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Anthropogenic sources of greenhouse gas entry in the open air of belarus

Abstract: Spatial and temporal variability of some greenhouse gas emissions from stationary
sources in the open air of Belarus is analyzed. Vitebsk and Mogilev regions are the leaders of
nitrogen dioxide emissions in the air during 2011-2015 years, Vitebsk and Gomel regions are the
leaders of sulfur dioxide emissions. Administrative districts of Vitebsk region are ranged according
to the nitrogen dioxide and carbon dioxide emissions from stationary sources per acre in comparison
with average regional level.

Keywords: open air, greenhouse gases, stationary sources of emissions.

DOI: https://doi.org/10.32523/2616-6771-2019-127-2-49-55

Introduction. One of the main geoecology problems is global climate change, largely determined
by the increased anthropogenic emissions of greenhouse gases. According to the Intergovernmental
Panel on Climate Change, the global average air temperature has increased by 0.74 ° C over the past
century [6]. The period of the last 50 years in the Northern Hemisphere is warmer than the previous
thousand years [6]. Over the past few decades, more noticeable warming has been observed on the
land than in the oceans. This is due to the greater heat capacity of water compared to the soil. A
more distinct temperature rise is observed in the Northern Hemisphere (especially in high latitudes)
than in the Southern Hemisphere (Silver, 2009).

Greenhouse gases make a significant contribution to climate change. Emissions of six main green-
house gases (carbon dioxide, methane, nitrous oxide, sulfur fluoride, perfluoro carbons and hydroflu-
orocarbons) increased in the world over the period of 1970-2004 years by 70%, and the volume of
carbon dioxide increased by about 80% [6].

Material and research techniques. Climate formation is influenced by natural (external
astronomical, geophysical) and anthropogenic factors (Loginov, 2008). The development of industry,
agriculture and other brunches of industries are accompanied by greenhouse gas emissions into the
atmosphere. They affect the change of air temperature.

According to the Republican Center for Hydrometeorology, Control of Radioactive Pollution and
Environmental Monitoring, the average annual air temperature in Belarus has increased by 1.1°C
over the past 25 years. This pattern is typical for temperate latitudes of the Northern Hemisphere,
and it is higher than the world average temperature [3].

In Belarus, warming is more perceptible during the cold season (October-March) (Table 1). As
the table shows, the warmest winter was in 1989-1999, when the temperature of February reached
+2.6° C. A significant increase in temperatures has occurred mainly in the first four months of the
year (from January to April). The largest positive anomaly is characteristic of January, which has
become warmer by 3.5°C [3]. The warmest winters in all the years for the period of instrumental
observations in the Republic of Belarus were typical for Brest region, the coldest ones - for Mogilev
region [3].

Table 1. The temperature of winter months and winter in general (if it is a warm winter) for the
period of instrumental observations in Belarus [3].

Years Winter range | The temperature of win- Average win-
according to the | ter months ter tempera-
severity ture, °C

December | January | February

1989-1990 1 -2,1 -0,7 +2,6 -0,1

1974-1975 2 +0,2 -0,5 -2,5 -0,9
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2007-2008 3 -1,0 -2,6 +0,5 -1,0
1999-2000 4 -1,2 -4.2 +1,1 -1,4
1960-1961 5 +1,8 -9 -1,3 -1,5
2006-2007 6 +2,6 +0,5 -7,8 -1,6
1924-1925 7 -4.7 -0,6 +0,2 -1,7
1982-1983 8 +0,3 -0,6 -5,0 -1,8
1988-1989 9 -4,3 +0,4 -1,5 -1,8
2000-2001 10 +0,2 -2,2 -4.1 -2,0
1913-1914 11 -0,8 -5,7 -0,2 -2,2
1951-1952 | 12 0,3 2.0 A7 2.3
1991-1992 13 -2.8 -2.4 -2.0 -2.3
1956-1957 14 -3,4 -3,5 -0,2 -24
1909-1910 15 -1,2 -3,8 -2,3 -2.4
1997-1998 16 -5,4 -1,4 -0,6 -2,5
1992-1993 17 -2,5 -2,3 -2.7 -2,5
1994-1995 18 -3,9 -4.5 +0,8 -2,5
Average temperature of winter -1,6 -2,3 -1,6 -1,9
months or winter in general

The aim of the research is to study the anthropogenic sources of greenhouse gas entry in the
atmosphere of Belarus and the analysis of the spatial and temporal variability of gases. The carto-
graphic method with the use of the statistical data of the National Statistics Committee was applied
for the studies of the spatial and temporal variability of the gross greenhouse gas emissions of the
enterprises during 2011-2015 years [8|. For a five-year period the density of greenhouse gas emissions
from stationary sources in Vitebsk region was determined and administrative districts were ranged
by the average regional level according to the author’s method [2].

