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Purpose. The Black Sea is a transboundary water body and that is why international cooperation is very important
for the protection of the Black Sea ecosystem. Land-based pollution sources (LBSs) produce great negative impact on
the Black Sea ecosystem and that is why scientists have initiated national and international projects devoted to finding
ways for elimination of the pressure caused by land-based pollution sources. Methodology. The paper describes the
Black Sea Hot Spots Methodology and presents results of UA Hot Spots ranking. The HSs Methodology consists of
four stages and allows to identify and rank Hot Spots located on the territory of the Black Sea catchment area (200 km
coastal zone). The list of criteria contains environmental, socioeconomic, and integrative indices. The Methodology
includes an expertise scoring (expert-judgment), but also mathematical methods for estimating the effect of Hot Spots
on the environment of the Black Sea. The Methodology is equipped with a Software, which allows to automatically
connect to the LBSs/HSs Database and with an additional input of required data/information to pass through all levels
of screening of LBSs and identify which of them are Hot Spots as well as to prioritize them for investment planning.
Originality and results. The paper presents results of four pilot testings performed in 2014-2015 for Ukraine. The final
list of UA Hot Spots contains municipal and industrial WWTPs as well as urban surface run-off. Practical value. The
Black Sea Hot Spots Methodology was developed for identification, assessment and prioritization of Hot Spots, located
within the Black Sea catchment area. The Methodology was proposed to the Black Sea Commission for adoption and
regular use in the region. References 13, tables 4, no figures.
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VY craTTi ommcyeTbest po3pobiieHa aBTOpaMU METOAWKA iaeHTH(diKamii i pamKupyBaHHS «TapsduX TOY0K» YopHOTO
MOpsl 1 TIpEBEICHI Pe3ylbTaTH ii MUIOTHOTO TECTYBaHHS IS JDKepen 3a0pyIOHEHHS, pO3TAlloBaHWX HA TEPHUTOPIi
VYkpaian. Metomuka po3poOisitacs 3 METOI BHSBICHHS DKepen 3a0pyaHeHHS YOpHOTO MOps, IO IOTEHIHHO
BIUIMBAIOTh Ha eKocUcTeMy YOpHOro MOps, pIi3HOMAHITTS, 3[0pOB'S JIOAWHH, EKOHOMIYHY CTaOlLIBbHICT. Y
pO3po0IIeHit METOAWIII BHKOPHCTOBYETHCS IMOETAIlHE OIIiHIOBAHHA 3HAYMMOCTI Pi3HHX Kepen 3a0pyaHeHHs. Ha
MMOYATKOBUX eTamax il BUOOpY 3 yci€l CyKYImHOCTI JpKepen 3a0pymHEHHS KaHIWAATIB Yy «Tapsdi TOYKI
3aCTOCOBYIOTBCS MPOCTI KPUTEPIi, IO HE BUMATAIOTh BETHKOI KITPKOCTI BUXITHUX JaHUX 1 MATEMATHIHIX PO3PaXYHKIB.
Ha 3axmounnx eramax Jjis pamKHpPyBaHHS 1 KaTeropH3alii [Kepen 3a0pyaJHeHHS Mops i3 KpUTEPisAMHU, 3aCHOBAaHUMH
Ha EKCIIEPTHHUX OI[IHKaX, 3aCTOCOBYIOThCA TAaKOX KPHTEpii, 3aCHOBaHI Ha MaTEeMaTHYHMX PO3paxyHKax. Y paMKax
METOAWKH PO3pOo0JIeHa MporpaMa, Imo 3abesmedye iHGOpMamiiHWA 3B'S30K 3 0a3010 NaHUX JHKepen 3a0pyTHCHHS
YopHoro Mopsi 1 BAKOHAHHSA BCiX HEOOXiTHUX po3paxyHKiB. [IpuBeneHo pe3ynbTaTh 4-X MIIOTHUX TECTyBaHb METOIUKH
JUIs ieHTH(DIKAI] 1 paHKUPYBaHHS «Taps4ux TOUOK» YKpainu, mpoBeneHux y 2014-2015 p. B ocranniii Bepcii
METOAWKH PO3TISNANIHCS HE TIIBKH MPOMICIOBI i KOMYHAIBFHO-TIOOYTOBI CKHAAM 3BOPOTHUX Boz y YopHE Mope, ane
TaKOX 1 TOBEPXHEBUH CTiK 3 ypOaHi3oBaHUX TepuTopiii. OCHOBHI BiIMIHHOCTI PO3pO0OICHOI METOIMKH BiJl METOIUK, IO
3aCTOCOBYBAIIKCS paHimie: 1) BUKOPUCTaHHA KPUTEPiiB, 3aCHOBAaHMX HAa MaTEMaTHYHUX PO3pPaxXyHKaX, 2) BUKOPUCTAHHS
COIIaJIFHO-eKOHOMIYHMX KPUTEpiiB, 3) BpaxyBaHHS JpKepell 3a0pyIHEeHHs, po3TanioBaHuX Ha Bifcradi 10 200 kM Bix
Mopst. [neHTndikamis i paHXUPyBaHHS «TapSIuX TOYOK» YOPHOTO MOps 3a JOMOMOTOI0 pO3pOOIEHOI METOANKN MOXKE
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PROBLEM STATEMENT. Black Sea (BS) is a
transboundary water body and that is why international
cooperation is very important for the protection of the
Black Sea ecosystem. International cooperation includes
legislation and scientific sector which are closely
connected. In 1996 Convention on the Protection of the
Black Sea Against Pollution [1]; it sets out the overall
objectives and obligations of the contracting Parties
(Bulgaria, Georgia, Romania, Russian Federation,
Turkey and Ukraine) in Black Sea protection, the actual
implementation of each of these is to be done through
more detailed and specific Protocols. In 1996, the
Bucharest Convention implementation was given a tight
time-frame through an ambitious Strategic Action Plan
(SAP [2], currently replaced by [3]) and the first
regional List of BSHot Spots (HSs) was prepared
shortly before [4].

