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MPHTU 39.23.17
B. Grigorov, A. Assenov

Faculty of Geology and Geography, University of Sofia "St. Kliment Ohridski", 15 Tzar Osvoboditel
Blvd., 1504 Sofia, Bulgaria
(E-mail: borislav.g.grigorov@gmail.com,)

Long-term changes of surface water in water bodies near Mala Planina as an
Ecosystem Service

Abstract: The main aim is to investigate long-term changes of surface water bodies, located in a
close proximity to Mala Planina as an ecosystem service. The studied basins are Aldomirovtsi Marsh
and Bistritsa Dam. Long-term changes in surface water are crucial for the functioning of ecosystems
and their healthy state. The basis is a global study, dealing with mapping of global surface water
and its long-term changes, applied to a local scale. Changes in global surface water at 30-metre
resolution for the past 32 years are quantified and the indicators taken into account are: water
occurrence, water occurrence change intensity, water seasonality, annual water recurrence, water
transitions and maximum water extent. The habitat ecosystem service, provided by Aldomirovtsi
Marsh, is at present, although a decrease of the surface waters is observed. Bistritsa Dam’s surface
waters are more permanent, providing fish and development as a place of tourist and recreation
character.

Keywords: ecosystem services, water basins, development.

DOI: https://doi.org/10.32523/2616-6771-2019-126-1-68-77.

Introduction. The significance of ecosystems and their goods and services in the contemporary
world is undisputable. Water is a perfect example for an indispensable resource and surface water
is a priceless source for human well-being, as a provisioning, regulating, habitat or supporting and
cultural ecosystem service [1]. The presence and location of surface water depends on the natural
flow of energy and matter in ecosystems and it is undoubtedly affected and altered by human
activity [2|. Biological diversity is also highly dependable on the state of surface water [3]. We
are living in a constantly changing environment and the change in the volume of surface water is a
frequent occasion. However, humanity isn’t taking under account the essentialness of water deeply
enough, which is leading to environmental crisis, such as the famous case of Aral Sea. Studying the
natural specifics of surface waters is of a major importance in predicting the way they behave and
their impact on ecosystems and human society. As far as Bulgaria is concerned, there are many
significant studies, concerning water, as a resource and one of them, that is worth pointing out, is
the work about Bulgarian rivers of Hristova [4]. Long-term changes in surface water are crucial for
the functioning of ecosystems and their healthy state, so modern technology provides necessary tools
for studying and monitoring them. Ecosystem studies and investigation of ecosystems in Bulgaria
by the application of computer technologies, in general, aren’t new in the scientific literature of the
country, which is skillfully proven by (Nedkov & Burkhard [5] and Assenov & Borissova [6].
Materials and methods. The current research is based on the global study of Pekel et al. [7]
about mapping of global surface water and its long-term changes. The information is applied in order
to discover the connection between long-term changes of surface water and ecosystem services. The
datasets of Pekel et al. [7] about the documentation of global surface water location and seasonality
are consisting of descriptions on national level, using the work of [8] extrapolation of regional data
[9] and satellite images. They managed to quantify changes in global surface water at 30-metre
resolution for the past 32 years, recorded water dynamics from coarse-spatial-resolution satellite
observations and created higher-resolution seasonality maps, using Landsat satellite imagery at 5-
to 10-year intervals, based on the work of Yamazaki et al. [10]. The result is a Global Surface Water
Explorer, powered by Google Earth Engine, available at [11] and developed under the jurisdiction of
the European Commission’s Joint Research Centre in the framework of the Copernicus Programme.
The period 1984-2015 provides information about the change of water surfaces, which can be applied
when studying ecosystems and working for biodiversity conservation, for instance. Several different
68
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indicators, published at https://global-surface-water.appspot.com/ are taken into account in the
current research:

1. Water Occurrence - shows where surface water occurred between 1984 and 2015 and provides
information concerning overall water dynamics.

2. Water Occurrence Change Intensity — the dataset shows where water occurrence increased,
decreased or remained invariant between 1984 and 2015.

3. Water Seasonality (2014-2015) - provides information, concerning the intra-annual behavior
of water surfaces. It separates 'permanent’ water bodies (those that are present throughout
the period of observation) [nominally a year| from ’seasonal’ (those that are present for only
part of the year); the degree of seasonality is also represented (i.e. the proportion of the
total number of observed months in which water is present).

4. Annual Water Recurrence (1984-2015) - documents the inter-annual variability of water avail-
ability. This map shows how frequently water returns from one year to another (expressed
as a percentage).

5. Water Transitions - documents changes in water state between the first year and the last
year of observation, as following:

e New permanent water surfaces (i.e. conversion of a no water place into a permanent
water place.);

e Unchanging permanent water surfaces;

e Lost permanent water surfaces (i.e. conversion of a permanent water place into a no
water place);

e New seasonal water surfaces (i.e. conversion of a no water place into a seasonal water
place);

e Unchanging seasonal water surfaces;

o Lost seasonal water surfaces (i.e. conversion of a seasonal water place into a no water
place);

e Conversion of permanent water into seasonal water;

e Conversion of seasonal water into permanent water;

e Ephemeral permanent water (i.e. no water places replaced by permanent water that
subsequently disappeared within the observation period);

e Ephemeral seasonal water (i.e. no water places replaced by seasonal water that subse-
quently disappeared within the observation period);

6. Maximum Water Extent - shows the maximum extent of detected water over the 1984-2015
period.

All these indicators are applied in order to investigate two important areas from ecosystem services’
point of view. The water bodies near Mala Planina (fig. 1), which are a main focus in this study,
are:

- Aldomirovtsi Marsh is situated southwest of Golemo Malovo village. It is a part of protected
zone Dragoman BG 0000322, following the Habitat Directive 92/43 /EEC and also a protected area
under national legislation since the year of 1989. It covers 129,4 ha and conserves the natural
habitat of protected and rare bird species (Philomachus pugnax L., 1758 Podiceps cristatus L.,
1758, Tachybaptus ruficollis Pallas, 1764, Podiceps nigricollis Boddaert, 1783, Circaetus gallicus
Gmellin, 1788) and the plant associations of 40 species of vascular plants [12]. The Aldomirovtsi
Marsh is chosen in order to consider the impact that long-term changes of surface water has on the
habitat or supporting ecosystem services, that the marsh provides;

- Bistritsa Dam also called Bezden Lake is located near the village of Bezden to the south. It
provides provisioning services in the form of food and fresh water and also cultural services, such as
tourism and recreation;

These water bodies are chosen due to the fact that they the largest, surrounding Mala Planina,
if we exclude the rivers Iskretska and Iskar, and this adds weight to their importance as a source
for ecosystem services. Two more water bodies are displayed on the map, located near the town
of Novi Iskar and Tompsan village, but due to their restricted area, the changes, concerning them
aren’t a main focus of the study. The area of the research - Mala Planina is situated in the western
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part of the country in close proximity to the capital city of Sofia and its boundaries are discussed
by Grigorov & Assenov [13].

Fieure 1 — Mala Planina (with red circles are shown water bodies)

Results. The applied information for the long-term changes in the water surface of Aldomirovtsi
Marsh and Bistritsa Dam is analyzed in the following lines. The six indicators, concerning Al-
domirovtsi Marsh, are taken in mind in the first place. An important note that has to be made is
that this is a karst area, therefore it is having a specific water regime. Data about water occurrence
(1984-2015) in Aldomirovtsi Marsh is presented in figure 2. It is obvious that during the period of
32 years, not all parts of the protected area are full of water and the percentage (> 0% is sometimes
water and 100% is always water) is in the range of 50%. The most important ecosystem service,
provided by the Aldomirovtsi Marsh, is the habitat or supporting service, ensuring the conservation
of wildlife, but the drying out is creating hurdles.

Water Occurence (1984-2015)
‘a C —
o e
|

FI1GURE 2 — Water occurrence (1984-2015) in Aldomirovtsi Marsh

Water occurrence change intensity is another indicator, demonstrating the decrease of the volume
of water in the most parts of the Aldomirovtsi Marsh (fig. 3). There are few spots to the north,
which are indicating that there is no change in the period 1984-1999 to 2000-2015 and a little more
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to the south, advocating for an increase of the water. A decrease in the supply of karst water may
be pointed out as a main reason for this case.

P

‘Water Occurence Change Intensity
(1984-1999 to 2000-2015)
m -

FiGURE 3 — Water occurrence change intensity (1984-1999 to 2000-2015) in Aldomirovtsi Marsh

Data about water seasonality (fig. 4) is reduced only to the years of 2014 and 2015, therefore
this is not a long enough period for making exhaustive conclusions, although it presents some insight
into the change of surface water during its intra-annual behavior. The biggest share of water surface
is marked with lighter blue, which means that water’s behavior has more seasonal character and
permanent waters a restricted. Apart from the karst source of water, climatic conditions also have
an influence on the quantity of added water to the marsh, so the increased atmospheric temperatures
have their share in the decrease of surface water.

|

Water Seasonality (2014-2015) H
1 1 13
Seasonal P T

Ficure 4 — Water seasonality (2014-2015) in Aldomirovtsi Marsh

Figure 5 displays information about annual water recurrence in the Aldomirovtsi Marsh during
the period of 32 years of observation and values are rated in percentages. Most parts of the studied
area are in the orange color range, meaning that returning of from one year to another is valued
closer to 0% than to 100%. However, the constant karst water supply ensures the presence of surface
waters in the marsh.

Figure 6 displays changes in water state between the first year and the last year of observation in
the area of the marsh. Gathered data shows again the prevailing seasonal character of surface waters
and the lost seasonal water, which represents a conversion of a seasonal water place into a no water

71



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 1(126)

Annual Water Recurrence
(1984-2015)

]

FIGURE 5 — Annual water recurrence (1984-2015) in Aldomirovtsi Marsh

place, is also standing out. Aldomirovtsi Marsh is located in an area where rain occurrence is mainly
in spring and this is well illustrated on the map. New seasonal and ephemeral seasonal waters are
also displayed with their relevant colors and these waters are located mainly in the northerner and
southern parts of the marsh.

Water Transitions —— 3

[First Year to Last Year) — —
Perrmanent -
Nerw Permanent -
Lt Permanent -
Stasonal
New Seasonal
Lizat Semicnnl

Seascnal to Permanent
Permanent 1o Sesdonal

Ephemen| Permanent -

Ephemeral Seasans

o —

Ficure 6 — Water transitions (First Year to Last Year) in Aldomirovtsi Marsh

Data, concerning the maximum extent of detected water in the area of the Aldomirovtsi Marsh,
is presented in figure 7. It displays a very useful information, when it comes to the provision of
the habitat or supporting ecosystem services, by this wetland zone for a period of 32 years. The
fragmented distribution of surface water means that the provision of the service is obstructed in some
way — the preferable habitat of rare birds and vascular plants is shrinking and more conservation
measures should be implemented.