Research results. The spectrum of the substances of stationary sources emissions of Belarus
differs depending on the technology of production, on the raw materials and the level of enterprises’
equipment with dust and gas cleaning units. Greenhouse gases are significant among the pollutants.
They are divided into gases: with a direct greenhouse effect: carbon dioxide (CO 2 ), nitrous oxide
(N2 O) and methane (CHy ); with an indirect greenhouse effect: carbon monoxide (CO), nitrogen
oxides (NOx) and non-methane hydrocarbons (NMU); aerosol precursors - sulfur dioxide (SO 4 ) [7].
The sources of gas entry in the atmosphere are natural and man-made.

The inventory of greenhouse gases in the Republic of Belarus has been carried out in 6 sectors: 1.
energy; 2. industrial processes; 3. the use of solvents and other products; 4. agriculture; 5. land use,
land use change and forestry; 6. waste. Emissions of greenhouse gases from two sectors «Industrial
processes» and «The use of solvents and other products» are united in one «Industrial processes and
product usage» in the statistical yearbook of Belarus.

The energy sector includes the evaluation of emissions from the burning of fossil fuels for electricity
and heat production, conversion it into other types of fossil fuels and the consumption of the fuel
and energy resources in various sectors of the economy. Greenhouse gases enter the atmosphere as a
result of gas leakage at the enterprises and power plants, in the residential and commercial sectors,
as well as during gas extraction and flaring as a result of oil and natural gas production and their
transportation. At the same time, CO9, CH4, N4 O, NOx, CO, SOy are formed [11].

Carbon dioxide is dominated in the structure of greenhouse gas emissions in the energy sector
(Table 2). It accounts for 96.1% of emissions for 2011-2015 years. The contribution of methane to
greenhouse gas emissions in the energy sector is much less (from 3.5% in 2011 to 3.4% in 2015). As
a result of energy industry functioning, 0.2-0.3 million tons of CO 5 -equivalent per year enters the
atmospheric air of Belarus [8].
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Table 2. Greenhouse gas emissions, associated with industrial processes and product us-
age, as well as in the energy sector in Belarus (million tons of CO g-equivalent per year)
Greenhouse gases Greenhouse gas emissions
2010 2011 2012 2013 2014 2015
Emissions in the energy | 58,8 58,3 57,7 58,6 57,1 53,1
sector, including carbon

dioxide 56,4 56,0 55,4 56,3 54,9 51,1
methane 2,2 2,0 2,0 2,0 1,9 1,8
nitrous oxide 0,2 0,2 0,2 0,3 0,3 0,3

Gas emissions from indus- | 5 106,9 | 5 095,8 | 52574 | 5 360,7 | 5 716,6 | 5 252,1
trial processes and prod-
uct usage, including

carbon dioxide 4 568,0 | 4603,3 | 4787,3 | 4891,3 |5260,5 |4 783,6
methane 75,6 78,4 80,7 68,8 74,1 73,6
nitrous oxide 461,2 411,8 387,0 398,1 379,5 392,3
fluorine-containing gases | 2,1 2,3 2,5 2.5 24 2,9
(Source: Environmental protection in the Republic of Belarus, 2017: Statistics book-Minsk, 2016.-
255 p.).

The structure of fuel and energy resources used in the energy sector changed during 1990-2013
years in the Republic. At the same time, the share of natural gas increased, while the use of fuel
oil and coal decreased [11|. The specificity of Belarus is the use of significant volumes of peat and
briquettes produced from it for energy purposes.

In the industrial processes sector, emissions that are only formed as a result of the chemical or
physical processing of raw materials in the manufacture of industrial products are considered.

The industrial sources of greenhouse gases are: metallurgy, engineering and metalworking, petro-
chemical industry, building materials industry, woodworking and paper-pulp industry, glass industry
[11]. CO4, CO, CHy4, SO2, N2 O, NOx, HFC SF ¢ are formed by these industries. The manu-
facturing industry is dominated in the structure of the industrial production of Belarus (90.4% in
2013).

