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Calculation of radiation burden of personnel and public, working and living in area of
the uranium mining and uranium-processing enterprises

Abstract: The ionizing radiation throughout all time acted as the main external factor in evo-
lutionary process. Today in many regions owing to radioactive pollution the general background
appeared under the influence of technogenic sources of the ionizing radiation.

Not only workers of the uranium industry, as well as the public of regions living near places of
production and processing of uranium ore can be subject to threat of influence of small doses of
radiation. Long-living radionuclides of technogenic origin make the main contribution to formation
of a dose of external and internal radiation.

Key words: uranium ore, doses, external and internal radiation, uranium mining enterprises,
personnel of group A, public.

DOI: https://doi.org/10.32523 /2616-68-36-2019-127-2-38-47

Introduction.The uranium mining and uranium processing industries are developing rapidly in
many countries, and this trend is likely to continue with increasing demand for nuclear fuel.

Radiation hazards faced during the nuclear fuel cycle have begun to attract serious attention due
to the appearance of epidemiological data on lung cancer among workers in uranium mines, mainly
smokers.

These hazards are not unique to uranium mines: studies have shown that similar radiological
components that led to lung cancer in uranium workers, i.e. radon and its decay products are also
found in other types of mines; and in some cases, the concentration of these components is sufficient
to cause occupational diseases.

At uranium processing plants, radon and its affiliated products usually present only a minor hazard
when inhaled compared with the dangers posed by ore and uranium dust; however, significant radon
concentrations can be generated near the ore storage bins and the crushing and grinding machines.

Typical operations in which a large amount of dust is formed are crushing and grinding of ore,
as well as preparing the final product. The concentration of long-lived radionuclides in the initial
stages - crushing and screening - tends to remain in equilibrium, but this equilibrium is disturbed
in subsequent operations.

At the stages of precipitation and extraction, the solutions and solids used have a rich content of
uranium, therefore the radioactivity suspended in the air is determined mainly by the presence of
uranium. Thorium-230, radium-226 and polonium are predominantly suspended in air in technolog-
ical operations for the treatment of tailings suspended in air.

Direct measurement of internal exposure is difficult, control of internal exposure of personnel is
carried out by calculation using the gamma radiation dose rate and radionuclide concentration in
the workplace, the actual time the worker has been at the workplace and the real effectiveness of
respiratory protection equipment [1].

To determine the effective dose of internal exposure of personnel, it is necessary to know the
volumetric activity of radionuclides in the air of the working area and the dose coefficient of the
radionuclide:

38



M. Aumalikova, D. Ibrayeva, K. Zhumadilov, E. Shishkina, M. Bakhtin, Ye. Kashkinbayev

ED=V .-VA-¢ Sy, (1)

here V' - the amount of air inhaled by persons from the staff during the work during the year,
m3. V=24-10% m3 standard air volume for standard operating conditions; V - the mean value
of the object and the time of volumetric activity of the radionuclide in the working area, Bq/m?; ¢

- dose ratio for a given radionuclide, Sv/Bq and determined by the formula

8,3-107°
= ’PT’ Sv/Ba, (2)
here PV A - permissible average annual activity of the radionuclide in the air of the working area
for persons from the staff Bq/m?3, 8,3-1076 - the ratio of the annual dose limit of 20-10% Sv to the
value of the standard air volume inhaled by staff during the work during the year.
To determine the effective dose of workers with natural uranium, the following formula is used:

EDy =83-10"%-141-) VA;-t;- (1 - Kppp),Sv/month, (3)

V A; - the average value of the volume activity of natural uranium in the air at the i-th workplace
during the work during the month, Bq/m?®; Kppp - respirator protection factor, t; - is the em-
ployee’s work time at the i-th workplace during the month, hour; 1.41- the amount of air inhaled by
persons during the work, hour.

The effective dose of personnel exposure from a subsidiary product of the decay of radon is
calculated by the formula:

EDppp =6.9-107-1.41-Y "V A;-t; - (1 - Kppp),Sv/month, (4)

V A; - the average value of the volumetric activity of the child product of the decay of radon in
the air at the i-th workplace during the work during the month, Bq/m 3.

The effective dose of personnel long-lived alpha-active nuclides (LLA) of the uranium series is
calculated using the formula below. LLA is a mixture of uranium-238, uranium-234, thorium-230,
radium-220 and polonium-210 which are found in ore dust. [2].

EDppr=128-107°-141-> VA;-t;- (1 - Kppg),Sv/month, (5)

here V' A; - the average value of the volume activity of the LLA in the air at the i-th workplace
during the work during the month, Bq/m?.

The second way to assess the internal exposure of uranium mining personnel is to determine the
mass concentration of uranium in urine.

Crucial to the hazard assessment, where the inhaled exposure of relatively insoluble U oxide
particles is a potentially long-lasting reservoir of internal alpha-decay activity that can cause cell
damage.

Although various amounts of soluble or insoluble natural U are regularly ingested through the
consumption of food and beverages, little of this U is absorbed into the bloodstream.

According to the World Health Organization, about 98% of U entering the body when taken orally
is not absorbed, but excreted in the feces.

Typical intestinal absorption for U in food and water is about 2% for soluble and about 0.2% for
insoluble U compounds. For some soluble forms, more than 20% of inhaled material can be absorbed
into the blood.

From U, which is absorbed into the blood, approximately 70% will be filtered by the kidneys and
excreted in the urine within 24 hours, an amount increasing to 90% within a few days after exposure.

The average annual consumption of U adults is estimated to be about 5 x 102 u g by eating food
and water and 0.6 pg by breathing air [3].
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The uranium content in urine was determined by mass spectrometry with an inductively coupled
plasma model. To determine the total content of uranium in the urine: urine samples are first
diluted 20 times with nitric acid 0.32 M (this is 2% by volume of dilution of typical concentrated
nitric acid).

The diluted sample is then analyzed for total uranium content using ICP-MS. Before analyzing
samples, the instrument is calibrated according to U, 0, 50, 100, and 200 ng/L standards prepared
in 0.32 M nitric acid, which was prepared using high purity concentrated acid (UHP).

Certified reference materials used for standard preparation, as a rule, contain natural uranium.
After calibration, a blank is used, and all subsequent results are corrected for idle experience.

A standard sample with a concentration of 50 ng/1 of uranium is also analyzed after calibration
to ensure quality control of the instrument.

An online reference standard with a thorium concentration of 2 p g/L is analyzed with each sample
in order to correct the results for minor matrix effects and instrument errors between samples, in
particular for zero drift [4].

Individual dosimetric control (IDC) of external exposure is an integral part of the system for
ensuring radiation safety, aimed at protecting people’s health from exposure to ionizing radiation.

The individual effective dose of the worker’s exposure received during the monitoring period is
equal to the sum of the individual effective external dose received during the monitoring period and
the expected individual effective internal exposure dose due to the intake of radionuclides over the
same period.

The individual effective dose of the worker’s exposure received during the monitoring period is
equal to the sum of the individual effective external dose received during the monitoring period and
the expected individual effective internal exposure dose due to the intake of radionuclides over the
same period.