The other focus object near the border of Mala Planina is located to the south and represents
the Bistritsa Dam or Bezden Lake, as it is also called. It provides provisioning services in the form
of food, as it is used for fishing, it is a source for fresh water and provides cultural services, as well,
such as a popular place for tourism and recreation, being in a close proximity to the capital city
of Sofia. Its waters are constantly supplied by Bezden’s karst springs, hence the water volume has
to be more constant. Figure 8 provides information about water occurrence for 32 years and apart
from the dam’s outlines, most sectors of the basin are falling within the “always water” category.

Similar situation is observed when it comes to the water occurrence change intensity indicator.
The investigated period is long enough for making accurate assumptions and water at most parts of
the dam remained invariant, which can be explained by the prolonged supply with karst water. Few
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Maximum Water Extent (1984-2015) -

FIiGURE 7 — Maximum water extent (1984-2015) in Aldomirovtsi Marsh
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Ficure 8 — Water occurrence (1984-2015) in Bistritsa Dam

sections to the northwest and southeast show an increase, which is good news for the provision of
ecosystem services.

Water Occurence Change Intensity
(1984-1999 to 2000-2015)

Decrease Mo Change Ingrease

Fi1GURE 9 — Water occurrence change intensity (1984-1999 to 2000-2015) in Bistritsa Dam

Figure 10 displays data about water seasonality, again, unfortunately for a too short period of
time which is an obstacle for making stable assumptions. Regardless of this fact, it is obvious that
permanent waters are prevailing, also due to the constant water supply, building up enough volume.

Figure 11 is providing information about annual water recurrence for the period between the
years of 1984-2015. Unlike the situation in Aldomirovtsi Marsh, in this case, the indicator displays a
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Water Seasonality I‘|

(2014-2015)
1 11 12

Seasonal Permanent

Ficure 10 — Water seasonality (2014-2015) in Bistritsa Dam

healthy state of surface water, ensured by Bezden’s karst springs, within the range of 100%. Again
some small patches occur at the outlines, where the volume of water is decreasing, therefore allowing
evaporation to take its share of water.

Anual Water Recurrence
(1984-2015)

0% 100% 1 EE
WAl

FiGURE 11 — Annual water recurrence (1984-2015) in Bistritsa Dam

Water transitions from first to last year are presented in figure 12, where two trends make an
impression, despite the already clarified presence of permanent water. The dark green color at the
southeastern part of the basin is a testimony for an increase of the surface water by adding new
permanent water and the orange color to the northwest and to the south means that seasonal water
is becoming also permanent in these sectors.

Water Transitions(First Year to Last Year)
Permanent _
MNew Permanent | ]
Lo8t Permanant _

Seasonal

MNew Seasonal

Lost Seasanal
Seasonal to Permanent
Permanent to Seasonal

Ephemeral Permanent _

Ephemeral Seasonal 7 1l

i

FicurE 12 — Water transitions (First Year to Last Year) in Bistritsa Dam
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Figure 13 is in favor of the constant supply with karst waters, flowing from Mala Planina’s ridge
Kamuka, providing data about the maximum water extent for the 32 years’ period. This ensures
the provision of provisioning and cultural ecosystem services in a steady trend.

Maximum Water Extent (1984-2015)

)y
Ficure 13 — Maximum water extent (1984-2015) in Bistritsa Dam

Discussion. The current research presents a sample for an investigation of the provision of
provisioning, habitat or supporting and cultural ecosystem services by using the information at the
Global Service Water Explorer, available freely at https://global-surface-water.appspot.com/. Two
focus areas, located in a close proximity to the borders of Mala Planina, play a central role in
this study: Aldomirovtsi Marsh and Bistritsa Dam, also known as Bezden Lake. They were chosen,
because they represent large enough model basins, supplied by a steady water source, as karst waters.
The investigation is based on data about a long-term period of 32 years, which allows the authors
to make correct assumptions. The habitat ecosystem service, provided by the protected area of the
Aldomirovtsi Marsh, is at present, although a decrease of the surface waters is observed, therefore
some more strict measures should be taken. The seasonal character of its surface waters add more
weight to that necessity. Yet, the karst source of its water is providing a habitat that is suitable for
the rich biodiversity of rare bird species and 40 species of vascular plants. Bistritsa Dam’s situation
differs in some way, because of the more permanent type of surface waters. This is enough for the
provision of fish and development of the basin as a place of tourist and recreation character. The
steady state of its surface water is ensured by Bezden’s karst springs, while only few spots in the
outlines of the dam may be subjected to a decrease of the quantity of water. In conclusion, the
authors agree that the current investigation provided positive results and may be used as a basis for
other studies of ecosystem services of this type.
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Kimi IlmannHa MaHBIHIAFBI Cy OO0BbEKTiJIepiHaeri >KepyCTi CybIHBIH 9KO0XKYiieik
KbI3MET peTiHae y3akK mMep3iMai e3repyi

Anpgarna: By makajia »KakblHIA TOYeJICI3IIK aJfaH el periHge Kepinred, 2016 KeuigaH Oepi
Eypomnanbik »kacbll KanmuTajara ©3iHIiK MyMKIHIINIMEH TAHBLIFAH YKOHE YKAChLT TYPU3M €J1i peTiHe
KapaJiyblHa ue 0OJIybl VJIKEH KEeTICTIiri MeH mporpeci TypaJibl basiHnasiaasl. "Eypora - moctypiepi
MEH KOIIMOSICHUETTIIIKKE Me eCKi KypJbIK' JIeceK, OHJIa OCBHIHIAi IMarblH XKep/i MeIK €TKEH eJIIiH
OTKEH FachIpia OIpIiHIM eH eKiHI JYHUeXKY3iIiK COFBICTBIH 3ap/IalTapblHa, aybIp a3aIlTapbiH IIIEKCe
Jle eKIHI JIYHUEXKY3LIK COFBICTBIH, COHFBI YaKbIThIHJA "Eyponaibik omak'" Kypburabl. Tyiix
coznep: Jlwbmsana; Croeenust; Toyesciziik; FOrocmasust; 2Kacwur, Typakrer; Eypona Ogarsr
Banran Tyberi.

