM, 30€pirarouul npu
1IbOMY He TiJIbKH CBOIO CTPYKTYpY, ane i coi (ynkuii [2]. Ii Mosxna posrisaatu sk
HE3MIHHICTh IEBHOTO CTaHy €KOCHCTEMH, TaK 1 K 3[4aTHICTh ePEXOy 0 OyIb-SIKIX
IHIIMX CTaHIB y AaHWH yac (CTaTM4YHA CTIHKICTh) 1 HEMEepepBHICTH PO3BUTKY
EKOCUCTEMH (TMHAMIYHA CTIHKICTb). [TOHATTS CTIHKOCTI TICHO OB’ I3aHE 13 31aTHICTIO
€KOCHCTEMH TTOBEPTATHCS B CTaH PIBHOBATH IICIIS IPUITMHEHHS 30BHIIIHIX BIUIUBIB,
sIKi BUBEJIH 11 31 CTaHy piBHOBAr, a TAaKOXK 3 TIOHATTSAM CTaOLITBHOCTI.

CridkicTh HE 3aBKIUW O3HAa4Ya€ 3JaTHICTh MIATPUMKH  E€KOCHUCTEMOIO
PIBHOB&)XXHOTO CTaHy, XO4Ya CIOYATKy SIBHINE CTIMKOCTI TPaKTyBaJlW caMe Tak.
3arampHOBIIOMO [3], M0 T Oi0JIOTIYHUX CHCTEM XapaKTepHE SBUIIE TOMEOCTa3y
1 iXHA CTIMKICTP MOJIATAE B MiATPUMIII IEBHUX MapaMeTpiB CTaHy B MEXKax JIEsSKOro
MoCTiHOTO piBHSA. [I[pUHIMNIOBUM Y MEpEeXOAi Bill pO3MIISAY TEXHIYHOI CUCTEMH JI0
PO3IIIsily €KOCUCTEMH € Te, II0 B OCTAHHBOI BIAXHMJICHHS pEalbHUX TPAEKTOPIN
PO3BHUTKY BiJ TpaekTOpii METH BiJOYBArOThCS BHUIAJKOBO 1 OTpPUMATH TOYHY
iHpOpMaIIiI0 MPO I BIAXWIECHHS HEMOXJIMBO. | SKIIO Mpo CTIMKICTh TEXHIYHOI
CHCTEMH MOJXKHAa CTBEpDKYBAaTH OJHO3HAYHO, AaHAII3YIOUH Au(epeHIialbHi
PIBHSIHHS, 110 XapaKTepU3yIOTh MOBEIIHKY CHCTEMH, TO CKJIACTH Au(epeHIiaabHi
PiBHSHHS (QYHKI[IOHYBaHHS €KOCUCTEMH 3]1€01TBIIOT0 HEMOXIINBO. TOMY BUCHOBKH
Mpo CTilKiCTh a00 HECTIMKICTh €KOCHCTEMH MOXKHAa POOWTH TibKH 3 IIEBHOIO
iMOBipHicTIO. HaifO11b1IT CTIHKUMH € BEITUKI €KOCHCTEMH, 1 HalicTablIbHIIIa 3 HUX —
Oiocdepa, a HaMOLIBII HECTIHKI — MOJIO/I eKOocUcTeMH. Lle TOsSCHIOETBCS THM, IO
y BEIHKHX EKOCHCTEMaX CTBOPIOEThCS CAMOPETYIIOIOYHI rOMEocTa3 3a PaxyHOK
B3aeMoOii Kpyroodiry pedoBuH i moTokiB eHeprii. [lpupoma Hacmigye mpuHIUT
«3MIHIOBAaTHUCh, MO0 30epiraTuch», i B Mpoleci eBOJONii MaTepii BUHUKIHM Pi3HI
MeXaHI3MH CTIHKOCTi. 3aJIe)KHO BiJl MEXaHi3MiB PO3BHUTKY 1 THUITy BTPAaTH CTIHKOCTI
€KOCHCTEMHU MOXKHA BUIUINTH ACKIJIbKA TUIIIB Kpu3 [4]:

d) KpHUTHYHA CHUTYaIlis;

b) Bmacua xpwu3a;

C) xaractpoda.

[lepmii xapakTepu3ylOThCS MEXaHi3MaMH aJalTHBHOTO PO3BHUTKY EKOCHCTEMH,
Ipyri — M’SKOIO BTPATOK CTIHKOCTI €KOCHCTEMH, TPETi — MKOPCTKOI BTPAaTOO
crifikocTi. CTIMKICTh EKOCUCTEMH JI0 HETATUBHUX 30BHIIIHIX YAHHHUKIB BU3HAYACTHCS
ii 37aTHICTIO IPOTUCTOSITH LILOMY BIUTHBY Ta 30epirat HOpMasibHe (QYHKIIOHYBaHHS
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(30aTHICTE A0 BiTHOBIICHHS IICIIS IPUITMHEHHS HETaTUBHOTO BIUIMBY Ta TIOBEPHECHHS
31 3MIHEHOTO CTaHy JO0 HOPMAJILHOTO peXnMy (GYHKITIOHyBaHHS). s OIIHKH
CTIHKOCTI €KOCHCTEM II0A0 NIPUPOJHMX KPU3 Ta aHTPOIIOTCHHHUX NOPYILIEHb JOLITBHO
3aCTOCYBATH HOHSTTS MPO EKOJOTIYHHNA pe3epB eKochcTeMu. EkonoriuHuii peseps
€KOCHCTEMH — I1I€ PI3HUI MiXK TPAHUYIHO JOMYCTHMUM BIAXWICHHSM Ta (DaKTHUIHUM
CTaHOM eKocucTeMH. BoHa Bkazye Ha po3mipu Ti€i OydepHoi 30HH, B MeXax SKOi
MOXIMBI 3MiHHM, IO HE pPYHHYIOTh eKocucTeMy. Ha ajb, METOZIB OLIHKH
€KOJIOTIYHOTO Ppe3epBy EKOCHCTEM pI3HOT0 THIy TOKHA M0 HeMae. Y OaraTbox
BUTIA/IKaX eKOJIOTIYHHIA pe3epB EKOCHCTEM OIIIHIOETHCS 1HTYITHBHO, «Ha OKO». Tomy
HAaYKOBI pO3pOOKH B ILOMY HAIIPSIMKY € Ay’KE€ aKTyaIbHUMH.

3micT i kopinHi pucu aTpudyTa cTilikocTi eKocucTeM

JocnimkeHHs CTIMKOCTI JUHAMIYHUX €KOCHCTEM Ma€ Oarary icTopiro, ane A0 CHX
mip B I[bOMY Ii3HABAILHOMY IIPOIIECI HE BUPIMIEHI TEOPETUKO-METOMONIOTIYHI Ta
IHCTpyMEHTaIbHI MPOOJIEMH, B TIOJIONIAHHI SAKUX OEpyTh MisIIBHY y4acTh (Di3UIKH,
MaTeMaTHKH, KiOEpHETUKH, 010JIOTH, €KOJIOTH Ta TX KOJIETH 3 1HIIUX rajly3eil HayKu.

Y mpuponmi Mm 3ycTpidaemo Oinbllleé HETIHIMHMX TpoleciB B Oyab-aKiit
TUHAMIYHINA €KOCUCTEMI, HIX JIIHIHHUX B YACTOMY BUTJIISIII.

[lo3naunmo He30ypeHmii ctaH B exocucreMax z(t), a 30ypenns — x(t). Tomi
He30ypeHuil cran z(t) OyaeMo Ha3WBaTH CTIMKHM, SKIIO A1 Oyab-skoro € > 0
MOXHa BKazatH [5]:

5(E, ty) >0 (1)

Take, 10 3 HePiBHOCTI
| X (to) - Z (to) [ < A (&, o) )

BUIUIMBAE HEPIBHICTh
|x(t)-z()|<E ©)

npu t>0.

Jua imoctpamii CcTIHKOTO CTaHy eKOocHUcTeMH Ha puc. | 300pakeHa TpyOka
TPAEKTOPIii B OKOIHUII HE30ypeHOTOo cTaHy Z(t), a TaK0oK 00J1aCTh OYATKOBHX YMOB
3 pajiiycoM 9.

X

el x‘”)
i8 =D

Puc. 1 — CriiikicTh €eKOCHCTEMH, sIKA 3MIHIOEThCS B Yaci (BennuuHa Z (1))
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CTIfKICTh €EKOCUCTEMH O3HAYAE, 1110 IKOI0 OU BY3bKOIO He OyJia TpyOKa y3I0BxK
TpaekTopii HE30ypPeHOTO CTaHy €KOCHCTeMH, 30ypeHHs ii CcTaHy, IO TOYaaocs
B 0-OKOJMII, SIKa JOPIBHIOE a00 MEHIIA £-OKOJUIl 3aJaHOi MOYaTKOBOI TOYKH,
Oyne 3zanmmarhcs B 3a3HaueHidl e-TpyOmi. Ilimkpecnumo, 1m0 BHU3HAYEHHS
CTIHKOCTI €KOCHCTEMH Ma€ Ha yBa3i BUKOHAHHS JIBOX BUIIB OOMEXEHb: 3 OJTHOTO
00Ky, OOMEXYEThCS CYKYIHICTH IOYaTKOBHUX 30ypeHb, a 3 IHIIOTO OOKYy,
00MeXy€eTbCS peakilis Ha HUX — 3MiHa CTaHy B €KOCUCTEMI. Y BCiX BUMAIKaX, KOJIU
111 OOMEeXeHHS TOTPUMYIOTECS, KaXKYTh, 110 30ypeHi CTaHU €KOCUCTEMH CXOIAThCA
110 He30ypeHHX.

30ypeHnii cTaH €KOCHCTEMH MOXKE CXOAMTHUCS A0 He30ypeHUX B 3BUYAWHOMY
CEHCI 3 BUKOHAHHSM JIBOX 3raIaHuX 0OMEeXeHb, @ MOXKE MPOTIKATH B IIOCHIICHOMY»
PEeXHUMi — aCHUMIITOTHYHO, KOJIM 30ypeHHil CTaH eKOCHCTEMH He TUTHKHA 00MEeKeHHH
00JIacTIO OMYyCTUMHX BiAXHWICHb, ane pi3HHULA MK 30ypeHHM i He30ypeHuM ii
CTaHOM CTa€ BCE MEHIIE i MEHIIE i Ha MEXi 3MEHIIYETbCS 10 HYJA. Y APYromy
BHIIAJKy Ma€ Miclle aCHMIITOTHYHA CTIHKICTh HE30ypPEHOTO CTaHy EKOCHCTEMHU.
IHakmre kaxxydu, eKocucTeMa, sIka BOJOIE€ BIACTHBICTIO aCHMITOTUYHOI CTIHKOCTI,
micys Aii 30ypeHb BiJHOBIIOE CBill Tpollec B TOMY BHUIJISA[I, SIKUM BiH OyB Ou 3a
BIICYTHOCTI mHMX 30ypeHb. HaouHWMH TpWKIagaMd acCUMOTOTHYHOI CTIHKOCTI
TpaeKTOpii, AKa HE TUTPKH 3aJHIIAETHCS B SK 3aBTOMHO Majiil TPyOIll y3I0BXK
He30ypeHoi TpaekTopii, aje 1 mparHe 3 IUIMHOM Yacy 10 He30ypeHOro CTaHy, MOXKYTh
CITy’KUTH imtocTpanii Ha puc. 2 1 3.

x(t)

Al

-ﬁfln_il— -=L-

Puc. 2 — AcuMIITOTHYHA CTIHKICTh €KOCUCTEMH IS HYJIHOBOTO PilllCHHS

Ha nepmomy 3 HuX oOMexxeHa iHTepBaioM = A(to) XBUIETIOiOHA TPAEKTOPIS
BHIPSIMIIIETHCSI 1 BPELITi-PELIT 3TUBAETHCS 3 HE30YPEeHUM (HYJIHOBUM) PillICHHIM
X(t) (puc. 2), a Ha Apyromy TpaekTopis X(t) cupsMoBaHa A0 MOYATKY KOOPAWHAT
1 3 KOXKHUM BUTKOM HAOIIMKAETHCS 10 HBOTO (prc. 3). TakuM 4MHOM, TOPiBHIOIOYH
CTIMKICTP 1 aCMMOTOTHYHY CTiHKICTh, NPaBOMIPHO 3pOOUTH BHCHOBOK, LIO
3a0e3MevYeHHs] aCHUMIITOTHYHOI CTIHKOCTI E€KOCHCTEMH € OUIBII YKOPCTKHM,
OCKIUJIBKH J101aTKOBO BBOJIMTBLCSI BUMOTra MOBEPHEHHS 110 HE30YPEHOro CTaHy
€KOCUCTEMHU.
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Puc. 3 — ®a3oBuii mopTpeT ACHMITOTHYHO CTIHKOI TPAEKTOPii eKOCHCTEMH
Jlyis KoHCTaTalil HECTIMKOCTI HE30ypEeHOTro CTaHy €KOCUCTEMH JOCTaTHHO MaTH
xo4a 0 OFHY TPAEKTOPilO, KA HABITh NMPU MaTNX 30YPEHHSIX BUXOAUTH 32 MEXIi

00J1acTi JOMYyCTUMHX BiIXWICHB €-0KOJIUII (puc. 4).

X

0 ly I t
Puc. 4 — HecriiikicTh 3MiHIO€THCS B Yaci (BenmunHu Xs(t))

Ha puc. 4 BuaHO, 1110 B MOMEHT Yacy t1 TpaekTopis X;(t) mepeTuHae e-TpyoKy i
«BHUCTpUOYE» 3 Hel, 110 BKa3ye Ha HECTIMKICTh HE30ypEeHOro CTaHy €KOCHUCTEMH.
Y 1upoMy TIyMadeHHI CTiHKOTO CTaHy €KOCHCTEMH BaKJIHMBO ITiJKPECIUTH
3aJICKHICTh 0-OKOJHIII BijI BEIMYUHHU €-TPYOKH: ajke O BHOUPAETHCS, BUXOISIUH
3 Harepes 3aJaHoi 00JacTi e-TpyOKH, BHACHIIOK YOTO JIJIS KOXKHOI £-TPyOKH iCHye
CBOS 0-OKOJHLA. AJIE€ @X HifK HE U1 KOXKHOI BEIMYMHU O MOXHA 3HAWTH TaKy
€-OKOJIUIIIO, SIKA OOMEKUTh TPAEKTOPIIO CTaHY €KOCUCTEMH 3 O-OKOJIHIII.

3BepHEMO yBary i Ha Ty 00CTaBHHY, 1110 HE BCAKHUI CTaH EKOCHCTEMHU MOXE Oy TH
cTifikuM. BiTHOCHO OJTHUX CTaHIB MOXKHA CTBEPIPKYBATH MPO iX CTIHKICTh, TOMI 5K
BITHOCHO iHIUX — Hi. ToMmy ciij creniarbHO 00yMOBIIOBATH, SIKi TPA€EKTOPIi i
3MIHHI €KOCHCTEMH aHaJli3yIOThCS Ha CTiHKicTh. JlOBeAECHO, 1110 B OAHIET 1 TIET kK
€KOCHCTEMH OJIHI CTaHU MOXYTb OyTH CTIMKMMH, a 1HII — HECTIMKMMH. | HaBITH
OIWH 1 TOH e CTaH EKOCHCTEeMHM MO)K€ OYTH CTIMKMM LIOAO OnHi€l 3MiHHOI i
HECTIHKUM BiHOCHO iHINOI. Cepeln po3aiIiB 3arajibHOI TeOpii ynpaBIiHHI CaMOK0
PO3BHHEHOIO € TEOpis aBTOMaTUYHOTO YNPaBIIiHHSI, AJIS AKOi BUPILIEHHS MUTaHHS
PO CTIMKICTh €KOCHCTEMU € IMEPLIMM OCHOBHUM 3aBAaHHAM. B 3B's3ky 3 mum
BUJIA€THCSI OOTPYHTOBAHMM 3BEPHEHHS JI0 MPOOJIEMATHKH CTIHKOCTI €KOCHCTEMH
3 TMO3UIl MEeTOJoJoTii Ta iHCTpyMeHTapito Iii€i Teopii. B ii pamkax BUBUEHH:
CTIMKOCTI mependavae onepyBaHHS BEIWYMHOIO IMOXHUOKH, B JTAHOMY BHUIAIKy —
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PO301KHOCTI MiXK He30ypeHHM 1 30ypeHUM CTaHOM eKocucTeMu. [Ipu mociimKkeHH]
1 3a;meXHOCTI BiJl Wacy HacaMIiepes IOCTa€ 3alUTaHHS Ipo Te, sKa AMHAMIYHA
KapTHHA TIEPEXiHOTO TMpoLecy, 30KpeMa TPHUBANICTh Hepiofy Mepexoay
€KOCHCTEMH B KiHLIEBUH cTaH micis BIUMBY 30ypenb. ClipaBa B TOMy, IO 4Yepe3
3aMi3HIOBaHHA 1 IHEPIIHICTH TPOIIECiB, IO MPOTIKAIOTh B €KOCHCTEMax, BOHA
pearye Ha mii HE Bimpasy, 1 ToMy MOMIOHWI mepexin BiIOyBaeThCS HE MHTTEBO,
a IPOTroM Jiesskoro 4acy. CyTHICTh CTIKOCTI 3MIHIOEThCS B 3aJIC)KHOCTI BiJl TOTO,
9M € JOCHIKyBaHa eKOCHCTeMa JiHiifHOI abo HemiHiitHOW0. CTiHKiCTh MiHIHHOT
€KOCHCTEMH Ma€ Ha yBa3i ii MOBEpHEHHS MicyIs Al 30BHINIHIX 30ypeHb B IOYaTKOBUI
cTaH. Y HENiHIWHIA €KOCHCTeMI MPOTIKAIOTh OIIBII CKJIATHI MPOIeCcH, i s il
CTIMKOCTI BB@XalOTh 3a MOXJIMBE, W00 TPAEKTOPiS CTaHy CKOCHUCTEMHU
3 IPUIIMHEHHSAM BIUTUBY 30BHIIIHIX 30ypeHb 3anIianacs B 3aaHiit oomacti. Tomy
KOJMBAJILHUN PyX B JIHIWHIA €KOCHUCTEMi € O3HAKOH ii HECTIHKOCTi, TOHI SK
B HENiHIHHIN eKocucTeMi, HaBIaKu, MOXe OyTH IIIKOM «IPaBUIBHUMY 1 CBITUUTH
TIpO ii CTIMKICTB.

BinHOCHO 10 KOMMBAIBHOTO PYXY B JiHIIHIN €KOCHCTEMI CTIHKICTB — II€ aTpHOYT
MOBEMIHKM EKOCHCTEMH Ha HECKIHYCHHOMY TMPOMDKKY 4Yacy, III0 BHpaxKae
BJIACTHBICTb JIaHOT €KOCHCTEMH:

® HECYTTEBO BIOXWIATUCS Bil AEAKOTO pyxXy MpU Malux 30ypeHHSX
MOYaTKOBOTO TIOJIOKEHHS €KOCUCTEMH, IPUIOMY JI0JIS BIIXUIICHHS PIBHOMIpHA;

® HECYTTEBO BIIXWIIATHCA Bi JAESIKOTO CTIMKOTO CTaHYy MPH MaIUX 30ypeHHIX
SIK TIOYaTKOBOT'O TIOJIO’KEHHSI EKOCHCTEMH, TaK i CaMOT0 3aKOHY 3MiHHU (CTIHKiCTh IPU
MOCTIMHO JiF0YuX 30ypeHHSIX).

IHoxi wmami 30ypeHHS TIOYaTKOBOTO TIOJOXKEHHS MITKOPSIOTBCSA  JAEAKiil
JOJaTKOBili yMoBi (yMOBHa CTiHKiCTb), a0o0 monsi 30ypeHHsS 1 BigXWJICHHS
BUMIPIOETHCS JIMIIE 32 ACSIKUMH MapameTpoM (CTiHKICTh 32 YaCTHHOIO 3MiHHUX).
Hwxdae naBeneHnii mpuKIIaa BUTIIOBATOl TPAEKTOPIl, CTIHKOI JHIIe 32 3MIHHOIO X,
sika 0OMeKeHa TOTYCTUMHM IHTepBaoM =+ € (puc. 5);

Puc. 5 — Tpaekropis, sika cTilika 3a 3MiHHOIO X

e 30epiraTi JAesdKi BIACTHBOCTI (MOBOIO MaTeMaTHKH «pHcH (a3oBoro
MIOPTPETa») IPU MANUX 30ypEHHSX;

e 3anuiiatucs B oOMexeHiil obnacTi $pa3zoBoro mpocropy, TOOTO B MPOCTOPI
3HA4YeHb 3MIHHUX €KOCHCTEMU;

® BPCIITI-PEIIT MOBEPTATUCS SK 3aBrOJAHO OJIM3BKO JIO CBOTO IMOYATKOBOTO
CTaHy.
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Koxen 3 mux arpuOyTiB BIANOBiIa€ KOHKPETHOMY THITY JOCHIIKYyBaHOI
E€KOCHCTEMH 1 XapakTepy 3aBIaHHs, SKe MOXKe OyTH MOcCTaBlieHE B Ti abo iHIIiH
¢dopwmi.

KpiM craHiB aOCOTIOTHOI CTIHKOCTI 00 HECTIMKOCTI, MOXKYTh MaTH MiCIIE i CTaHU
YMOBHOI 1 BITHOCHOI CTIMKOCTi, TIpH SKWX BITHOBIIEHHS PIBHOBarW 3aJeXXWTH BiJl
MOYaTKOBOTO 3CYyBY €KOCHCTeMH. TOMy HE MO)XXKHa HE BpaxOBYBaTH 1 30ypeHHS,
BHACJIIJIOK il SKMX €KOCHCTEMA BiIXUIISIETHCS BiJl TOYATKOBOT'O CTaHY.

AJie SIKIIo He MOXKYTh OyTH AOMyCTUMUMU Oyab-sKi 30ypeHHs, a JIHIIe Ti 3 HUX,
SIKi 337I0BOJIBHAIOTDH 3aIIPOTIOHOBAHUM BHMOTaM, TO He30ypEeHUH PyX CTIMKHIA JHIIIe
JUTSE 30YPEHb, IMiIMTOPSAKOBAHUX MeBHUM yMoBaM. 1100 HaaTH MaTeMaTHYHHI CEHC
IIbOMY BHCHOBKY, OyJIeMO BBaXKaTH, 10 30ypeHUI pyX HA3MBA€EThCS CTIHKUM II0
BIJIHOIIICHHIO JIO BEITHYHH Yk, SKIIO TPU OY/Ib-SIKOMY 33/IaHOMY MO3UTHBHOMY YHCII &,
KM OW MaJIMM BOHO He 0YJ10, 3HAHAETHCS 1HINE TTO3UTHBHE YKCIO #(€), Take, 110
IUIs1 BCiX 30ypeHb Yio 3a10BOJIBHSE YMOBAM:

[ viol <n(e) k=1, ...,n), (4)

30ypeHnuii pyx Oyze 3aJ0OBONBHITH HEPIBHOCTI:
| yi)l <e k=1, ...,n). (5)

pu Oye-sikomy t > 0.