The use of solvents and other products sector includes volatile non-methane organic compound
emissions by using solvents and other products in the production and processing of chemical products
as well as nitrous oxide emissions when using nitric acid for medical purposes. N o O, NMU are formed
by these processes [11].

In the structure of greenhouse gas emissions, connected with industrial processes and product
usage in Belarus, the share of carbon dioxide is 91.1%, nitrous oxide - 7.4%, methane -1.4% on
average for 2011-2015 years. There is an ambiguous change in gas emissions over a five-year period:
they increase in some time periods, and decrease in others.

Agriculture is the main source of non-energy greenhouse gases in Belarus. In this case, the sector
takes into account emissions from the livestock and crop production in the country. The main source
of greenhouse gas emissions in the agriculture is animal breeding. Cattle and pig breeding emits into
the atmosphere a significant amount of methane. The sources of gas emissions in the agriculture are
the use of organic and mineral fertilizers in the soil, wastewater from fields, greenhouses, cultivation
of drained land. At the same time, N9 O, CO 5, CH4 are released [11].

Therefore, changes in the number of livestock, crop production and the use of mineral and organic
fertilizers affect the dynamics of greenhouse gas emissions in the agriculture. In Belarus, the share
of cereals and grain legumes crops as well as industrial crops increased in 2013 compared to 2005
[11]. The increase in crop yields is contributed to the increase in fertilization volumes.

The waste sector is one of the significant sources of greenhouse gas emissions. This sector takes into
account emissions from the disposal of solid municipal waste in landfills, as well as from wastewater
treatment systems. They form CH 4, N5 O. In recent years, the share of polymeric materials and
packaging waste as well as waste glass has increased in the composition of municipal waste [11].
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The land use, land use change and forestry sector includes both emissions and absorption of
greenhouse gases as a result of the land use as well as carbon accumulation by forests. This produces
CO4,CH4, N3O, NOx, CO. As a result of the drainage of wetlands, carbon dioxide enters the open
air. Swamps remove carbon from the atmosphere, but produce methane. Therefore, they regulate
climate to some extent.

The tendency to the increase in the total forest area and wooded land as well as the decrease of
non-forest land has been observed since 1994 in Belarus (Vorobyev, 2017). The forest cover of the
whole Republic reached 39.5% (as of January 1, 2015). Gomel region is the most wooded, Grodno
region is the least. The high percentage of forests (over 50%) is indicated in 18 districts of Belarus.

The greatest amount of greenhouse gas emissions is exhaled in the “Energy” sector - 61.2% of the
national emissions for a five-year period (2011-2015) (Table 3). It is revealed that the contribution
of this sector to greenhouse gas emissions decreased by 2.7% in 2015 in comparison with 2011.
The «Agriculture» sector is the second largest emission sector [11]. The share of greenhouse gas
emissions in sectors "Waste" and "Industrial processes and product usage" makes up on average
7.4% and 5.7% of the national emissions for 2011-2015 years, respectively [8]. Sector «Land use,
land use change and forestry» absorbs a significant amount of greenhouse gases - 32.4 million tons
of CO 5 -equivalent on average over a five-year period.

Table 3. Greenhouse gas emissions by sectors(million tons of CO 5 equivalent per year)in Belarus

Sector Greenhouse gas emissions

2010 2011 2012 2013 2014 2015
Energy 58,8 58,3 57,7 58,6 57,1 53,1
Industrial processes and | 5,1 5,1 5,3 5,4 5,7 5,3
product usage
Agriculture 23,6 24,3 24,4 23,8 23,7 23,7
Waste 6,4 6,3 6,3 7,0 7,1 7,5

Land use, land use change | -40,1 =376 |-32,0 -35,1 -30,1 =274
and forestryl
All together, including | 53,8 56,4 61,6 59,6 63,6 62,2
land use, land use change
and forestry

1 means absorption of greenhouse gases

Transportation is one of the most important sources of greenhouse gases after heat and electric
power industries. The functioning of the transport complex is accompanied by the emissions of
CO+, CO, CH4, N2 O, NOx and LDOS. The main types of transport in Belarus are the rail and
road one. Road transport emits a significant amount of pollutants into the atmosphere.

The total gross emissions of pollutants from the stationary and mobile sources in Belarus com-
prised on average 1336.1 thousand tons, including 67.5% from the mobile sources, during 2011-2015
years [8]. Carbon monoxide (48.3%), hydrocarbons and non-methane volatile organic compounds
(27.8%) are dominated in the structure of emissions.