The value of the individual annual effective dose averaged over any consecutive 5 years is calculated
according to the following formula:

_ 1 &
i=A—4
here A is the calendar year for which the effective dose is determined; E, - individual annual
effective dose, referred to calendar year A and averaged over consecutive 5 years.
The value of the individual effective dose accumulated over the period of employment (50 years)
is calculated according to the following formula:

A
E(B0)a= Y E, (7)
i=A—50
where E; is the individual annual effective dose received for the i-th year; E(50)4 - the individual
effective dose accumulated over the period of employment for a calendar year.

Not only workers of the uranium industry as well the public of regions living near places of
production and processing of uranium ore can be subject to threat of chronic influence of small
doses of radiation [6]. Long-living radionuclides of technogenic origin make the main contribution
to formation of a dose of radiation, and respectively - radiation risks for the public.

Radiation of natural radionuclides which contain in objects of the environment and habitat of
people creates a natural radiation background. As a result of production activity of the person
(production and processing of mineral raw materials, construction of various objects, etc.) there is a
redistribution of natural radionuclides in objects of the habitat of people and the environment that
leads to change of radiative effects on the person [5, 6].

A number of researches in the field of radiation protection of the public is devoted to a problem of
evaluation of a dose of radiation of critical group. Evaluation of safety of use of sources of radiation
for workers or the public (in situations of the existing radiation) is carried out by comparison of an
effective dose with the main dose limit.
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Consider several main scenarios for evaluation of dose load of the public from natural and techno-
genic radionuclides |[7].

Examination of a large number of scenarios from around the world revealed that the limiting
cases for a significant number of radionuclides could be reduced to a few scenarios. Within these
scenarios, different exposure pathways may account for the total exposure. These relevant exposure
pathways are summed for each scenario to yield the total dose.

On a radionuclide by radionuclide basis, the dominant scenario depends on several parameters,
such as exposure time, concentration of the radionuclide used in the exposure pathways and timing
of the scenario with respect to radioactive decay. On the basis of these observations from specific
and detailed scenarios, the following scenarios are used in the calculation of activity concentration
values [8]:

Scenarios RL-C and RL-A

Scenario RL considers individuals living near a landfill or other facility (C' indicates a child, A
an adult) who are exposed through contaminated dust released at the landfill or facility. In addition,
it is assumed that the residents harvest foodstuffs in a private garden on the site that has become
contaminated through the deposition of contaminated material.

Scenario RF

Since the exposure situation with respect to contaminated dust could be different near a foundry
than in the residential scenario ( RL), a scenario of a child being exposed to contaminated dust
released by a foundry is considered. Unlike scenario RL , which covers a general situation, including
landfills, no food consumption is considered here, because the presence of contaminated material
off-site is already covered by scenario RL .

Scenario RH.Contaminated material (building rubble, slag, fly ash) may be used in the construc-
tion of buildings as concrete aggregate or cement substitute. This will lead to an external exposure
of the building residents, which is addressed in this scenario. Other possible uses in private homes of
material cleared from nuclear facilities are also covered by this scenario (e.g. the use of steel plates
for the cladding of walls).

Scenario RP.If contaminated material is used for covering public places, residents will be subject
to external exposure as well as to the inhalation and ingestion of contaminated dust, for example
by playing children. This exposure situation is covered in this scenario.

Scenario RW. The presence of contaminated material may lead to a release of radionuclides into
a groundwater aquifer. This may affect downstream wells, which may lead to the ingestion of
contaminated drinking water or of contaminated foodstuffs produced in a private garden if the well
water is used for irrigation.

If the contaminated groundwater discharges into a river, the additional pathway of fish consump-
tion has to be considered.

The identified scenarios encompass all plausible situations worldwide without specifying a par-
ticular situation. The scenarios are not intended to cover worst case scenarios, outlier scenarios or
scenarios that apply to a very few individuals. In this sense the scenarios are not bounding. An
overview of the scenarios considered in the derivation of activity concentration limits for radionu-
clides of artificial origin and the relevant pathways is given in Table 1.

The basis for the exposure estimates and the parameters used for the realistic and low probability
cases are described in the following paragraphs. Below will present scenario specific assumptions on
exposure and decay times as well as dilution factors and discusses the specific approaches for the
modelling of the relevant exposure pathways.
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Table 1 - Exposure scenarios considered and relevant pathways.

Scenario Description Exposed indi- | Relevant exposure pathway
vidual
WL Worker on landfill or in other | Worker Worker External exposure on
facility (other than foundry) landfill
Inhalation on landfill
Direct ingestion of contami-
nated material
WF Worker in foundry Worker External exposure in foundry
from equipment or scrap pile
Inhalation in foundry
Direct ingestion of contami-
nated material
WO Other worker (e.g. truck dri- | Worker External exposure from equip-
ver) ment or the load on the truck
RL-C Resident near landfill or other | Child (1-2 a) | Inhalation near landfill or
facility other facility
Ingestion of contaminated
foodstuffs grown on contami-
nated land
RL-A Resident near landfill or other | Adult (>17 a) | Inhalation near landfill or
facility other facility
Ingestion of contaminated
foodstuffs grown on contami-
nated land
RF Resident near foundry Child (1-2 a) | Inhalation near foundry
RH Resident in house constructed | Adult (>17 a) | External exposure in house
of contaminated material
RP Resident mnear public place | Child (1-2 a) | External exposure
constructed with contami-
nated material
Inhalation of contaminated
dust
Direct ingestion of contami-
nated material
RW-C Resident using water from pri- | Child (1-2 a) | Ingestion of contaminated
vate well or consuming fish drinking water, fish and other
from contaminated river foodstuffs
RW-A Adult (>17 a)

For each scenario, general parameters are defined that characterize the exposure situation:
- Exposure time;
- Decay time allowed before the scenario starts;
- Decay time during the scenario [9].

Annual effective doses of radiation of the public (including working) at the expense of natural

sources of radiation are defined by average annual levels of the following radiation factors:

- gamma radiation dose rate in residential and public buildings and on the open area in the territory
of the settlement which has to be defined with the level of own background of the dosimeter and its

response to space radiation.;

- average annual content of radon 2?2Rn and a toron 2?°Rn and their short-lived affiliated

products in air of rooms and in atmospheric air in the territory of the settlement;

- content of natural and technogenic radionuclides in drinking water and food and annual con-

sumption to drinking water and the main components of a food allowance of the population;
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- average annual content of dust (aerosols) in a ground layer of atmospheric air and specific activity
of long-living natural radionuclides in dust. Average value total annual effective dose of radiation of
adult residents of the settlement at the expense of all natural sources of radiation which is defined
sum of all its components:

Eeff =04+ Ee$t + Eext,Rn + Ew + Eing + Einha mSV/yeaL (8)

where F.,; - annual external dose radiation from natural radionuclides;

Eert,rn - annual effective doses of external radiation from radon isotopes in air;

FE,, - annual effective dose of internal radiations of adult inhabitants at the expense of long-living
natural radionuclides in drinking water;

Eing - annual effective dose of internal radiation of adult inhabitants from ingestion at the expense
of natural radionuclides;

FEinn - annual effective dose of internal radiation of adult inhabitants due to inhalation of long-
living natural radionuclides [10, 11].