3a3HadeHi yMOBH HaOyBalOTh BUPIIIATHHOTO 3HAYEHHS JUIA TEOPii CTIHKOCTI, 1 11e
3po3yMisio. AJDKEe TIpU OJHUX 30YpEHHSX CTiHKICTh PyXy CHUCTEMH MOXKe OyTH
30epekeHa, TOAl SK iHII 30ypeHHs MOXYTh MEPEBECTH €KOCHUCTEMY B HECTIHKHit
cTad. Y MiICYMKy MO)XHa KOHCTAaTyBaTH, IO 3aBJIaHHS 3a0e3lMeueHHs! CTIHKOCTi
EKOCHCTEM HEBiJ'€MHE BiJ MOIIYKY KJIACy JOIyCTUMHX 30YpEHb, SIKi BOHA MOXeE
BUTpUMATH 1 HE BTPATHTH TPU ILOMY CTIHKOCTI CBOro cTaHy abo pyxy.
QdokycyBaHHA aHaNli3y HAa Xapakrepi 30ypeHb BIAIOBiAae 1 IyXy KIACHYHOTO
BUYCHHS, OCKUIBKH CYTHICTH MOHSTTSI CTIHKOCTI HE CTUTBKM B XapakTepi 3MiHH
BEJIMYMH BIIXHJCHb 30ypeHOrO pyXy BiJi He30ypeHOro, a CKiNbKH B OIIHKaX
YHCJICHHUX BEJIMYMH 30ypeHb IPH 3aJaHNX OL[IHKAX IMX BiIXWIeHb. TUM caMiM MU
OTPUMAJIH PO3BUTOK YSBJICHHS IPO CTIHKICTh HE TUIBKY ISl MAIHX 30ypeHs, a i Juis
BUIIAJIKY, KOJH 00J71acTh 30ypeHb BelHKa a00 HaBiTh HE 0OMeXeHa. Y TOUYHUMO, IO
o0xacTio momycTuMux 30ypeHs AaHoi obnacti G Ha3MBaeTbCs Taka 00nacTh E, ms
sIKO1 BHUKOHYETBCS BIACTHBICTB: BCI TPA€KTOPii, IO BUXOJATH 3 1 TOYOK, HE
BUXOJIATh 3a Mexi obnacti G. Ciij, OHAaK, MaTH Ha yBa3i: 13 3aBJaHHSAM 00JIaCTi
MOYaTKOBUX YMOB JIsl CTaHy PiBHOBArM 4acTo He MOTPiOHO, 00 eKocucTeMa, SKa
3MIHIOETBCS, 3 TUIMHOM 4acy TOBEpTaiacs 3HOBY /IO CBOTO MONEPETHBOTO CTaHy
(«mmoKMHYTOT» TOYKHM piBHOBaru). Jlns CTIHKOCTI JOCHUTH JHIIE TOTO, 00
eKOoCHCTEeMa 3ajiuinajiacs B 00J1acTi TOMyCTUMHX BigxuieHb. CrpaBa B TOMY, IO
B €KOCUCTEMaX JII0Th PETYIISAPHI 1 HEPETrYJISpHi CHIIH, SIKi BTOPTalOTHCS B MOBEIHKY
€KOCHCTEMHU MOOJIM3Yy CTaHy piBHOBaru. BIUIMB perynsipHUX CHJ TPOSBISETHCS
B «TSDKIHHI» €KOCHUCTeMHU JI0 piBHOBarm a0o BimmaneHHi Big Hel. Ane 1 3
HAOKEHHSM €KOCHCTEMH JIO PIBHOBRXKHOI'O CTaHY BOHO HE MOXKe OyTH JTOCATHYTO
B TOYHOCTI uepe3 Aii HeperysIpHUX CHII QIIyKTYalliHHOTO XapakTepy, 110 3MYLIYIOTh
EKOCHCTEMY 3IMCHIOBATH Mai PyXH MOOJIH3Y CTaHy piBHOBAaru. ¥ TOMY BHUIAJIKY,
3 BU3HAHHSM BR)KJIMBOCTI BUPIIICHHsI 3aBJaHHS MPO BETHMYUHY 00JIaCTi MOYaTKOBUX
YMOB (BIOXWJIEHB), JAOPEYHO TOPKHYTHCSA 1 MUTaHHSA NPO OOJIACTH JOMYCTHUMHUX
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BIIXWJICHB 1 TIOB'I3aHOT 3 ITUM 301KHOCTI 10 HE30YPEHOTO pyXy €KOCHUCTEMHU. AKe
SKII0 00JIACTh TOYaTKOBHUX YMOB Oyze JIy’Ke Major0, TO CHCTEMa MOXKE 3aJTHIIATHCS
B paMKax 3a/JaHoi o0jacTi JOMyCTUMHUX BiIXWJeHb. B iHIIOMY BUIamKy, KOJH
00J7acTh TIOYAaTKOBMX YMOB BHXOJUTh 3a JesAKi MeXi, OOMekeHol o0acTi
JIOIyCTAMHUX BiJIXHJIEHh MOXeE 1 He OyTu. [Ipu 1ipoMy, K10 Mae Micie 301KHICT 10
He30ypeHOro PyXy, TO BOHA MOXE IMPOTIKATH aCUMIITOTHYHO.

Y ToMy BHMNanKy, SKIIO CTiHKICTh PyXy AOTPUMYETHCS AJSl AOCUTH MajlX
MMOYaTKOBUX BiIXWJIEHb, KaXyTh PO CTIMKICTh, JIOKAIBbHY CTIHKICTh ab0 CTIMKICTH
«B Manomy». Jlo pedi, i 3BepHYTH yBary Ha Te, IO CTIHKICTh B MAJIOMYy 30BCIM HE
O3HaYae, MO BiAXWICHHS OOOB'I3KOBO MOBHHHI OyTH MayMMH. B 11bOMy BHUIaIKy
MAroOTh Ha YBa3i TUJIBKH T€, 10 B OKOJIHUII OYATKY KOOPJHHAT iCHY€e 001acTh TSHKIHHS
TPAEKTOPIiH B TOUII piBHOBATH, aji¢ HISKMX BKa31BOK Ha pO3MIpH ITi€l 06acTi HEMaE, i
TOMY CTIHKICTh €KOCHCTEMH MOXKHA TapaHTyBaTd JIMIIE B JOCHTh Maliid OKOJHMII
novyatky koopaunHaT. CHill 3a3HayMTH, MO BJIACTHBICTH JIOKAIBHOI CTIHKOCTI
€KOCHCTEMH MOKE CTaBUTHCS 1 0 TPAEKTOPIM, SAKIIO BOHO BUKOHYETHCS TLTBKH IS
THUX 3 HUX, SIKI IPOXOZSTH B IOCTaTHIN OJIM3HKOCTI BiJf pIBHOBAYKHOI TPAEKTOPII.

VY pPO3BUTOK KOHIEMIii MPO CTIHKICTh «B MajJOMy» BBEAEMO IMOHSTTS MPO
CTIHKICTh «y BENHKOMY». BOHO MICTUTH B CO01 31aTHICTh MIATPUMKH CTIHKOTO PyXy
1 TIpW TIOPIBHSHO BEITMKUX MOYATKOBUX BiAXWICHHSX. J{OCIiKEHHS BUSBIISIOTH, 1110
EKOCHCTeMa MOXKE OYTH CTIHKOI0 «B MallOMy», aje HECTIMKOI «Yy BEIHKOMY).
HiiicHo, MpW HE3HAYHUX BIAXWICHHAX BiJ TIOJOKEHHS PIBHOBArM BOHA MOXeE
30epiraTé CTIfKiCTh, HAOMMKAFOUHCH 3 TUTHHOM Yacy A0 PIBHOBaYKHOTO CTaHY, TOII
SIK TIPU BEJIMKUX BIIXWICHHSAX BiJ HHOTO, HABIAKU, MOXKE BIINANSATUCS BiJl CTaHY
PIBHOBAr# i BTpavyaTH CTiHKiCTh. | SIKIIO MpH SIKKX 3aBTOJHO 30yPEHHSIX eKOCUCTEMa
HE JIEMOHCTPYE CTIHKOCTI PyXy, BOHA € «HECTIHKOIO B BETUKOMY». TUM dacoMm He
MOKHa BUKITIOYATH 1 TOTO, MIO €KOCHCTEMa 30epeke CTIHKHAN pyX MpH OyIb-IKUX
MMOYATKOBUX BIIXMIICHHSX, TOOTO 00JIACTh 11 IOYaTKOBUX YMOB He oOMexeHa. Tomi
€ TIJCTaBH BBAXKATH TaKy €KOCHCTEMY HE TUIBKU CTIMKOIO «y BEIHKOMY», a U
CTIMKOIO «B LiToMYy». O0NacTh TSUKIHHS B IbOMY BUIAIKY 30iraeThbes 3 IPOCTOPOM
BCIX CTaHIB €KOCUCTEMH. ACUMNTOTHYHA 301KHICTh O0YPEHOIO PYXy €KOCHCTEMHU
TaKOX PO3TILIAETHCS KPi3h IPU3MY CTIHKOCTI B MAJIOMY, BEJIUKOMY 1 LILIIOMY.

Tomy, 5K i paHilIe, BUJ aCHMIITOTHYHOT CTIHKOCTI PyXy €KOCHCTEMH 3aJISKUTh
BiJl BEJIMYMHM BIiIXWJIEHHS i NOYaTKOBMX YMOB. 3ayBakKHMO, IO CBOEPIAHICTbH
JIOJIATKIB TEOPii CTIHKOCTI JI0 OCIPKEHHS TIOBEIIHKU €KOCHCTEM II0JISTaE B TOMY,
0 BOHO TPOBOJHTHCS MEPEBAKHO B ACIEKTI aCHMNITOTHYHOI CTIMKOCTI, 3a SKOI
TPAEKTOPIs pPyXy €KOCUCTEMH HE TUTBKU 00OMEKEHa JIOITYyCKOM, aJle i CIPSIMOBYETHCS
10 He30ypeHoi TpaekTopii. [TommMpIOYM MOTIISAN PO CTIMKICTh «B MajoMy» Ha
ACHMIITOTHYHY CTIMKICTh, TMPaBOMIPHO BHU3HAYMTH: SKIIO NPU JOCHTH MAallUX
BIIXMJICHHSX MOYAaTKOBUX YMOB TPAEKTOPIsl JOCII/KYBaHOI €KOCHCTEMH 3 4acoM
30JIMKY€ETBCS 3 HE30YPEHOI0, TO TaKa TPAEKTOPIisS Ma€e BIACTHBICTh ACHMIITOTHYHOT
CTIMKOCTI HE30ypEeHOTo PyXy a00 aCHMITOTHYHOT CTIHKOCTI «B Masiomy». ['padivno
TaKa BJIACTHBICTh PyXY €KOCHUCTEMH BiJloOpakeHa Ha puc. 6.

Ha puc. 6 nokaszano, mo Oyap-sika TPa€KTOPis, SKa B MTOYATKOBUHA MOMEHT Hacy
MaJlo BiIXWISEThCS Big He30ypenoi Tpaekrtopii X°(t), To6TO 3HaxommThCs B i
OKOJMLI 17, B TMOJANbIIOMY 3JHMBA€TbCS 3 IL€I0 HE30YpPEHOIO TPAEKTOPIEIO.
[IpomoBxyroun aHaNOTiO 31 CTIHKICTIO «y BEJIMKOMY» (aCMMITOTHYHA CTIHKICTh
«y BEIMKOMY» Ma€ MiCIle B TOMY BHIIAJIKY, KOJH 00JIACTh BiJIXHJIEHb MTOYATKOBUX
YMOB JIOCHTH BEJIMKA i KiHI[EBa), MAEMO aCUMIITOTHYHY CTIHKICTh «B IIJIOMY», KOJIH
s 005acTh He OOMeEsKeHa.
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Puc. 6 — ImtocTpartist acHMOTOTHYHOT CTIHKOCTI HE30YPEHOTO PyXy €KOCHCTEMH

Touka piBHOBAarM p HA3WBAETHCS JIOKANBHO CTIHKOIO, SIKIIO AJsl HEl icHye

CXOAMTHCS 0 TOYKHU PIBHOBArU P, TOOTO

lim y (t; po) = p (6)

npu t — oo.
SIK1I0 ToYKa piBHOBaru p Mae€ BIACTHBICTh

lim y (T; po) =p (7

npu T — oo I BCiX TOYOK po OKONMII p (200 AT KOKHOTO DPIlICHHS PiBHSHHS
y(T;po)), BOHA HA3UBAETHCS TIIO0ANBHO CTIHKOIO.

OcTaHHIO TakOXX BH3HAYAIOTh TI€I0 BIACTUBICTIO, IO O00NACTh TSKIHHS
€KOCHCTEMH 301raeThes 3 YCiM IIPOCTOPOM ii CTaHiB; a00 11 BIACTHBICTh BUKOHYETBCS
st OyJib-KO1 TPAEKTOpPil eKOCHCTEMH (3 THX, IO PO3MISAAIOTHCS) 1 TOMY 1HOI
HA3UBAETHCS TIIOOATBHOIO CTiHKICTIO. [T00anbHy CTIMKICTh MOXHA TPaKTyBaTH
1 3 TOYKH 30py 30ypeHb, IO 3a3Hae ekocucrema. OCKUIbKM BUKJIMKAaHI HUMH
BIIXMJICHHS B I[IbOMY BHIIQJIKy HIYUM HE JIMITYIOTBCS, TO 1 caMi 30ypeHHs
JIOITyCKAlOThCSL  JIOBUTbHUMH. BaxknmuBo nwmme, o0 ¢yHKIOIT eKOCHCTeMH
3aJIOBOJILHSIN 33JJaHOMY KJiacy QyHKIiN. Taka CTIHKICTh €KOCHCTEMH Mae MiCIle 3a
HEOOMEKEHHUX 30ypeHb 1 Oyab-sKild HENIHIMHIA XapaKTePUCTHIl PETyJIIOHY0ro
opraHy, BU3HAUYEHI JIUIIE 3 TOYHICTIO 0 MPUHAJIEKHOCTI 10 IEBHOTO KJIACY (DYHKIIIH.

Kpim Toro, rimobanpHy CTIHKICTh BiTHOCATH IO POy TAKHUX SIBHIII, SIKi HE3MiHHO
PUTMIYHO  TOBTOPIOIOTBCS B MPHPOJI, TIOB'i3aHi 3  aCTPOHOMIYHUMHU
3aKOHOMIPHOCTSIMU 1 TUM CaMHUM JIAIOTh TIPUBIJ JIJISI TAKOT'O POJY TBEPKEHHS.

3BepHEMO yBary Ha BiJIHOCHO CTiiKi SIBHINA, IO iCHYIOTh JIMIIE B MacIiTadi
JKUTTS eKOCHCTEMH. TyT BiIMITHOIO 03HAKOI aOCOJIFOTHOT 1 BIAHOCHOI CTIMKOCTI €
TPHUBAJIICTh OLIIHIOBAHOI cepil MOJIii, 1110 PO3BUBAIOTHCA.

[IpoGiiema OCIHIPKEHHS CTIHKOCTI pyXy €KOCHUCTEMHU YCKIIAQJHIOETHCS THM, 1110
CTOCOBHO PiBHOBAaru MOXJIMBHIA OyJlb-SIKHW BUIAJO0K: €KOCUCTEMa MOXXE HE MaTh
JKOJTHOTO CTaHy pIBHOBArv, BOJIOJITH JIMIIE OJHUM PIBHOBO)XHUM CTaHOM a0bo
Oe3nmivuuro iX. Binmbln HiX OAWH CTaH PIBHOBAarM XapakTepHUH UIsd HENiHIHHUX
€KOCHCTEM, SIKMM BJIACTUBA HENPOCTA IOBEAiHKA. Y Teopii aBTOMATHYHOTO
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YIIpaBIiHHSA BH3HAIOTH, IO B 3araJlbHOMYy BHUIIAIKy 3ajada OOYMCIICHHS BCIX
PIBHOB2)KHHX CTaHIB ab0 MepeBipky iCHYBaHH X04a 0 0JTHOTO TAKOTO HETPHUBIAIbHA
1 11 pilIeHHS He Ma€ 3aralbHUX KOHCTPYKTHBHHX MPHHOMIB. SIKIIO piBHOBa)KHI
CTaHU EKOCHCTEMH iICHYIOTh, TO YUCEIIbHI METOIH JO3BOJISIOTH 3 BHCOKOIO TOUHICTIO
BUSIBUTH OJWH a00 JeKiIbKa MOMIOHMX cTaHiB. s Iijei HAIOro mOCiIKCHHS
OyZeMo BUXOAWTH 3 TIIYMAueHHS TOHATTS CTIHKOCTI pyXy, SKE CKIAIOCs
B NPUPOJHUYUX HayKaX. BOHO pO3KpUBAETHCS HACTYMHUM YHHOM: SKIIO
MiANOPSAKOBAaHI HAKJIAJeHHWM YMOBaM (BapiamisiM) 30ypeHHS HE BUKIHKAIOTh
3 9acoM TI03aMEXHHUX BIIXWJICHb 3HA4YeHb CIIOCTEPEKYBAHOI (YHKIII, pyX, IIO
BU3HAYAETHCS HEIO, BUBHAETHCS CTIMKUM. OCKIIBKY PO CTIHKICTh MOXKHA CYJUTH 32
XapaKTepoOM TPAEKTOPIl PyXy EKOCHUCTeMH, TO 3a ()OPMOKO TOHSTTS CTIHKOCTI
BUpa)Ka€ TaKy BIACTUBICTb, IIO AOIYCTHMI 3MIIIEHHS MOYATKOBOTO IIOJIOKEHHS
TPaAEKTOPil B MOJAIBIIIOMY 3aJIUIIAIOTH ii B 3alaHUX MeXaxX IIOA0 HEe30ypPeHOro
pyxy. Tak, mo xateropii cTikuX (TOYHIiIIE, AaCHMOTOTHUYHO CTIMKHX B LIJIOMY)
OyZIeMo BIZHOCUTH 3MiHY €KOHOMIYHOTO ITOKa3HWKa, IJIS SIKOTO JOBEIEHO, IO
HE3aJIeKHO BiJ HOro 3HAYECHHsI B IOYATKOBUIH MOMEHT 4acy B Oy/b-SIKOMY BHITQJIKy
BOHO aCUMNTOTHYHO HAOIWKAETHCS 10 3aJaHOTO 3HAYCHHS MTOKa3HHUKA.

OCKiNbKH KJIaCHYHE BHW3HAYCHHS MOHATTS CTIHKOCTI 1HTEPIPETYETHCS IO
BiJTHOIICHHIO /0 PiBHOBKHOTO CTaHy €KOCHCTEMH Ta il OCHTIHDKEHHS Mae Ha yBasi
OTpUMaHHsI OnHi€i 3 ABOX BiAmNOBiZeH (exkocuctema abo criiika, abo HecTiiKa),
OOIPYHTOBYIOTBCS TIOHSATTSI CTIHKOCTI IIOJI0 MOCTABJICHOT METH 1 Mipa CTyIeHs M€l
CTIMKOCTI. 3aBepIITyt0ur OOTOBOPEHHS BIACTHBOCTI CTIKOCTI €KOCHUCTEM, 3ralaeMo i
PO Te, IO PO3POOIISETHCS Teopisi 30ypeHb, sIKa 3aiMaeThCS METOAaMH HaOJIMKEHOTO
pilIeHHS 3a7a4 ISl «30ypeHHUX» TPAEKTOpil, Onn3bkux a0 He30ypeHux. OCHOBHUUN
3ayM IIi€i Teopii mossirac B TOMY, 1[0 BUOMPAETHCS JesiKa ieali3oBaHa eKoCcHUcTeMa,
0 Ma€ TOYHHUI OMHUC 1 MICTUTH OJWH a00 KiJlbka Manmx mapameTpiB. llpu oMy
3 OOHYJIHHSIM TaKHUX MapaMeTpiB OepP>KyBaHi PiBHIHHS Aal0Th MOKIIMBICTh 3HAUTH
TOYHE pIMICHHS 1 Jii aHANITHKIB HANPaBISIOTHCS Ha BiAIIYKAaHHS HAHKpamoro
HaOMDKEHHS 10 BUPIIIEHHS 11 30ypEeHOi TPAeKTOopii 3 Ti€o ado 1HIIIO TOYHICTIO.

s obOcraBMHA TONErIIye MOMIYK PIllIEHHs, aje TUIbKA Ha JIOCHTh MalHX
BiJpi3kax yacy. [IuTaHHs Tpo Te, KO MipOI MOXHA JOBIPIATH OTPUMAHUM ITIPH
OMY pe3yJibTaTaM Ha BEJIHKI IHTEpBAIM Yacy a00 HECKIHYEHHICTh, ITOKH IIE
BHBUYEHE HEIOCTaTHKO. J{0BE/IEHO 1 3aCTOCOBYIOTHCS HA MTPAKTHII KPUTEPIii CTIHKOCTI
€KOCHCTEM, SIKi JIO3BOJISIFOTh BU3HAUUTH, YU 30€piraeThCs BIACTUBICTh CTIHKOCTI TUX
YM IHIIUX KOHKPETHUX pilleHb abo pyXiB ekocucteM. 30Kpema, Ui JIiHIHHUX
CTaIliOHAPHUX €KOCUCTEM 3 MTOCTIHHUMH Koe(ilieHTaMHi HEOOXITHOIO 1 TOCTATHHOIO
YMOBOIO aCUMITOTUYHOI CTIHKOCTi, 3 MaTeMaTHYHOI TOYKH 30pY, € HETaTHBHICThH
BCIX pEYOBHX (JIHCHMX) KOpPEHIB XapaKTEpUCTHYHOTO piBHSHHA. [Ipn 1mpOMy
ACUMIITOTHYHA CTIMKICTh TAKOTO PIIlIEHHS 03HAYa€ MOTO aCHMIITOTUYHY CTIHKICTh
B IIJIOMY (TJI00NIbHY CTIHKICTB).

BucnoBku

3 aHaji3y HaBEACHUX Y JaHiil poOOTi MIpKYBaHb 1100 CTIHKOCTI €eKOCUCTEM MOXKHA
3p0oOWTH BUCHOBKH, TOJIOBHI 3 KX TaKi.