I'. Bopucaas., A. Accen
Daxyavmem zeonozuu u 2eozpagpuu, Coputickuti yrusepcumem um. Cs. Kaumenm Ozpudcku, Copus, Borzapus

JloJsirocpoyHble U3MEHEHNsI MOBEPXHOCTHBIX BOJ, B BomoeMax y Mauroii IlsiaHuHBI Kak ycjiyra 9KOCHCTEMbI

Amnnotanusi: OCHOBHOI IIEJIBIO CTATBU BJISETCSI UCCIEIOBAHUE HOJTOBPEMEHHBIX M3MEHEHUN TOBEPXHOCTHBIX BOJOEMOB,
PACIOJIOXKEHHBIX B HemocpeAcTBeHHON OGims3octu or Masa Ilnanumna kak ycayru skocucreMbl. VI3ydeHHbiMu GacceiiHamu
sapasiorcs Asnmomuposiu Mapm u Buctpuna /lam6a. Jlosrocpotnble H3MEHEHUsI B IIOBEPXHOCTHBIX BOJAX HMEIOT PEIIAIONIee
3HaveHne s (DYHKIMOHUPOBAHMS SKOCUCTEM U UX 310poBOro cocrosuusa. (OCHOBOH sBiseTCs TJIOOAJIBLHOE HCCIIEeOBaHUE,
MIOCBSAIIEHHOE KAPTHPOBAHUIO IVIOOAJBHBIX TOBEPXHOCTHBIX BOJA U HUX JOJTOCPOYUHBIX HU3MEHEHH, IPUMEHEHHOE B JIOKAJIHHOM
macmrabe.  V3MeHeHHsI B HOBEPXHOCTHBIX BOJAX, OXBATBHIBAIOIINX BECh 3€MHOW Imap, ¢ paspemenueM 30 MeTpoB 3a
nocienHue 32 rofa OLEHUBAIOTCS KOJIMYECTBEHHO, U YIUTBIBAIOTCH CJICAYIONIUE [TOKA3ATENH: 3ajleraHue BOAbI, HHTEHCUBHOCTH
M3MEHEHUsI BOJOEMOB, CE30HHOE KoJiebaHue BOJbBI, TOJAOBON 00OPOT BOJBI, BOJHBIEC IEPEXOJbl U MaKCHUMAJILHBIA OOBEM BOIHI.
DKocucremMa Ccpebl OOUTaHUs, IpeJocTaBisieMast AjgoMupoBnu Mapii, cyiecTByeT B HACTOSIIIEE BpeMsi, XOTsI U HaOJIIOAaeTCs
YMEHBIIIEHNE IOBEPXHOCTHBIX BOZ. [l0BEpXHOCTHBIE BOABI IJIOTHHBI BUCTPUII ABJIAIOTCs G0JIee IOCTOSITHHBIMU, 00ECIIeYnBast 9TO
TYPHCTUYIECKOE U PEKPEAIMOHHOIO XapaKTepa MEeCTO PHIOOH U Pa3BUTHEM.
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ze Kepcerinyi kepek (Mmbicansl, [1, 45 Ger|). 2Kapusutanbaran egbexrepre cinremesep kacanmaiinbl. CoOHbIMEH
KaTap, PeleH3UsJaH OTIeHTiH GachulbIMIapra jaa ciiremesnep skacanMaiinel (onebuerrep TisimiH, oxebuerTep
Ti3IMiHIH AFBUIIIBIHITA 93IpJIey yIriepin ToMeHIeri MakaIanbl paciMaey YITiCIHEH KapaHbI3).

Makasa coHpiHgarel debuerrep TiziMiHeH KeiliH O6UBAU0ZPAPUAABIK, MIATMEMIMED OPBIC YKOHE AFBLIIILIH
Tiginge (erep Makaja Kasak TLIIHIE Ka3blIca), Ka3aK JKoHe aFbUIMbIH TidiHZe (erep Makajia OpbIC TLmiHzIE
2Ka3BLJICA), OPBIC 2KOHE KA3aK, TimiHe (erep MaKaJa arbUIIIBIH TITIH/E Ka3blIran 6osca) Gepineni.

Asmopaap mypaav, MIAIMEM: ABTODJbIH aTbI-’KOHI, FBUIBIMH aTaFbl, KbI3METi, >KYMBIC OPHBI, >KYMBIC
OPHBIHBIH, MEKEH-Kalibl, TeeipoH, e-mail — Kazak, OpbIC KOHE aFBLINIBIH TUIIEPIHIE TOJTHIPHLIAIBI.

6. Komkazba MykusaT TekcepiireH Ooybl KarkeT. TeXHUKAJIBIK TajalTapra cail KeJMereH Koynkaszbasgap Kaifra
eHJleyre KaiiTapbliaabl. Koska3zbaHblH KaiTapbLIybl OHBIH YKYpPHAJIIa OachbLIybIHA Kibepiayin Oiamipmeiii.