The dose of external radiation is formed at the expense of various sources which treat: space
beams (generally — secondary space radiation), the gamma radiation of radioactive materials in
breeds, soils, building materials, the enterprises of a nuclear fuel cycle and other objects polluting
the environment radionuclides.

Gamma radiation dose rate ( H; ) in premises and on open territories has to be defined with level
own dosimeter background ( Hy ) and its response to space radiation ( Hs ) on a formula:

H; = Hy — (Hy + Hy), 9)

where Hj - indications of the dosimeter in a point of measurements.

The numerical value of parameter ( H, + H; ) is defined for each dosimeter individually by the
repeated measurements executed over a surface of the water with a depth of water not less than 5
m at distance from the coast of 50 m or more.

At evaluation of doses of external radiation of the public living in the territory with technogenic
changed radiation background as a result of accidents of last years, in indications of dosimeters
the radiation of artificial radionuclides can make a contribution. At evaluation of doses of external
radiations of the public in the specified territories this contribution is considered automatically.

Average value of annual effective doses of external radiation from natural radionuclides of adult
residents of the settlement:

Eepr = 8800-1073-d-0.7- (0.2 Hyy + 0.8 - (Hy - Ny + His - Nis + Hurs - Nars/N))
=1.232- d(Hstr +4- (Hw Ny + His-Nis+ Hys - NMS/N)),mSV/year, (10)

in which the following designations are accepted:

8800 - standard number of hours in a year;

10 =3 - coefficient of the translation of uSv in mSv;

0.8 and 0.2 - a share of the time spent of people in premises and on the street;

d - dose coefficient which numerical value is accepted

0.7 - numerical coefficient;

H; - average value of power of a dose of gamma radiation on open territories of the settlement
(str), in wooden (W), one-storey ( 1S5') and multistoried ( M S') stone houses;

N; - number of the adult inhabitants living in wooden (W), one-storey (15) and multistoried
(MS') stone houses respectively.

Calculation of effective doses of internal radiations of the population due to inhalation of isotopes
of radon and a toron and their short-lived affiliated products in air it is calculated by a formula:

Aeq = Aeq,Rn +4.6- Aeq,Tny (11)
where Acg rn W Aeqn — average annual equivalent equilibrium volume activity of radon and toron
in air, Bq/m?3.
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Average value of annual effective doses of internal radiation of adult residents of the settlement
at the expense of radon isotopes in air:

Eept.rn = 9.0-107%-8800 - 1.05 - (0.2 - Aeqstr+

+0.8 (Aegw - Nuw + Acg15 - Nis + Acq s - Naps/N)), mSv)/year, (12)

in which the following designations are accepted:

9.0 - 10 =% - dose coefficient, (mSv/(hour - Bq/m?))

1.05 - the coefficient considering an additional contribution to a dose of maternal radionuclides
- 229Rn and ???2Rn (makes about 5% of a radiation dose at the expense of short-lived affiliated
products of radon and a toron);

Acqi - the equivalent equilibrium volume activity (EEVA) average annual value of isotopes of
radon in air on the open territory of the settlement ( str), in wooden (W), one-storey (15) and
multystoried ( MS') stone houses respectively.

If for atmospheric air in the territory of this settlement data on values < Agq o > are absent,
then for calculations of doses of radiation of the public at the expense of this factor it is necessary
to accept Aegstr = 6.5 Bq/m? according to data [12, 13] on the average world values EEVA of
isotopes of radon in atmospheric air.

Average value of an individual annual effective dose of internal radiations of adult inhabitants at
the expense of long-living natural radionuclides in drinking water ( E,, ) it is calculated

E, = Zdw - My, - Cj, mSv /year, (13)

in which the following designations are accepted:

my - average annual consumption of drinking water, kg/year;

C; - average annual value of specific activity i-ro of radionuclide in water of sources of drinking
water supply of inhabitants of inhabited point (area, etc.), Bq/kg;

dy - dose coefficients.

Average value of an individual annual effective dose of internal radiation of adult inhabitants at
the expense of natural radionuclides and 3" Cs and ?° Sr in food (Eing)

Eing = 103 Z ding,j - Mj - Cing,j, mSv/year, (14)

in which the following designations are accepted:

m;j - is average annual consumption of j of a product, kg/year;

Cing,; - average specific activity of j of radionuclide in i-ohm a component food allowance of
residents of the settlement (area, etc.), Bq/kg;

d - dose coefficient for radionuclide j-ro at its oral receipts in an organism with food, Sv/Bq.

In the absence of measuring information on the content of natural and technogenic radionuclides
in food bring value of an annual effective dose of radiation due to intake of natural radionuclides
of uranium and thorium ranks and also '37Cs and 0 Sr with food, equal 0.125 mSv/year. To
the specified dose of radiation there correspond the average world values of content of natural
radionuclides in the main components of a food allowance according to UNSCEAR.

Effective dose of internal radiation of the public for the account inhalation intake of natural
radionuclides decides by the average annual content of dust in a ground layer of atmospheric air on
dust and specific activity of radionuclides in dust.

By data [14] average world value of an annual effective dose of internal radiation of the public at
the expense of this factor a little also are 0.006 mSv /year at the average annual content of dust in
atmospheric air about 50 mkg/m 3.

In the presence of information that in this settlement this a component of radiation can signifi-
cantly exceed the average world value and authentic data on dust content of air in the territory of the
settlement, average values individual annual effective dose of internal radiation of adult inhabitants
due to inhalation of long-living natural radionuclides it is necessary to calculate by a formula:
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Eippy = 1.2-0.2-8800- f - > dinp,; - Cj, mSv/year, (15)

in which the following designations are accepted:

1.2 - the standard volume of breath for the adult, m? /hour;

0.2 and 8800 - the same, as in formulas (14) and (15);

C; - average annual specific activity of j radionuclide in dust, contained in a ground layer of
atmospheric air, kBq/kg;

f - average annual dust content of air in the territory of inhabited point, mg/m 3 ;

dinn,j - dose coefficient for at-go radionuclide, Sv/Bg.