1. dynpameHTanbHEe TOHATTS CTIHKOCTI pPIBHOBAarM i pyXy €KOCHCTEM Mae
OaraTuii 3MiCT, PI3HOMAHITTS] CMHCJIOBHMX BIJITIHKIB 1 HiJAXOIIB 10 TIyMaueHHS, 110
Hajae T JOCTIKCHHIO HACTUIBKA JK «CTIMKui» iHTepec 1 OakaHHS 3HAUTH
AQHAIII THYHUN THCTPYMEHT JIJIS Mi3HAHHS ii BIACTHBOCTEH.
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2. Y npupOIHUYO-HAYKOBIH IHTEpIpeTAallil CTIHKICTh €EKOCUCTEMH SIBIISIE COOOIO
BIIHOCHY 1HBapiaHTHICTH ii CIIOCTEPEKYBAHUX BIACTHBOCTEH TIPH Iii JOITyCTUMHUX
30ypeHb: 3AaTHICTh TPAEKTOPil pyXy 3aJHILIATHCS B TIEBHUX ME¥KaX, HE3BAKAIOUH Ha
BTpy4YaHHs mependadeHuX 3aBIaHHsAM 30ypeHb. [Ipu oMy B 3alIe)KHOCTI Bif
00JacTi MOYATKOBUX BIAXWIEHb TPAEKTOPIi PO3PI3HAIOTH CTIHKICTh «B MaIOMY»,
«y BEIIMKOMY» 1 «B IIIOMY», a BiJ XapakTepy 30DKHOCTI 30ypeHOro pyxy [0
He30ypeHUX — 3BUYaifHy 1 ACHMIITOTUYHY CTIHKICTB.
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ASSESSMENT OF THE ECOLOGICAL SAFETY LEVEL IN THE URBAN
ECOSYSTEM BY THE ATMOSPHERIC AIR CONDITION

Abstract. Green plantings, which are a part of the modern city, are an important
element creating an environment providing favorable microclimatic and sanitary
conditions for human living. Plants of the city streets, which tend to grow near the
roadway, play an important role. According to the magnitude of the fluctuation
asymmetry of the bilateral morphological features in plant organisms, the main
environmental hazards resulting from the complex of emission, background-
parametric and landscape-destructive effects associated with the formation of the
urban landscape were investigated. It is proposed to determine the state of the urban
ecosystem based on the of fluctuation asymmetry (FA) criteria — slight non-
directional deviations between the sides of the organ, which are laid during
ontogeny. The condition of the small-leaved linden (Tilia cordata) leaf plates was
evaluated by the development stability, which characterizes the level of pollution in
the urban ecosystem. The nature of industrial emissions into the air basin and water
bodies was analyzed, as well as the level of the soil cover contamination due to the
deposition of aerosol emissions in the administrative districts of Kyiv.
A comprehensive approach was proposed to evaluate the status of urban ecosystems
based on the combination of instrumental methods with bioindication research
methods. Such a combination will make it possible to classify urban areas with the
high probability, first, not by the degree of chemical pollution, but by the degree of
anthropogenic changes in a whole set of environmental factors, which play a crucial
role in the formation of specific properties of the urban ecosystem.

Keywords: fluctuation asymmetry; developmental stability; small-leaved linden
(Tilia cordata); dendroindication, urban ecosystem

O.B. bapa6aw

HauionaneHuii TpaHcOpTHHUH yHIBepcuTeT, M. KuiB, Ykpaina

OIIHKA PIBHS EKOJIOITYHOI BE3ITIEKA YPEOEKOCHUCTEM
3A CTAHOM ATMOC®EPHOI'O ITIOBITPA

Anomauisn. 3a  eemununow  gaykmyayiunoi  acumempii  GiramepanbHUux
MOPGONOSTUHUX O3HAK POCIUHHUX OP2AHIZMIE NPOBEOEHO OOCHIONCEHHS OCHOBHUX
eKONOIUHUX Hebe3NneK, Wo BUHUKAIOMb 6 pPe3VIbMmami KOMWIEKCY eMICIUHUX,
Gonogo-napamempuunux ma AAHOWAGMHO-0eCMPYKMUBHUX BNIUBIE, NOG SA3AHUX
i3 hopmysannsim micbkoeo nandwagmy. 3anponoHo8aHo GuHAYAMU CMYNiHb
30epediCentss eKoN0IUHUX GIACMUBocmell ypOoeKoCUCmeMU HA OCHOSL Kpumepiie
@nykmyayiunoi acumempii (PA) — He3HAUHUX HEHANPABACHUX BIOXUNIEHb MidC
CMOPOHAMU Op2any, 5KI 3aKIa0aiomvcst nid uac oumoezenesy. Ilposedeno oyinky
cmany aucmrosux niacmunok aunu cepyenucmoi (Tilia cordata) za cmabinonicmio
PO36UMKY, WO  Xapakmepusye — pigeHb  3a6pyOHeHHs  YpOoeKocucmemu.
Ipoananizogano xapaxmep NPOMUCIOBUX GUKUOIIE 8 NOGIMPAHUL OACEUH MA 600HI
00 ’exmu, @ maKodic 3 ’CO8AHO PiGeHb 3A0PYOHEHHS IPYHMOB020 NOKPUBY BHACTIOOK
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0CAOMNCEHHSI AepO30JIbHUX GUKUOIE HA Mepumopii aOMIHICMPAmMueHUXx patloHie
M. Kuesa. 3anpononosano komniekchutl nioxio ous oyinku cmauy ypboexocucmem
Ha OCHOBI NOEOHAHHSI IHCMPYMEHMANbHUX MeMOo0i6 3 Memooamu OiOIHOUKAYIUHUX
docniodcens. Take noeOHamHst 003604UMb 13 HAUOLILUWIOW 001€10 BIPOIOHOCTI
Kracu@ixyeamu MIicbKi mepumopii, 8 neputy uepey, He 3a CMyneHem XiMIYHO20
3a06pYOHeHHs, a 3a CmMYyNeHeM AHMPONO2EHHUX 3MIH Y020 KOMNLEKCY eKONOIYHUX
gaxmopis, aki eidicparoms SUPIWATLHY pOab Y QOpMYy8aHHI cneyuiuHux
enacmusocmeii ypboexocucmemu.

Knrouosi cnoea: gaykmyayitina acumempisn; cmabitbHicmb pO3GUMKY; AUNA
cepyenucma (Tilia cordata); dendpoinouxayis, ypboexocucmema

Beryn

B yMoBax cb0oro/ieHHsI 1OCUTh aKTyaJbHOIO BUABIISIETHCSI KOMILIEKCHA OLIIHKA PiBHS
3a0pynHeHHS ypOoekocHcTeMH, 30KkpemMa ii KommoHeHTiB. OtiHka piBHA
€KOJIOTI9HOi Oe3MeKr KOMIIOHEHTIB YpOOEKOCUCTEM € HEOOXiTHUM IHCTPYMEHTOM
JUIsi 3MCHIICHHS 3arpo3 3[0POB'I0 HACENEHHs MICT B pe3yibTaTi emicii mumy
B arMoc(epy Ta HAAXOKEHHS 3a0pYIHIOIOUUX PEUYOBHH Y IPYHTH, BOAHI 00 €KTH
Ta 1X pecypcu. KomriekcHa o1fiHKa eKoJIoTi9HOi 0e31eKH ypOOeKOCUCTEMH TOJISTae
y TMOEMHAHHI METOMIB OlOIHIWKAIll i3 BU3HAYCHHSIM OCHOBHHX BHUJIB IisJIbHOCTI
MPOMHCIIOBUX MiANPUEMCTB Ta iX BIUIMBY Ha CTaH HAaBKOJHUIIHBOTO MPHPOIHOTO
CEepeIOBHIIA 32 JIOTIOMOTO0 IHCTPYMEHTAIBHIX METO/IB.

OcHOBHUMU [DKepernaMu 3a0pyJHEHHS B YMOBAaX MicTa SK ypOOEKOCHUCTEMH €
MPOMHUCIIOBI MiANPUEMCTBA ¥ aBTOMOOUIBHUI TpPaHCIOPT, B PE3YJNbTaTi IHOTO
PE3UCTEHTHICTh POCIMHHUX OpTaHi3MiB 10 abiOreHHHX CTPECOpiB 1CTOTHO
3HIDKYETHCS, IO TPU3BOAUTH JO AaHATOMO-MOPQOJOTIYHHX (PIyKTyariin ix
BEreTaTHBHUX Ta TEHEPaTWBHUX OprasiB. [ OLIHKK CTaOLIBHOCTI PO3BHUTKY
JepEBHUX POCIMHHUX Haca/KeHb 3aCTOCOBYIOTh KpuTepil QIyKTyamiiHoi
acumetpii (DPA), Aki BUABIAIOTP HE3HAYHI BIAMIHHOCTI MiX MpPaBOKO 1 JIBOIO
CTOPOHAMH JIMCTKOBOI IJIACTHHKH, HIO 3aKIAJar0ThCcs MiJl 4ac oHToreHesy. [lpum
3aJI0BIJIbHOMY CTaH1 HABKOJIMIIHBOTO CEPEIOBUINA IX PiBeHb MiHIMAIBHUHN, KON XK
HETaTUBHUH BIUIUB 301JIBIIY€THCS, MPOSBIETHCS acuMeTpis [1].

PiBenp  QuykryamiiiHoi  acuMeTpii  MOPQOJIOTIYHUX  CTPYKTYp  MOXKE
BUKOPHCTOBYBaTHCSl sIK HecmenudidyHuii  cTpec-iHAMKATOp, WO BijoOpaxkae
nedopMallito B3aEMOJIA MK OPraHi3MOM Ta HAaBKOJMIIHIM CepeloBHUINEM [2] i €
KOPEKTHUM CII0cO00M (hopMaltizallii CTyeHs BiIXWIeHHS PO3BUTKY OCOOMHH 1 HAaBITh
MOMYJIALIT BiJl HOpMH. MOHITOPUHT TaKUX MPOSIBIB JiecTabiizallii, ki BiI0YBarOTHCS
MiJi Yac OHTOTeHe3y POCIMHHHX OpraHi3MiB, MOXe HajaTh iHdopmaliio mpo
HeraTHBHI 010TWYHI a00 a0iOTUYHI YMHHUKY, HassBHICTh aHTPOIIOT€HHOTO TUCKY [3].
Otpumana iHopMallis MO0 CTaOUIBHOCTI PO3BUTKY JEPEBHHX HAca HKEHb
y TO€HAaHHI 3 pe3ysibTataMy (PiKCOBaHMX BUMIPIOBAHb BUKHUIIB 3a0pYIHIOIOYHX
PEUYOBHH JI03BOJIUTH HE JIMILIE BUSHAYUTH CTaH IIPUPOIHHUX PECYPCIB, aie i po3poOuTH
cTparerito 30a1aHCOBaHOTO PO3BUTKY PETiOHIB, BUPIIIMTH MUTAHHS 100 KOHTPOJIIO
JISUTBHOCTI CTAI[IOHAPHUX JIKepes 3a0pyIHEHHS], IPOBECTH OLIIHKY PE3YJIbTATHBHOCTI
MPUPOJIOOXOPOHHUX 3aXOJiB 3 OXOpoHM aTMoc(epHOoro moBiTpst Tomo. OTKe,
3aCTOCYBaHHS IHCTPYMEHTAJIBHAX METOJIIB 13 O101HAUKAII THUMH JTOCITIPKEHHSIMH TT1]T
Yyac BWSBJCHHS BIUIMBY BHPOOHMYMX TIOTY)KHOCTEH MIJNPUEMCTB HA CTaH
HaBKOJIMIIHBOTO MPUPOJHOTO CEPENIOBUINA JIO3BOJIUTH OTPUMATH OO0’ €KTHBHI
Pe3yJIbTaTH 1 IPOBECTH KiJIbKICHY Ta SIKICHY OLIIHKY KOMIIOHEHTIB YpOOEKOCHCTEMHU
JUISl BCTAHOBJIEHHSI 3aX0/IiB OO X BiHOBJICHHS.
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B pobortax 0ararbox HAyKOBIIB TOCHIKEHO Ta TMPEIACTABICHO BUPIIICHHS
MMATaHb MO0 3HAYCHHS eKOJIOTITHOTO MOHITOPUHTY JIJIs 3a0€31eUeHHS €KOJIOTIIHOT
Oesmeku, BU3HAYCHO cepr 1 HANPSIMKH MOHITOPHHTY, PO3TJISAHYTO MOKa3HUKH
OIIIHKK Ta METOMW 1 3aco0Ou ioro mposeneHHS [4, 5]. Y HaykoBux poOoTax
Clarke G. [6], Franiel L. [7], Loehle C. [8], Sakai K., Shimamoto Y. [9] BucBiTiIeHO
ITiIXO/IM II0JI0 3aCTOCYBAHHS Ta PETENHFHOTO BHOOPY YyTIMBUX Ta iH(OpMAaIiitHIX
OioinaukaTopiB. He3Bakaioum Ha BeJIHMKY KUIBKICTH pOOIT, AKi MEBHUM YHHOM
CTOCYIOTBCSI TTPOOJIEM 3aCTOCYBaHHS METOIB Ol0iHIUKAI1, MUTAHHS KOMIUIEKCHOT
OIIIHKY PiBHA €KOJIOTIYHOI Oe3Mekn ypOoeKOCHCTeM BUMArarTh CIEI[ialIbHO] yBaru
Ta MPOBEJCHHS TOJATKOBUX JOCHIPKEHb.

MeTto podOTH € JOCHI/DKEHHS Ta OIliHKa SKOCTI ypOOEKOCHUCTeMHU 3a
CTabiIBHICTIO PO3BUTKY JEPEBHUX HACA/KEHh B YMOBAX aHTPOIIOTEHHOTO THUCKY.

MarepiaJj i pe3yabTaTh A0CTiAKEeHb

36ip MaTepianxy IpOBOIUBCS BiAIOBIIHO 0 METOAWKH OI[IHKU CTaHy OpPTaHi3MiB 3a
MOKa3HUKaMHU MOPYUIEHHs cTabimbHOCTI po3BUTKY [10]. MatepianoM AociiiKeHb
00paHo JIMCTKOBI IUTACTHHKH T. cordata, BimiOpaHi Mmiciisi 3yHMHHKH POCTY JIHCTS
(8 xiami cepmast 2019 p.). Koxxna Bubipka ckiananacs 3i 100 THCTKOBUX IITACTHHOK
(o 10 mUCTKIB 3 OAHOTO AepeBa), siKi OyM B3STi 3 HWKHBOI YACTHHU KPOHU JIepeBa,
Ha PIiBHI MiIHATOI PYKH, 3 MAKCUMAIBHOI KiJIbKOCTI JOCTYMHUX T1JIOK, PiIBHOMIpHO
HaBKoJIO Aepesa. [lpu 300pi JuCTS BpaxoByBasld HOTO po3Mip 1 PYHKIIOHATEHUI
CTaH.

s ouinku BenuuuH DA, 3rigHO 3 iCHYHOUOH MeToaukor [10], mocimimkeHo
5 6inaTepanbHUX O3HAK: | — MIMPHUHA JIiBOT 1 TPaBOi MOJIOBUHOK JINCTKA; 2 — BiICTaHb
BiJl OCHOBH 1O KiHIA JKWJIKH JPYTOTO TOPSAKY, IPYroi BiJl OCHOBH ITUCTKA; 3 —
BiJICTaHb MK OCHOBaMH TEpIIOi 1 Apyroi )HUJIOK APYroro MOopsaKy; 4 — BiAcTaHb
MiX KiHISIMH TIepIIoi i Jpyroi *WJIOK IPYroro MOpsKY; 5 — KyT MiX TOJOBHOIO
KHJIKOIO 1 APYTOFO BiJl OCHOBM JIUCTKA )KUJIKOIO JIPYTOTO HOPSAKY.

J1J1s 3aMipiB J1iBOI 1 IPaBOT MOJIOBUHOK JINCTKOBOT IJIACTUHKYA BUKOPHCTOBYBAJIU
IUPKYJIb-BUMIpIOBAY, JiHIHKY 1 TpaHcmopTup. IHTerpambHuii mokazHuUK DA
PO3paxoByBaJIM TAKUM YHHOM: 1) JUISt KOKHOT JINCTKOBOT TIACTHHKU O0YHCITIOBAIN
BiJIHOCHI BETMYMHHU aCUMETPil sl KOXKHOT O3HAKH (PI3HUIIO MiXK MPOMipaMH 31iBa
(L) 1 mpaBopyu (R) pimmnm Ha cymy mmx 3amipiB: (L—R)/(L + R); 2) obuncmoBanu
MOKa3HUK aCUMETPIi U1l KOKHOTO JINCTKA (J10/1aBaJIM 3HAYEHHS BiTHOCHUX BEINYNH
acUMeTpii 32 KOXHOK O3HAKOI 1 JTUIMIM Ha YWCIO O3HaK); 3) OOYHCIOBaH
THTETpAbHUH TIOKA3HUK CTabiIbHOCTI PO3BUTKY — BEIMYHHY CEpPEelHBOI BiJIHOCHOI
BiIMIHHOCTI M’k CTOPOHaMH Ha 03HaKY (0OUYHMCIIOBAIIN CepeIHE apUPMETHIHE BCIX
BEIMYMH acuMeTpil (g KOXHOro 3 gnecatu aepeB). CTaTHCTUUHY OOpOOKY
OTPUMaHOTO MaTepialy MPOBOJIUIIN 32 JIOTIOMOT OO CTaHAaPTHOTO MTaKeTy MPOrpamMu
MS Excel.

Jnst OLiHKM CTymeHs BHSBJICHUX BiIXWIEHb Bil HOPMH BHKOPHCTOBYBAIU
OanpHY IMIKaNTy, L0 XapakKTepusye piBeHb 3a0pyJHEHHS TepUTOpii Ha OCHOBI
noka3Huka GA. 3HaueHHs IHTErpaIbHOTO MOKA3HUKA aCUMETPIl, sIKi BIIOBIIAIOTH
nepuiomMy Oaiy, 3a3BU4aii ClIOCTEPIiraroThesl y BUOIPKax POCIIMH CIPUSATINBUX YMOB
3pOCTaHHS, HANpHKIaA B NPUPOJHMX 3amoBigHukax. [I’stuit G6an — xpuTuuHe
3HaueHHS (Taki JaHl TIOKa3HMKA AacCHMETpil CIOCTEepIraloThCsl Yy  BKpai
HECTIPUSITIMBHUX YMOBaX, KOJIM POCIMHA TiepeOyBae B CUIILHO PUTHIYEHOMY CTaHi).
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3poCcTaHHS HACEICHHS 1 IPOMHCIIOBOTO BHPOOHHIITBA y M. KueBi 3yMOBHIIO
IHTCHCHBHE IHAyCTpiajdbHE,  IKUTIOBO-KOMYHAJIBHE Ta  COIAJLHO-KYJIBTYpHE
OyZIiBHHULITBO, PO3IIUPEHHSI TPAHCIIOPTHOI Ta €HepreTHYHoi Mepexx micra. Yepes
HAapOUIyBaHHS  MPOMHCIOBO-EHEPTETUYHOTO 1  TPAHCIOPTHOTO  MOTEHIaMiB
B KuiBchKkoMy Merarosici aHTpOIIOTEHHE HaBaHTAXXEHHS Ha aTMOC(epHe MOBITpPS,
TPYHTOBHI TOKPWB, BOAHI OO’€KTH Ta iX pecypcw Mpu3Beno A0 (HopMyBaHHS
cnenudivHoi TpaHCPOPMOBAHOT yPOOSKOCUCTEMH, ¢ (hi3UKO-XIMiUHI BIACTUBOCTI Ta
XIMIYHHIA CKJIa/T KOMITOHEHTIB Oiochepr MoaniKyrOThCs i 9aCTKOBO BTPAYarOTh CBOI
OCHOBHI (pyHKIII, Taki fK: 3a0e3MEUeHHS HAICKHOTO J>KUTTEBOTO IPOCTOPY IS
IPYHTOBOi O10TH 1 POCIMHHMX OpraHi3MiB, (POpMyBaHHSI 3aXHCHOTO €KpaHa s
EKOCHUCTEeMH, 3a0e3redeHHs TPyn Oi0TH MOKMBHUMU PEUOBHMHAMM 1 3aTHOCTI JIO
JeTIoHaIlii Ta TpaHcopmallii TOKCHYHUX CIIONYK Y OUThI O6e3medHi ix popmu. Bei i
3MIHM y KOMITOHEHTax Oiocepr ypOOSKOCHCTEMH TIOB’si3aHi 3 JIiSUIBHICTIO
CTalliOHAPHUX Ta MEPECYBHUX JDKEpeN 3a0pyOHEHHS, sKi, BIUTMBAIOYM HA MiCbKe
CepeJIOBUIIE, 3MIHIOIOTh HOTO, HAJJAF0UM HOBHX XapaKTEPUCTHK.

KuiB moxpinseThest Ha ECATh aAMIHICTPATHBHUX MiCHKHX pallOHIB, yTBOPEHHUX 32
pamianeHuM  npuniunoMm  ([leuepcekuii, IlleBuyeHkiBchbkui, IloainbCHKMIA,
Conom’stacekmit, JlHinpoBcbkuid, JlecHsHChKUH, OOonmoHCHKWA, [ omociiBchkuid,
CesrommHChkH, JlapHUIBKHN), y AKUX 32 JaHUMH (DiIKCOBaHWX BUMIipIOBaHb
CIIOCTEPIra€Thcsl HEPIBHOMIPHICTh 3a0pyIHEHHS, a OCHOBHHMH JDKEpellaMH
3a0pyIHEHHS X PaioOHIB € MiAMPUEMCTBA EHEPIEeTUYHOTO KOMITJICKCY Ta XiMi4HOT
MIPOMUCIIOBOCTI (Tadum. 1).

Tabmuus 1 — BrumB AisiIbHOCTI CTAI[iOHApHUX JKepell 3a0pyAHEHHsI Ha CTaH
KOMITOHEHTIB ypOOeKOCHCTEMHU

Ne Paiion [epeBuIeHHS IO OCHOBHUX 3a0pyIHIOIOYHX PEYOBHHAX
JIOCIT PKSHHS (maHi HiKCOBaHHMX BUMIPIOBAHbB)
Atmochepre BopHi 06’ ekt I'pynroBuit
TOBITPs TTOKPUB
1 | FomociiBchkuit CH0, SO,, NO;, 3aBuCI pEUOBHHA Hagromponykru
T4
2 | O6oNOHCHKHIA S0, NO, 3aBuCii peUOBHHU Hadrompoxykru
3 | llleByeHKiBCHKHIA CO, SO, 3aBuCii peUOBHHU Hadrompoxykru
4 | NapHunbkuit SO, NO, TY, 3aBuUCITi pEUYOBUHH, Hg, Pb, Zn, Cr, Ni,
CcoO SO4%, CI, NO¥*, PO4%, | Cu, Ba, V, W, Mn,
Mn, Fe, NO%, NH4* HadTONPOIYKTH
5 | JIHinpoBchbKwmit CO, SO, NO,, SO4?%, Cl, 3aBucni Hg, Pb, Zn, Cr, Ni,
T4 peuosunn, Cu, NHs* | Cu, Ba, V, W, Mn,
HaTONPOAYKTH
6 | JecHsHcbkui SO, S04, Cl, 3aBucni Hadromnponykru
peyoBunn, Cu, NH4*
7 | Hedepcpkuit CO, SO, 3aBuCIi peUOBHHU Ha¢rompoxyktu
8 | CBATOUIMHCHKHIA CO, SOz, NO, 3aBuCIi peUOBHHU Ha¢rompoxyktu
9 | IoainbchKuii SOz, NO; 3aBuCi peUOBHHU Ha¢rompoxyktu
10 | CoJioM’sIHCHKHIA SOz, NO,, TH 3aBuCi peUOBHHU Ha¢rompoxyktu

I'panr4HO nOTMyCTHMa KOHIIEHTpAIIiS IIKIIMBUX PEUYOBUH HA TEPUTOPISX palioHIB
M. Kuesa inkonu niepesuinye 15 oj. Taki minsgHke 3apeectpoBani B JIHIIPOBCEKOMY,
Conom’stHcbkoMy, JlapauipkoMy Ta I'omociiBcbkoMy paiioHax MicTa, TOOTO Tam, Jie
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pO3TaIIoBaHi JOCUTH TMOTYXKHI IPOMHCIIOBI IMANPHEMCTBA. Ha BCiX CTamioHapHUX
IocTax 3a3HAYCHWX pAHOHIB BiI3HAYAETHCS TICPEBUINCHHS BMICTY OCHOBHHX
3a0pyTHIOIOYHX JIOMIILIOK — MIJTY, TIOKCHAY CIPKH, OKCHLy BYTJICIIIO 1 JIOKCHIY a30TYy.