7. Penakiusira TyckeH MakaJa »KaOblK (aHOHHMJI) Tekcepyre »KibGepisnezi. Bapiblk peneHsusiiap aBropiapra
xibepineni. ABTOp (pPENEeH3eHT MaKAJIAHBI TY3ETyre YChIHBIC 6epreH Karmaiia) yil KyH apaJIbIFbIHIA KAHTa Kapail,
KOJI2Ka30aHbIH TY3€TI/INeH HYCKACHIH PelaKknuara Kaiita Kibepyi kepek. PerieH3eHT xKapaMcChI3 el TaHBIFAH MaKaJIa
KaliTapa KapacThIpbLIMaliabl. MaKa/TaHbIH TY3eTiJINeH HYCKACHI MEH aBTOP/IBIH PEIeH3EHTKE YKayaObl PeJaKIIsFa
Kibepimesi.
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8. Tesmemaxpi. BacouibiMra pykcaT eTiireH Makaja aBTOPJIApbIHA TOJEM Kacay Typasbl eckeprineni. Tesmem
keseMi 2018 xkbuibr 4500 Tenre — EYY kpi3merkepJiepi yiria kone 5500 TeHre 6acka yiAbIM KbI3METKEPJIEPIHE.

PexBusursr:

PT'II IIXB "EBpaswuiickuii Harmumonaibubiil yausepcurer umenn JI.H. I'ymuiesa MOH PK

AO "Bank lentp Kpeaut"

BUK 6anka: KCIBKZKX

NNK: KZ978562203105747338

Ko6e 16

Knn 859- 3a craren

PT'II IIXB "EBpaswuiickuit Harmonanbubiii yausepcurer umenn JI.H. I'ymuiesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NUK: KZ498210439858161073

Ko6e 16

Kmu 859 - 3a craTbu

PI'TI TIXB "Espaswuiickuii HarponaapHblil yHuBepcurer nmenu JI.H. Tymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Koe 16

Kmu 859 - 3a cratbu

PT'II IIXB "EBpaswuiickuit Harmonanbelii yausepcurer nMmenn JI.H. I'ymumesa MOH PK AO "Haponusrit Bank
Kazaxcran"

BUK Banka: HSBKKZKX

MNK: KZ946010111000382181

Ko6e 16

Ko 859.

Hnst corpynaukos EHY - 4500 tenre, jyist croponaux opraunusarnuii - 5500 Tenre

"3a mybsukaruio B Bectuuke EHY ®UO asropa
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National
University. Chemistry. Geography. Ecology Series"

1. Purpose of the journal. Publication of carefully selected original scientific works in the fields of chemistry,
geography, ecology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in
one copy, signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan,
Astana, Satpayev St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail
vest _chem@enu.kz in Word, PDF and Tex format. At the same time, the correspondence between Tex-version,
Word-version, PDF-version and the hard copy must be strictly maintained. And you also need to provide the cover
letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right
of the Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal
and the re-publication of it in any foreign language. Submitting the text of the work for publication
in the journal, the author guarantees the correctness of all information about himself, the lack
of plagiarism and other forms of improper borrowing in the article, the proper formulation of all
borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put
the same icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it
should not contain bibliographic references, it should reflect the summary of the article, preserving the structure of
the article - introduction/ problem statement /goals/ history, research methods, results /discussion, conclusion).
Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from
the article, as well as terms that define the subject area and include other important concepts that make it easier
and more convenient to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research
methods, results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration
should be followed by an inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used
in the text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.
References

In the text references are indicated in square brackets. References should be numbered strictly in the order of
the mention in the text. The first reference in the text to the literature should have the number [1], the second -
[2], etc. The reference to the book in the main text of the article should be accompanied by an indication of the
pages used (for example, [1, 45 p.]). References to unpublished works are not allowed. Unreasonable references to
unreviewed publications (examples of the description of the list of literature, descriptions of the list of literature
in English, see below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and
English (if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh
languages (if the article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work
address, telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for
revision. Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial
office) are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the
proof of the article within three days. Articles that receive a negative review for a second review are not accepted.
Corrected versions of articles and the author’s response to the reviewer are sent to the editorial office. Articles
that have positive reviews are submitted to the editorial boards of the journal for discussion and approval for
publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment on the
following requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):
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PekBusurhr:

PT'II T1XB "Espaswuiickuit Hanmona bubli yauBepcuter umenn JI.H. I'ymunesa MOH PK
AO "Bank IenrpKpemur"

BUK 6anka: KCJBKZKX

NUK: KZ978562203105747338

Koe 16

Kmu 859- 3a cratbn

PT'II TIXB "Espaswuiickuit Hanmonabubiil yaHuBepcuteT umenu JI.H. I'ymuinesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NNK: KZ7498210439858161073

Koe 16

Kmu 859 - 3a craTbu

PT'II IIXB "EBpaswuiickuii Harmmonanbubiii yausepcurer umenn JI.H. I'ymuiesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kmu 859 - 3a craTbu

PI'II IIXB "EBpaswuiicknit Harmonansuelil yausepcurer umenn JI.H. I'ymuresa MOH PK
AO "HapoausriitbankKazaxcran"

BUK Banka: HSBKKZKX

MNUK: KZ946010111000382181

Ko6e 16

Kum 859.

st corpyaaukos EHY - 4500 Tenre, myis croporrnx opranuzamnuii - 5500 Tenre

"3a nybsukanuio B Becruuke EHY ®UO asropa"