Conclusion. Above evaluation stages of radiation burden both for workers of the uranium mining
enterprises, and for the public, radiation polluted territories living in are described. For the first
case all factors of external and internal radiation and a way of assessment of radiation burden are
given. In the second case scenarios for further assessment of external and internal radiation of the
public are described and several calculating formulas for assessment of their doses are given.
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LJLH. Mymunses amomdaev. Bypasusa yammow ynusepcumems, Hyp-Cyaman, Kasaxeman

2 Yepaburck memaexemmir yrusepcumemi, Yeaabuncrk, Peceti
3 Acmana Meduyunaavs ynusepcumems, Hyp-Cyaman, Kasaxeman

VYpau eHAiperiH >koHe ©HAENTIiH KocilopbIHAAPAA >KYMBbIC iCTElTiH KbI3MeTKepJIep ME€H TYPFBLIBIKTBI
XaJabIKTBIH JO3aJbIK >KYKTEMECIH ecerrey

AnnoTtanusi: VMongaymibl paguanust OyKiJl yakbIT OONBI 9BOIONUMSIBLIK YAepicTe 6acTbl CHIPTKBI (DAKTOP OOJIBIIT KeJIJIi.
Byriuri kyHi Kenreren eHipJiepie paJuOaKTUBTIK JIACTAHY IbIH CaJllapblHaH »KaJIlbl (POH MOHJAYIIBI PAIUAIIUSHBIH TEXHOIEHIIK
KO3J€epiHiH bIKIAJIbIHIA Oosyaa. PanuanusiHbIy mIarbH 103a/1apbl TEK YPaH OHEPKOCIOIHIH KbI3METKepJIepi FaHa eMec, COHA-aK,
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ypaH KeHiH eHJipy »K9He OH/JIey OPbIH/IaPbIHA XKaKbIH TYPATHIH OHIPJIEP/IH XaJIKbIHA Ja 9Cep eTyi MyMKiH. TexHoreHi ysak emip
CYPETiH paJHOHYKJIUITED CHIPTKbI »KOHE IIIIKi COyJIeJIeHY J03aChIH KAJIBIITACTBIPYFa HErI3ri yJjec KOCaabl.

TyitiH ce3aep ypaH KeHi, 103ajap, CBIPTKBI YKOHE 1IIKi CoyJIesIeHy, YPAH OHIPYII KoCIimopbiH, A TOOBIHBIH, KbI3METKepJIepi,
XaJIbIK,.

M. Aymanukosa 13, JI. M6paesa 13 , K. 2Kymamuiaos ! , E. IIumkusa 2 , M. Baxtus 3 , E. KamkuuGaes 3

1 Fepasutickuti nayuonaivhoti yrusepcumem um. JI.H. Nymunesa, Hyp-Cysman, Kasaxcman
2 Yepabunckull zocydapemeennod yrusepcumem, Yeasbunck, Poccus
tl tl
3 Meduuyuncrut yrusepcumem Acmana, Hyp-Cyaman, Kasaxcmar

Pacuyer 4030Boii HArpY3KU HEPCOHAJIA U HACEJEHUs, paboTaolnX U MIPOXKUBAIOIINX B obJjiacTu
b
yPaHOJO0BIBAIOILEro U ypaHonepepabaThIBAIOLIEro IIPeIpPUusiTUi

AnvoTauusi: VoHusupyroomasi pajualiysl Ha TPOTSKEHUU BCErO BPEMEHM BBICTYIAJa TIJIABHBIM BHEIIHUM (PAKTOPOM B
9BOJIIOLIMOHHOM IIporecce. Ha cerogHsAmHunil 1eHb BO MHOTMX DErHOHAaX BCJIEJCTBUE PaIMOAKTHUBHOIO 3arps3HeHus obmuii hoH
OKa3aJiCsl [OJ, BJIMSIHUEM TEXHOIE€HHBIX HCTOYHUKOB HOHU3UPYIOIIEH paaualuu. YTI'po3e BO3IEHCTBHS MaJjbIX 103 PaIHallun
MOT'YT OBITH IIO/IBEPXKEHBI HE TOJIBKO PAOOTHUKHU yPAHOBOIl IIPOMBIIIJIEHHOCTH, a TaKK€ U HACEJIEHUE DErHOHOB, IIPOXKUBAIOIIEe
MOGIN30CTA OT MECT JOOBIYM U IepepabOTKU YPAaHOBOU Py/bl. JloJroxKusylnue paJuioHYKIUIbI TEXHOTE€HHOIO MPOUCXOXKIEHUST
BHOCSAT OCHOBHO# BKJIaJ[ B (POPMUPOBAHUE JIO3bI BHEIIIHEIO ¥ BHYTPEHHEr0 OOJIyYeHUsI.

KuaroueBble ciioBa: ypaHoOBasi py/ia, J03bl, BHEIIIHEE U BHYTPEHHee O0JIydY€eHUe, yPAHOI0ObIBAIOIIEE [IPEIPUATHE, IIEPCOHAJT

rpynnsl A, HaceseHUe.
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«JI.H. 'ymunseB arpinmarsl Eypasusi yaTThIK yHUBepcuTeTiHig Xabapuibicbl. Pusnka. ACTPOHOMUS CEPUSICHI»
>KYPHAJIBIHAA MaKaJia >Kapusijlay epe>keci

2Kypraa pedaryuace. a8mopaapea ocCvl HYCKAYABIKNEH MOABEK MAHBICHIN, ACYPHAARA MAKAAG 23IpaeYy MmeH  0ativbin
MAKAAAHDL HCYPHANRA HCIOEPY Ke3THIe bacCWbLABIKKG arydol YCoiHadbl. Bya wyckayavs maianmapoiioit, opoiidaimayst ci3din
MAKAAAHBL3ObUH, HCAPUANGHYBIH KI0TpMEdi.

1.2KypHaa makcarbl. Pusnka MEH aCTPOHOMUS CaJlajIapbIHbIH TEOPUSIIBIK }KOHE SKCIIEPEMEHTAJIIbI 3ePTTeyJIepi GOMBIHIIA
MYKHAT TEKCEPYJEH OTKEH FBUIBIMUA KYHIBUIBIFBI 6ap MaKaJajaap Kapusijay.

2. Bacnara (6apJblK, >KapusiayIibl aBTOPJIAPABIH KOJ KOUBLIFAH Kara3 HYCKACHI YKOHE JIEKTPOHJBI HYCKA) KyPHAJIIbIH,
TYIHYCKAJIbl CTHJIBIIK (alyIbIHBIH MiHaeTTi KoganbickiMen LaTeX Gacma »Kyiiecinae maiibiaganiran Tex- nen Pdf-daiinbagars:
2KyMmbIcTap yebiHblIansl. Crunbnix daitanst bulphysast.enu.kz »xypHas caifTbiHaH »KyKTemn ajgyra 6osaznpl. COHbIMEH KaTap,
aBTOp(J1ap) lyecne XaT YChIHYbI KEPEK.

3. ABTOpAbIH KoJIka30aHbl peaakiusira >Kibepyi makamnaubiy, JI.H. 'ymuaeB arbiHaarel Eypas3usi yiITTHIK
yHuBepcurTeTiniy xabapumbIchbiHa Gacyra KeJjiiciMiH, mieres TijliHe ayaapbuibinl KaiTa 6achliyblHA KeJjiciMin
6inaipeni. ABTop MakaslaHbI peJaKIUfAFa >Kibepy apKbLIbl aBTOP TYPAaJIbl MAJIIMETTiH AYPBICTBIFbIHA, MaKaja
KellipinMereHgirine (mjarnarThbil >KOKTBIFBIHA) »KOHEe 6acKa Ja 3aHCBI3 KelllipMeJsepAil »KOKTBIFbIHA KelijgeMe
Oepeni.