[ligBuieHHs1 cepeIHBOMICSIYHOTO BMICTY 3a0pyAHIOIOUHX PEUYOBHH y TMOBITPi
M. KueBa cmocrepiraerscs, SK 3aBXAW, Y TEIUIMH TEpion POKYy — 3 KBITHS II0
BepeceHb. HalOinmpm cyTTeBe 3pocTaHHs 3adiKCOBAaHO 3 YEPBHS IO CEPIICHbB, 10
MOB’s3aHO 3 MiABUIIEHHAM (DOTOXIMIYHHMX MPOILECiB B aTMocdepi MpH BHCOKIi
TeMIIepaTypi MOBITPS Ta IHTEHCUBHOCTI COHSYHOI pajiaiii.

B rpynaToBOMY noKpuBI paiioniB M. KueBa ocTiitHO (iKCyIOThCS TaKi peYOBHHH,
SK PTyTh, CBUHELb, LHUHK, XpPOM, HiKelb, Minb, Oapiii, BaHamiil, Boibdpam,
Mapranens. Haii0inb1e 3a0pyAHeHHs IPYHTIB crioctepiraethes B paiioni TEL[-4, ne
BMICT IIMHKY TiepeBuInye (poHoBwHii piBenb y 22 pasu, AT «Kuisrymay» — BiAmoBigHO
y 8,5 pasa, Oinsa 3aBoiB XymoKHBOTO Cckia Ta «Panap» (nmepesunieHHs (HOHOBHX
3HAYCHb BMICTY CBUHIIIO B 3,5 pasa, Mifi B 3-5 pasziB).

AHTpoIoreHHe eBTpo(hyBaHHS Ta 3a0pyTHEHHS BOJHHUX 00 €KTIB Ta iX pecypciB
B aIMiHICTpaTUBHHX paiioHax M. KreBa mpru3BoANTS A0 JAeTpajarii BEeJIHKIX Ta MaJTUX
PIYOK, BOJOCXOBHII, O3CPHUX CHUCTEM Ta O IMOTIPIICHHS SKOCTI BOJH, TOJIOBHOIO
NPUYMHOIO YOTO € CKHAHW, IO HAIXOMITh Y BOJOWMH 3 BOZO300pY B pe3yibTaTi
0€3BiMOBITAFHOI AiSTTPHOCTI IPOMHUCIIOBHX Ta KOMYHAIBHUX T ATPUEMCTB.

3Bakaroud Ha Te, IO MYTarcHHICTh BUSBISIETbCS MPHU 3HAYHO HIDKYUX
KOHIICHTpAI[isX, HDK TOKCHYHICTb, & MOIYJIALIHHO-TCHETUYHI HACHiIKu 11 aii €
KaracTpoiYHIMH, BUHUKAE HEOOXITHICTh 3IHCHEHHS €KOJIOT1YHOTO MOHITOPUHTY
i3 3aCTOCYBaHHSM POCIMHHHUX OpPTraHi3MiB SIK ¢(EKTUBHHUX 1HIUKAMIMHUX CHCTEM
3a0pyaHEeHHS JOBKULIA (Tabi. 2).

Tabmurs 2 — [aTerpanpamii OKa3HUK (IIYKTYyamiifHOT acuMeTpii y BHOIpIi

Paiion Bennununa | IToxazHuk XapakrepucTuka
JIOCJILIDKEHHSI y BUOIpwi DA

[osnociiBcbKHi 0,051 v Jyxe 3a0pyiHeHi paiioHn

OO00I0HCHKUH 0,043 11 PocnuHu Bim4yBarOTh CIIAOKHI BIUTUB
HECHPUSTINBUX (HaKTOPIiB

IlleBuenkiBcbkuit | 0,049 III 3a0py/HeHi paiioHu

JapHunpxuii 0,057 \Y Bkpaii HecnpusITIMBI yMOBH, POCIHMHH
3HAXOASATHCS B JIy)Ke IIPUTHIYEHOMY CTaHi

JlHinpoBchKkui 0,057 \Y Bkpaii HecnpusITIMBI yMOBH, POCIHMHH
3HAXOASATHCS B JIy)Ke IPUTHIYEHOMY CTaHi

JlecHSIHCBHKHIA 0,041 11 PociuHu Bim4yBarOTh CIAOKUil BILUIMB
HECHPUSTINBUX (HaKTOPiB

[Tewyepchkwmii 0,043 11 PocnuHu Bim4yBarOTh CIIAOKHI BIUTUB
HECTIPUATINBHUX (aKTOPiB

CBATOIMNHCHKUHA 0,043 11 Pocmuam BimdyBarOTh CIIAOKWI BILTUB
HECTIPUATIMBHX (PAKTOPIB

[oninscpkuii 0,042 II Pociauum BimuyBaroTh cnaOkuil BIIIMB
HECTIPUATIMBHX (PAKTOPIB

Conom’sHCBKUI 0,055 \% Bkpaii HecnpusTINBI yMOBH, POCIHMHH
3HaXOASATHCS B JIyXKe NPUTHIYCHOMY CTaHi

BcranoBneno, mo mnokazHuk DA BigoOpaxkye nedopmamiio B3aeMOIil Mik
POCIMHHUMH OpraHi3MaMu Ta HaBKOJIMIIHIM CEPEJOBHUILEM, a TAKOX BHUCTYIIAE
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MTOKa3HUKOM pIiBHS €KOJOTiYHOiI HeOe3mekd 1 € HaiBummMm y JlapHUIBKOMY,
Huinposcekomy Ta CooM’ssHCEKOMY paiionax M. Kuepa, 1o miaTBepIKyOTh TaHi
pe3ynbTaTiB QikcoBaHMX BUMipIOBaHb. PociMHHI HacalKeHHS, IO MPOPOCTAIOTh
y llopinecekomy, lleuepceromy, [ecHsHCbKOMY Ta OOOIOHCBKOMY paiioHax,
3HAXOJSATHCS B YMOBax cJaOKOTO aHTPOIIOTEHHOTO THCKY, IO B MEBHIH Mipi
MO3HAYA€ThCS HA BCIX eTamax iX oHToreHesy. bymo BusBiIeHO, o cepenHiil Ta
BUCOKHI piBEHb IHTETPaJbHOTO MOKAa3HWKA TOPYIICHHS CTAa0UIBHOCTI PO3BUTKY
JNEPEBHUX HACAIDKEHL CIIOCTEPITAIOTBRCSI B palioHaxX MicTa 3  ITIBHIICHOIO
KOHIIEHTPAIIEI0 OKCHAIB a30Ty Ta BYIJIEHIO ¥ IIOKCHIY CIpKH, IO JTO3BOJISIE
CTBEPXKYBaTH IMpo (GOpPMyBaHHS OITSTHOK EKOJOTIYHOTO PH3UKY, OOYMOBJIECHHX
3a0pyIHEHHSM aTMoc(epu.

BucHoBku

Bcranosneno, mo TepuTopii aAMiHICTpaTUBHUX palioHiB M. KneBa xapakTepu3yroThest
HU3BKAM CTyTIeHEM 30€peKeHHS W BIJHOBICHHS EKOJOTIYHHX BIIACTHBOCTEH
aTMocdepHoro nositpst. [Ipu moeiHaHHI pe3yJIbTaTiB €KCIPEC-OIIIHKH 32 TOKa3HUKOM
@A 3 mannmMu ¢ikcoBaHNX BUMIipPIOBaHb, MOYKHA KITACH(DIKyBaTH ypOOEKOCHCTEMH 3a
CTYIICHEM aHTPOIIOTEHHHUX 3MiH IIIIOT0 KOMITIEKCY (DaKTOpiB, SKi € 3HAYYIIIMMH ITiJ]
yac ¢opMyBaHHs crenu(iyHUX BIaCTHBOCTEW Micbkoro cepenoBuina. IIpoBeneHa
OioiHJMKalliiiHA OIiHKA JT03BOJISIE PO3POOHTH Psii YIPABIiHCHKUX PillleHb i 3aX0JIiB
JUIL 3MEHIIEHHS PIiBHA €KOJOTIYHOi HeOe3NeKd MpH 30UTBIICHHI TEXHOTEHHOTO
HaBaHTaXXeHHsI Ha ypOoekocuctemu. OTKe, TpeCTaBIeHI AaHi OyAyTh CIyryBaTH
0a3ucoM Ui PO3pOOJICHHST Ta OOIPYHTYBaHHS KOMIUICKCHOTO TIJIXOMY IS
TTi IBHIIEHHS PIBHS €KOJIOTTYHOT O€3MeKH TePUTOPIH.
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Abstract. The formalization of the process of structural adaptation of turbo codes
under the conditions of noise interference, which lead to uncertainty in the process
of decoding of correction codes, is proposed. The essence of formalization lies in
the adaptive choice of the structure of the correction code using the a priori and
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risk. The proposed results can be used to ensure the reliability of information
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1A minicTpanis JlepskaBHOT cIry’kOH CIELiaNbHOTO 3B’ 13Ky Ta 3aXMcTy iH(opManii Ykpainu,
M. KuiB, Ykpaina

YepuiriBchbkuil HALIOHAEHUI TEXHOJOTIYHKI yHiBepcuTeT, M. YUepHiris, Ykpaina
3JlepxaBHa caysx0a crneliaabHOIO 3B°A3Ky Ta 3aXMCTy iHpopmauii Ykpainu, M. UepHiris,
VYkpaina

DOPMAJIIBALISA IPOLECY MATEMATHYHOI'O
MO/JIEJTIOBAHHSI AIAIITUBHOI 3MIHU CTPYKTYPH KOJIIB
B BE3MIPOBO/IOBUX 3ACOBAX MEPEJAUI JAHUX

Anomauyin. 3anpononosana gopmanizayisi npoyecy cmpykmyproi aoanmayii
mypbo K00i8 3a yMO8 6nauey 3aead, AKi Npu3eoOAmMb 00 GUHUKHEHHS
HegusHaueHocmi 8 npoyeci 0eKko0ysaHHa Kopezy8anrvHux kodig. Cymuicmo
Qopmanizayii nonseac y adanmueHomy 6uOOpi CMpYKmypu KopezysanibHo2o Kooy
3 BUKOPUCIMAKHAM anpiopHoi ma anocmepiopHoi ingpopmayii dekodepa 3a paxyHoK
MIHIMI3ayil  cepeonbo2o  pusuKky.  3anponoHOBAHi  pe3yrbmamu  MOX’CHA
suKopucmamu 015 3a0e3neyeHHs 0OCHOBIPHOCIMI cucmem nepeoayi iHgopmayii,
AKI QYHKYIOHYIOMb 8 YMOBAX GNIUGY NOMYIHCHUX 3A6a0.

Knrouosi cnosa: xopuzysanvui KoOu, mypoo KoOu, aoanmayis; aieopummu
0eK00y8anHts,; 3a6a0u

IHocranoBka npodJemMu

OCHOBHMMH BHJIAMH 3aBajl €: IyMOBa 3aropo/KyBajlbHa 3aBaja, IIyMOBa 3aBaja
B YaCTHHI CMYTH i 3aBajia y BiATIOBi b, MOJIEINI SKUX MIPEICTABISIFOTh 00MEKEHHUHN 110
cMy3i 4acToT aguTuBHAN Oinmmii rayciBeekuit mym (ABIL) [1]. B sikocti MeToziB
3aXHMCTy BiJl HaBMHCHUX 3aBaJl 3aCTOCOBYIOTH METOJl TCEBIOBHIIAJAKOBOI
repeOyTI0BH poO0YO0i YaCTOTH Ta KOPETyBalbHI KOJH, TaKi SK IHUKIIYHI KOJU, KOJTU
BUX, Piga-CoyiomMoHa Ta 1HIII.

Haii0ibi eheKTUBHUMU cepejl BChOTo KJIacy KOPeryBaJIbHUX KOIB € TYpOO KOIU
(TK). 3a enepreruunoro edektuBHicTI0O TK mocTymaroThcs TEOPETHUHOMY
IPaHUYHOMY 3HAYEHHIO JIJIs INBUAKOCTI KoayBaHHs R = 1/3 mume 0,5 1b [2]. Typ6o
KOJIM 3aCTOCOBYIOTHCSI B CHCTEMax MOOLIBHOTO 3B’SI3Ky TPEThOTO MokomiHHS 3G
(cdma2000, cdma2000 1xEV-DO, cdma2000 1XEV-DV, UMTS), dgerBepToro
nokousinasas 4G (LTE), B cucremax 3B’si3Ky 3 gajgekum kocmocom CCSDS s
mepenavyi  TeJIeMETPUYHOI iHQopMamii 3 KOCMIYHHX amapaTiB, B CHCTeMax
cynyTHuKoBOro 1Hpposoro Tenedauennss DVB-RCS [3-8].

Bumarae posrisiy muTaHHS 3aCTOCYBaHHS aJIaliTHBHUX TypOO KOJIIB B yMOBax
BILTUBY 3aBa/JI, Ki O 3MiHIOBAJIM CBOT TapaMeTPH B 3AJICKHOCTI BiJl CTAaHy KaHAITy JIIs
3a0e3MeUeHHs 33/IaHUX XapaKTEPUCTHK JOCTOBIPHOCTI Tiepenayi iHpopmarrii.

AHaJi3 nocaigxens i myosikamnin

B pobGorax [9-10] mOCHIIKYIOTBCA CXEMH aJalTaiii CHUTHAJIBHO-KOJIOBHX
KOHCTPYKLiH (3MiHa MO3ULIIHOCTI CUTHAITY Ta IIBUKOCTI KOJYyBaHHS 3aBaI0CTIMKOTO
koxy) cucreM WiMax ta LTE 3a mepBMHHMMH TapameTpaMy B 3aJI€KHOCTI BiJ
BIJTHOIIIEHHS CUTHAJI-IIYM B KaHami nepeaadi. [Ipy 1boMy pO3IJIsIalOThCs KaHAIU
3 @QIMTHBHUM OiTMM TayCiBCBKMM IIyMOM, PeleiBCbKkMMH 3aBMHPaHHSIMH,
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PaiicoBChKMMHU 3aBMHUpaHHSMH Ta 3aBMUpaHHAMH Hakarami. B pobortax iHmmx
aBTopiB [11-14] amanrartiss BiZOYBa€eTbcs TEXK 3a PAaxXyHOK 3MIiHHM ITO3HITIHHOCTI
CHUTHAy Ta LIBHAKOCTI KOJYBaHHS, alleé BXKE 3a BTOPMHHHMHU MapaMeTpaMH —
B 3aJIGKHOCTI BiJ] 3HAY€Hb BiJHOIICHHS CUTHAJ-IIYM pPO3PaxOBYIOTbCA 3HAYCHHSI
WMOBIPHOCTI TIOMIUTKM U PI3HUX CXeM MOAYIINA CHUTHAITy Ta 3MiHCHIOETHCS
MOPIBHSHHSA I[hOTO 3HAYEHHS 13 3aJaHAMH, 1 B 3aJIeKHOCTI Bifl pe3yJbTaTiB
MOPiBHSHHSA 3A1HCHIOETHCS BUOIp HEOOX1THOT CHTHAITLHO-KOJIOBOT KOHCTPYKIIi.

BugisienHsi He BUpilIeHUX paHillle YACTHH 3arajbHOI MPooJeMHu

Henonikom 3a3HadeHrx cxeM ajanTauii € Te, MO MEPBUHHUM NapaMeTpoM IpH
ajanTauii € BIJHOIIEHHS CUTHAJI-IIYM, a TAaKOX T€, L0 BOHU HE BPaxOBYIOTh IPH
ajanTanii pe3ynbTaTH JEKOAYBaHHsS, HIO0 MOXE IPHU3BECTH /A0 HETOYHOCTI
MPUAHSTTS PillIeHb, 0COOIMBO 32 YMOB TOTYXHHX 3aBa].

Mera crarTi

Mertoro crarti € po3poOka mporecy Qopmarizamii CTPyKTYpHOI amamTariii
KOperyBaJIbHUX KOJIB 32 YMOB BIUIMBY 3aBaJ] 3a paXyHOK MiHIMi3aIlii cepeHbOro
PHU3UKY 3 BAKOPHCTAHHSM allpiopHOi Ta anocTepiopHoi iHpopmalii nexoaepa Typoo
KOAY.

BukJiag 0CHOBHOT0 MaTepiary

[Ipu 3HaxOmKEHHI ONTUMaAIbHUX (palliOHaTBbHUX) JUHAMIYHUX CHCTEM,
(GYHKIIIOHYIOUMX B YMOBAaX BIUIMBY BUITQJIKOBHUX 3aBaJl, 3aCTOCOBYIOTh CTaTHCTHYHI
KpUTEpii SIKOCTI, 3a JIOTIOMOTOI0 SIKUX OI[IHIOIOTh CEPeHI 3HAYCHHS BHXIIHHX
XapaKTePUCTHUK JIJIsl BEJIMKOTO YMCiIa peai3alliii mpoIeciB Ha BXoJax cUCTeMU. Sk
NPUKJIAAA TaKUX CTAaTUCTUYHHX KPUTEPIiB SKOCTI MOKHA HABECTH HACTYIIHI:
BIJIHOIIIEHHS TIOTY)KHOCTI CUTHAJIYy JIO MOTYXHOCTI IIyMy a00 eHeprii CUrHaiy 10
CHEKTPaIbHOI IMIJTBHOCTI IIyMy Ha BUXOJI NpuWiiMaya; BeJIMYMHA CEPEIHBOTO
KBaJipaTa MOMUIIKH OI[IHKH JeSKOi (Pi3MYHOI BENTWYHHN; UMOBIPHICTh TOMHJIOK TIPH
MepeBipIli BCUIAKUX TINOTE3; CepelHid yac A0 yXBaJeHHs DIllleHHs i3 3aJaHOI0
HMOBIPHICTIO MOMWJIOK TPH HEPIKCOBAHOMY 4Yaci CHOCTEPEKEHHS BHITaJKOBUX
BXIJTHUX BEJINYMH.

CuHTe3 onTUMaNIbHUX (PaIliOHATBHUX) CHCTEM IMPH BHITAJKOBUX BXITHHUX isX
3BOJIUTHCS /10 BUOOpPY TMapaMeTpiB ab0o0 BHIY CHCTEM, IO MiHIMI3YyIOTh abo
MaKCHMIi3yBaJli BiJIIOBIIHI CTATHCTHYHI KpuTepii sikocti [15].

PosrnsparoTeess  cXeMHM  KackagHOTO KomyBaHHS koxiB  Pima-ComomoHa,
BUX-koxiB B noeaHaHHi 3 TYpOOKOIaMHU.

Hexaii mocmioBHicTh Ha BuxoJi kojepa TK mae Burmsm: Y:(YC,YH), e
X =U — cucremMaruunuii Buxix Kozepa, a X' = (Ym,fm) — MepeBipOYHi BUXOAH
kogepa TK po3mipHoOCTi V, iIe V — 3arajbHa KUIbKICTh MEPEBIPOYHMX CHMBOJIIB
KOKHOTO PEKYPCHBHOT'O CHCTEMAaTUYHOT'O 3rOPTOYHOro Koy. [lependavyaernes, 1Mo
KaHaJ 3B'SI3Ky AMCKPETHO-HETIEPEPBHUH 1 Ma€ iieanbHy IMITyJILCHY XapaKTePUCTUKY
h, (t)=1, BHACITIZIOK YOTO CUTHAII CIIOTBOPIOETHCS TUILKU MPHUCYTHICTIO O1710T0

rayciBCbKOro mymy. 3 BHXOJY KaHajly IOCIiJOBHICTb CHMBOJIIB IOAAETHCA Ha
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nexozaep TK koxHOI iTepartii 1eKoIyBaHHS: Y= (LCVCI, Lc?m) — U1t mexogepa 1, ne

— 1 — I n21 —I2v

Y =( ,...,\?mv), ay’ :(LCVCZ, ij) — U1 AeKkojepa 2, ae v =(Y .Y ).

—C1 —C —cC2 . . .
Y meomy BHmaaky Y =Y ,Y — MOCHIJOBHOCTI CHCTEMaTHYHUX CHMBOJIB

3 ypaxyBaHHsM Bi/lIIOBiIHOI onepallii nepemexenns, a L, — mapamerp «kaHaibHOT

HaAIHHOCTI», IO XapaKTEePU3YE «3allyMIICHICThY KaHaTy Mepeaadi inpopmarii [16].
Y HaBenmeHilt cxemi MOXyThb OyTH BUKOPHCTAaHI IMEpPEeMeXyBadi PI3HHX BHIIB,
HANpUKJIa] TICEeBJOBUIIAIKOBUI TMepeMeKyBau/aenepeMexyBad, S-BUIAAKOBHIA,
JiaroHanbHUM 1 T.1.

PosristHemo OitbIn qOKIaIHO poOOTY AeKoepiB 1, 2 Ha j-i iTepaltil AeK0yBaHHS
o JIeKo/TyBaHHIO t-ro Oira, jel,_l , telLN , e | — 3arampHa KiIBKICTh iTepariiit
nexkoayBanHs, N — 3araibHa KUTbKICTB 01TiB y niepeianoMy 671011 gaHux. CTpyKTypHa
cxema Jiekozepa TypOo Koay 3 MOIYJSIMH PO3paxyHKy KpurepiiB pusuky R™, R,
R(®,,) i MomyeM ynpapiinHs (CTPYKTYpOI KOPUTYBATBHUX KOJIiB), AKHii Gopmye
MHOKHHY pillleHb BUOOpy mapamerpiB U =(u, U,, U, ..., U, ), IO MepPealoThes 10
Kozepa i nexogepa TK, a Takosk 1o iHIMX KOJiB, MOKa3aHa Ha pHC. 1.

u, i,
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Puc. 1 — CtpykTypHa cXxeMa aJanTHBHOTO JeKoepa Typoo Kooy
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Sk mapamerpu TK, sKi amanTyroTbCsl 10 CEPENOBHUINA TIEpeaadi, PO AAIOTHCS
[IOJIIHOMH PEKYPCUBHUX CUCTEMaTHYHMX 3ropTOYHMX KofiB (1, g,/g,), anropurmu

nepeMexeHHs (peryssipHi abo MCEeBIOBMIIAAKOBI), KiNbkicTh OiTiB y Omori N,
LIBUIKICTh KOMyBaHHS TypOo komy R, anroputmu nekoxyanus (Map, Max Log
Map, Log Map), KiibKiCTh iTepamiif nexoxyBanas .

Hexait X, — e nepenanwuii t-ii 6itT, a Y, — npuiiHATHI t-i1 OIT, IKNI COTBOPEHUI
BIUTMBOM O1J10T0 rayciBchbKoro mymy. OCKITbKY y KaHalIaX 3 MiJBUILIEHUM PiBHEM
LIyMy Ha IPUAOMHIN CTOPOHI MPUHMAIOTHCS PillIeHHS B yMOBaX HEBU3HAUEHOCTI, TO
«M'ake» pimeHHs abo morapudmidHe BigHOIIEHHA (QYHKIIA MpaBIONOIiOHOCTI
(JIB®II), mo po3paxoByeThCsl AekomepoM | Ha j-ii itepariii, BH3HAYA€THCS
HACTYITHUM BHpa3oMm [16]:

P, I% =+) | P(x =+1)

LM (x =In
e T o

=L{a‘j(xt)+|—1‘j(yt |Xt) ! (1)

ae LY(y, |x) — JIBOIIL, mo BUXOANUTH HUIIXOM BUMIpPY Y, Ha BUXOJI KaHAIy IpU
4YepryBaHHI yMOB, II0 MOe OyTu mepemaHuii X, =+1 abo X, =—1, a L'(x) —
anpiopue JIBOII 6ira manux X,. Jna copomieHHs piBHAHHS (1) Moxe OyTH
nepenrcane TakuM YHHOM:

L (x) = L (y) + L (x)+ L' (%), (2)

ne L(y,) — mapaMeTp «kaHaJbHOI HaliHHOCTI», Li'(x) — anoctepiopue JIBDII Gita
JAaHUX X, .