Land-based pollution sources (LBSs) produce great
negative impact on the Black Sea ecosystem and that is
why scientists have initiated national and international
projects devoted to finding ways for elimination of the
pressure caused by land-based pollution sources.

In 1996 ten UA Hot Spots were identified using
WHO “rapid assessment” methodology [5-7].

During 2013-2015 under the framework of the
project “Integrated hotspots management and saving the
living Black Sea ecosystem” — HotBlackSea (grant
agreement Nr 2.2.1.72761.225 MIS-ETC 2303, Black
Sea Cooperation Programme) the Hot Spots
Methodology - Guiding harmonization in identification
and prioritization of Hot Spots in the Black Sea Region
(the Black Sea Hot Spots Methodology or the BS HSs
Methodology) was developed [8]. Before starting the
project some background work was carried out [4] and
in preparation of the BS HSs Methodology, the draft
Black Sea Commission HS Methodology was taken as a
basis, as well as best available practices in the
development of national and regional (Arctic Seas,
MEDPOL, DABLAS, HELCOM, OSPAR) methods of
identification, evaluation and ranking of point sources
of pollution.

Firstly, some words about key term “Hot Spot”. In
compliance with the regional LBSA Protocol, 2009 [9],
Hot Spot means a limited and definable local land area,
stretch of water surface or specific aquifer that is subject
to excessive pollution and necessitates priority attention
in order to prevent or reduce the actual or potential
adverse impacts on human health, ecosystems or natural
resources and amenities of economic importance.

For the purposes of the BS Ss Methodology, the Hot
Spot is considered to mean point source on the coast of
the Sea, which potentially affect human health,
ecosystems, biodiversity, sustainability or economy in a
significant manner. They are the main points, where
high levels of pollution loads originating from domestic
(municipal) or industrial sources are being discharged —
so municipal and industrial waste water treatment plants
(WWTP). Also urban surface run-off from the territory
of a city/town/settlement is considered as a Hot Spot no
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matter through how many discharge collectors it enters
the Black Sea or connected river/lake.

The paper presents the Black Sea HSs Methodology
[10] and UA results.