4. Maxkasanbiy kesteMi 18 Gerren acrnayra tuic (6 Gerren Gacram).

FTAMPK http://grnti.ru/

Aemop(nap)ovir, ambvi-Hcons

Mexemenin, moavi, amayst, Kaaacvl, memaexemi (erep aBTopJap 9pTYpJi MEKeMeJe KYMBIC YKacalThIH Gosica, OHJA
9P aBTOP MEH OHBIH >KYMBIC MeKeMeci KachiHaa Gipeii 6esri KofblLy Kepek)

Aemop(aap)dvr, E-mail-vt

Maxana amayvt

Andamna (100-200 ce3; kypaeni dopMynanapcy3chl3, MaKaJaHbIH aTayblH MefuliHINe KaifiTasaMaysl Kaxker; oaebuerrepre
cinremesiep GosiMaybl KaXKeT; MaKaJIaHbIH, KyPBLILICHIH (Kipiclie MakasjaHblH MakcaTbl/ MiHIeTTepl /KapacThIPbUIBII OTHIPFAH
CYPAKTBIH TapuXbl /3epTTey /o/iCcTepi HOTHUIKEJEp/TaJKbLIay, KOPBITHIH/IbI) CAKTall OTBIPHIN, MaKAJIAHBIH KbICKAIIA Ma3MYHBI
Gepiyl Kaxer).

Tytitn ce3dep (6-8 ces me ce3 tipkeci. Tyilin ce3gep Makajga Ma3MyHBIH KOpCeTill, MeHiHIIE MakKaJja araybl MeH
aHHOTAIUAIAFBl CO3JEp/l KalTamaMmail, MakajJa MasMyHBIHIAFBl CO3Aep/i KoJsmaHy KaxKeT. COHBIMEH KarTap, aKIapaTThIK-
i3mectipy »Kyiesepinie MaKaJaHbl XKEHIJT TabyFa MYMKIHAIK GepeTiH FBUIBIM CajlajapblHbIH TEPMHUHEPIH KOJIJAHY KaXKeT).

Hezizei momin MakajgaHblH  MakcaTbl/ MiHZETTepi/ KapacThIPBLUIBII OTHIPFAH CYPAKTHIH Tapuxbl, 3epTTey oicTepi,
HOTHUIKeJIEP / TAJIKBLIIAY, KOPBITHIH/IBI GOIIMIAEPIH KAMTYbI KAXKeT.

5. Tabauua, cypemmep — 2KyMmbicThiH MoTiHIHIE Ke3zeceTiH Tabuunajgap MOTIHHIH imIiHAE *KeKe HOMipJieHin, MOTiH
KeJleMiHze cliremesniep Typiuze kepcerinyi kepek. Cyperrep men rpacduxrep PS, PDF, TIFF, GIF, JPEG, BMP, PCX
dopMaTbIHIArEl cTaHapTTapra cail 6oyl Kepek. Hykremik cyperrep kenetirinimi 600 dpi kem 6onmaysr Kaxker. Cyperrepin,
GapJIBIFDI 12 aflKbIH 9Pl HAKTHI OOJIYbI KEPEK.

Maxanagarsl pOPMYAGAGD TEK MITIHIE Olapra ciareMe Hepijice FaHa HOMEDJIEHET].

2Kasnmner KosianbicTa 6ap abbpesuamypanap MeH KblcKapmyaapoar 6ackajiapbl MIHJIETTI Typ/le ajFall KOJIJIaHFaHIa
Tycinaipinyi 6epinyi kaxer. Kapotcviaali komex mypaas, akuapat Oipiniiri 6erTe KepceTiiei.

6. 2KywmbicTa KOIJaHBLIFAH 97e0METTED TEK YKYMBICTa ClaTeMe XKacajPaH TYIHYCKAJBIK KepCeTKimke cail (ciareme Gepy
TOpTIGiHE HeMece aFbLINIBIH 2J1in6ui TopTi6i HerisiHge TONTHIPBLIIALL) 6OIYbI KepeK. Bacmanan mblKnaran XKyMbICTapra clireme
»Kacayra TYHBIM CAJIbIHAIHI.

Cinremeni 6epyne aBTOp KoJimaHFaH oJ1ebuerTiH OeTiHiH HOMIpiH KepceTiei, Kejeci Hyckara CYHeHIHI3 JypbIC: Tapay/iblH
HOMepi, GeJiiMHIH HOMepi, TapMaKTbIH HOMepi, TeopaMaHbIH (JeMMa, eckepry, (hOpMyJaHbIH *koHe T.6.) HOMepi Kepcerijeni.
Meicanbl: Kapaupi3 [3; § 7, memma 6]», «...KapaHpI3 [2; 5 TeopaMauarbl eckepry|». Byu Tajan opblHIaJMaraH JKarmaiga
MaKaJIaHbl aFbUINIBIH TiJiHE ayJapraHjia cliareMesepae KaTeJiKTep TybIHAaybl MyMKIH.

Oaebuerrep TiziMiH pacimaey Mbicasgapbl

1 Bopouun C. M., Kapany6a A. A. [Izera-byukuua Pumana. —M: @usmariut, 1994, —376 crp. — KiTan

2 Baumos E. A., Cuxos M. B., Temupramues H. O6 obmeMm ajaropurme HUHCIEHHOIO HHTEIPHUPOBAHUS (DYHKIHMI MHOTHX
nepeMeHHbIX // ZKypHaJs BBIYUCIUTEJLHON MaTEeMaTHKU U MareMarudeckoil dusmku —2014. —T.54. Ne 7. —C. 1059-1077. -
MakaJja

3 Ky6anbimesa A.2K., Abuxenosa III. O HOpMax NpoOM3BOAHBIX (DYHKIUN C HyJIEBBIMU 3HAUYEHUSMH 3aJ@HHOrO Habopa
JINHEHHBIX (DYHKIMOHAJIOB M WX I[PUMEHEHHs] K IIONEPEYHHUKOBBIM 3ajadaM // @yHKIMOHAJIbHBIE IPOCTPAHCTBA U TEOPUS
npubskenust dyuknuit: Te3ucsl fokianoB MexxayHapomaHoit KoHdepeHIuu, nocBsamenHoi 110-j1eTuio co [gHsSI POXK/IEHUS
akagemuka C.M.Hukosnbckoro, Mocksa, Poccust, 2015. — Mocksa, 2015. —C.141-142. — koHdepeHnsa enbexTepi

4 Hyprasuna K. Peimaps maremaruku u undopmaruku. —Acrana: Kas.mpasza, 2017. 19 anpensa. —C.7. — ra3zeTTik MmakaJsia

5 Kbipo B.A., Muxaiimmaenko [.I. AnajnTndeckuil MeTOJ BIIOXKEHHsSI CHMIUIEKTHYECKON reomerpun // Cubupckue
SJIEKTPOHHBIE MaTeMaTudeckKue wnsBectus —2017. -T.14. ~C.657-672. doi:  10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpainenus: 08.01.2017). - 3JI€eKTPOHABI >Ky PHAJI