Hani po3paxoByeTbes anoctepiopne JIBOII 6ita nanux x, — L' (x,) :
Lle’j(xt) = Ll'j(xt)_Llc'j(yt)_L::j(Xt) . (3)

[TepemexxyBau meperBoputh amoctepiopne JIBOIT L:'(x,) B ampiopue JIBOII
L(x): L2(x)= fl(Lle"'(xt)), 110 MOJAEThesl Ha jaekonaep 2. Jlekoaep 2 BHKOHYE
HACTYIIHI OOYMCIIEHHS Ul ofepkaHHs anoctepiopHoro JIBDII Gita manux x, —
L%

I-ij(xt) = Lz‘j(xt)_Li'j(yt)_l‘zayj(xt) ) (4)

IMicns omepanii  nenepeMexenHs L™(x,) = fz(ij(xt)) BenuyuHa  L7(X,)
BUKOPUCTOBYEThCS B SIKOCTi ampiopHoi s aekozepa 1 irepamii j+1. ami
3NIACHIOIOTECS 00UrCcIeHHs aHanoriudi (3) i (4).

[Micns BUKOHaHHS HEOOXIHOT KUTBKOCTI iTepalliif, 200 y BHUMAAKy MPUMYCOBOI
3YNHUHKH iITEPaTUBHOT MPOIIEYPH JIEKOTyBaHHS, BAHOCITHCS «TBEPIIi» PIlIEHHS TIPO
JEKOZIOBAaH1 CUMBOJIH:

C

1, ecm L(x7)>0
0, ecm L(x8) <0
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Pe3ynmbrat iMITaIiitHOTO MOJIEIIOBAHHS TIOKAa3ajdH, IO SKIIO B IIPOIECi
JEKOyBaHHS 3MiH 3HaKa B 3HaueHHAX L1'(x) # LI/ (x{), ne d — moTounuii nexonep
TK, d €1,2, iTepauii j, He BiAOYBa€ThCA, TO MIC/s KOKHOrO HACTYIHOTO JEKOepa
3aaueHHs JIBOII mpo mepemanmii 6iT OyayTs abo 3MeHmryBatucs (SKmo OyB
nepenanuii 6it «0»), abo 30inbIIyBaTHC (SKIIO OYB mepeaanuil OiT «1»). Ilicns
BUKOHAHHS 3aJaHOi KiNbKOCTI iTepaliii JEeKOAyBaHHS BWHOCHTBCS «TBEPACH
pillIeHHs PO AeKO0BaHUH OiT. MOXe BUHUKHYTH CHTYaIlisl (BHACIITOK BEITHKOTO
3HAYeHH JUCTIePCil TyMy B KaHai), IO TiCJIA BUKOHAHHS IPOIETyp ITePAaTHBHOTO
JIEKOJTyBaHHsI BciMa JeKOepaMHy KiTbKICTh 3MiH 3HAaKa 3HAYEHb anpiopHOi LI1(x°)
i amoctepiopHoi iHpopmariii L (x°) Ha OCTAaHHBOMY JIEKOJIEpi OCTAHHKOT iTeparlii
He 7aopiBHIOe Hymio. llomiOHi curyamii mpU3BOASATH 10 BUHMKHEHHSI TOMHIIOK
JICKOTyBaHHSI.

PosrnsryTHii  BuIIEe TOKa3HWUK pu3WKy (HeBm3HadeHocTi) R Oymemo
BUKOPUCTOBYBAaTH AJISl OLIHKU SIKOCTI MpOLECYy ACKOAYBaHHA B YMOBax BIUIUBY
HaBMUCHUX 3aBajJl. [Ipu OOYMCIICHHI 3HAYCHHS IIOKa3HUKA PHU3HUKY OyIeMO
BpaxoBYBaTH 3MiHM 3HaKa 3HaUCHb anpiopHoi L' (x°) i amoctepiopHoi iHpopmaiit
L2)(x°) mekoxepa 2 itepaii j, j e 1,1,y mporeci JeKOIyBaHHs BCHOIO GJIOKY JaHHX
po3mipom N.

HacnpaBni icHy'oTh TpH monii Mpo NPUHHATTA pillleHb MPH JEKOIyBaHHI
nexoxepom d, d €12, iteparnii gexoxysanus j, je1,1 6ira inpopmarii:

1) momis A . 3MiH 3Haka B 3HaueHHsXx L1/(x°) # LI(xS) iTtepawii j He
BimOyBaeThcs  ((sign (L‘;*j(xf)):sign (L‘:'j(xf)) ), L(x%)>0. Ilpwuiiusite «TBEpIC»
pimenHs, mwo 6yB nepenanuii 6it x° =1.

2) momis A,. 3MiH 3HaKa B 3HaueHHAX L{'(xC) ¥ LI'(x") irepamii j He
BimOyBaeThcs  (sign (L‘;'j(xf)):sign (L‘:'j(xf)) ), L(x)<0. Ilpuiiaate «TBEpaC»
pienHs, mwo 0yB nepeaanuii 6it x° =0.

3) moxis A,. 3HaK 3HaueHHS anpiopHOi L)’ (x°) il 3HAaK 3HAUCHHS aroCTePiOPHOT
inopmaniit L!'(x°) iteparii j He TOpiBHIOE HYIHO (Sign (L‘;’j(xf));tsign(L‘:’j(xf)) ).
MoXyTh BUHUKHYTH MIOMHJIKH JIEKOTyBaHHS.

IokasHUK pu3uKy uist aekoxepa d, d €12, itepauii aekoxysauss j, jell,
OOYHCITIOETHCS 32 JIONIOMOT0I0 HACTYITHOT IPOLIEAYPH:

2

RYI(t+1)=R"(t)+1,
Z (t+1)=R"(t)+ )

SIKIIIO sign(L‘;’j(xf))isign(L‘:"(xf)), telN.

UuMm yacTime 301MbLIYIOThCS 3HAYEHHsS IMOKa3HWKAa PU3MKY R, TUM wyacrimie
3'ABISIIOTBCS  HEBIPHO JEKOAOBaHI OiTH, II0 NPU3BOAUTH OO0 HOTipIICHHS
JOCTOBIPHOCTI IpuiioMy iHQOpMAITIi.

CyMapHH# TTOKa3HUK PU3UKY R, BH3HAYAETHCS CYMOIO MOKA3HUKIB PU3UKY JUIS
BCiX iTepariil AeKOLyBaHHS:

R, =Y R". (6)

j=1
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B ocHoBI ¢dopmanmizamii Ta MOOYyIOBH MaTeMaTHYHOI MOJENI JICKHUTh
HedopManpHMI onrc 6e3MpoBoAOoBUX 3ac00iB mepemadi ganux (b3I1/T).

Hedghopmanvnum onucom B3]l Ha3uBaeThCA BCs HasiBHA MPO HUX CYKYIHICTb
BiJOMOCTEH, AOCTaTHS Uil BCTAaHOBICHHA TMepeadadyBaHOro ado (GakTHYHOTO
anroputmy ix pobotu. Hedopmansuuii onuc b3I1/l moBuHeH MicTuTH iHpOpMAaIIifo,
JIOCTaTHIO Il TOOYyMOBH iX (yHKIioHampHMX cxeM. OCTaHHI € OCHOBOKO IS
pO3po0KH  (OPMANBHOTO OMHCY, 3 SKOIO Jali MOXHa oJiepXaTH OaxaHy
MaTeMaTHIHy MOJIENb.

Ommc B3I1Jl, ckmageHwit 1O y3arambHEHIH (yHKIIOHATNBHIN  cxemi
3 BUKOPHUCTAaHHSIM IEBHOTO 0a3ucy OIepaTopiB, L0 TO3BOJSIOTH IO BXiAHUX
BIMBax 3HaiiTm peakmiro B3I/l B 3arambHOMY BHIi, Ha3BEMO )3A2dibHEHON
MamemamuyHor mooeunto abo GopmanrbHUM ORUCOM.

{00 ckiacti popmaibHUH OMUC, HEOOXiTHO, BAKOPHCTOBYIOUN (DYHKIIOHATIBHY
cxemy B3I1[], yBectu Oe3miu il mapameTpiB, IO XapaKTEPU3YIOTh, 1 0a3ucC
oTepaTopiB, SKi BCTAaHOBIIOIOTH BiIHOMIEHHS MDK IIMMH MapaMmerpamu. Tomy
MIePIINM KPOKOM ITpH T00YA0Bi popmansHoro onucy b3I1J € Bu3HaUeHHS MHOKHUHI
ix mapameTpiB:

Q={a}, i=1n (7)
1 6a3ucy omeparopis:
A={A}, i=1m. (8)

[lin mapamerpamu B3I1J[ mami po3ymiroThcs mMOCTiMHI abo 3MiHHI B daci
BEIIMYMHY, AKi xapakTtepu3yoTh ctaH B3I/l B manmii MOMEHT Hacy, 3aHar0Th iX
BIacTUBOCTI ¥ XapaktepucTukH. [lpu mpomy crpykrypa B3I1J] Bu3HauaeThCs
(hyHKITIOHATBHOIO CXEMOI0, €JIEMEHTH SKOi IMOBHHHI OyTH OINMMCaHi BiINOBITHUMHU
omneparopamu A, 3 MHOKHHH A (8).

Bci mapamerpu (7) B3I1/] MoxHa po30UTH HA YOTUPH TTiAMHOKHHU:

Q=V,a 8,7}

me V={v} (i=1k ) — da3oBi 3minni (koopmunaty) cucremu; a=1a,} (i=11) —
3oBHimHi napamerpu; B=1{6,} (i =1,m ) — BHyTpimni napamerpy; y ={y,} (i=1n)
— BHX1/IHI TapaMeTpH.

Daszoeumu 3minnumu B3I/l HazuBaroTbes QyHKUIT yacy V;, sKi BU3HA4YalOTh

cran B3I/l B Oyap-sikuii 3ananuii MoMeHT vacy t. Jlo ckinamy MHOXHHU (a3oBUX
3MIHHUX V BXOOATH:

X={x} (i=1q ) — 3oBHimHi a60 BXimHi }a30Bi 3MiHHI, YTBOPIOIOUi BEKTOP
BXIJHUX BIUIHBIB;

Y={y}(i= 1,p ) — BuxigHi pasosi 3minHi, yTBOpIOtOUi BekTop peakii B3I

Z={z} (i=1f )—Buyrpimsi asosi 3minHi.

Onepamop A, (i =1m ) sBise coGOI0 MPABUIIO, 32 AKHM KOKHOMY EIEMEHTY X;

MHOXHMHA X BXIHUX (Pa30BUX 3MIHHUX (BUIAJIKOBHX a00 JeTepMiHOBaHHX)
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CTaBUTLCAd B OJHO3HAYHY abo B3a€EMOOJHO3HAYHY BiI[HOBi):[HiCTB CIICMCHT yi

MHOXHMHU Y BuXiZHUX (a3oBux 3MiHHUX. llpm mpomy Mae Mmicue HacTyIHe
OTIepaTOPHE PiBHSIHHS:

Y =AX. 9)

Uwcno pi3HAX (YHKIIOHATBHUX JIAHOK, 3 TKAX MOXHA CKJIACTH (YHKIIIOHATbHY
cxemy B3I1/] Ha Oyap-sikoMy iepapXidHOMY piBHI, KiH1IeBe. ToMy 11t popMaIbHOTO
ormmcy b3I1/] Ha 3amanomMy iepapXigHOMY piBHI JIOCHUTH YBECTH KiHIIEBY MHOXKHHY
(andasgit) orrepaTopis:

A={A},i=1M. (10)

L1 MHO>KMHA Ha3UBAETBCSI OA3UCOM ONepamopie.

3osniwninu napamempamu b3I1]] o HazuBaroTh (Qi3WMYHI BENWYWHU, YHACENBHI
3HAYEHHS SKUX BU3HAYAIOTH XapaKTepUCTUKU BXimHUX (pazoBux 3miHHNX X. Bexrop
BXITHUX JIild, TAKAM YHHOM, MOYKHA OTIMCATH HACTYITHAM CITiBBiTHOIIICHHSIM:

X =X(a, t). (11)

Brympiwmivu napamempamu B3I1]] B HazuBaroTh Bi3N4YHI BETHIHHH, YHCEIBHI

3HAQYEHHS SIKMX XapaKTepU3yIOTh BJIACTUBOCTI (YHKIIOHAIBHUX JIAHOK, IO
yrBopsaTh B3I1]1 ii onucyroTecs onepatopamu MHOKUHH A. [Ipu oMy omnepatopu
MO>KHA MIPEICTABUTH HACTYITHUM CIIiBBiAHOLICHHSM:

A=A(B). (12)

CdopmynboBaHi BU3HAYEHHS JO3BOJISIIOTH YBECTU MOHATTS (YOPMAJIHOTO OIHCY
B3I1/] i BignoBiAHOT MaTeMaTHYHOI MO/ieNi. Y 3arajJbHOMY BHIAAKY QOpManbHUI
onuc B3I1J] Bu3HauaeThCs onepatopHUM piBHAHHM (9). I3 BpaxyBaHHIM yBEICHUX
3oBHIMHIX (11) i BHYTpimHIX (12) mapameTpiB 11e piBHIHHS IPUIMAa€e BUTIISA;

Y(t)=A(BX(a 1), (13)

ae o i By cBO yepry MoxKyTh OyTu GyHKIisiMu Yacy t. @opmanbHa cxema B3I/,
1o BijioOpaxkae 1ieii oruc, oka3aHa Ha puc. 2.

X(or,t) ——» A(p) — Y(1)

p

Puc. 2 — ®opmanbna cxema B3I1/]
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PiBusaus (13) ommcye mHOoxkuHy pisHEx bB3I1JI. I1[o0 ommcatn KOHKpETHUI
B3I1]1, HeoOXiaHO yTounuTH ¥ nertanizysatu onepatop A(f). SIkuio naji BBecTH
0OMeXeHHS 1 TOMYIICHHS 040 (QYHKIIIOHYBaHHS, TO 3 (POPMAIBHOTO OIHCY MOXKE
OyTH OTpuMaHa MaTeMaTU4YHa MoJIe)Ib KoHKpeTHoro b3T1/]. 3anexHo Bijx xapakTepy
0oOMeXeHb 1 JIOMyIIeHbh MaTeMaTH4YHI MOAENi OyAyTh Di3HUMH. TakuM YHHOM,
3 popmansHOTO ommcy (13) MoxkHA onepkaTH MHOKHHY Mozesneit B3I1/1.

Bxionum napamempom B3Il e diznyna BenwuuHa, YHCETbHE 3HAYCHHS SKOI
xapakrepu3ye skictb poboru b3I1J]. MuoxwHa BuxigHux mnapametpis b3I1[
y={41 (i =1n ) [03BOJS€ KiNBbKICHO OLIHHTH IPABUIBHICTH POGOTH i SIKICTH
BHKOHAHHS ITOCTABIICHOTO 3aBAaHHA. {715 OI[IHKM MHOXWHU BHXITHHUX MapaMeTpiB
Y Gopmanbuuit omuc B3IIJ[ B 3aranbHOMYy BHAI MOXHA IPEICTaBUTU

CHIBBIHOILIEHHIM:
Y= Fl(A’ ﬂv 0(), (14)

ne A — omeparop, mo BimoOpaxkae ctpykrypy B3I/, Takwuii ommc y 3aMKHYTii
¢dbopMi MOKHA OllepXKaTu JHIIEC B PE3yNbTaTi CepHO3HOr0 TEOPETHYHOTO aHali3y,
1 TO JIMIIIC B HAWTIPOCTIIINX BHUIIAKAX.

I[Ipu w™opemtoBanHi amanTwBHOI 3MiHM mapamerpiB B3Il wa EOM
3aCTOCOBYETHCS HACTYITHHUM (pOpMaTFHUI ONIC BUXITHAX ITapaMeTpiB:

y=FRIY), (15)

me Y(t)={y,(t)} (i=1p;0<t<T,; T, — wac crocrepexenns peamsanii). TyT
BUXITHUH TapaMeTp OTPUMYETHCS y pe3yiabTari oOpoOKu BHOIpKH oOcsroM [
3 aHCcaMOITI0 peai3aliil BuxigHoi ¢pa3oBoi 3MiHHOT Y.

dopmManbHa cxemMa MOJACTIOBaHHS ajanTuBHOI 3MiHM mapametpiB B3I1J] Ha
EOM, y pe3ysbrari SIKOTO MOXHA OJIEpKaTH OIIHKY Y BHXIiJHOTO IHapamerpa,

MoKa3aHa Ha puc. 3.
r =t

Xfnad YD) 17 |

X A(ﬁ) F, »|  TlopiBHsAHHS

o X, B Y, 3miHa
napameTpiB

[IponosxuTu
MOJICITIOBAHHS?

dikcyBaHHS

pe3yIbTaTiB

Puc. 3 — ®opmanbHa cxema MOJICIIIOBaHHS aJalTHBHOI 3MiHHM NapaMeTpiB
B3I/ ra EOM
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TyT 3aBAaHHS BUPINIYETHCS METONOM CTaTHCTHYHOTO MOJCTIOBAHHS, TOOTO
LUIAXOM 0araTopa3oBUX IPOTOHIB MOJENI IIPU 3aaHUX II0YaTKOBUX yMoBax Y, 1

X, , mapaMeTpax cucremu o i f3 .

VY oGuori X dopMyeThesl P HE3AISKHHUX peaizaliii BXiTHUX (a30BUX 3MIHHUX
X ={x,at} (i=1p ). 1li peanizamii HagxoasTh y 610K A, SIKHii € peanizoBaHO Ha
EOM MareMaTHIHOIO MOJICIUTIO CUCTEMH 3a0e3MeueHHs JOCTOBIPHOCTI iHpOopMAaIIii
B B3I1]] Ha ocHOBI afganTallii KOAOBUX KOHCTPYKIIiH, sika BigoOpaxae Ti a0o iHmi 1i
ocobnmBocti. Ha Buxoai 6imoky A ozepkyeMo P peamizamliii BUXiTHHX (a3oBUX
3MIHHUX Y(t) = {yi (t)} (i= l_p 0<t<T, ). Ind CTOXaCTUYHUX CUCTEM Y 3arajJbHOMY
BUIAJKY Y € HeCTaI[ilOHAPHUM BHITIIKOBUM IPOIIECOM 3 0araTOMipHUM PO3IOJILIIOM.
V 6moui F, 3xificHioeThCst mepeTBOpeHHs i cratucTHdHa 00pobka BuOipku Y,
y pe3yJbTaTi SKOI OICPKYEMO OI[IHKY BHXiTHOTO mapaMerpa v .

. . . —~ . . *
I[am OTpUMAH1 OLIHKHU 7Y TIOPIBHIOKOTHCA 3 HGO6X1I[HI/IMI/I 3HA4YCHHAMU Y

BHUXITHUX TIapaMeTpiB, OOyMOBIEHIMH TEXHIYHWUM 3aBJaHHIM Ha MPOEKTYBaHHSI
B3I1/1. Ha mixcraBi mopiBHSHHS BUHOCUTHCS PIMIEHHS PO MOJANBINY MPOLEAYPY

. ~ o * . o
MOACIHOBAHHSA. HKH_[O pe3yHBTaT HOplBHﬂHHH 'y )51 'Y HC3aJO0BUIBHUHU, TO

MpPUAMAETHCS PIMICHHS PO MPUMMHEHHS JOCIIKEHb 1 pe3yJIbTaTH MOJICIIOBAHHS
(hiKCYIOTBCS Y BUIIIAI IOKYMEHTA.

Takum dmboMm, mnsi mopemoBanHA b3/ HeoOXimHO Matm y CBOEMY
posnopsKeHHi (HOPMATBHUIA OTHC 11010 MHOKHMHY BUXiTHHX MapameTpiB y ={y,}

(i=1n). Buximgmi mapamerpu, sKi BHKOPHCTOBYIOTECS JUISl OLIHKH SKOCTI
(YHKIIOHYBaHHS CHCTEMH, TICHO TIOB'Si3aHI 3 KOHKPETHHMHU 3aBAaHHIMH, IO
MiUIATaIOTh PIlleHHI0 MeTogaMu MonenoBaHHS Ha EOM. Takumu BuXimHUMEU
napaMeTpaMu MOXYTh OYTH TEXHIKO-€KOHOMIiYHa e()eKTUBHICTh, TEXHIUHA
e()EeKTUBHICTh, IOKA3HUKH SKOCTI.

VY mpoueci pocmimxenns B3I/ i npucTpoiB BUpilIyeThCS MHUPOKE KOJIO 3a1ad.
TumoBuMK 3amavyamMu, SKi MOXXYTb BHPIIIyBaTHUCS METOJAMH MaTeMaTHYHOIO
MozenoBanHsa Ha EOM, e:

— 3aja4i IOCIIPKEHHS OIepallii, y IKUX 3acTOCOBYIOThCs pizHi B3I1/I;

— pocuimkenns i npoexkryBanHs B3I/ i koMIUIeKCiB;

— 3azmaui ontuMizamii ynparmiaasg B3I1J], koMIiekcamMu i TEXHOJIOTTYHUMHU
poLecamu.

IloctanoBky w1uX 3amad 1 MOXJIMBI LUIAXM IXHBOIO pIIIEHHS MOXHA
chOpMYITIOBATH, SIKIIO CKOPUCTATUCS PO3TISIHYTHM BUIEe (HOpMATBLHUM OIHCOM
B3I1/.

Hnst pimeHHs 3amad  AOCHIIPKEHHS OIepaliil IIMPOKO BHUKOPHCTOBYIOTH
CTaTUCTUYHI MOJIEN, SIKi BiIOOpaKaroTh IOCTIIOBHICTE PO3BUTKY MOJIM IpH
¢dyHKIionyBaHHI crcTeMu. CTaTUCTUYHI MO JOCIIHKEHHS OIlepalliii — mepuni
kpok mozemoBanHs B3I1J] mpu ix npoekryBanHi. @opmansHum onucom B3I/
B JOCIHIKEHHI OIepaniii MpuAMEMO CYKYNHICTh OIEPAaTOPHHUX PIBHSHB, SKi
BCTaHOBJIIOIOTh 3aJIEXKHICTh €)EKTUBHOCTI CHCTEMH O 110 33/IaHOMY ITOKa3HHUKY BiJI
il OCHOBHHUX MapameTpiB:

2=F(Q), Q=V¥,a 8 7} (16)
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TakuM YHHOM, CYTHICTh CTATUCTUYHOTO MOJICTIOBAHHS TNPH pPIMICHHI 3amad
JOCITIJPKEHHSI OTiepaliid 3BOJIUTHCS 0 CHHTE3Y JISTKOTO MOJICTIOI0UOTO allTOPUTMY,
SKHH 1MiTye TOBO/yKEHHS I B3aemogiro enementiB B3IIJ[ 3 BpaxyBaHHIM
BUITIAJKOBUX (DaKTOPIB, 110 JT03BOJISAE omiHIoBaTU edekTuBHICTH B3I1]] (16).