Recently the BS HSs Methodology was proposed to
the Commission on the Protection of the Black Sea
Against Pollution (Black Sea Commission) for adoption
and regular use in the region which would ensure the BS
coastal states evaluate their LBSs in a harmonised way
and would help them improve the national investment
planning in BS protection. The final list of prioritized
UA Hot Spots was presented to the Ministry of Ecology

and Natural resources of Ukraine and regional
environmental authorities.
EXPERIMENTAL PART AND  RESULTS

OBTAINED. The Black Sea Hot Spots Methodology
[10] is intended to ensure common approach to
identification, assessment and ranking of Hot Spots,
located within the Black Sea catchment area and having
impact on the state of the Black Sea. HSs Methodology
deals mainly with point LBSs as diffuse sources of
pollution are poorly studied in the BS region.

Distinctive features of the BS HSs Methodology are
the following:

— the HSs Methodology allows to identify and rank
Hot Spots located on the territory of the Black Sea
catchment area;

— when ranking common criteria for all Black Sea
countries were chosen taking into consideration
availability of data;

— the list of criteria contains environmental,
socioeconomic, and integrative indices;

— the HS Methodology includes an expertise
scoring (expert-judgment), but also mathematical
methods for estimating the effect of Hot Spots on the
environment of the Black Sea;

— to support the use of this HSs Methodology a
special database on LBSs was developed; it contains
meta data and data on discharges (concentrations and/or
loads) of key LBSs;

— the HSs Methodology is equipped with a
Software, which allows to automatically connect to the
LBS Database [11, 12] and with an additional input of
required data/information (which is not part of the LBS
Database) to pass through all levels of screening of
LBSs and identify which of them are Hot Spots as well
as to prioritize them for investment planning.

Thus, the ranked list o HSs is calculated for each
Black Sea country by using specific data (statistical and
scientific ones); the Black Sea HSs Methodology
includes mathematical models as well as expertise
scoring. The BS HSs Methodology includes correlation
coefficients which allow to take into account specific
feature of each country.

To support the use of this Methodology a special
database on LBSs/HSs (the Hot Spots Database - HSs
DB) was developed [12]. It contains meta data and data
on discharges (concentrations and/or loads) of key LBSs
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from the Black Sea catchment area. Currently the
database contains data and information only on point
pollution sources, in future it is planned to include also
data on surface run-off. For more information see the
Final Project Booklet and the manual on the HSs DB
[12].

The Methodology is equipped with a Software
(available on the project website after registration),
which allows to automatically connect to the LBSs/HSs
Database (DB) and with an additional input of required
data/information (which is not part of the DB) to pass
through all levels of screening of LBSs and identify
which of them are Hot Spots as well as to prioritize
them for investment planning.

General Algorithm  of
Methodology.

The Black Sea Hot Spots Methodology includes the
following stages of work (Fig.1):

Stage 1 — Compilation of full LBSs List (as full as
possible);

Stage 2 — First level screening — selection of Hot
Spots candidates using various indicators characterizing
waste water pollution;

Stage 3 — Second level screening and first
prioritization to identify top Hot Spots. Prioritization is
performed on environmental and socio-economic
(welfare) criteria;

Stage 4 — Third level screening to verify the
prioritization according to more sophisticated criteria
and build the final HSs List, which would be eligible to
speak about priorities in investments and their schedule
(short-, mid-, and long-term), and selection of top
priority HSs.

Thus, selection of Hot Spot candidates is conducted
on Stage 2 of the HSs Methodology. Assessment and
ranking of the Hot Spot Candidates are performed on
Stage 3. Final prioritization of the Hot Spots is
performed on Stage 4. This prioritization is provided in
support of decision-making on investments.

At each of the HSs Methodology stages a number of
assessment criteria are used, which require additional
data/information input. ‘Additional’ means such
data/information which are not available in the
LBSs/HSs Database and are not automatically derived
through the HS Methodology Software.

Hot Spots identification and ranking criteria.

At the first stage of the Black Sea Hot Spots
Methodology, compilation of meta data and data on key
LBSs is carried out. HSs DB was nourished with meta
data and data on Black Sea-related land-based sources
of pollution (LBSs), which were used to verify and
update the Lists of Black Sea Hot Spots in the HBS
Project beneficiary countries. The HBS Project HSs
Software automatically links to the HSs DB and
calculates all criteria enlisted in the HSs Methodology.