7. OpebuerTep TisiMiHeH COH aBTOp ©3iHIH 6uOIHOrpadUKAIBLIK MOJIMETTEPIH OPBIC YKOHE AFBLIIIBIH TUliHAe (erep Makasa
Kasak, TiJIiHIe OPBIHAAJICA), Ka3aK, *KOHe arbUIIIbIH TiTiHAe (erep Makasa OpbIC TiJiH/AE OPBIHAAJICA), OPBIC YKOHE Ka3ak, TiIiHge
(erep MaxaJsia arbUIIILIH TLTiHAE OPBIHAAJCA) Ka3y KaxkeT. COHBpIHAH TPAHCJIUTTIK ayJapMa MEH arbUIIbIH TuliHae Gepinren
o/iebrerTep Ti3IMIHEH COH Op aBTODABIH, KeKe MoJiMeTTepi (Ka3ak, OpbIC, aFbLIIMbIH TiIJepiHe — FHUIBIME aTarbl, KbI3METTIK
MeKeHxKalibl, Tesedonsl, e-mail-b1) 6epinesi.

8. Penakiusira TyCKeH MakaJja »KaOblk (aHOHMMJI) Tekcepyre »kibepineni. Bapiblk pelensusiiap aBropJapra Kibepineni.
ABrop (peneHsenT MakaJaHbl Ty3eTyre YChIHbIC GepreH XKaraaiiia) yin KyH apasibIFblHIa KaliTa Kapall, KoJrKasoaHblH Ty3eTIren
HYCKACBIH peJlakiusira KaiiTa »Kibepyi kepek. PelieH3eHT »kapaMcCbhI3 Jiell TaHbIFaH MakKaJa KalTapa KapacThIPbIIMAaiiibl.
MakaJjiaHblH TY3€TiJIreH HYCKAChl MEH aBTODJbIH PEIEeH3EeHTKe »Kayabbl pelakuusira xKibepimei.
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9. Tesemakpbl. BacbuibiMFa PYKCAT €TIINeH MakKaJia aBTOpJIapblHA TeJIEM 2Kacay TypaJibl eckeprineni. Tenem kesemi 2018
kKbLabl 4500 Tenre — EYY Kpi3smerkepsiepi yurid xkoue 5500 TeHre 6acka yibIM KbI3MeTKepPJIEDiHe.

PexBusurern:

1)PI'II ITIXB "Espasuiickuii Hanponanbuslii yuusepcurer umenu JI.H. I'ymunesa MOH PK

AO "Bank llearpKpemur"

BUK 6anka: KCIBKZKX

NNK: KZ978562203105747338

K6e 16

Kmu 859- 3a crarsio

2)PI'II IIXB "Eppasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Kb6e 16

Kuu 859 - 3a crarbio

3)PI'II IIXB "Espasuiickuii narmonanbublii yuusepcurer umenn JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Ké6e 16

Kun 859 - 3a crareio

4)PT'II IIXB "EBpaswuiickuii nannonansueiii yausepcurer umenn JI.H. Iymuiesa MOH PK AO "Hapoanbiit Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ko6e 16

Kun 859.

"3a nybaukamuio B Becrauke EHY @O asropa"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
Physics. Astronomy series"

The journal editorial board asks the authors to read the rules and adhere to them when preparing the articles, sent to the
journal. Deviation from the established rules delays the publication of the article.

1.Purpose of the journal. Publication of carefully selected original scientific.

2. The scientific publication office accepts the article (in electronic and printed, signed by the author) in Tex- and Pdf-files,
prepared in the LaTeX publishing system with mandatory use of the original style log file. The style log file can be downloaded
from the journal website bulphysast.enu.kz. 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 big formulas, 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).

Key words (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.

Tables are included directly in the text of the article; it must be numbered and accompanied by a reference to them in the
text of the article. Figures, graphics should be presented in one of the standard formats: PS, PDF, TIFF, GIF, JPEG, BMP,
PCX. Bitmaps should be presented with a resolution of 600 dpi. All details must be clearly shown in the figures.

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.

6. The list of literature should contain only those sources (numbered in the order of quoting or in the order of the English
alphabet), which are referenced in the text of the article. References to unpublished issues, the results of which are used in
evidence, are not allowed. Authors are recommended to exclude the reference to pages when referring to the links and guided
by the following template: chapter number, section number, paragraph number, theorem number (lemmas, statements, remarks
to the theorem, etc.), number of the formula. For example, "..., see [3, § 7, Lemma 6]"; "..., see [2], a remark to Theorem 5".
Otherwise, incorrect references may appear when preparing an English version of the article.

Template

1 Bopouunn C. M., Kapany6a A. A. /Izera-dbyukius Pumana. -M: @usmatiur, -1994, -376 crp.-book

2 Baunos E. A., Cuxos M. B., Temupraimues H. O6 ob6iiem ajropurme YUCIEHHOI'O WHTErPUPOBAHUS (DYHKIUN MHOTHX
nepemenubrx // 2KypHas BBIYHCIMTENHLHON MaTEeMATHKU W MaTeMaTudeckoil dbwmsukm -2014. -T.54. Ne 7. -C. 1059-1077. -
journal article

3 2Ky6anbimesa A.2K., A6ukenosa III. O HOpMax npom3BOmHBIX (DYHKIUH C HyJIeBbIMH 3HAYEHHUsIMU 3aJaHHOIO Habopa
JINHEHHBIX (DYHKIMOHAJIOB M HMX I[PUMEHEHHsI K IONEPEYHHKOBBIM 3ajadaM // @yHKIMOHAJIbHBIE IPOCTPAHCTBA M TEODUS
npubmmkenuss yukmuii: Tesucsl gokmamos Mexxaynaponmnoit komdepeHnun, mocBsameHHod 110-71eTH0 cO RHS POXKIECHUS
akagemuka C.M.Hukonbckoro, Mocksa, Poccust, 2015. - Mocksa, 2015. -C.141-142. - - Conferences proceedings

4 Hyprasuna K. Pemaps maremaruku u nundopmaruku. -Acrana: Kaz.mpaszga, 2017. 19 anpens. -C.7. newspaper articles

5 Keipos B.A., Muxaiimmaenko [.I. Anasurndeckuil MeTO[ BJIOXKEHHs CHMILUIEKTHYECKON reomerpun // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wusBectusi -2017. -T.14. -C.657-672. doi:  10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - Internet resources

7. 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). Then a combination of the English-language and transliterated parts of the references list and
information about authors (scientific degree, office address, telephone, e-mail - in Kazakh, Russian and English) is given.