®opmansaum ommcom B3I/l mpm mocmimkeHHI € CYKYIHICTh OINEpaTOPHUX
PiBHSIHB, KA BCTAHOBIIOE 3alleXkHiCTh peakuii cuctemu Y(t) abo i BuximHoro

napaMmeTpa Y BiJ OCHOBHUX BHYTPILIHIX 1 30BHIIIHIX apaMeTpiB:

Y(t)=A(B)X(a, t), 0<t<T,, (17)
y = Fl(A, a, ,B) abo
y=F[Y®)], Yt)=Y[8 X(@ t)t], 0<t<T,, (18)

ae t — He3anexHa 3MiHHa (4ac). [1ig BUXiJHUMM DapaMeTpaMu Y B L[bOMY BUIAJIKY

PO3YMIIOTh IOKa3HUKH SIKOCTI 200 TeXHIYHY e(heKTUBHICTE nociipKkyBanoro b3I1/1.
OcoOnuBICTIO MOJIENIOBaHHS TPW PINIEHHI IHOTO POAY 3a/4ad € HAasIBHICTh
BuuepnHoi inpopmauii npo B3I1/] mist mepexoxy Bin hopmansHoro omucy (17), (18)
JI0 MaTEMAaTUYHUX MOJICIIEN.
®opmansaum omrcoM B3I1J] mpu mpoekTyBaHHI € CYKYIHICTH OMEpaTOPHUX
PiBHSIHB, SKi BCTaHOBIIOIOTH 3alexHicTh edextuBHOCTI B3IIJ] Bim cTpykTypwm,
OCHOBHHUX MapaMeTpiB i 30BHIIIHIX BILIUBIB:

5~ £JAB) X(a. ] (19

VY mponeci npoekrysannsi B3I1J] 3amaduy mparHyTh BUPIMIMTH LIOHAMKpalle,
T00TO 320€3meuntn ymoBy I = EXIr .

@®opmansauM  omucoM  B3IIJ], 1O BUKOPHUCTOBYETHCS TPH  yIPaBIiHHI
KOMILUIEKCOM ab0 TMpoIecoM, € CYKYIHICTh ONEpPaTOPHUX PIiBHAHB, IO
BCTaHOBITIOIOTH 3aJISKHICTh €(DEKTHBHOCTI KOMIUIEKCY BiJl OCHOBHUX NapaMeTpiB i
peakuiii mpy 3ajaHuX 30BHIIIHIX BILTUBAX:

3=F(Q,Y) mpu X =X(a,t). (20)

BukopucTaHHS TakuX MaTeMaTHYHUX MOJEJNEH Yy CKJIaJi KOMIUIEKCY JO3BOJISIE
OIITUMI3YBaTH SIKICTh YIIPaBIiHHS B CKIAJHUX CHTYAIisIX pOOOTH.

Y mpomeci gocmimpkenHs ¥ npoekrtyBaHHsS b3I[1J] BuHMKae HeOOXiIHICTh
Y BUpIIIIEHH] HACTYTTHUX IHKEHEPHUX 3a7ad:

— aHaJIi3 XapaKTepUCTHUK (a30BuX 3MIHHUX X 1Y

— aHnani3 xapakrepuctuk B3I/, siki omucyroThes omepatopamu A, abo
YTBOPIOIOYHX 1X (PyHKIIOHATBHUX JIAHOK;

— ominka mnokasHUKiB sAkocti K B3I, sxi xapakTepu3yloThb TOYHICTB,
3aBaIOCTIMKICTD, HAMIMHICTE 1 T.II.;

— ominka epextuBHocti b3I1/] B minomy;

— OIliHKa KPUTHYHUX 3HAYCHb 30BHIIIHIX O a0b0 BHYTpilIHIX [3 mapamerpiB
B3I14;

— onTUMi3allis napameTpiB & i § 3a 3aJJaHAM KPUTEPIEM;

— Bubip Haiikpamoi crpykrypu B3I1J] A" 3 MHONHHM A MOXKIIMBHMX BapiaHTiB
(pyHKIIIOHANIEHE TPOEKTYBaHHSA).
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bararo 3aBmanp i3 3a3HAYCHUX MOYKHA BHUPIIINTH, OJCPKABIIH OIHKY
TeXHIYHOI eEKTHBHOCTI MOCHiKyBaHUX abo mpoekroBanmx B3I1J[. OmHak mist
OBOr0 HEOOXiJTHO MAaTH Y CBOEMY DPO3HOPS/DKECHHI BiAMOBIAHI KpUTepil OLIHKH.
PosrisHeMo MOXITUBI cIOCOOM BUOOPY KPHUTEPItO.
B3I1/I BigHOCATHCS A0 CKIQAHUX CTOXaCTHYHUX CHCTEM, TOMY 1X €()eKTHBHICTH
BapTO OLIHIOBATH MMOBIPHICHIMH KPUTEPisIMHU. TakKuMu KPUTEPIsIMA MOXKYTh OYTH:
— WMOBIpHICTb HacTaHHS ToxAii B, momsrae B Tomy, mo b3IIJ] BukoHae
MOCTaBJICHY 33/1a4y TOBHICTIO:

2,=P(B), 0<3,<1; (21)
— MaréMaTu4He O‘liKyBaHHH JIeSIKO1 BUMAKOBO1 BEJIMYMHU B:

2, =M[B]=M[Y(t)], 0<t <T ; (22)

— JIUCHepCis BUMIAJKOBOI BeIMYMHHM B:
9,=D[B]=D[Y(t)], 0<t,<T,. (23)

PosrnsiHeMo nesiki 0cOOIMBOCTI YBEIEHUX KPUTEPIiB.

Kpwurepiit (21) Buznauae skicts podotu B3I1J[ BiAmoBimHO 10 MPUHIMITY «BCE
a00 HIYOTO», «TaK YM Hi», HANPUKJIAI, Tepeaani ado He mepenaHi MOBiIOMICHHS.
V 3aranpbHOMY BUMNAAKY TexHiuHa eekTuBHIcTh B3I/l y Burmsiai (21) Bu3HavaeThCs
HACTYITHUM CITiBBiTHOIIICHHSIM:

9,=P(8)=[W(q,, ... ,)dqdg,...dg,, O; € G,

e W(ql, (o I qn) — OaraToMipHa (YHKIIS PO3MOIUTY INIILHOCTI HMOBIPHOCTI
pimenns B3I1]] nocrasienoi 3anaui; Q=1{q,} (i=1n ) — MHOXHHA TApaMeTpiB, SKi
Oe3nocepeTHRO BILTMBAIOTH Ha MOBipHiCTh BukoHaHHS b3I1/] mocraBnenoi 3amaui;
G — obnacte 3HaueHb, Aki mnpuiimaroTs napamerpu b3IIJl B mpomeci ix
(YyHKIIOHYBaHHSI.

Jlis OLiHKM TEeXHIYHOT e(EKTHBHOCTI IUM CIIOCOOOM HEOOXIJHO CIIOYaTKy
3HAWTH OaraTOMIpHHIA PO3IIOMLIT W(Q). MeTtonom monemnroBaHHs Ha EOM moxkHa
3HAWTH NIUIIE TicTOrpaMy po3mozity, To6To oninky W(Q), i 3a yMOBH, 10 MHOKHHA

Q MiCTHTBH OIMH-/IBA TIAPAMETPH.
Hpyruit crioci6 Bu3Ha4YeHHS e(EeKTUBHOCTI — Oe3rocepenHe BUKOPUCTAHHS
cratuctaHoro monemoBanns b3I1/]. [Tpu nboMy eeKkTHBHICTD MOJKHA OILIIHHUTH SIK:

3,=P(B)=n,/N, (24)

ne N — o0csr Bubipku 3 ancamOutto peaizaiiii (uncina puripodyBanb Mozeni b3I1/1);
Ng— uucio BUMpoOyBaHb, sKi 3aBepumincs BUKoHaHHAM bB3I1J] mocTaBieHoi
3aaui.
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E(eKTuBHICT TOBUHHA GYTH BH3HAYEHA 3 yPaXyBaHHAM MHOKHHH MOKa3HUKIB
sxocti K ={K;} (i=1m ). SIk Bxke Bin3HAYanOCA, BCi MOKA3HUKM B3a€MO3ANIEHKHI i

OIliHKa TEeXHIYHOI e()eKTHBHOCTI TOBWHHA MPOBOIUTHCS 3 YpPaxyBaHHAM IIHUX
3B's13KiB. {7151 IHOTO HEOOXiTHO MATH JTOCHUTH NIETANBHY ¥ CKIIAJHY MaTeMAaTUIHY
moznens B3I1J], mo cknamHo, 0coOIMBO Ha MOYATKOBUX CTadisX MPOCKTYBAaHHS.
Tomy Ha mouaTKOBUX cTafisx mpoekTyBaHHs edektuBHicTs B3I1Jl omiHOIOTE MO
SIKOMY-HEOy/Ib OJHOMY (YacTillle TOJOBHOMY) TIIOKa3HHKY SKOCTi, HampUKIas
HaAIHHOCTI, MPOMYCKHIX CIPOMOKHOCTI, 3aBaAOCTIHKOCTI:

2,=P"(B); 9,=P"(B); 3,=P"(B). (25)

Hnst pimieHHS KOXHOI 3a7adi MOBWHHI OyTu moOyaoBaHi OKpeMO BiINOBIiHI
MaTeMaTU4YHI MOAEI.

OTxe, maroroBda podora, Ky HEOOXiTHO BUKOHATH JI0 TIOYATKY JOCIIPKEHHS
B3I1/1 Ha EOM, y K0)kHOMY KOHKPETHOMY BUIIa/IKy BKIIOYAE:

— po3poOKy anropuTMiB (QOpMyBaHHS peaiisaliii BeKTopa BXigHOI (ha30BOi
3MIHHOT X;

— dopmyBanns i peanizanito Ha EOM MatemMaTHyHOi MOJAENI, IO IiJISIrae
nocnimkeraro b311/] mns ogeprxanHs peanizariii BUXigHOI (ha30Boi 3MiHHOI Y

— pO3poOKy mporpamu Jjisl OJIEpXKaHHS YHCEIbHMX 3HAYEHb BUXiTHHX
napamerpiB  b3I1J[, sKi MOIENIOIOTHCS, IO MO3BOJSAIOTH OIIHUTH SKICTH iX
(yHKIIOHYBaHHSI.

L5 ctarTs MicTUTH HehOpMabHY YaCTUHY, 1110 BUMArae Ajisi BUKOHaHHS BUCOKOT
kBamiikarmii, i ¢opmManbHy, KOTpa B TPUHIMII MOXXKe OyTH aBTOMAaTH30BaHa.
ABTOMaTH3aIlisI MOJICTIOBAHHS HA CBOTH IMOYATKOBIN CTA/Iii MOXKE MOJISITaTH B TOMY,
mo ¢QopmanbHa YacTHHA WIiATOTOBYOi POOOTH BHKOHYEThCS 3a3Aajeriip 1
BHKOPHUCTOBYETHCS JIajli TOCIITHIKOM IO Mipi HEOOXiTHOCTI.

BucHoBku i npono3uiii

3anponoHoBaHO (opMmanizamilo CTPYKTYpHOI ajmanTtanii KOperyBajJbHUX KOMIB 3a
YMOB BIUIMBY 3aBaJ], SIKi MPH3BOASATH 10 BUHUKHEHHS HEBH3HAYEHOCTI B NPOIEC]
JIEKOTyBaHHSI.

CytHicTh (opmamizamii mojsrac y aganTUBHOMY BHOOpI CTPYKTYpH KOIiB
3 BUKOPUCTAHHAM aIlpiOpHOi Ta amocTepiopHoi iH(opMallii qexonepa 3a paxyHOK
MiHiMi3allii cepeTHLOr0 PU3HKY.

3anponoHoBaHi pe3yJibTaTH MOKHA BHUKOPUCTATH JIJISI  MaTeMaTHYHOTO
MOJIETIIOBaHHS CcHUCTeMH 3abe3nedeHHst aoctoBipHocTi iHpopmarii B B3I/ Ha
OCHOBI a/1anTariii KoJJOBUX KOHCTPYKIIii.
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ON SOME CHALLENGES OF ENVIRONMENTAL IMPACT
ASSESSMENT OF SMALL HYDROPOWER PLANTS IN UKRAINE

Abstract. One of the pressing problems of today is the greening of nature
management, which is recognized as one of the fundamental components of the
newest concept of “sustainable” development. The Law of Ukraine “On
Environmental Impact Assessment”, adopted in 2017, has opened up new
opportunities for environmental review and regulation of potentially hazardous
activities related to the use of natural resources, with involvement of the general
public in decision-making processes.

According to this Law, hydropower plants on rivers, regardless of their capacity,
are also included in the types of planned activities and objects that can have a
significant environmental impact and are subject to environmental impact
assessment. Thus, at the legislative level, it is recognized that so-called “small
hydropower plants” are capable of adversely affecting the environment and should
be considered environmentally and socially dangerous until the opposite is
established by the results of the environmental expertise.

It is because of the small capacity of hydropower plants in numerous publications
of various domestic authors that the idea that small hydropower plants can not
adversely affect the environment and are environmentally safe has been formed and
continues to be upheld. Due to this, small hydropower has received the status of
“green” energy and state supporting in the form of various attenuations, in
particular at the expense of “green” tariff. Our analysis of notifications of planned
activities that are subject to the environmental impact assessment coming into the
Unified Registry for Environmental Impact Assessment and of the environmental
impact assessment reports materials shows that private investors are openly
abusing these preferences. Notifications of planned activities, environmental impact
assessment reports are prepared in a frankly poor and non-professional manner,
mostly by persons who are little connected for research or have an opinion on the
absolute environmental safety of small hydropower plants. As a result, information
provided to the public often turns out to be incomplete, one-sided, distorted, and in
some cases, untrue.

The article highlights the most pressing problems encountered during the practical
implementation of the Law of Ukraine “On Environmental Impact Assessment”
regarding the construction and operation of small hydropower plants, which could
be in interest of scientific and engineering communities, officials and the public.
Keywords: greening of nature management; ecological safety; small hydropower;
small hydropower plants; environmental impact assessment
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10.C. Baacwok?, JI.B. Crepanummun’?

'HanionanbHuii yHiBEPCHTET BOJHOTO TOCHOAAPCTBA Ta IPUPOJAOKOPHUCTYBAHHS, M. PiBHE,
VYkpaina

2[ncTHTYT TenexkoMyHikaliii i robansHoro indopmariiinoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

PO AESAKI HPOBJTEMHA OHIHKH BILTABY HA TOBKLJLJISA
MAJIUX I'TIPOEJIEKTPOCTAHIIIU B YKPAIHI

Anomauin. OOuicio 3 Ha2anrbHUX NpodIeM CbO2OOeHHA €  eKoao2i3ayis
nPUPOOOKOPUCIYBANHA, AKY SGUSHAHO 6 AKOCMI OOHIEL i3 3aCAOHUYUX CKAAOOBUX
HOBIMHBLOI KoHyenyii «cmitikoeoy (abo «cmanozoy) poseumky. Ilputinamui
6 2017 p. 3axon Yxpainu «IlIpo oyinky eniugy Ha OO0GKILIA» GIOKPUS HOGI
MOMCIUBOCTNI  ONIAA  NPOSEOeHHs  eKONO2IuHOI  eKcnepmusu ma  pe2ynioeanis
NOMeHYIUHO Hebe3neuHoi OisibHOCmI, M08 SI3aHOI 3 NPUPOOOKOPUCIYEAHHIM,
i3 3a1yYeHHAM 6 npoyecy NPUIHAMMS pilleHb WUPOKOI 2POMAOCLKOCHMI.

32iono 3 yum 3axonom 00 6udis niaro08anoi OSLILHOCMI Ma 00 '€KMI8, SIKI MONCYMb
Mamu 3HAYHULL 8NAUE HA 006K Ma NIOAA2arOmMb OYiHYi 6NIUBY HA OO0BKINIA,
BIOHECEHO MAKOoJC 2I0pOeNeKmpOCmanyii Ha piuKax He3anexicHo 6i0 ix
nomyoicnocmi. Takum 4uHOM, HA 3AKOHOOABYOMY DIGHI GU3HAHO, WO | MAK 38AHI
«mani eiopoenrekmpocmanyiiy 30amHi He2amugHO 8NIUBAMU HA OOBKILIA I MAIOMb
68AIICAMUCS €KONO2IUHO | COYIANbHO Hebe3neuHumMu, OONOKYU NPomuaedicHe He Oyoe
6CMAHOGIEHO 3a Pe3YIbMAMAMU eKON02TUHOT eKChepmu3i.

Came uepes many NOMYsCHICMb 2i0POYCMAHOBOK 8 YUCIEHHUX NYONIKAYisx pisHUX
BIMYUSHAHUX A8MOPI6 6 C8Ill uac 6yna chopmosana i npoooeI’Cye i0CMO8AMUCS
OyMKa, Wo Maui 2i0poeneKmpocmanyii He MOJCYMb He2amueHO 6NIUGAMU HA
008KIiNIAL 1 € exonociuno Gesneunumu. 3a60aKU YbOMY Mad 2iopoeHepeemura
OMPUMANA CIMAMYC «3€1eHOI» eHepeemuKu i 0epiHcasHy NiOMpumKy y 6uenaoi
gCinAKUX nocrabnenv, 30Kpema i 3a PaxyHox «3enenozcoy mapugyy. Ananiz
NOBIOOMJIEHb NPO NAAHOBAHY OISIbHICMb, KA NIOAA2AE OYIHYI BNIUEY HA OO0BKILIA,
wo Haoxoosamv 6 €ounuil Peecmp i3 oyinku 6niugy Ha OOGKLIA, Md Mamepianie
36imi6 3 OYIHKU GNAUBY HA OO0BKLLIA NOKA3VE, WO NPUBAMHI [HEECMOpU y C80IX
NIAHAX 8I08EPMO 3108HCUBAIOMb HAOAHUMU HUM npedepenyiimu. Tlosioomnenus
npo NIAHOBAHY OisIbHICMb, 36IMU 3 OYIHKU GNAUBY HA OOBKLIA 20MYIOMbCS
8I06epMO HEAKICHO ma HenpoghecioHanvbHo, 30ebinbuiozo ocobamu, ki abo He
Maiomv  JCOOHO20 — GIOHOWEHHS 00  NpPOOAeMaAmuKku  00CHiodiceHb,  abo
0ompuMyIomscsi. OyMKU Npo abCONIOMHY eKOA02iuny 06e3nexy 00 ’€kmie Manoi
2iopoenepeemuxu. B pezyiomami ingpopmayis, KA HAOAEMbC 2POMAOCLKOCHI,
4aCmo GUABNAEMbCA HENOBHOI0, 0OHOCMOPOHHbOIO, NEPEKPYUEHOI0, A NOOeKyOU i
MaKoio, wo HCOOHUM YUHOM He 8ION08I0ae OiiCHOCMI.

B cmammi eucsimneno wnauibinows eocmpi npobiemu, wo SUHUKIU NO XOOY
npaxmuyuroi peanizayii 3axony Ykpainu «lIpo oyinky eniugy Ha 008KiLIA» U000
0yOisHuymea ma ekcniyamayii Manux 2iOpoeneKmpoCmanyiu, Ha sKi Maoms
38EPHYMU Y8a2y HAYKOBYI MA [HICEHepU, NOCA008Yl ma spoMAadCbKICHb.

Kniouosi cnosa: exonocizayis npupoookopucmyeanus; ekonociyna besnexka; maia
2lopoeHepemuKa; Maji 2i0poereKmpoCmanyii; OYiHKa 6naugy Ha 006K

BerynHi 3ayBakeHHs1
OpHi€l0 3 KIIOYOBHX BHMOI CBOTOJCHHS € eKOJIorizalis («O3eJCHEHHS)
npupopokopuctyBanus. 3rinHo 3 A.®D. Peiimepcom [1], e o3Havae omamiuay,

pamioHaJbHYy — eKCIUIyaTalilo I[pPUPOAHUX pecypciB, 3a0e3leueHHs  yMOB
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e(heKTUBHOrO X BIATBOPEHHS, MIHIMI3allil0 €KOJIOTTYHUX BTPAT HpU 30EpeKCHHI
COITIJTBHOI CTAOUTBHOCTI, JKUTTS U 3IOPOB’ ST JFOCH.

Bumora exonorizanii nmpuUpoJOKOPUCTYBaHHS B TOBHIM Mipi 3HalIIIa CBOE
BimoOpakeHHs 1 B Korcrutymii Hammoi nepxasu [2]. 3okpema, 3rigHo 3i Ctarreto 16
KoncTurymii Ykpainu 000B’sI3k0M JepxkaBH € «3ade3nedeHHs eKOJI0Ti9HO0] Oe3neKu
1 TATpUMaHHS €KOJOTIYHOI piBHOBarm Ha TepuTOpii YKpaiHw ...», 3TimHO 31
Crarreto 50 «KoxeH Mae nipaBo Ha Oe3rneyHe AJIs KUTTS 1 3710pOB sl IOBKIJLIS Ta Ha
BIJIIKOAYBaHHS 3aBJAaHOI MOPYLIEHHSM IOTO IpaBa LIKOIW», a BIANOBIOHO M0
Cratti 66 — «KosxeH 3000B’3aHHN HE 3aIOAIFOBATH IIKOMY MPHPOIi, KyIbTypHiit
CHa/IIIUHI, BiIIIKOIOBYBATH 3aBIaHi HUM 30UTKUY.

Exonorizanist npupoIOKOPUCTYBaHHs € i 3acaJHUYOI0 CKIAJ0BOIO HOBITHBOT
KOHIIENIii «cTifikoro» (abo «cramoro») po3BuTKY [3, 4]. Peamizaris miei konmemnii
nepeabadae Moaanblie 3pOCTaHHS EKOHOMIKH TPH OJHOYACHOMY IOJIMIIEHHI
€KOJIOT14HOI cUTyalil i BUPILICHH] aKTyaJbHUX coLiadbHUX mpobneM. [Ipu npomy
3a0e31eYeHHS BUCOKOI SKOCTI TOBKUIIA, 30epeKCHHS Ta BIATBOPEHHS KITbKICHHUX Ta
SIKICHUX HWOTO TOKa3HWKIB, MIATPUMAaHHSA OlOpI3HOMAHITTS, OXOpPOHA YHIKaThbHHX
MPUPOAHUX KOMIUIEKCIB, ITaM’SITOK ICTOPUYHOI Ta KYJIBTYpPHOI CIIALIMHU TOIIO TIPH
BUKOPUCTAHHI NPUPOIHUX PECYPCIB BU3HAIOTHCA TAKUMH 3K BaXJIUBUMH, fK 1
CTUMYJIIOBaHHS €EKOHOMIYHOT'O PO3BHUTKY, JOCSTHEHHS BUCOKHUX CTaHIAPTIB I1IOBOT
AKTUBHOCTI, COIIAIbBHO-€KOHOMIYHOTO TOOPOOYTY JIFOICH.