The main greenhouse gas in the Republic of Belarus is carbon dioxide which share in greenhouse
gas emissions is about 65% in CO 5 equivalent. Then methane and nitrous oxide follow, the share of
which is respectively more than 17% [11]. For the period of 1990-2013 years carbon dioxide emissions
decreased by 41.7%, nitrous oxide - by 29%, methane emissions increased by 8.3% (Kuzmin, Sparrow,
2016). Such dynamics of gas emissions is due to a gradual change in the structure of fuel consumption,
to the introduction of resource and energy saving technologies.

Carbon dioxide emissions into the open air of Belarus are due to the functioning of energy enter-
prises (from 90.6% in 2011 to 89.6% in 2015). The contribution of sector “Industrial processes and
product usage” to the emissions of this pollutant is much less (from 7.4% in 2011 to 8.4% in 2015)
8]

Nitrogen dioxide belongs to greenhouse gases with a direct greenhouse effect. The sources of this
gas are fuel consumption, industry, producing nitrogen-containing substances, agriculture.
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The stationary sources of Belarus emitted on average 53.0 thousand tons of nitrogen dioxide in
the open air during 2011-2015 years (Table 4). Vitebsk (10.8 thousand tons) [10] and Mogilev (9.4
thousand tons) regions are notable for the significant amount of these gas emissions. The adminis-
trative division of the Republic of Belarus is shown in Figure 1. Polotsk, Chashnitsky, Orshansky
districts are the areas with a very high density of nitrogen dioxide emissions in Vitebsk region. The
main sources of air pollution are «Naftan», «Polimir» plant, Novopolotsk TPP Lukomlskaya, etc.

Butebck

Vitebsk 8

pogHo
Grodno

o
[omens g
Gomel

F1GUrRE 1 — Administrative division of Belarus

Table 4. Emissions of the pollutants into the air from stationary sources in the regions of the
Republic of Belarus and the city of Minsk, thousand tons

Region Average volume of pollutant emissions during 2011-
2015 years
nitrogen dioxide | carbon oxide sulfur dioxide

the Republic of | 53,00 78,10 52,70

Belarus

Brest region 3,62 6,26 1,46

Vitebsk region 10,80 13,70 24,10

Gomel region 9,32 14,50 19,90

Grodno region 8,62 9,12 1,14

Minsk 5,24 10,28 1,14

Minsk region 6,00 16,80 3,50

Mogilev region 9,40 7,72 1,54

(Source: Environmental protection in the Republic of Belarus, 2017: Statistics book - Minsk,
2016. — 255 p.)

The emissions of carbon monoxide by the enterprises of the Minsk region (not including the city
of Minsk) have amounted to 21.5%, Gomel region - 18.6%, Vitebsk region - 17.5% of the emissions of
the substance from the stationary sources of the Republic. Energy, metallurgical industry (smelting
of metals at the machine-building enterprises) and the production of caprolactam contribute to
carbon monoxide emissions.

Sulfur dioxide emissions from the stationary sources vary from 1.14% of the republican emissions
in Grodno region to 24.1% in Vitebsk region. The main sources of sulfur dioxide emissions into
the air are fuel consumption, the production of cement, ammonia and sulfuric acid. There is the
most powerful power plant on the territory of Chashnitsky district of Vitebsk region, in the north-
western region of the Commonwealth of Independent States - the branch of the Lukoml State District
Power Plant. «Mogilevkhimvolokno», which produces polyester fibers, nonwoven canvas and fibers
of technical purposes; various types of films, etc., emits sulfur compounds into the atmosphere.

Conclusion. In Belarus the greatest amount of greenhouse gases enters the atmosphere as a result
of the functioning of energy sector. The second place in terms of gas emissions takes agriculture. An
ambiguous change in nitrogen dioxide, carbon monoxide and sulfur dioxide emissions from stationary
sources into the air of the Republic has been revealed during the research period. The dynamics
of greenhouse gas emissions is determined by the change in the structure of fuel consumption, the
introduction of resource and energy saving technologies.
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Beaapycv memaexemmix yrnusepcumemi, Munck, Beaapyco
Vaydae ynusepcumemsi, Bacmayviw 6inim 6enimi, Bypca, Typrus