At the second stage of the Black Sea Hot Spots
Methodology, a list of environmental ranking criteria for
the selection of HSs Candidates is proposed. These
criteria were chosen based on existing best available
practices (e.g. methodologies developed for other seas
and by other organizations/projects, as mentioned
above) and also taking into account the advice provided

the Black Sea HSs

45

by the stakeholders involved in the Methodology
development.

Thus, not all sources of pollution should be
considered Hot Spots as some of them do not potentially
affect human health, ecosystems, biodiversity,
sustainability or economy in a significant manner. On
this basis at the second stage of the Hot Spots
Methodology “First level screening — selection of Hot
Spots candidates” it is necessary to include those
facilities (municipal and industrial), for which at least
one of the key conditions is observed:

— Discharge volume is more than 1000 m*/ day;

— Absence of sewage treatment plant;

— Discharge pollution in terms of BODs - > 50
t/year for municipal and BODs > 30 t/year for industrial
waste waters;

— Discharge pollution in terms of
concentration of trace metals - > 1 mg/dma;

— Discharge pollution in terms of total nitrogen - >
20 t/year for municipal and > 5 t/year for industrial
waste waters;

— Discharge pollution in terms of total phosphorus
- > 6 t/year for municipal and > 2 t/year for industrial
waste waters;

Note: Due to the fact that in some BS countries
organic nitrogen is not controlled in wastewater, it is
proposed to use the sum of inorganic forms of nitrogen
(ammonia nitrogen + nitrate nitrogen + nitrite nitrogen)
— > 15 t/year for municipal and > 3 t/year for
industrial waste waters.

Note: Due to the fact that in some BS countries
organic phosphorus is not controlled in waste water, it is
proposed to use phosphates (P-PO4) - > 5 t/year for
municipal and > 1.5 t/year for industrial waste waters.

— Discharge pollution in terms of oil products
(TPHSs) - > 0.2 t/year;

— Urban surface run-off (city/town/settlement) with
population more than 300.000 in the event when sewage
treatment plants are absent. In this case, urban surface
run-off is considered a Candidate Hot Spot regardless of
the number of tail drains.

In result of this first screening, the sources with
negligible contribution to the Black Sea pollution are
being excluded from the Total List of LBSs examination
and are not considered in the following steps of the HS
Methodology application.

At the third stage of the Black Sea Hot Spots
Methodology, the following environmental and social
ranking criteria are used to screen the List of HSs
Candidates and confirm they are Hot Spots in terms of
impact as well:

— Waste water discharge volume;

— Distance to the Black Sea (the shortest distance
from the area of discharge to the sea);

— Population in town/village, where the point
source of pollution is located;

— Type of waste water treatment used;

— Characteristics of flow and mixing in the
receiving aquatic environment;

— Level of environmental hazard (taking into
consideration the status of the receiving water body);

total
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— Environmental tension at the location of the Hot
Spot candidate.

Assigning scores is done by multiplying the weight
factor (see above) and the score assigned on the basis of
the certain characteristics.

The example for scoring on Column 3 — Waste water
discharge volume is giving in Table 1. Wastewater
discharge volume is the daily volume of wastewater
discharge, th. m®/day, and allows by the volume of
wastewater discharged to assess their potential impact
on water quality of the receiving water body.

Depending on the characteristics of hot spots within
Stage 3 criterion certain score is assigned (Table 2).

At the fourth stage of the Black Sea Hot Spots
Methodology, for a more detailed characterization of the
Hot Spots and their prioritization, the following
integrated environmental and socio-economic criteria
are used:

— Degree of overall impact on water quality

— Degree of local impact on water quality

— Recreation and protected areas

— Level of potential impact on aquatic life,
including biota contamination

— Investment attractiveness of the region/ province,
and Prospects of development of the region/province

Within each Stage 4 criterion, certain score is
assigned (Table 3).

Depending on the amount of final weight of the
pollution source, 3 categories (Column 10) of HSs are
distinguished:

The Hot Spot of the first rank is an entity that
requires most urgent attention and prompt actions from
decision makers.

The Hot Spot of the second rank is an entity that
requires attention from the decision makers and
problem-solving in the short term (3 to 5 years).

The Hot Spot of the third rank is an entity that
requires constant attention on the part of decision
makers and problem-solving in the medium term (5 to
10 years).