3 npuitasatTam 23 tpaBusa 2017 p. 3akony Ykpainm «[Ipo omiHky BIUIMBY Ha
noBKiL [5] (mami — 3akon mpo OBJl, 3akoH), Haj IMITIEMEHTAIIIEIO SKOTO
y BITYM3HSHE 3aKOHOJIABY€ TIOJIE€ TPOTATOM TPHUBAJIOr0 Yacy HAIOJETIIHBO
MpaIfOBaJIM BITYN3HSHA EKOJIOT1UHA Ta FOPUINYHA CIIUILHOTH [6-9], 3’ iBUIIacs Hais
[10-14] Ha MOKJIMBICTB MOCTYIIOBOTO PO3B’SI3aHHsI TOCTPUX MPOOIIEM 3a0€3MeueHHS
€KOJIOTIYHOI Ta COIiaabHOI O€3MeKH MPUPOJOKOPUCTYBAHHS B KpaiHi B KOHTEKCTI
HWOro eKoJIori3allii Ha [MBLII30BAHOMY PIiBHI: Ha OCHOBI 3a0€3IEYCHHS OCHOBHUX
KOHCTUTYLIMHUX TpaB JIOAWHU, 32 PaXyHOK MOLIYKY Ta JOCSTHEHHS PO3yMHHX
KOMITPOMICiB MiK EKOHOMIYHHM PO3BHTKOM JEp)KaBH, CBOOOIOI0 MPHBATHOI
C€KOHOMIYHOI JAISUTbHOCTI Ta 30€PEKCHHSM I[IHHUX B €KOJIOTITYHOMY Ta COLIaIbHOMY
BIJIHOIIICHH] €JIEMEHTIB JIOBKULISL, 3 YOE3IEUeHHSAM HABKOJHMIIHBLOTO CEPEIOBHIIA
BiJl HaJMIpHOTO HETaTWBHOTO BIUIMBY IOTCHIIMHO HEOE3MeUHUX NepKaBHUX 1
MPUBATHHUX MIPOCKTIB.

o npuiinsarts 3akony npo OBJI [5], oliHka BIUIMBY isSUIBHOCTI JIFOAMHUA Ha
JOBKUUIA (HaBKOJIMILHE CEpeloBHIIE) B YKpaiHi perjiaMeHTyBajacs pi3HUMH
MPaBOBUMHU aKTaMH, IIOCTAHOBAMH Ta HOPMATHBHHUMH JIOKYMEHTAMH, HE TiJIbKH
YHCJICHHUMH, aje i 6arato B 4OMy HEJOCKOHAIUMH 1 cynepeunnBuMu. Cepen HUX
citij 3rajaTy: 3aKkoHu YKpainu «[1po exonoriuny excrepTusy», «[Ipo perymoBaHHs
MicToOymiBHOT  JisuTbHOCTI», «IIpo OXOpPOHY HAaBKOJHIIHBOTO IPUPOIHOTO
cepeoBHIaY, noctanoBy Kabinety MinicTpiB Ykpainu Big 28 cepras 2013 poky
Ne808 «IIpo 3aTBepmKeHHS NIEPEiKy BUIB AisTILHOCTI Ta 00’ €KTIB, 1110 CTAHOBJISAThH
MiABHUILEHY €KOJIOTiYHy HeOesmneKky», «llopsaok 3ayuyeHHS TPOMaACBKOCTI 10
OOrOBOPEHHS! MHUTaHb LIOAO NPUHHATTS pillieHb, SKI MOXYTh BIUIMBATH Ha CTaH
JOBKUUISD», 3aTBepKeHHH moctaHoBor0 KaOinery MiHicTpiB YkpaiHu Bij
29 yepBHs 2011 poky Ne771, [epxasHni OynisensHi Hopmu ([BH) A.2.2-1-2003
«Cxutaz 1 3MiCT MaTepianiB OL[IHKH BIUIMBIB Ha HaBKoiMIIHE cepeposuile (OBHC)
MpHU MPOEKTYBaHHI 1 OyNIBHUITBI MiANPHEMCTB, OyJIWHKIB 1 cropyn. OCHOBHi
MOJIOKEHHS IPOCKTYBAHHSD) Ta 1HIII HOPMATUBHO-TIPaBOBi akTh [9]. OKpiM SIBHOTO
3aKOHOJABUOTO  «IEPEBAHTAXKEHHS»  BITYM3HAHOI MPOLEAYPHU  EKOJIOTiHHOI
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EKCIIEPTU3H PI3HUMH HOPMATHBHUMH aKTaMH, CYTTEBUM i1 HEJIOJIIKOM OyII0 i Te, 110
BOHA He Tepeabadana BUIBHOTO JOCTYIy TPOMAJICBKOCTI M0 EKOJIOTIYHOI
iHpopMalii, yyacTi rpOMaJCbKOCTI B POLECi MPUUHSATTS PillleHb, [0 CTOCYIOTHCS
IUTAHOBAaHOI MISIBHOCTI, sIKa MOXKE 3arpoKyBaTH EKOJIOTIYHIH Ta couiaibHii
Oe3merli, a TaKOXX BIIBHOTO JOCTYITy IO TMPABOCYANSA 3 MUTaHb, IO CTOCYIOTHCS
noBkiws. Tomy, micna migmmcanHs Yxkpainoro 25 uepHs 1998 p. Opxychkoi
koHBeHlii («KoHBeHIist mpo moctynm A0 iHdopmanii, y4acTe TpOMajChKOCTI
B IIpOILeCi MPUHHATTS PIillIeHb Ta JOCTYII JI0 TPABOCY IS 3 MUTaHb, IO CTOCYIOTHCS
TOBKUDI» [15]), ska 3aiimMae OCOOJNMBO 3HAYMME MiCIEe cepell MiKXHAPOIHUX
MPUPOAOOXOPOHHUX KOHBEeHMIH, Ta 11 patudikauii BepxoBHoro Pamoro 6 numHs
1999 p. (3akon Ykpainu Bix 06.07.1999 p., Ne832), Vkpaina HaOyna CyMHY claBy
Jep’kaBH, 3aKOHOJABCTBO SIKOT HE BIAIMOBITA€ MiXKHAPOIHHUM 3000B’SI3aHHSM, IO
CTOCYIOTBCSI JOCTYITY JI0 iH(pOpMAaIlii, y4acTi TPOMaJICBKOCTI B MPOIIECi MPUHHATTS
pillieHb Ta IOCTYIy A0 NPaBOCY IS 3 TUTaHb, [0 CTOCYIOTHCS JOBKULIA (AMB. TAKOK
myHKT 6 (a) Pimenns II/5b Hapamn Ctopin Opxycbkoi Konsenii) [12]. Bmacue
npuitHATTS B 2017 p. 3akony mpo OBJI [5] 1 mamo 3a MeTy BHIIpaBIICHHS ITi€l
CHUTYyaii IUITXOM 3aKOHOIaBUOTr0 3abe3reveHHs B KpaiHi MaKCUMaJIbHOT IPO30pOCTi
B yCiX MHUTaHHSX, IO CTOCYIOTHCS €KOJOTIYHOT eKCIIEPTH3H JTiSUTBHOCTI, KA MOXKE
3aBJaTH MIKOIU JOBKIJIIIO.

AKTyaJbHICTh NPO0JIeMH Ta MeTa JOCTiKeHb

3rigao 3 3akoHoM [5] ominky BmuBY Ha moBkimuist (OB/I), 3a pesynbratamu sikoi
MpUAMAETHCS PILICHHS PO NPOBAPKEHHS TNIAHOBAHOT AISUTFHOCTI 1 HATAETHCS Ha 11IE
03BN (dacTrHA 4 cTaTTi 3 3aKOHY), IPOXOAATh HE yCi MPOEKTH, a JIUIIE Ti, SIKi
MOXYTh MaTH 3HA4YHWKA BIUIMB Ha JOBKULII [14]. 3akon mpo OBJ] wmictuTh
BUYEPITHUH TIepellik BUJIB IUIAHOBAHO! AISUTLHOCTI Ta 00’€KTIiB, SIKi MiAJSATAIOTH
OB/l (wactunm 2 i 3 crarti 3 3akony, Ae B ctaTti 3, yactuni 3 «Jpyra kateropis
BH[IiB TUIAHOBAHOI JiSUTBHOCTI Ta 00’€KTIB, AKI MOXXYTh MaTH 3HAYHHWU BIUIMB Ha
JOBKUUIA Ta MiJJIATal0Th  OI[IHII  BIUIMBY Ha JIOBKULIS»  BHALICHO i
«T1IPOEJIEKTPOCTAHIIT Ha PiuKaxX HE3aJIeKHO BiJl IOTYKHOCTI»).

TakuMm guHOM, 3rigHO 3 pHUKHATUM 3akoHoM 1po OB/ [5], Bu3HaHO, 110 1 Tak
3BaHi «wmaii rigpoenekrpocraniii» (MI'EC) (B Ykpaini mo MI'EC BigHOCATH
riipoenekTpocTaHiii noTyxHicTio 1o 10 MBT BKIIIOYHO) «MOXYTh MaTH 3HAYHUH
BIUIMB Ha IOBKULISA» 1, BIAIOBIAHO, MAlOTh BBA)KATHCSI €KOJOIIYHO 1 COILiaJIbHO
HeOe3MeYHNMH, JI0TIOKHU MPOTHJIEKHE He OyJie BCTAaHOBIIEHO 3a pe3ynbraTtamu OB/l
ToOTo, iHIIMMH clIOBaMH, 3aKOHOM [5] hopMaJIbHO 3HATO OYJib-SAKi TUCKYCIT 1010
«abcomoTHO 0e3MeYHOCT] ISl TOBKIJUIA Ta MICIIEBOTO HAaceJIeHHs 00 €KTiB MaJoi
riIpOCHEPreTHKH, HE3BaXKat0uu Ha Mally HOTYXHICTh IIPOyCTaHOBOK.

[Ipobnema B TiM, O B YUCIACHHUX MYyOIIiKaIlisSX, B TOMY YHCH 1 HAYKOBHX (IMB.,
Hanpukian, [16-21]), cepen aBTOpiB SIKMX € 5K NpoQeciiiHi eHepreTHKU Ta
riIpOCHEePreTHKH, €KOJIOTH 1 Tipo0ioJIory, TaK i pi3HOTro poay nepekBatidikoBaHi 3
iHmMX o0nacTell 3HAHb «AHATITHKM» Ta «eKoyorm» noAioHi mo npod. C.C. [loma
[19], came uepe3 Maily MOTYXKHICTH TiApOYCTaHOBOK TpPHUBAIW Yac B KpaiHi
dbopMyBaacs 1 TPONOBXKYE BiJICTOIOBATUCA JyMKa, IO OO €KTH Maioi
TiIpOCHEPreTHKX B NPUHLMII HE MOXYTb HETaTUBHO BIUIMBAaTH Ha JOBKULIA 1
anpiopi MarOTh PO3MIIAIATHCS €KOJIOTTYHO 1 COLIaTbHO OC3MEUYHUMH.

[lpr 1UBOMY TBEp/PKEHHSI MPO «EKOJOTIUHICTBY», «HemKimmBictky MIEC
¢dopmymoBanmca 1 HPOJOBXKYIOTH (OPMYIIIOBATHCS Ha OCHOBI (hpopManbHOrO
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nopiBasHHET MI'EC 3 Benmukumu rigpoenektpoctaniismu (I'EC), moTyXHICTh SKHX
ckimanae Oimpmre 10 MBT. [Ipu mpoMy 1o yBarm He OEpyThCS pidKH, Ha SKUX ITi
00’€KTH PO3TAIIOBYIOThCA. BBakaeThcs, mo skimo notyxHicte ['EC He Oinbiie
10 MBT, TO BOHa, Ha AYMKY LIUX €KCIEPTiB, Ma€ OyTH E€KOJIOTIYHO OE3MeHHOI0 i
IIKOIM JOBKULTIO HE 3aBIaBaTHMe, nie 0 ii He OymyBaiw, 00 BOHa Maia, a SKIIO,
HampukIiaf, ii moTyxHicTh ckinagatume 10,1 MBT — To TOAi BXKe cTae MOTEHIIIITHO
HEOE3IEYHOI0 1 ITKOTY TOBKIJUTI0 MOXKE 3aBJIaBaTH, 00 BXKE BEIIUKA.

MoxJIrBO, came 3aBISKH TaKMM HayKoBHUM myoOuikamism [16-21] Ta iHmmm
MTOAIOHMM aHATITHYHAM «ITOCIIHKCHHIMY, IPAKTHIHO BCl (BUHATKH HaM ITOKH 1110
HeBioMi) (i3uvHI Ta OPUIUYHI 0COOH, sIKi 3allikaBiicHI B OyMiBHHIITBI 00’ €KTIB
MaJoi riipoeHepreTHKH, B cBOiX «[10BIIOMIICHHSX MPO MJIAHOBAHY AiSIbHICTH, IKa
MiJUIATae OIMIHII BIUIMBY Ha AOBKUDI» (mami, «IloBimoMieHHS») OCOOIHBO HE
MepPeMaroThCsl 00T PYHTYBaHHSM JIOIIBHOCTI TUTAHOBAHOI JisUTBHOCTI. BijbIir TorO,
me /A0 NpoBedeHHA (opManbHOI TPOUEAYPU OLIHKH BIUIUBY IOTEHLIIHO
HeOe3MeYHnX, 3T1IHO 3 3aKOHOM [5], 00’ €KTiB, IO SIKUX BiTHOCITHCS 00’ €KTH MaJIoi
TiApOCHEPreTHKH, CTBEPIKYIOTh IIPO «MIHIMANBHICTEY, «HE3HAYHICTHY a00 «IOBHY
BiJICYTHICTB» HETaTUBHOTO BIUIMBY OyAiBHUITBA 1 excrutyaTanii MI'EC Ha noBKimis
(piuKoBYy Mepexy, IPUPOAHI €KOCUCTEMH, KUTTEIISUTBHICT MICIIEBOTO HACEIEHHS
Tomo). B 1pOMy MOXHa TEpPECBIMYUTHCSA, TMPOAHATI3yBaBIIM YHUCIICHHI
«[ToBimoMIICHHS TIPO IUIAHOBAaHY MiSUILHICTBY, TMOB’S3aHY 3 MPOCKTYBaHHSAM Ta
oyaisauTeoM MI'EC. Li «IloBinomieHHsD» B 000B’I3KOBOMY MOPSIKY ITOAAIOTHCS
B €IWHUI peecTp i3 OIIHKK BIUIMBY Ha MOBKLUIA, Aani — Peectp [22], axuii Beme
MiHicTepcTBO €KOJIOTIi Ta MPUPOIHUX pecypciB YKpaiHH, i 3 AsKUMH Npu OakaHHI
JIETKO MOKHA O3HAaHOMUTHC.

Ha Hamy mymky, cam (hakT MosiBU TaKuX TBEP/HKEHb B ODIIITHUX JOKyMEHTaXx,
SIKI PEeTJIaMeHTYIOThCs 3akoHOM [5] i axumu € «lloBimomiieHHS TpO TUIAHOBAaHY
JUSUTBHICTBY, 111€ J0 OLIHKH BIUIMBY Ha JOBKIULISA, MOXKE PO3TIIAIATHCS HE 1HAKIIE SK
CBiZlIoMe BBEICHHS TPOMAJCHKOCTI B OMaHy. B pesynbTari, mpu NOAAIBIIOMY
00TrOBOPEHHI TNIAHOBAHOI JiSTTLHOCTI, TPOMAJICEKICTh, €KOJIOT1YHI aKTUBICTH TOIIIO
BTpavyaloTh IHILIaTHBY, BXKE caMi 3MYIIEHI 3aXWIIAaTHCS BiJ HEJOOPOCOBICHUX
MPUPOAOKOPUCTYBAUiB, a HE HaBMNakd. [HBECTOp Xo4ye TpOMaay OUIACITHBUTH
3asBJICHUMH IIOKPAIIEHHIMHU, a SIKICh €KOJIOTH MiIOypIOIOTh ii MpOTecTyBaTH i
BHIYMYIOTH pi3Hi nepernonun. Jlami, skmo B «lloBimomieHHi» TuiaHoBaHa JisUTbHICTh
BIKE OIliHEHA TIO3UTHBHO 3 TOUKH 30pY BIUIMBY Ha JIOBKILIS, TO BaYKKO YEKATH 1HIIOT
ouinku B 3BiTi 3 OB/l. Po3spoOnukom OBJI, B npuHummi, Moxke OyTu Oyab-XTo,
30KpeMa caM iHBecTOp abo oco0a YW oprasizailis, sKi MPamiTh HA HHOTO Ha
noroBipHiii ocHoBi. Tomy B 3BiTax 3 OBJl, 3 skumu Tex 6e3 mpoOieM MOXKHa
o3HariomuTHcs B Peectpi [22], ckopiliie MoBa Hijie IIpo OLIHKY BIUIMBY JOBKLLIS Ha
00’€KTH MaJIoi Ti[POSHEPTeTHKH, a He MPO OILIHKY BIUIMBY Ha MOBKiULIA. B 3BiTax
31e0OUIBIIOr0 TPUCYTHS 1H(OpPMALliS MPO Te, M0 MOXKE 3aIIKOJUTH IJIAHOBAHIN
JUSIBHOCTI, & HE MPO Te, SKY IIKOY BOHA 3aBJACTh.

Cepiio3HuM HenoikoM HoBoro 3akony npo OB/l [5], Ha Hamy aymKy, € i Te,
IO BiH HE TMOIIUPIOETHCA Ha MoOynoBaHi 10 Horo HpuiHATTS 00 ektu. Crix
3a3Ha4YMTH, 110 HeratuBHI BIUIMBU MIEC Ha pivkH 1 JJOBKIJUISI MOXKYTh MTPOSIBIISITUCS
HE JIUILE MPH iX OyAIBHULTBI UM B NEPIIi POKU eKCILTyaTarii.

MerTa Hammx JOCTiKEHb MOJIATalia B aHANi31 WX Ta IHIIMX, HAWOUTBII TOCTPHX,
Ha Hally JIyMKy, NpoOJieM, IOB’S3aHUX 3 OI[IHKOK BIUIMBY OO0 €KTIB MaJiol
TiIpoeHepreTHKy B YKpaiHi B 3B 53Ky 3 MPUHUHATTAM 3aKkoHy ripo OB/I.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (31), 2019



BukJ/1ageHHs 0CHOBHHMX MOJIOKEHb CTATTI

[epre, mo Hactopoxye B «[loBimoMieHHX», IO MOAaOTECS B PeecTp mpo muiaHu
noOynosu HoBux MI'EC, 1e Te, 110 4ncieHHi NpUBaTHI CTPYKTYPH, 3a/isiHi B MaJIiit
TiApoeHepreTulli B KpaiHi, MeTy 3IilCHEHHS CBO€i MisUTBHOCTI TIOB’S3YIOTh
3 «HartioHaJIbHUM TUTAaHOM [TiH 3 BiJHOBIIIOBAHOI eHEepreTHKH Ha iepion 10 2020 p.»,
3aTBep)KeHNM po3nopsupkeHHsaM Kabinery MinictpiB Ykpainu Big 01.10.2014 p.
Ne902-p [23], ta «lIporpamMoro pO3BUTKY TigpOCHEPIeTUKH Ha TEpion IO
2026 poky», cxBajeHOW po3nopsypkeHHsIM Kabinery MinicTpiB VkpaiHu Bin
13.07.2016 p. Ne552-p. [24]. [Ipu ubomy, HacTipaBi, sl JiSUTbHICTH >KOAHUM YHHOM
HE y3TOIUKYETHCS 3 IMMHU IUIAHAMH Ta MPOrpaMaMu, SIK i 3 OyAb-SKHMHU 1HIIAMH
Jep)KaBHUMH IUTaHAMH Ta I[POrpaMaMM, 30KpeMa, IOAO PO3BUTKY BOIHOTO
rOCIOAapCTBa, OXOPOHU 1 30€peKeHHS TOBKLLISL TOLIO.

Cnin 3a3naunty, mo npaktuano Bci MIEC B YkpaiHi, a Ti, 010 NIaHYIOTBCS 10
OyIiBHUIITBA — BCi, HA BiAMiIHY BiJ 00’€KTIB BENHKOI TiIPOSHEPTETHKH, HAICKATh
puBaTHOMY 0i3Hecy. HacKiinbKy y3rofpKyIOThECS MPH IIbOMY CYCIIIBHI 1 TPUBATHI
iHTEepecH — HEBIZIOMO, a/IXKe Y AePKaBHUX IUIaHaX i MporpaMax HeMae KOIHOT 3TaiKH
PO MOXIIMBICTh Ta JAOIIBHICTH MTOOYOBH CaMe IUX, [IJTKOM KOHKPETHHUX 00’ €KTIB
MaJoi TiIPOeHEPTeTUKH, HATPUKIA/l, B KOHTEKCTI BUPIIIEHHS IUTKOM KOHKPETHUX
COLIIAJIbHO-eKOHOMIYHHX 3aB/IaHb — UM TO Ha JIeP>KaBHOMY, UM Ha MiCIICBOMY PiBHSX,
3 BIAMOBIIHUM COLAIbHO-€KOHOMIYHMM OOTPYHTYBaHHSM. TOMY IOBHOIIIHHO
MpOaHaNi3yBaTH JOMIIBHICTE OyMiBHUIITBA KOkHOI 3asBienoi MI'EC B koHTeKCTI
COLIIATbHO-EKOHOMIYHOTO PO3BHTKY MICLIEBOI I'pOMajy, palioHy, 00JacTi TOIIO
HaJ3BUYAWHO CKJIATHO.

JIMBHO, 110 TIpYBaTHI iHBECTOPH B Maiy TiIPOSHEPTETHKY B3araii MOB’s3yIOTh
METy TPHUBATHOI IUIAHOBAHOI MISIIBHOCTI 31 «CHPHUAHHAM 301NMBIIEHHIO YaCTKH
BHUPOOJICHOT €JIEKTPOSHEPril i3 BiHOBIIOBAILHUX JPKEPES CHEPrii y 3arajibHOMY
eHepreTHYHOMY OanaHci YKpaiHw», a HEe 3 OTpUMaHHAM NpuOyTKy. B mpunnmmi,
OTpUMaHHS MPUOYTKY BiJl NPUPOIOKOPHCTYBAaHHS Ma€ OyTH €IMHO PO3YMHOIO i
MOJKJIMBOIO B IIbOMY BHIIaJIKy METOI0 NPHBAaTHOro iHBecTopa. Tum Oinble, 10
B «[ToBiqOMIIEHHSIX MPO MJIAHOBAaHY AsUTHHICTEY Ta B 3BiTax 3 OB/ He aHami3yeThes
3arajibHUH CTaH MaJloi FiAPOeHePreTHKH B KpaiHi, HEe BKa3y€ThCs, SIKi 3aBIaHHs BOHA
3/1aTHA BUPIlTyBaTH (OKpiM, 3BHYAITHO, MPUOYTKIB 715 iHBECTOPA) i, B IEPIILy Yepry,
— 4M BHpilllye BOHA 1X Ha MiCLIEBOMY PiBHi, aJlkKe came Tpo IIe OIMOCEPEIKOBAHO
sragyeThes B [Iporpami [24]; He BKa3yeTbes, SKi B HET MOXKYTh OYTH TEPCIIEKTUBU
3 OIVISI/ly HA 3arajJlbHHi CTaH T'iJPOECHEPreTUKH B KpaiHi [25-34].