ITapuukTik razmapapiy, 6ej1apych allblK, ayacblHA €HYiHIH aHTPOIOreHaikK Ke3epi

Apparna: BesapyccusiHblH alllbIK, ayachbHIAFbl TYPAKThl KO3IEPJEeH MapHUKTIK ra3aapiblH Keibip HMIbFapblHIbLIaDbIHBIH,
Ked2ICTIKTIK K9He yaKpITIa e3reprimriri ranmanangsl. Burebck kone MormieB obiibictapbl 2011-2015 Kburgap apaJibiFbIHIA
aTMmocdepara a30T JUOKCHUJI NIBIFapbIHIBLIAPBIHBIH Kelbaciibichl, Burebck »xoHe ['omesnb obsbicTapbl - KYKIpT JIMOKCH/I
HIBIFAPBIHBIIAPEl OOMBIHINA Kembacubuiap. BurebCK OOJIBICBIHBIH, 9KIMIIUIK ayJaHJapbl alMaKTBHIK OpTallla JeHreiiMeH
caJIBICTBIpFaHJa Oip akpra TYpakKThl KO3JepAeH a30T JMOKCHJI MEH KOMIPKBIIIKBLI Ta3bIHBIH, NILIFAPBIHALLIAPBI OOMBIHIIIA
OpHaAJIACKAaH.

TyiiH ce3aep:allblK aya, IAPHUKTIK ra3ap, MIbFapbIHIBLIAPILIH TYPAKThl KO3JAePi.
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AHTpOIIOI‘eHHbIe HNCTOYHUKU BXOJa INIapHUKOBBIX ra3oB B OTKprTbIﬁ BO3AYyX ﬁenapycn

Annoranusi:IIpoananusupoBana IPOCTPAHCTBEHHASI U BPEMEHHAsI H3MEHIMBOCTH HEKOTOPBIX BHIOPOCOB MTapHUKOBBIX I'a30B
U3 CTAIMOHAPHBIX MCTOYHUKOB Ha OTKPBITOM BO3Ayxe Bemapycu. Burebckasi m mormieBckast 00JIaCTH SIBJISIIOTCS JIMJIEPAMU
BBIOPOCOB amokcuia azora B armocdepy B Tedenne 2011-2015 rogos, Burebekasi u ['omesbekasi obsiacTu sIBJISIOTCS JIHIEPAMU
BBIOPOCOB JIMOKCHA CEPhl. AJIMUHUCTpaTUBHBIE pailoHbl BureGekol obsiacTu paHKUPOBAHBI IO BHIOPOCAM JIBYOKHCH a30Ta U
YIJIEKHICJIOrO T'a3a M3 CTAIMOHAPHBIX MCTOYHUKOB HA aKp IO CPABHEHMIO CO CPEJHUM PErMOHAJILHBIM YPOBHEM.

KitogyeBble CJIOBa: OTKPBITBIA BO3AYX, IAPHUKOBLIE ra3bl, CTAIMOHAPHLIE NCTOYHUKN BBEIOPOCOB.
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«JI.H. I'ymuaes arbingarbl Eypas3ust yITThIK yHUBepcuTeriniy Xabapuibicbl. Xumusi. I'eorpadmusi.
DKoJIOrusi CepUsChI» >KYPHAJIbIHA MaKaJjia >Kapusijiay epekeci

1. 2Kypuan makcarbl. XuMus, reorpadus, IKOJIOrus cajajgapbl OOUBIHINIA MYKHUAT TEKCEPY/IEH OTKEH FBLIBIMHI
KYH/IBUIBIFBI 6ap MakKajagap Kapusiiay.

2. 2Kypnanma mMakaa KapuUsIaylibl aBTOP MAaKAJAHBIH KOJI KOWbLIFaH 1 JaHa Kara3 HYCKACHIH I 'bLIbIMU
GacpuibiMIap Gesimine (pemakunusra, mexemxkaiipl: 010008, Kasaxcran pecny6mnukacet, Hyp-Cyiran, kanacol, K.
Cornaes kemeci, 2, JI.LH. 'ymunes arsinparsr Eypasus yiarTeik yHusepcuteri, Bac rumapar, 408 xabuHer) »KoHe e-
mail vest chem@enu.kz snexkrponabik momracsina Word, Tex, PDF dopmarrapeiiars! HyCKaaapbiH »XKibepy KarKer.
MaxkaJia MoTiHIHIH Kara3 HYCKAChl MEH 3JIEKTPOHJIBI HYCKaJapbl O0ipaeit Oosynapsl KaxkeT. Makasamap Ka3ak, OpbIC,
arbUIIIBIH Tiigepinge kabbuinanaasl. CoHBIMEH Karap, aBTop(Jap) LIecie XaT yChbIHYbI KEDeK.