8. 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.
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Periodicity of the journal: 4 times a year.
9. 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):

PexBusutsr:

1(PI'II IIXB "Espasuniickuii HaimoHnasnbHblil yausepcurer umenn JI.H. Dymunesa MOH PK

AO "Bank lenrpKpeaur"

BUK 6anka: KCIBKZKX

NNK: KZ978562203105747338

Ko6e 16

Knu 859- 3a crarbio

2)PI'TI IIXB "Espasuiickuii nHarmonanbublii yuusepcurer umenn JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NUK: KZ498210439858161073

Kb6e 16

Knn 859 - 3a crarsio

3)PI'II IIXB "Espasuiickuii nanuonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NHNK: KZ599650000040502847

Ko6e 16

Kunu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymuinesa MOH PK AO "Hapoansiii Bank Kasaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Ko6e 16

Kan 859.

"3a nybaukaruio B Becrauke EHY ®UO asropa"
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H.T. CytikumbaeBa, A.M. Kaauen, O.B. Pa3zuna, II.FO. Llpi6a

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi: @usuka. AcTpoHOMUSI»

Pedaxyus otcyprasa mpocum asmopos 03HAKOMUMBCA C NPABUAAMU U MPUIEPIAHCUBAMBCA UT NPU Mod20moske pabom,
HANPABAACMBIE 8 2HCYPHAA. OMKAOHEHUE OM YCMAHOBAEHHBIT NPABUN 3A0EPHCUBAEM NYOAUKAUUIO CINATDU.

1. Ilens >xypHaJa. [lyGaukanus TImaTeabHO OTOOPAHHBIX OPUTHMHAJIBHBIX HAay9IHBIX paboOT 10 aKTyaJbHBIM IIpobieMam
TEOPETUIYCKUX U SKCIIEPUMEHTAIbHBIX UCCJIEIOBAHNUN B 001aCTH (DUBUKHU U ACTPOHOMUMU.

2. B pegakuuio (B 6yMaskKHOM BHJE, HOAIMCAHHOM BCEMH aBTOPAMHU M B JIEKTPOHHOM BHJE) Ipexacrasistorcs Tex- n Pdf-
daitsibl paboThI, ITOArOTOBJIEHHDBIE B M31aTesbcKoil cucreme LaTeX, ¢ oba3aTeIbHBIM UCIOIb30BAHUEM OPUTHHAJIBLHOTO CTUJIEBOTO
daiina xypaana. CrueBoit Qaill MOXKHO cKadaTb co caiita XKypHasa bulphysast.enu.kz. Apropy (aBropam) HeoGXOIUMO
[IPEIOCTABUTD CONIPOBOJIUTEIHLHOE MTUCHMO.

s3Ik myOGamkanmuii: Ka3axCKuil, pyCcCKuil, aHIVIMACKAN.

3. OrmpasjieHue cTaTeil B peJaKIUI0 O3HAYaeT coIjlacue aBTOpPOB Ha mnpaso Msnaresnsi, EBpasmuiickoro
HanuoHaJgbHOro yHuBepcurera ummenm JI.H. I'ymumneBa, m3sgaHusi crateil B >KypHaJjle M Mepeu3JaHUs UX Ha
a106oM uMHOCTpaHHOM #s3bike. IIpeacraBisisi TeKCcT paboThl AJs mMyGauKauuu B >KypHaJie, aBTOpP rapaHTUpPyeT
IpaBUJIBLHOCTH BCEX CBEAEHUI O cebe, OTCyTCTBHE ILJIAruaTa U APYyrux (popM HENpaBOMEPHOIr'O 3aNMCTBOBAHUS B
pyKormucu, Hajgiexkainee opopMJIeHIE BCEX 3aMMCTBOBAHUU TeKCTa, TaGJul], CXeM, UILIIOCTPALUNA.

4. O6beM cTaTby He JIOJIPKEH IIPeBbIIaTh 18 crpanur (0T 6 cTpaHwuir).

5. CxeMa HOCTPOEHUsI CTATHU

I'PHTH http://grnti.ru/

Hruyuans u amuaus aemopa(os)

IToanoe naumerosaHue opzaru3ayuy, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3alUsAX, HEOOXOIUMO
[IOCTABUTH OJMHAKOBBII 3HAYOK OKOJIO (haMHJIMKM ABTOPA U COOTBETCTBYIONIECH OpraHu3aIyn)

E-mail asropa(oB)

Hassanue cmamovbu

Annomayus (100-200 cj0B; He MOJIKHA COJEPXKATH TPOMO3AKHE (DOPMYJIBbI, IO COJEPXKAHUIO IOBTOPATH HA3BaHHE
CTaTbW; HE JOJKHA COAEPXKATh OuOInorpaduvecKue CChUIKH; JOJIZKHA OTPAXKATh KPATKOE COJEPKAHUE CTATHU, COXPAHSIS
CTPYKTYpPy CTaTbU —BBeJeHHe,/ IIOCTAHOBKA 3aja4dy,/ Iesn/ HCTODHUsS, METOIbl HCCIIEJOBAHUS, De3yJbTaTbl/obCyKIeHue,
3aKJII0YEHNE / BBIBOABL) .

Kuarouesvie caosa (6-8 cios/cioBocoderanuii. KuodeBble €I10Ba JO/KHBI OTParkaThb OCHOBHOE COJEPXKAHUE CTATbH,
WCIIOJIb30BATh TEPMUHBI M3 TEKCTA CTATHHU, & TAKXKE TEPMUHBI, OMPEIEISIONE MTPEIMETHYO O0OJIaCTh W BKJIIOYAIONIUE JIPyTHUe
BasKHBIE IOHSTHS, IIO3BOJISIOMIME OOJIErYUTh M PACIIUPUTH BO3MOYKHOCTU HAXOXKIEHHS CTATbHU CPEJICTBAMHM WHEMOPMAIMOHHO-
[IOMCKOBO! CHCTEMBI).

OcHoeHOU meKem cmamvbu JI0JIZKEH COJlepKaTh BBeieHne,/ IOCTAaHOBKY 3aJadn,/ 11eJii/ NCTOPHIO, METO/IbI MCCIIeJOBAHUS,
pe3yIbTaThl/06Cy XK IeHHE, 3aKIIOIeHUE/ BBIBOJIBL.

Tabauipl BKIIOYAIOTCS HEIIOCPEACTBEHHO B TEKCT pabOThl, OHU JOJIXKHBI OBITH TPOHYMEPOBAHBI U COIIPOBOXKIATHCS CCHLIKON
Ha HUX B TeKCTe paboTbl. PucyHkwu, rpaduku JOJKHBI ObITh IPEJICTaBIEHbI B OJHOM M3 CTaHIapTHBIX dopmaros: PS, PDF,
TIFF, GIF, JPEG, BMP, PCX. To4ye4ynble pUCYHKU HEOOXOIMMO BBINOJHATH ¢ paspemenueMm 600 dpi. Ha pucyHKax JOJ>KHBI
OBITH $ICHO II€PEJAHDLI BCE IETAIN.

B crarbe HymMepyioTcs JHiIb Te POPMYADBL, HA KOTOPBIE 110 TEKCTY €CTh CCHLIKU.

Bce abbpesuamyps. u cokpauteHust, 3a UCKIIOYEHUEM 3aBeJOMO ODIIEU3BECTHBIX, JOJDKHBI OBITH paciindpOBaHbl IIPHU
[IEPBOM YIIOTPEOJIEHUH B TEKCTE.