103



Tlosto>keHMe 0 PyKOMUCSX, MPEJICTABJIsIEMbIX B >KypHasl «BecrHuk EBpasuiickoro HanmoHajabHOro
yauBepcurtera umenu JI.H.I'ymuiesa. Cepusi: Xumus. I'eorpacdpusi. dkosmorusi»

1. ITeas >xypHaJa. [lybaukanust TiareJbHO OTOOPAHHBIX OPUTMHAJIBHBIX HAYYHBIX paboOT I B 00JIACTH XUMUH,
reorpadun, SKOJIOTUH.
2. ABTropy, »KeJaiemMy oIybJIMKOBATH CTaThIO B YKypPHAJe HEOOXOAMMO IIPEJICTABUTh PYKOINCH B TBEPJIOIl Kouu
(pacneuaraHHOM BapuaHTe) B OJJHOM SK3eMILISIpe, HOAIMCAHHOM aBTopoM B OTjies HayIHbIX u3gaHuil (110 ajpecy:
010008, Kaszaxcran, r.Acrana, yia. Carnaesa, 2, Espasuiickuii Hanuonanbubiii yausepcurer um. JI.H.Tymunesa,
YuebHo-aMUHUCTPATUBHLIH Kopiyc, Kab. 408) u mo e-mail wvest chem@enu.kz B dopmare Tex, PDF u Word.
IIpu 5TOM JT0/I2KHO OBITH CTPOTO BBIJIEP:KAHO cOOTBeTcTBHE Mexk 1y Tex-daitiom, Word-daitiom, PDF-daitmom u
TBepmoit kormeit. ABTOp A Takke aBTOpPY(am) HEOOXOAUMO NPEJOCTABATH COMPOBOAMTEIHHOE MUCHMO.
Aspik mybaukanmii: Kazaxckuil, pycckunii, aHMJIHACKAIA.
3. OrmnpasJjieHue cTaTeil B peJaKIMIo O3HAYAaEeT corjlacue aBTOpoB Ha npaso Vznaressi, EBpasuiickoro
HanuoHaJIbHOro yHuBepcurera nmenu JI.H. T'ymuneBa, usnanusi crareii B »KypHaJie U Iepen3 aHus
X Ha J060oM MHOCTpaHHOM si3biKe. IlpencraBiisis TekcT paborbl AJisi nybJsimkanmuu B >KypHAJe,
aBTOp rapaHTHpPYeT NPaBUJILHOCTB BCEX CBeAeHUil o cebe, OTCYyTCTBHE IIarMaTta U Apyrux d¢opm
HEIIPAaBOMEPHOI'0 3auMCTBOBAHUSI B PYKOIIMCH, HaJJiexkaliee o(opMJieHHe BCeX 3auMCTBOBAHUMN
TeKcTa, TabJaul], CXxeM, UJIJIIOCTPALAA.
4. O6bem craTbu He JIOJKEH IpeBblaTh 18 crpanun (ot 6 crpaHu).
5. Cxema IIOCTPOEHUsI CTATHU
I'PHTH http://grnti.ru/
HMruyuaave v Pamuauro asmopa(os)
IHoaroe naumenosarue opzanudayuu, 20pod, cmpara (ecaum aBTOPbI PAbOTAIOT B PA3HBIX OPraHU3AIMIX,
HEeOOXOIMMO [OCTABUTDL OJIMHAKOBBII 3HAYOK OKOJIO (DAMUJINK ABTOPA M COOTBETCTBYIOIEH OPraHU3aIliy )
E-mail asropa(os)
Ha3zsanue cmamsu
Annomayus (100-200 cnos; He mOJIKHA cofepxkaTb (OPMYJbI, IO COJEPXKAHWIO IIOBTOPATHL HA3BAaHUE
CTaThbU; He JOJIKHA COZEpPXKaTh Ombsmorpadutieckne CCBIIKHU; JTOJKHA OTPAaXKaTh KPATKOE COAEPXKaHUe CTaTbH,
COXpaHssl CTPYKTYPy CTaTbU — BBEIEHWE,/ IIOCTAHOBKA 3a7adu/ Ieau,/ WCTOpHs, METOIbl HCCJIEOBAHMS,
Pe3ysbTaThl/06CY 2K I€HUsI, 3aKJIIOYEHIE / BLIBODI).
Karouesvie caosa (6-8 cios/ciosocoderannmii. Kiriouesbie C/I0Ba JOKHBI OTPAXKATh OCHOBHOE COJIEPYKAHUE
CTATbU, UCIOJb30BATH TEPMUHBI U3 TEKCTA CTATbU, a TAKXKE TEPMUHbBI, OIPEIEJSIONHe IPEJIMETHYI0 00JIacThb
¥ BKJIIOYAIOIIME JPYyTWe BajKHbIE [OHATHS, II03BOJIAIONIME OOJErYUTh U PACHIMPUTH BO3MOXKHOCTU HAXOXKJEHUS
CTATBU CPEACTBAMU MH(MOPMAIMOHHO-TIOMCKOBOH CHCTEMBI ).
OcHoeHoll meKem cmambvu JOJKEH COJEP:KATh BBEJeHUE/ MOCTAHOBKY 3aJadu,/ Ieau,/ MCTOPUIO, METOJbI
HCCJIEIOBAHNS, PE3YIbTAThI/00CY K IeHIe, 3aKIIOYeHIEe / BLIBOIDL.
Tabauusbt, pucyHKu HEOOXOINMO PACIIOJAraTh mocje yrmoMuHauus. C KaXX 0 WILTIOCTpAIueil JOIXKHA CIeJ0BATh
HaJKUCh. PUCYHKY JIOJKHBI OBITH YETKUMU, IMCTHIMHA, HECKAHUPOBAHHBIMU.
B crarbe Hy™mepytoTcs uib Te hOPpMYAbL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKHU.
Bce abbpesuamyps. u coxkpauweHHus, 3a UCKIIOYEHHEM 3aBEOMO OOINEM3BECTHBIX, JIOJIKHBI OBITh
pacndpoBaHbl IPU IEPBOM yIIOTPEOJIEHHU B TEKCTE.
Csenienusi 0 purarcosoti noddepoicre paboThl YKA3bIBAIOTCS Ha IEPBOM CTPAHUIE B BUIE CHOCKH.
Cnucokx aumepamyput
B rtekcre cchuiku 0603HAYAIOTCS B KBaJpaTHBIX CKOOKax. CCbLIKM JIO/KHBI OBITH MIPOHYMEPOBAHBLI CTPOrO IO
HOPsIIKY yIIOMUHAHMsI B TekcTe. llepBasi CCbUIKA B TEKCTe Ha JIATEPATypy JOJKHa mMmerb HoMmep [1|, Bropas -
[2] u T.n. Ccblika Ha KHATY B OCHOBHOM TEKCTE€ CTATBU JIOJKHA COLPOBOXKJATHCS YKA3AHMEM HCIIOJIB30BAHHBIX
crpanny (manpumep, [1, 45 crp.]). Ccpuiku Ha HeomyGJMKOBaHHBIE PABOTHI HE JOMYCKaloTCd. Hexkesmare bHbI
CCBUIKU Ha HepeleH3UpyeMble U3JaHus (IpUMepbl OUCAHUS CIIUCKA JINTEPATYPBI, OIMCAHUS CIICKA JUTEPATYPbI
HA aHIVIHACKOM S3bIKE CM. HU2KE B 06pasne opOpMIICHHST CTATHH).
B konue crarbu, mocie cnmcka JIATEPATYPbl, HEOOXOAUMO yKa3aTh bubauozpaduveckue darHHbLle HA PYyCCKOM
U aHIIMHACKOM si3blKaX (ecsm craThsi 0pOpMIIEHA HA Ka3aXCKOM SI3BIKE), HA Ka3aXCKOM M AHIJIMHACKOM SI3BIKAX
(ecm craTba odopmIeHA HA PYCCKOM S3BIKE) M HA PYCCKOM M Ka3aXCKOM s3bIKax (ecam crarbs odOpMIIEHA HA
AHIVINACKOM SI3BIKE).
Cesederust 06 aemopax: daMuIns, UMsi, OTIYECTBO, HAYyYIHAs CTEINEH, JIOJPKHOCTH, MECTO PabOThI, IOJIHBII
CITyKeOHBIN ajapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM U AHTJIMICKOM SI3BIKAX.
6. Pykomnuch 10/17kHa OBITH TIIATEJIBHO BbIBEpeHa. PyKomnucu, He COOTBETCTBYIOIINE TEXHUIECKUM TPEOOBAHUSIM,
OyyT BO3BpallleHbl Ha J0paboTKy. BosppalneHue Ha J0pabOTKy He O3HAYAET, YTO PYKONUCH IPUHATA K
oy OJIMKOBAHMIO.
7. PaGora ¢ 3J/IeKTPOHHOI KoppekTypoii. Crarbu, nocrynusimme B OTaen HaydHbIX nsnanuii (perakims),
OTIIPABJISIIOTCST HA AHOHMMHOE pelleH3MpoBaHWe. Bce peleH3nM MO CTaTbe OTIPABJSIIOTCS aBTOpy. ABTOpaM B
TedeHue Tpex JHEeH HeoOXOAUMO OTIIPABATHL KOPPEKTYpPY crarbu. CTaTbu, MOy IUBIIHE OTPULATEILHYIO PEIECH3INIO
K HOBTOPHOMY PACCMOTDPEHHUIO He NpUHUMAaIOTCs. VcupaBiieHHbIE BapUAHTBI CTaTell M OTBET ABTOPA PEIEH3EHTY
NPUCHLIAIOTCST B pemakiuioo. CrTaTbu, WMEIONUE TOJIOXKUTEbHbIE PEIEeH3UN, IPE/ICTABISIOTCS PEIKOJIIErTT
KypHAJIA [JTst OOCYXKICHUST U yTBEPKIACHUS sl Iy OJINKAIUN.
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IlepuonutnocTs >kKypHasa: 4 pasa B rof,.