3. ABTOpabIH KoJKaszbaHbl peaakuusira >kidoepyi makasanbiy JI.H. I'ymuaeB arbianmarsl Eypasust
VITTBIK, YyHHUBEPCUTETIHiH xabapiubIChbIHJa Oacyra KeJliciMiH, mIeTes TijliHe ayJapbLIbIil KalTa
OacpuIyblHa KediciMmin OGingipeai. ABTop MakaslaHbl pelakIusara >Kibepy apKbliibl aBTOP TYpPaJibl
MoJIiMeTTiH AypBICTBIFBIHA, Makaja KellipiiMmereHziride (miaruarTTbiH >KOKTBIFBIHA) >K9He Oacka Ia
3aHCBI3 KOIlIipMeJiepiH >KOKTBIFbIHA Kerijgaeme depeJi.

4. Maxkasiaubiy Kestemi 18 Gerren acnayra Tuic (6 Gerren Gacram).

5. MaxkasiaHbIH, KYPbIJIbIMbI

FTAMPK http://grnti.ru/

Aemop(aap)dvr, amuoi-atconi

Mexemenir, moavl, amaysvl, KaAACHL, Memaeremi (erep aBTOPJAD OPTYPJ MEKEMeJEe KYMBIC *KACAHTHIH
Gouica, OHJIa Op ABTOP MEH OHBIH *KYMBIC MEKeMeci KacbIHia 6ipzeit 6esri KONbLLy Kepek )

Aemop(aap)dvr, E-mail-v

Mawxana amaywe

Annomayus (100-200 ce3; dopmyrnachl3, MakaJaHbH aTayblH MeHiHine KafTajaMaybl KaxkeT; djebuerrepre
cinremeniep 6oIMAaybl KasKeT; MaKAJAHBIH KYPbUIBICHIH (Kipicrie /MaKaJaHbIH MAKCATHI/ MIHJETTEP] /KaPaCThIPBLIBIIT
OTBIPFAaH CYPaKTBIH TAPUXbl, 3€PTTEY SJICTEPl, HOTUKEJED/TAJKbLIAY, KOPBITHIHIBI) CAKTAH OTBIPHII, MAKAJIAHBIH
KBICKAIlla Ma3MYHBI 6epiityi Kaxer).

Tyiin cesdep (6-8 ce3 me co3 ripkeci. TyiliH co3mep Makaga MasMYHBIH KODCETIN, MEHJIIHIIE MaKaJIa aTaybl
MEH aHHOTAIMAJAFBI CO3JEPAl KalTajamail, Makaja Ma3MYHBIHIAFBI co37epai Kosmany kaxkeT. COHBIMEH Karap,
aKIapaTThIK-13/IeCTipy KyieIepinae MaKaJlaHbl 2KeHIJT TadyFa MyMKIH/IIK OepeTiH FhIJIbIM CaJIaJIapbIHbIH TEPMUHIEPIH
KOJIJIAHY KAXKET).

Hezizzi momin MakaJaHblH MAKCATbI/ MIHJETTEPI/ KAPACTHIPBUIBIT OTBIPFAH CYPAKTBIH TApUXbI, 3€PTTEY
oZicTepl, HOTHIKEIED / TATIKBLIAY, KOPBITHIHBI 6OIIMIEPIH KAMTYbBI KAXKET.

Tabauua, cypemmep — aTaaraHHAH KeifiH OpHAJIACTHIPBLIAIBL. Op Tab/IHIa, CypeT KACHIH/IA OHBIH ATAJIYbI OOJTYbI
Kaxker. Cyper ailKblH, CKAHEDJIEH OTIereH OOJIybl KEPeK.

MaxkaJiagarbl (POPMYAGAGDP TEK MOTIHJIE oJlapFa ciiTeme Gepijice FaHa HOMEPJIEHE]T].

Kammer konpambicta 6ap abbpesuamypanap MeH KwuicKapmyaapdar Oackajgapbl MIHIAETTI Typje ajFarrn
KOJIJIaHFaH 8 TYCIHIipiiayi 6epinyi kaxer. Kapotcvinali komex mypaas, aknapar OipiHiin 6erre Kopceriiei.