The candidate Hot Spots, outside of the List of top
HSs, obviously may later be addressed in the long-term
run (over 10 vyears, however, they should also be
included in programmes of measures).

Ranking results.

The Black Sea HSs Methodology was developing
during 2 years and that at each step pilot testing was
performed [13] for better adjusting of the BS HSs
Methodology and Software (data for 2013-2014 were
taken). Such approach allowed to find optimal balance
between environmental and socio-economic criteria as
well as to polish the BS HSs Methodology. The final
results of testing are presented below as well as in Table
4:

— Category 1: Pivdenni WWTP, Odesa; Sevastopol
WWTP; Mykolaev WWTP;

— Category 2: Odesa urban surface run-off; Sea
commercial port of Illichivsk; Balaklava WWTP;
Kherson WWTP;

— Category 3: Kerch WWTP; Yevpatoria WWTP;
Yalta WWTP.
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In Table 4 results of all four testing are also
presented.

Final ranking results visualization is presented in
Figure 2. As we can see, most HSs are having WW
discharges directly to the Black Sea, but there are two
HSs (Mykolaev WWTP and Kherson WWTP) which
have WW discharges to rivers. Decision-makers should
pay attention to all 10 HSs and to implement
corresponding measures/projects aimed at improvement
of WW treatment efficiency.

CONCLUSIONS.

1. The Black Sea Hot Spots Methodology was
developed for identification, assessment and
prioritization of Hot Spots, located within the Black Sea
catchment area. The BS HSs Methodology includes an
expertise scoring (expert-judgment) and mathematical
methods for estimating the effect of Hot Spots on the
environment of the Black Sea. The list of criteria
contains environmental, socioeconomic, and integrative
indices.

2. To support the use of the BS HSs Methodology a
special database on LBSs was developed; It contains
meta data and data on discharges (concentrations and/or
loads) of key LBSs. The methodology is equipped with
a Software, which allows to automatically connect to
the LBS Database and with an additional input of
required data/information (which is not part of the LBS
Database) to pass through all levels of screening of
LBSs and identify which of them are Hot Spots as well
as to prioritize them for investment planning.

3. For adjusting the BS HSs Methodology four pilot
testing were performed. The final UA HSs lists is as
follows: Pivdenni WWTP, Odesa, Sevastopol WWTP
and Mykolaev WWTP (Category 1); Odesa urban
surface run-off, Sea commercial port of Illichivsk,
Balaklava WWTP and Kherson WWTP (Category 2);
Kerch WWTP, Yevpatoria WWTP and Yalta WWTP
(Category 3).

4. The BS HSs Methodology was proposed to the
Black Sea Commission for adoption and regular use in
the region which would ensure the BS coastal states
evaluate their LBSs in a harmonised way and would
help them improve the national investment planning in
BS protection. The final list of prioritized UA Hot Spots
was presented to the Ministry of Ecology and Natural
resources of Ukraine and regional environmental
authorities.

This paper was prepared as a follow-up of the
project “Integrated hotspots management and saving the
living Black Sea ecosystem” (the HBS Project - Black
Sea Cross-border Cooperation Programme, financed by
European Union, grant agreement 2.2.1.72761.225 MIS-
ETC 2303 ) and the authors gratefully acknowledge the
contribution of all colleagues and stakeholders who
helped to collect large meta data and data sets, prepare
the BS HSs Methodology and its software as well as to
develop and nourish the LBSs Database. Special thanks
to Violeta Velikova (project partner — SuRDEP,
Bulgaria) who has made a great contribution to the BS
HSs Methodology. Also without the constant support of
Joint Managing Authority of the CBC Programme
(JMA, Bucharest, Romania) and Central Finance and
Contracts Unit (CFCU, Ankara, Turkey) the work under
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the HBS Project would not have been successful. . Thank you.
Work-stage- Work-stage: resultf]
Data-Base-of Pomnt-Sources-of-
Stage-1—Compilation-of full LBSs List? Pollution |

The List-of the-Hot-Spot-
Candidates]

Stage-2—First-levelscreening-—selection-of- /

Hot-Spots-candidates®
@ The List-of- Top-Hot-Spots|

Stage-3-—Second-level screening-and-first-
prioritization-to-identify top-Hot-Spots

The Final Ranked List-of Top Hot-
Spots

Stage-4---Third-level-screening-to-vernfy the-
prioritization-according-to-more-sophisticated-
criteria-and-build-the-final-List?