8.Omnsata. ABTropaM, HOJIYYHBIINM IOJIOXKUTEJIBHOE 3aKJIOYEHHE K OIlyOJMKOBAHHIO HEOOXOIMMO IPOU3BECTH
omIaTy Mo ciaeayommuM peksusutam (musa corpyaankos EHY — 4500 renre, mis croponanx opranmsanuit — 5500
TeHre):

Pexsuzursr:

PT'II IIXB "EBpaswuiicknit Harmonansuelil yausepcurer umenn JI.H. I'ymuresa MOH PK
AO "Bank LenrpKpemur"

BUK 6anka: KCJBKZKX

NHNK: KZ978562203105747338

Kb6e 16

Kun 859- 3a crarbu

PT'II IIXB "EBpaswuiicknit Harmonansuelil yausepcurer umenn JI.H. I'ymuresa MOH PK
AO "Bank RBK"

Buxk 6anka: KINCKZKA

NNK: KZ7498210439858161073

Kb6e 16

Kmn 859 - 3a cratbu

PI'II IIXB "EBpa3swuiicknit Harmonanbuelil yausepcurer umenn JI.H. I'ymuresa MOH PK
AO "ForteBank"

BUK Banka: IRTYKZKANNK: KZ599650000040502847

Koe 16

Kmnn 859 - 3a craten

PT'II IIXB "EBpaswuiicknit Harmonanbuelil yausepcurer umenn JI.H. I'ymuiesa MOH PK
AO "HapomusiitbankKazaxcran"

BUK Banka: HSBKKZKX

NNK: K7946010111000382181

Kb6e 16

Ko 859.