Odebuemmep Mizimi

Moringe omibumerTepre ciaremesep TiKXKaKIIara aJIbIHAIHI. Moringeri omebuerrep Ti3iMiHe ClITEMEIEPIiH,
HOMEpJIEHY1 MOTiHZE KOJJJAHBLIYbIHA KATBICTBI KYPrisimifge: MoTiHJE Ke3JecKeH ojebuerke ajramkpl ciareme [1]
apKbLIbL, eKiHmi cinreme [2] apkpuibl T.c.c. kyprizineni. Kiranka »kacajgaTslH clireMesepiie KOJJIAHBLIFAH GeTTTepi
e kepceriryl kepek (mbrcassi, [1, 45 Ger]|). ZKapusmanbaran enbekrepre cimremenep kacammaiinbl. CoHbIMEH
KaTap, PeIeH3nsIal oTHeNTiH 6achUIbIMIapra 1a cluremerep KacaaMmaiiae! (ogebuerrep Tizimin, ogebuertep TiziMiHin
aFBUIIIBIHINA 93ipJiey yiIriIepin ToMeHIeri MaKaaHbl pociMiey YIITICIHEH KapaHbI3).

MaxkaJjta COHBIHIAFBI OJIeOMETTEp Ti3IMIHEH KeiliH 6UbAU02PAPUAABIK, MIATMEMMED OPBIC KOHE AFBLIIIBIH
Tiniage (erep Makasa Kasak TLIiHZE »Ka3bliIca), Ka3aK »KOHe aFbUIINIbIH TiIiHge (erep Makasa OpbIC TLIH/IE XKA3BLICA),
OpBIC KOHE Ka3ak, TiTiH/e (erep MakaJa aFbLIIIBIH TLTIHIE XKa3burad Gosica) Gepiie.

Asmopaap mypasvt MaATMEM: ABTOPILIH aThI-’KOHI, FEIJIBIMUA ATAFbI, KBI3METI, JKYMBIC OPHBI, YKYMBIC OPHBIHBIH,
MeKeH-Kaiibl, TeesioH, e-mail — Ka3ak, OpbIC yKoHE arbLIIIbIH TiJIIEPIH/AE TOJTHIPHLIA IBI.

6. Komkazba MyKUST TeKcepiareH OOJybl KaykeT. TeXHUKAJBIK TajalTapra cail KeJMereH KoJrzkasbasap KaiTa
eoHgeyTe Kaiitapbutaabl. KosmkazbaHblH KaiTapbLIybl OHBIH, Ky pHAJIa 6achLIybIHA XKibeplryin 6iamipmerii.

7. Penakumsara TyckeH Makasia Kabblk (aHOHHMZL) Tekcepyre kibepinenl. Bapublk pelneHsusaap aBTopJapra
kibepiseni. ABrop (peleH3eHT MakKajaHbl Ty3eTyre YChIHBIC GepreH »kKafjafifia) yIl KyH apaJibIFbIHJ@ KaiiTa Kapall,
KOJT?Ka30aHbBIH TY3€TITeH HYCKACHIH PeJaKIusara KaiiTa Kibepyi kepek. PereH3eHT yKapaMChI3 Jel TaHBIFAH MaKaJIa
KaiiTapa KapacThIpbLIMaiiapl. MakaslaHbIH TY3€TLIT€H HYCKAChl MEH aBTOPIBIH PEIleH3eHTKE KayaObl PeTaKInsara
2Kibepimeni.
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8. Tesnemaxkpi. BacbuibiMra pykcaT eTiireH Makaja aBTOpJIAPBIHA TOJEM Kacay TypaJsibl eckepTiieni. Temaem
koseMi 2018 xkbutbr 4500 Tenre — EYY kpi3merkepJiepi yiria xkone 5500 TeHre 6acka yiAbIM KbI3MeTKepJIepiHe.
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Ko6e 16
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reorpadun, SKOJIOTUH.
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TpeboBaHusIM, Oy/lyT BO3BpalleHbl Ha JopaboTky. BosBpainenne Ha J0pabOTKy HE O3HAYAET, YTO PYKOIHCH IIPUHSITA
K OIlyOJIMKOBAHUIO.