Figure 1 — General Algorithm of the HSs Methodology [10]

Figure 2 — Final ranked Hot Spots — Ukraine
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Table 1 — Scoring for the Column 3 - Waste water discharge volume

Score For point sources For urban surface run-off
If data on WW volumes are In the absence of data on
available WW volumes

score 1 Discharge volume is up to 10 th. m*/day <5 mln m*/year Population of the town is
less than 500,000

score 2 Discharge volume is 10 to 50 th. m*/day 5-10 min m®/year Population of the town is
500,000-1,000,000

score 3 Discharge volume is 50 to 100 th. m*/ day 10-15 min m*/year Population of the town is
1.0-1.5min

score 4 Discharge volume is more than 100 th. m%day | More than 15 min m*/year Population of the town is
more than 1.5 min

Table 2 — Preliminary Hot Spot description
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Table 3 — Summary List of Hot Spots
Name | Type | Degree of | Degree | Recreatio Level of Investment Prospects of Weighted | Catego
overall of n and potential attractiveness | development of total ry
local protected impact on of the the
impact areas aquatic life region/province | region/province
Weight factor 1.0 0.8 0.8 0.8 from0.5t0 1 from0.5t0 1
Table 4 - Progress in testing results
HSs Methodology — HSs Methodology — HSs Methodology — Final

Existing Hot Spot list [8]