Hnst corpynaukos EHY - 4500 tenre, syt croponnux opranusarnuii - 5500 Tenre

"3a mybsukaruio B Bectunuke EHY ®U1O asropa
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MakaJjiaHbl paciMaey YJrici
MPHTMN 27.25.19
A.2K. 2Ky6anwmmesa !, H. Temupranues?, A.B. Yrecos 3

2 Uncmumym meopemuneckoti Mamemamuky u HaywHox evwucienuti Eepasutickozo
HAUUOHAALHO20 YyHUBEpcumema umeny JI. H. lymunesa, Acmana, Kazaxcman
3 Axmaiobuncruti pezuonasonuid 2ocydapemesennoli yrusepcumem umenu K. Xybarosa,
L Axmote, Kasaxcman
(Email: 1 avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.ru)

Yucneunoe guddepenniumpoBanne pyHKIMii B KOHTeKcTe KoMnbioTepHOTo
(BBIYMCAUTENBHOrO) MOMEPEYHUKA

AnHoranusa B pamMKax KOMIIBIOTEDHOIO —(BBIYMCIMTEIBHOTO) —IIONEPEYHUKA  OJHOCTHIO
pelreHa 3ajadya OpUOIMKEHHOTO auddepeHnnpoBannsa (QYHKINN, TPUHAIIEKAINNX KJIaccaM
CoboJsieBa 110 HETOUHON HHQPOPMAIUHU, TOJYIEHHOW OT MPOU3BOJILHOIO KOHEUYHOTO MHOYKECTBA
Tpuronomerpuieckux koddburmenros Pypre-Jlebera quddepentmpyemoit dyuximn... [100-200
cJI0B|

KuroueBbie cioBa npubim:keHHoe JIuddepeHImpoBaHne, BOCCTAHOBJIEHHE 110 HETOYHOMN
urdOopMaIK, IpejiebHas IOIPENTHOCTb, KOMIILIOTEPHBIN (BBIYMCIUTEIbHbIH) HOIepeYHuK. [6-
8 cJj10B/ ci10BOCOUETAHMI]]

Bsenenue

TekcT BBEIEHUSI. ..
ABropam He cjelyeT MCIOJb30BaTh HecraHjapTHbie nakerbl LaTeX (ucrmosb3yiiTe ux Jinib B
citydae KpaitHeil HeoOX0MMOCTH )

2. 3aroyioBoK ceKiuu

Okpy:xeHus.

Teopema 1. ...

Jlemma 1. ...

IIpennoxkenwue 1. ...

Onpenenernue 1. ...

CaencrBue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.
HoxkaszaTrenbcTso. Tekcr mokazarenbCTBa.

2. ®opmyJibl, TAOJIUIIBI, PUCYHKH

On(en; DN)y = 0n(en; T F; Dn)y = (l(N),jorfl\;f)EDN oN (€N; (l(N), @N))Yv (1)
e O (en; (1M, on)), = dn(en; T; F; (1Y), o) )y =
= s (77 —en (I8 () 0080 () 48000
feEF Y

|fy§\?)|S1(T:1,...,N)

Tabsmnpl, puUCyHKH HEOOXOJMMO pachoJiararh mocie yrnomuHauusg. C KaxkIo# WILTIOCTpanneil JoJKHA
cJIeI0BaTh HAJIIINCh.

3. Cchpliaku u 6ubsimorpadpus

st cchUOK Ha yTBepzKeHusi, (OPMYJIbI M T. M. MOXKHO HMCIOJIb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyma (1)
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Tasnmuna 1 — Hazsanme tabinibr

IIpocTrie He npoctrie
2,3,5,7,11, 13,17, 19, 23,29 | 4, 6, 8, 9, 10, 12, 14

Pucvhok 1 — HazBanue pucynka

s pykosojcTsa o KTEX u B kKagecTBe mpuMepa 0OPMIIEHUS CCHLIOK, CM., Hapumep, JIpBoBckmit C.M.
Hab6op u Bepctka B nakere KTEX. Mocksa: Kocmocuudopm, 1994.
Cuucok JurepaTypbl 0(POPMIISETCS CJIELYIONUM 00Pa30M.

Criucok smreparypbl

1 Jlokymuescknit O.M., l'apukos M.B. Hauana uucsennoro anammsa. —M.: TOO "Hduyc", 1995. —581 c. - kHura

2 Temuprammes H. KoMbioTepHbIil (BBIMACINTEIBHBIIH) IONMEPETHAK KAK CAHTE3 U3BECTHOTO W HOBOTO B TMCICHHOM
anamuse // Becruuk Espaswmiickoro manmonanbaoro yamsepcurera numenu JLLH. T'ymunesa —2014. —T.4. Nel01.
—C. 16-33. doi: ... (mpu Hagu9Iun) - CTAThs

3 KyGaunvimesa A.2K., Abukenosa I1I. O mHopMax HpOU3BOAHBIX (DYHKIMHA C HYJIEBbIMH 3HAYEHUSIMU 33JIAHHOTO
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