Hacammiepea mpuBaTHHM iHBECTOpaM CIijJ 3BaKaTh Ha Te, MO OIS Mayoi
TiIPOCHEPTreTHKH B 3aralbHOMY €HeprodanaHci KpaiHM He JIMIIEe € HaJ3BHYaiHO
MaJIOl0, a W TaKOI 3aJMLIMTHCS, HABITh SIKIIO MaJMMHU TiJpOEJEKTPOCTaHLIsSIMH
OyayTh 3a0y/JI0BaHi BCi BITUM3HSHI piuKkK Oe3 BUHATKY. Bike 11e cTaBUTH Mijl CyMHIB
JOIUTBHICTh PO3BUTKY Malloi TiJipoeHepreTHKH B KpaiHi. Kpim Toro, mpuBaTHMiA
Oi3Hec Mae OyTH YECHHM IMeped CYCHUIBCTBOM: >KOJHA 3 NOOYIOBaHHX 4YH
mwiaHoBanux MIEC He mepenbayae BHpIICHHS  MiCLEBUX  MpoOJeM
3 enekTpornoctadanasaM. Bci MI'EC npuenHytoThes 10 00’ €HAHOT €eHEProCHCTEMHU
3 METOI0 MpoJaxKi JepxkaBi BUPOOJIEHOI HAa HUX EJIEKTPOCHEPril 3a «3eJICHUM
tapupoM — B KiJbKa pa3iB  BHIIMM, HDK CEpeIHBO3BWKEHHH Tapud
B €JIEKTPOCHEPTETHII], 1 32 YMOB, KOJIH II€ BUT1IHO BIACHUKY, a HE CYCITIJIbCTBY.

[Morenmiiini 3a0yJOBHUKK MaITUX PiYOK, 30KpeMa 1 THX PidoK, 110 Iie 30eperimcs
B craHi, ONM3bKOMY [0 TPHPOJHOTO, 1 IE€ HE MOXYTh PpO3TJsIaTHCA SIK
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AHTPOIIOICHHO IIEPETBOPEHI YH ICTOTHO 3MiHEHI BOAHI 00’ekTH [35], 00ILAIOTH
«TIOKpAIIEHHD», HaBITh «3HAYHE», CKOJOTIYHOI CHUTyaIlil Ha MUX pidyKaxX 3aBISKH
OyxmiBanuTBy Ta ekcryaTauii MI'EC. lle MOBHICTIO cymepedyuTh MiKHApOIHIN
MPaKTHI, 3TiTHO 3 SKOK, HAa TaKWUX piyKaxX, JUIS iX 30epeKeHHs, OyAb-sIKe
OyIIBHUIITBO HE PEKOMEHIYeThCs abo 3aboponseTbes [35-37]. B pesymbrarti
MPOCTUI OOWBATENh MIIBOAUTHCA A0 AYMKH, IO SKIIO €KOJIOTIYHA CHUTYyallis Ha
piukax, 1€ BOHHM IUIaHYIOTb NoOyayBatu 1 ekcmuryatyBatu MI'EC, Hapasi i
CKJIQIa€ThCSl HE 30BCiM mo0pe, To me summe tomy, mo MI'EC Ha HuUX me He
nmoOymoBaHo. Mae MicIie CBiJIoMe MepeKpydyBaHHs pealbHUX (haKTiB.

[[lo6 nepexoHaTH rPOMAACHKICTh, CEPEl COIAIbHO-EKOHOMIUYHUX TIEPCIICKTHB
oynisaunitea MI'EC B «lloBimomnenHsx» Tta 3Bitax 3 OBJl Big3Ha4amTh
1 «be3nepeOiiiHe 3a0e3meueHHsT HaCeICHHS SKOJIOTIIHO YHCTOIO €JICKTPOSHEPTIEI0N,
1 «BaroMMi BHECOK Y PO3BHUTOK SIK PETiOHaNbHOI €KOHOMIKH, TaK 1 €KOHOMIKU
VYkpainu B HiJIOMY», «3alydeHHsS 3HAYHHUX iHBECTULII» B MiCLEBY €KOHOMIKY Ta
IHIT  COITiaTbHO-CKOHOMIYHI «IOKpameHas». OOIIsIoTs Bce, M0 IMPUXOAWTHh Ha
nymky. Hampukman, mortenmiiiauii 3a0ynoBHuk aBox MI'EC na p. Jlatopurs
(TOB «I'igpopecypc-JlaTopuiis») B «[1oBiIOMIIEHHSX PO TUIAHOBAHY iSIBHICTH
MOOOIISIB KUTENIAM B M. MyKadese IIie i Take: «Hi Ha OJTHOMY 3 €TaIliB» MPOEKTy He
BUKOPHUCTOBYBATH «AUTIYOI UM IPUMYCOBOI IpaLii».

MicueBuM  rpoMajaM, BiJKPHTO YW  3aByaJIbOBaHO, IPOIIOHYETHCS
0e3aJIbTEPHATUBHICTh TIAHOBAHIN JISUIBHOCTI, TIOB’sA3aHii 3 OyaiBHuITBOM MI'EC.
Tak, HaBiTh B AKOCTI TEXHIYHMX ajmbTepHATHB B Oarathox «lloBimomieHHSX» Ta
3BiTax 3 OB/] 3amicte MI'EC MicIieBi XUTEITI MaIOTh PO3MIISIATH «OYAIBHUIITBO Ta
excrutyatanito TEC» ab0 «HOBHX aTOMHHX €HEProOJIOKIB» (SK, HAIPHKIA, IS
Kopoctumiscekoi MI'EC, notyxHicTio 10 199 xBrt, Ha p. Terepi, mpomnoHyBaio
TOB «CsoOomna enepris»). | me He moomuHOki Bumagku (muB. Peectp [22]).
MicrieBuii )KuTelb, 03HAHOMUBIIUCH 3 TOAIOHUM «I10BiTOMIICHHSM PO TIAHOBAHY
IisTbHICTEY» 4M 31 3BiTOM 3 OBJI, B Peectpi, sikuii Bene nepkaBHA CTPYKTYpa, SKa
HIOMTO XK BIJMOBifae 3a E€KOJOTIYHY OE€3MeKy, OXOpPOHY IOBKLLISA, B KpamoMy
BUIAJIKY ITOYYBAaTUMETHCS PO3TYOJICHHM. A panToM Iii iHBECTOPY CIIPABJIi HE IPOTH
B MOTO CeJli, CeJIUII YU B MiCTi MOOYyBaTH TEILJIOBY YM aTOMHY €JICKTPOCTAHIIIO?
Hexaii Toni Bxe 6yne MI'EC.

IIpo Te, mo 00’ekTH Manoi riIpOeHEPreTHKH 34aTHI HEraTUBHO BIUIMBAaTH Ha
JOBKIJUTSL, MPUYOMY SIK KOKEH 1HAWBIAyalbHUIH 00’ €KT OKPEMO, TaK i B CYKYITHOCTI,
1 11l BIUNIMB MOXKe OYTH 3HAYHHUM, B TOMY YHCIIi 1 B IIOPiBHSHHI 3 00’ €KTaMH1 BEITUKO1
TiIpOEHEePreTHKHY, BUCBITIIEHO B HAIIIKX MOMEPEIHIX podoTax [25-34].

SKIO kK 3BaKaTH HA Bary HEraTHBHUX C€KOJIOTIYHUX Ta COIiaJIbHUX HACIIJIKIB
B TOPIBHSHHI 31 BCTAHOBJICHOIO MOTYXKHICTIO TiJPOYCTAaHOBOK Ta BHPOOJICHOIO
€JIEKTPOCHEPTi€r0, MUTOMUI HeraTUBHUH BIiMB Ha 10BKULIT MI'EC Moxe OyTu He
MEHIIIUM, a MOXKJIMBO HABITh 1 OUIBIINM, HIK MUTOMHH HETaTMBHUN BIUIMB Ha
npoBkiis Big Benmukux IEC [34].

3BHYaifHO, MpHUBaTHI 1HBECTHLIi y BITYM3HAHY Majly TiJPOCHEPIeTUKY HE €
37I0YMHOM. SIK 1 HE € 3T0YMHOM 3alliKaBJICHICTh MPUBATHUX 1HBECTOPIB B MPUOYTKY,
B TOMY YHCJI 1 32 PaXyHOK «3€JICHOTr0» Tapudy. AJie BCI OTi €KOJIOT1YHI Ta COLiaJIbHI
«TIOKpAIIEHHs», PO SKi 3 TakuM nagdocoM 3raayerscs B «lloBigomieHHsIX mpo
IUTAaHOBaHY JisUTBHICTEY, HACTIPAB/i HIYOTO HE BapTi, B HOPIBHIHHI 3 Ti€I0 KOO0,
siKa 3aBJA€ThCS JMOBKLUIO Bij OymiBHMITBA Ta ekciutyaTtamii MI'EC na mammx
piukax.
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Oco0nMHMBO 1€ CTOCYETBCS THUX «IHBECTOPIB», KOMY «HE COPOMHO» 3a BXKE
no6ynoBani aumMu MI'EC, KoMy B cBilf ac Branocst yHuKHYTH mipotieaypu OB/ ta
MpoBeCTH BOWBYI Il MaJMX PIiYOK MPOEKTH Oe3 IIMPOKOro po3rojiocy, e M
OTpPHMATH 3a 1Ie JepKaBHI HAropoau i Bu3HaHHA. Hampukiaza, 30BCiM He COPOMHO
3a ceoi MI'EC many 1. B. THHHOMY — 3aCHOBHHIKY 1 CITIBBIaCHUKY €HEPT€TUIHOTO
xonauary «l'impoeneproinBect-AkBanoBa» [38]. Kommanis Bomonie 29 mini I'EC,
3arajibHa MOTYXKHICTh AkuX ckiagae 30 MBt; B Tomy umcni i Ha piumi Ciyy, ska
B OCTaHHI POKH KaTacTpo(idyHO MOTEpIaE BiJ MaJOBOIIS B MEXKEHBb i CTPIMKO
JeTpaaye MPaKTHIHO Ha BCiH CBOi MpoTsmKHOCTI (puc. 1).

a 0)
Puc. 1 — Pika Ciyu, niTHsI MeXiHb, 0111 ¢. Binbuaku (PiBHeHCHKA 0071.):
a) mouatok 2000-x pp.; 0) 2018 p.
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Puc. 2 — Huxiit 6’e¢ rpedni Umxkisecskoi MI'EC (c. UnxkiBka, JKuromupcebka o01.).
Piuka Ciyu, TpaBenb 2017 p. ®oro: Ilerpo Tectos [39]

3a3Buuail nii BnacHukiB MI'EC B ekcTpeMaslbHUX €KOJIOTIYHHX CHUTYyaLisX,
CIPUYMHEHUX MaJOBOIIAM, HE € KOHCTPYKTUBHUMH. BOHM 110 KiHIISI HaMararoTbes
Oopotucst 3a NpuOYTOK, BIJICTOIOIYM NMPHUBAaTHI iHTepecH. Hampukian, y ceprHi
2017 p. npobnema manoBoaas Ha p. Ciyu Hukde 3a Tediero Bim M. HoBorpan-
BonmHcbkuii y HIskHBOMY 0’ €di BinHOBIEeHOT B 2015 p. Unmkiscbkoi MI'EC HaGyna
Takux MacitadiB [39] (IuB. TakoX BUILE pPHC. 2), IO IS BUPILMICHHS MPOOIeMHU
00e3BOIHEHHS pycia Oyjia yTBOpPEHa CrelliajibHa KOMICisl 3 IPEICTaBHHKIB BCIiX
rinok paionHoi Biagu. | ii pimeHHsM OyJi0 He CHpALfOBaHHS BOJOCXOBHIIA
3 BUMYLIEHHM THMYacOBMM npusynuHeHHAM pobotn MI'EC, mis 30epexeHHs
piuku. Ha mpoxanus TOB «['impoeHeproinBecT-AKBaHOBa» «THMYAacOBO» Oylia
3MEHIIEHA TaK 3BaHa «caHiTapHa» BuTpara: 3 2,39 m/c no 1,5 m*/c.
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Ipukinnesi 3ayBakeHHs Ta BUCHOBKH

[uBecTopr B Mamy TiIpOCHEPreTHKY MaroTh BWU3HABATH, IO IXHS [isUIBHICTD
Oe3mocepeIHBO TOB’S13aHa 3 MPUPOAOKOPUCTYBAHHSM 1 HECEe 3arpo3u JOBKIIIIIO.
[Ipu mpomy mpum OyamiBHHITBI Ta ekciuryaTtarnii MI'EC BUKOpHCTOBYIOTBCS Pi3HI
MIPUPOJIHI PECypCH, i He JIUIIIe BOJHI 1 TEPUTOPialbHi, a i Taki, MOXKIHBO, eeMepHi
1uis1 naHa TUHHOTO, SIK, HAPHUKIIAJA, eCTETUYHI, pekpeauiiii Tomo. Bruime MI'EC Ha
JOBKUIIS MOXe OyTH AK MpSMUM, Tak i omocepenkoBaHuM. [lpm mpomy pi3Hi
MIPUPONIHI PECYpCH, IO BHUKOPHUCTOBYIOTHCS, HE € TIOBHICTIO BiJHOBIIOBAHWMHU.
Piukwy, ix exocucTeMu, MPUPOAHI JaHAMAPTH TOLIO, B TOMY YHCII 1 3aBISKU MaJIii
TiIpoeHepreTHli, CTPIMKO AETPaayIOTh, 3MEHIIYETHCSI BOIHICTh PIYOK B MEXKiHb,
Bi/I0YBalOTHCA HE3BOPOTHI TiApoMOPPOIOTivHI 3MiHHU, 3HUKAE O10PI3HOMAHITTSI.
MaeMo TakoX BH3HATH, IO €JUHE, IO MO CYTi BiIpi3Hs€ BITYM3HSHY Maiy
TiIPDOCHEPreTHKY Bil BEIMKOI B KOHTEKCTI OOIPYHTYBaHHS JOLIIBHOCTI
OyIiBHUIITBA Ta eKCIUTyaTallii TiAPOCHEePTeTHYHHUX OO0’€KTIB 3 BpaxyBaHHIM iX
BITBY Ha JOBKIIDIA, II€ TE, IO MaJja Ti[poeHepreTHKa, Ha BiIMiHY BiJ BEJIHKOi, Ma€e
CepiO3Hy llepXaBHY MiITPUMKY y BHUIJISII BCUIIKHUX mociabieHb, 30Kpema i 3a
paxyHOK «3eneHoro» Tapu¢y. barato B 4oMy L HiATpUMKa HEOAJEKOIJISAHA,
HeOoOTpyHTOBaHA Ta HABITh IIKIIJIMBA TSI BITYU3HSHOI TiAPOCHEPTETHYHOI Tary3i,
Ha 110 MM BKa3yBaJlM, HallpuKJIaz, B [25, 27, 32]. llg niaTpuMKa B IPUHIIUII 3aBaXKAE
OPUAHATTIO PalliOHANBHUX PIOICHb IIOAO MPHPOAOKOPUCTYBaHHS B Mallii
TiApPOEHEPreTHIIi, IX EKOJIOTi3aIli{, OCKIIBKH I1i PIIIIEHHST BUXOASATD 31 CITIBCTaBIICHHS
OUiKyBaHHUX MPUOYTKIB Ta 3aTpaT MPHUBATHOTO iHBECTOpa, a HE IPYHTYIOTHCS Ha
CHIBCTABJICHHI CYCIUILHOI BUTOJU Ta CYCHUIBHOI INKOIM IUIAHOBAHOI JiSUTBHOCTI.
Maemo TakoX 3Ba)KaTH 1 Ha Te, [0 NPUBATHI IHBECTOPU HE € 3aIliKaBICHUMH 1 HE
MarTh TaKUMU OyTH y (iHaHCYBaHHI HEMPUOYTKOBHX, Hee(DEKTHBHUX IS ceOe
cdep, B TOMY UHUCIT 1 «KOMIUIEKCHOTO BUKOPUCTAHHS BOIHUX PECYPCiB» TOWIO, SIK
TOTO BHMararoTh 4uHHI HOpMH [40], 1 Oymb-siKi «CTOPOHHI» MUl cebe 3aTparu
HaMaraTuMyThCsI MlHlMlSYBaTI/I a OTpUMYBaHI1 BUT'OJH, 30KpeMa 1 BiJl «3€JICHOT0»
tapudy, — MakcumizyBaT. ToMy 1 ipornonytoTbcs npoektt MI'EC nuie 3 ogHuM
arperarom, 3i BCTAHOBJICHOIO MOTYXHICTIO cTaHIiit 10 199 kBt un mno 999 kBT,
3 IEpUBALI€IO, B SIKY BiIBOIUTHCS NPAKTUYHO BCS BOAA 3 Pycila B MEXiHb, 3 BUT1THUM
U 3a0yJIOBHUKA TEPUTOPiaJbHAM PO3MIIIEHHIM (Oe3MocepelHh0 B HACEICHOMY
MYHKTI, OJIU3bKO JI0 aBTOMOOLIBHUX JIOPIT, JIIHIH eJIeKTporiepe1ad) TOIIIO.
CycninpHu# iHTEpEC PY HOMY, HE3B)XKal0UH Ha NOocHIIaHHs Ha «HarioHaneHui
wiaH aii» [23], «[Iporpamy po3BHTKY TigpoeHepreTukm» [24] TOIIO, HAJEKHO HE
BpaxoBYeThCsl. BiH mpocto irHopyerbecs. SKiio, Hampukiam, i BEIUKOI
TiIPOCHEPTreTHKH, SKa X04Ya i Ma€ TMOPIBHSHO HEBEIMKY YacTKy B 3arallbHOMY
Oamanci (mo 9%) eJIEKTPOCHEPreTHKHM KpaiHW, ane BiJirpae  BaXIJIUBY
cUCTeMOYyTBOprotouy (yHKIit0 B ii 00’eqHaniit eHeprocucremi (OEC), i HaBiTh
3 BpaxyBaHHSAM CEPHO3HOI IIKOJH, SKY 3aBJaJIH 1 3aBIal0Th MOBKiUTO Besnuki [EC
ta [AEC, sIK KO’)XHa OKpeMo, TaK 1 B CYKyIHOCTi, Ha JTaHHUA MOMEHT COLiaJIbHO-
€KOHOMIYHOTO PO3BUTKY KpaiHM MOKHA 3HAWTH I0CTAaTHHO BATOMUX apTyMEHTIB JUIs
il BHIIpaBJaHHS, 3 BpPaxyBaHHSM pI3HUX PH3HUKIB Ta (AKTOpiB, MO0 MAalOTh
3arajibHOCYCIUJIBHE 3HAU€HHS, TO Maja TiipOeHepreTHKa He JUIIE Mae BKpaii
MizepHy nuTtoMy Bary B Oananci BitumsHsHOi OEC (Gimmspko 0,15%), a i
MPUHIMIIOBO HE BIUIMBAE 1 HE 3MOXE BIUIMBATH B MalOyTHbOMY Ha yMOBH
eHepro3abesrnieueHHsl KpaiHH, B TOMY 4YHCIi 1 okpemux ii perioniB. CycminbHe
3HA4YEHHS MaJioi T1IPOCHEPreTHKN B YKpaiHi, 30KpeMa 1 uepe3 HeCHPUSTIUBI IS
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PO3BHTKY TiJpOEHEPTreTUYHOI Taiy3i NpupomHi ymoBu [25-34], Bkpaili Mare,
a B MalOyTHHLOMY JIMIIE 3MEHIIYBAaTUMETHCS, a CYCIIIbHA IIKOJA BXKE 3HAYHA,
B TOMY YHCHi 1 3aBISKH «3€lIeHOMY» Tapudy, a B MailOyTHROMY MOXe IIe i
30impmHTUCI. 3 YacoM MOKE IOCTaTH MpodOiiemMa JiKBijamii 6araTboX TakuxX
00’€KTiB Ha HAITUX pivKax, 3 BAXKKO MMPOTHO30BAHUMH HACTiAKaMH. TaKuM YHHOM,
mepie MUTaHHA, K€ Ma€ BUHUKATH NpH IIaHyBaHHI OyaiBHUITBa HOBOI MI'EC,
0COOJIMBO HA pivlli, Ha SKiil MoAi0OHe Oy IIBHUIITBO III€ HE MTPOBAIUIIOCH, 1€ MUTAHHS
HE MOXJIMBOCTI, a JOIUIBHOCTI TaKOTO MPHPOJIOKOPUCTYBAHHS, HOTO CYCHIIBHOI
BHIIPABJIAHOCTI B MOPIBHSAHHI 3 MOYKJIMBOIO CYCITIJIBHOIO IIKOJIOH0.
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10 YBAI'M ABTOPIB 35IPHUKA

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

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/IJIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX aHOTAIiI0 1 KIIOYOBi cioBa (He MEHIIE I1’ATH) TphoMa MOBaMH (YKPaiHCHKOIO,
POCIHCHKOIO Ta aHTIIIHCHKOIO).

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

VYci hopmynu matoth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 0OOB'I3KOBO HYyMEpYBATHCS, MAaTH KHID)KKOBY OpI€HTAIil0 i HE
MOXYTh TNEpEBHIIYBaTH 32 PO3MIpOM 3a/ilaHy CTOpIHKY (mapamerpu cTOopiHku 17x26 cm
3 mossmu 2,0 cm). Tlepermik miTepaTypHuX Kepen MepeKianaeThCsl aHTTiHChKOI MOBOO
(abo TpaHCHITEPYETHCS B pOMaHChKOMY ayi(haBiTi) 1 TOJAE€THCS BIMOBIIHO 10 MiIXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myOmikamiii APA  (American Psychological
Association) style 3aranbHUM CIIMCKOM Y KiHII CTATTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3yHOTHCS MPi3-
BHIIIE, TIOBHE iM’s1 Ta TI0 OaTHKOBI aBTOPiB, HAYKOBHIA CTYIIiHb, BUCHE 3BaHH, II0CA/Ia, Ha3Ba
migpo3ainy (kadenpu) Ta oprasizamii, 0COOHCTI JaHi KOKHOTO 3 aBTOpPIB (ampeca, MicTo,
Kpaina, koHtakTHuU# Tenedown, e-mail), ORCID ID.

OO00B'SI3KOBO CITi/I HAJJATH EIEKTPOHHY Bepcito cTarTi B peaakropi Microsoft Word.

VYci mpexncTtaBieHi B peNakililo PYyKONHMCH TPOXOJATH peTelbHE OaraTolaHKOBE
pelCH3YBaHHS BiAMOBIMHUME (axiBIsiMu 3a mpodimem craTti. SIKImo cymapHa OIliHKA
PELIEH3CHTIB MEHIIIa 332 BCTAHOBJICHUH MOPIT, PYKOIUCH BIAXHUIISFOTHCSL.

3MicT cTaTTi Ta SKICTh HamucaHHs ab0 mepekiany (yKpaiHChKOH abo aHTIIHCHKOIO
MOBaMH) NEperisIaloThesi KOpeKTopamu 30ipHHMKa, HPOTE BiJIINOBIAANBHICTE 32 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpuM Matepiany. Jlo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapaxkrepy 0e3 3roJiu aBTopa.

Po3min 30ipHEMKa, 10 sKoro Oyle BigHECEHa CTATTs, BU3HAYAETHCS PEHAKIII€O,
Y3TOJUKY€EThCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OCTaTOYHHI BHCHOBOK
o0 my6sikanii MaTepialliB cXBaJIfo€ peakiiiiiHa 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 Mpallb TakoX NpelcTaBiIeHHi Ha caiiti HamionanbHoi 6i6mioTexu
Vxpaian im. B.I. Beprancekoro, Ha caifti [HCTHTYTY TenexoMyHikamid i rio6aapHOTO
inpopmaniitnoro mpocropy HAH Vxkpainm http:/itgip.org/ y posmimi «BumaBHmua
TiSTBHICTBY Ta Ha caidTi 610mioTekn KHIBChKOTO HAIIOHATBHOTO YHIBEPCUTETY OYAIBHUIITBA
i apxirektypu http:/library.knuba.edu.ua/node/883.
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