Draft 1 Draft 2 Draft 3 HSs Methodology
Industrial Sources Category 1 Category 1 Category 1 Category 1
Brom plant, Pivdenni WWTP, Odessa urban surface Pivdenni WWTP, Pivdenni WWTP,
Krasnoperekopsk Odessa run-off Odessa Odesa
Kamish Burunski iron Pivnichni WWTP, Pivnichni WWTP, WWT WWT
ore, Kamish Burunsk Odessa Odessa Sevastopol P Sevastopol P
Municipal Sources Sevastopol WWTP Sevastopol WWTP Category 2 Mykolaev WWTP
Pivdenni WWTP, Odessa Mykolaev WWTP Category 2 Mykolaev WWTP Category 2
Lo . Odesa urban surface Odesa urban surface
Pivnichni WWTP, Odesa Category 2 Mykolaiv WWTP run-off run-off
Sea commercial port of | Sea commercial port
Balaklava WWTP Kerch WWTP Kherson WWTP Wlichivsk of Illichivsk
Yevpatoriya WWTP Kherson WWTP Balaklava WWTP Balaklava WWTP Balaklava WWTP
Sevastpol WWTP Balaklava WWTP Sea corlr;lr?cehric\;gll( port of Kherson WWTP Kherson WWTP
Yalta WWTP Yalta WWTP Category 3 Category 3 Category 3
Gurzuf WWTP Yevpatoria WWTP Kerch WWTP Kerch WWTP Kerch WWTP
Illichevsk WWTP Category 3 Yalta WWTP Yevpatoria WWTP Yevpatoria WWTP
Feodosia WWTP Yevpatoria WWTP Yalta WWTP Yalta WWTP
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Ilens. B cratbe onmchiBaeTcsl pa3paboTaHHAs aBTOpAaMH METOAMKA MICHTU(DHKAIMK M PAHKHPOBAHMS «TOPSUMX
Touek» YepHOro Mopsi M TPHBEACHHI PE3YyNbTATHl € IHIOTHOTO TECTUPOBAHWS JUII HMCTOYHUKOB 3arpsi3HEHUS,
pacloNOXeHHBIX Ha TEppUTOPUU YKpawHbl. Meroanka pa3padaThlBalach C IIENBIO BBISBICHHS HCTOYHHKOB
3arpsi3HeHus YepHOro Mopsi, KOTOpbIe MMOTEHIHAIBHO OKA3bIBAIOT HAUOOJIbILEE BIMSHNE Ha IKOCUCTEMY YepHOro Mop#,
O6ropa3zHooOpas3ue, 3I0POBbE UETIOBEKa, IKOHOMUIECKYIO CTaOMIEHOCTh. Memoodonozusa. B pazpaboTaHHONW METOIHKE
UCIIONB3YETCs MOJTAIMHOE OLCHUBAHHE 3HAYMMOCTH PA3IMYHBIX HCTOYHHKOB 3arps3HeHus. Ha HadalpHBIX dTamax Juist
BBIOOpa W3 BCEH COBOKYITHOCTH HCTOYHHKOB 3arpsi3HCHUsS KaHIWIATOB B «TOpSYME TOYKMY» IPHMEHSIOTCS HPOCTHIC
KpuUTepuH, He Tpelyromue OOJBIIOr0 KONMYECTBa MCXOMHBIX JIAaHHBIX M MaTeMaTHYecKHX pacyeroB. Ha
3aKJTIOYMTENBHBIX JTanax Uil PamKHPOBAHUS M KaTeTOPU3AlMH MCTOYHUKOB 3arps3HEHUs HApsIy C KPHTCPHSAMH,
OCHOBaHHBIMHU Ha JKCIIEPTHBIX OLIEHKAX, IIPUMEHSIOTCS TaK)Ke KPUTEPHH, OCHOBAHHBIE HA MAaTEMAaTHIECKHUX pacdeTax
WCIIONIb30BAaHUEM JIaHHBIX O PAacXoJie M COCTaBe BO3BPATHBIX BOA. B paMkax MeTORMKH pa3pabOTaHO KOMITBIOTEPHOE
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EKOJIOI'TYHA BE3ITEKA Ne 2/2016 (22)
Ouninka Ta NPOrHO3yBaHHSA TeXHOT'€HHOI0 BILNIMBY Ha JI0BKIJLIsA
MIPUWIIOXKEHUE, oOecreyrBaroliee HH(POPMAIOHHYIO CBsI3b ¢ 0a30i JaHHBIX MCTOYHUKOB 3arpsi3HeHUss YepHoro mMops,
BBOJI JIONIOJIHUTENBHOW HMH(GOPMAlM ¥ BHIOJHEHHE BCEX HEOOXOIMMBIX pacueToB. Pe3ynsmamsl. IlpuBeneHb!
pe3ynbTathl 4-X THIOTHBIX TECTUPOBAHMH METOAWKH JUIS WISHTU(PHKAMK M PAHKUPOBAHUS «TOPSYMX TOUYEK»
VYkpaunsl, npoBeneHHbIX B 2014-2015 rr. B mnocneaHelt Bepcuu METOAMKHM pacCMaTpUBANIUCh HE TOJIBKO
MIPOMBIIIJIEHHBIE 1 KOMMYHaJIbHO-OBITOBBIE COPOCHI BO3BPATHBIX BOJ B UepHOE MOpe, HO TakKe M MOBEPXHOCTHBIH CTOK
¢ ypbannsupoBaHHbIX Tepputopuil. Hayunasa noeusna. OCHOBHBIE OTIINYMS Pa3pabOTaHHON METOIWKH OT METOIUK,
MIPUMEHSIBIIUXCSI paHee: 1) UCIOoNb30BaHUE KPUTEPUEB, OCHOBAHHBIX Ha MaTEMaTHUECKUX pacderax, 2) UCIOJIb30BaHUE
COLMAJIbHO-DKOHOMHYECKUX KPUTEPHUEB, 3) YUET UCTOUYHHKOB 3arpsi3HEHMS, PACIIOIOKEHHBIX Ha paccTossHUK 10 200 kM
ot Mopst. Ilpakmuueckoe 3nauenue. Vinentndukanys U paHXUPOBaHUE «TOPSYUX TOYEK» YepHOro Mopsi ¢ MOMOIIBIO
pa3paboTaHHOW METOAMKH MOXKET OBITh MCIOJB30BAHO Uil IUIAHHPOBAHMS IPUPOAOOXPAHHBIX HHBECTUIIMH B
YEepHOMOPCKOM pervone. Pa3paboraHHass Meromuka mpemiokeHa YepHOMOPCKOW KOMHCCHU [UIsi aJanTaliyd |
HCMOJBb30BaHUs B PETHOHE.
KaroueBble c10Ba: METOJIONOTHS, «TOPSYUE TOUKWY», WICHTU(HKAIMS, IpHOpHUTe3alus, YepHoe Mope.
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