7. Pabora c 37eKTpoHHONH KoppeKTtypo#. Crarbu, nocrynusiune B OTaen HayIHBIX u3maHuil (pegaxuus),
OTHPABJIAIOTCS HAa AHOHHMHOE DpeleH3WpOoBaHMe. DBce perneHsny 1o crarbe OTIPABJISIOTCS aBTOpy. ABTOpam B
TedeHWe TpeX JHel HeOOXOMMMO OTIPABUTHL KOPPEKTypy crarhu. (CTaThH, MOJIYUHUBIINE OTPHUIATEIBHYIO PEIEH3UIO
K IIOBTOPDHOMY PACCMOTDPEHUIO He NPUHUMAIOTCs. VIcInpaBiieHHbIE BApUAHTBI CTATEH M OTBET ABTOPA PELEH3EHTY
npucelIatoTcs B penaknuio. CTaTby, NMeIonye MOJI0KUTEIbHbIE PEIEH3UN, [IPECTABIISIOTCS PEIKOJIJIEINH YKy PHAJIA
JJIst OOCYKI€HUsT M YTBEPKICHUST JJIsT Ty OTNKAIIHI.
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MakaJjiaHbI paciMaey YJrici
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A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos 3

2 Unemumym meopemuseckoti MamemMamury U Hayunolr evvucienuti Bepasutickozo
HAYUOHAALHO20 YHusepcumema umenyu JI. H. lymuresa, Acmana, Kazaxcman
3 Axmrobuncruti peeuonasvnoi 2ocydapemeennnid yrusepcumem umenu K. XKybanosa,
L Axmote, Kasaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaeunoe auddepenmnuposanne pyHKIu B KOHTeKcTe KoMIbioTepHOro
(BBIYMCIIUTEIBHOIO) IIOMEPEYHUKA

Auvotrarmss B pamkax KOMIBIOTEDHOrO  (BBIYUCJIUTEIBHOIO) IOINEPEYHUKA  IIOJHOCTHIO
perteHa 3ajada MPUOINKEHHOTO JguddepeHnupoBanns QYHKINH, TPUHAIIEKAIIX KJIaccaM
CobosieBa 110 HETOYHOH UHGMOPMAIMH, MOJYIEHHOW OT ITPOU3BOJBHOIO KOHEYHOI'O MHOYXKECTBA
TpuroHomerpudeckux Kosbdunuenrop Pypoe-Jlebera muddepenmupyemoit dyskmuun...  [100-200
CJI0B]

KunroueBbie cioBa npubimkeHHoe audQepeHupoBaHie, BOCCTAHOBJIEHHE II0 HETOYHOI
urbOpMAIUH, TIpeJjieJibHasi HOIPEITHOCTb, KOMIBIOTEPHBIN (BBIUUCIUTENbHBIN) HOnepedHuK. [6-8
CJIOB/ CJIOBOCOYETAHMI|

Bseaeune

Tekct BBEJIEHUSI. ..
Asropam He ciiejiyer UCIOIB30BaTHL HecTaHgapTHbie nakerbl LaTeX (ucnosb3yiite ux Juiib B
cilydae KpaitHeil HeoGXOMMOCTH )

2. 3aroji0BOK CeKIUu
Okpy:xeHus.
Teopema 1. ...

Jlemma 1. ...
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I.Galai., Elena, A.Emin

IIpennoxkenne 1. ...

Omnpegenenne 1. ...

CaencrsBue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.

Jloka3zaTesbcTBoO. TekcT JoKa3aTe/lbCTBA.

2. ®opmyibl, TAGJIHUIIBI, PUCYHKH

. — SR — : L (7(N)
n(eniDn)y Son(eviTiFiDy)y = ol by CHERIN (1)
e O (en; (1M, on))y = Sn(en; T; F; (1Y) on ) )y =
= sup HTf(~)—<pN (lg\}) (f)+7](\})55\})7...,l§VN) (f)—f—'y](VN)ES\],V)p)H .
fEF Y

|'y§\'fr) |§1(T:1,...,N)

Tabsmibl, pUCYHKH HEOOXOUMO pacioyiararh nocje yrnomuHanus. C KaxKJI0#f WILTIOCTpanueil J0KHa
cJIeJOBaTh HAJIINAC.

Tasnuna 2 — Hazsanue tabinibt

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

Pucyhok 2 — HazBanue pucynka

3. Ccbutku u 6ubaunorpadus
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Dopmyma (1)
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16-33. doi: ... (npu HaIMINK) - CTATHS

3 Kybausimesa A.2K., Abukenosa I11. O nopmax npousBogubix MYHKIUN ¢ HyJIeBBIMA 3HAYECHUIMHU 3aJaHHOTO HAOOPa
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Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words|
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