Ceenenust o purarcosot noddepatcke paboThl yKA3LIBAIOTCS Ha MIEPBOM CTPAHUIIE B BUJE CHOCKH.

6. Crnucok JmTepaTypbl JIOJIKEH COJEPXKATH TOJIBKO T€ HCTOYHHUKY (IIPOHYMEPOBAHHBIE B HOPSJKE IUTUPOBAHUSA WIA B
HOpsiIKE AHIIMHACKOrO asihaBUTa), Ha KOTOPBIE MMEIOTCSI CCBIIKK B TekcTe paborbl. CChUIKE Ha HEOIyGIMKOBaHHBIE PaGOTHI,
pPe3yJIbTaThl KOTOPBIX UCIHOJIb3YIOTCH B JOKA3aTEIbCTBAX, HE JIOIYCKAIOTC.

ABTOpaM pPEKOMEHIYEeTCs NPpU O(POPMIIEHUHN CCHLIOK HCKJ/IIOYUTHL YIOMHUHAHHE CTPAHHUI[ U PYyKOBOACTBOBATHCS CJIELYIONIHAM
mabJI0HOM: HOMED TIVIAaBbl, HOMeD Iaparpada, HoMep IIyHKTa, HOMEP TeOpeMbl (JIEMMbI, YTBEPXKICHUS, 3aMeYaHusd K TeopeMe U
T.11.), HOMep dopmysel. Hampumep, "..., ecm. [3; § 7, memma 6]"; "..., cm. [2; 3ameuanme k Teopeme 5|". B mpormeHOM cityuae
[IpY TIOJIFOTOBKE AHTJIOA3BIMHON BEPCUU CTATHU MOTYT BO3HUKHYTH HEBEPHbBIE CCBHLIKH.

ITpumMmepsbl opoOpMJIIEHUST CHUCKA JINTEPATYPbI

1 Bopouun C. M., Kapany6a A. A. Izera-dyukuusa Pumana. -M: @usmariut, -1994, -376 cTp. - kKHuUra

2 Baummos E. A., Cuxos M. B., Temuprammes H. O6 obmeM anropuTme UHCIEHHOIO HHTEIPHUPOBAHUSA (DYHKITHI MHOTHX
nepemensbix // 2KypHas BBIYMCIMTENLHONR MaTeMaTHKU M MareMaTudeckoil dwusukm -2014. -T.54. Ne 7. -C. 1059-1077. -
CTaThsI

3 Ky6anbmesa A.2K., Abuxenosa III. O HOpMax NpOM3BOAHBIX (DYHKIUNA C HYJIEBBLIMU 3HAYEHUAMH 33J@HHOrO Habopa
JIMHERHBIX (YHKIMOHAJIOB U WX INPUMEHEHHsl K IOINEPEeYHUKOBBIM 3afadaM // (DyHKIMOHAJIBHBIE IPOCTPAHCTBA U TEOPUS
npubsmkenus: dyuknuit: Tesucsl fokaanoB MexxayHapomHoit KoHdepeHIuu, nocesamenHoi 110-y1eTuio co [gHsI POXK/IEHUS
akanemuka C.M.Hukonbckoro, Mocksa, Poccust, 2015. - Mocksa, 2015. -C.141-142. - Tpyasl koH(depeHLn

4 Hyprasuna K. Peinaps maremarunku u nadopmaruku. -Acrana: Kaz.npasna, 2017. 19 anpensa. -C.7. - razeTHasi cTaTbs

5 Kbipo B.A., Muxaiimmaenko [.I. Anannrudeckuil MeTON BJIOXKEHHsI CHMIUIEKTHYECKON reomerpun // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wussectusa -2017. -T.14. -C.657-672. doi:  10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenusi: 08.01.2017). - 3JIeKTPOHHBIN Ky PHAJI

7. Iocse crmcka JiuTepaTypbl, HEOOXOUMO yKa3aTh 6ubauorpadudeckue JaHHbIE HA PYCCKOM M AHIVIMICKOM s3bIKax (ecsu
craTbst 0POPMIICHA HA KA3aXCKOM SI3bIKE), HA Ka3AXCKOM M aHIVIMICKOM fA3BbIKax (€CiIu cTaThs 0pOPMIIEHA HA PYCCKOM SI3bIKE) U Ha
DPYCCKOM M Ka3aXCKOM fA3bIKax (ecu craTbs opopMIIeHa Ha aHIVIMACKOM fA3bIKe). 3aTeM NPUBOAUTCA KOMOMHAIUS AHIIOA3bIMHON
U TPAHCJIUTEPUPOBAHHOI YacTeil ClIMCKa JIUTepaTypbl U CBEJEHNUS 110 KaXKJI0MYy U3 aBTOPOB (HaydHOe 3BaHUe, CIIy»KeOHBIH ajapec,
Tesiedon, e-mail - Ha Ka3aXCKOM, PYCCKOM ¥ AHIVIMICKOM A3BIKaX).
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8. Pa6ora c 9/1eKTpOHHOM KoppekTypoii. Crarbu, nocrynusime B OTes HayIHbIX U3AaHUN (PeaKIus), OTIPABIISIOTCS
Ha AHOHUMHOE pEeIeH3UpOBaHMe. Bce peleH3un Mo CTaTbsM OTIPABJSIIOTCS aBTOPY. ABTOpaM B TedeHHEe TpexX JIHel
HEOOXOIMMO OTIPABUTH KOPPEKTYPY crarbu. CTaTbH, MOJIyYHUBIINE OTPUIIATEIbHYIO PEIEH3UI0, K MOBTOPHOMY PaCCMOTPEHUIO
He IpUHUMAIOTCA. VcnpaB/ieHHbIe BADUAHTHI CTaTel U OTBET aBTOPa PEIEH3EHTY MPUCHLIAIOTC B pegakinuio. CraTbu, UMerIne
IIOJIOXKUTEJIbHBIE PELeH3UH, IIPEJICTABIISIIOTCS PEIKOJIJIETNH XKy PHAJIa JJIs OOCY2K/IeHUS M YTBEPXKIEHUs JJIsd I1yOIUKAIIH.

IlepuompuyHoCTh >kypHajua: 4 pa3a B rof.

9.0myata. ABTOpaM, MOJYUMBIIUM IOJOXKUTEIHHOE 3aKIIOYEHUE K OIMyOJINKOBAHUIO, HEOOXOIUMO MPOU3BECTU OIJIATY IIO
caexyomuM pexkBusuTaM (st corpyaukos EHY — 4500 Tenre, mist croponnnx oprauusanuii — 5500 Tenre): PekBusursr:

PexBusurer:

1)PI'II ITIXB "Espasuiickuii narponanbuelii yauusepcurer umenu JI.H. I'ymunesa MOH PK

AO "Bank IlearpKpemur"

BUK 6anka: KCJBKZKX

NNK: KZ978562203105747338

Ko6e 16

Knu 859- 3a crareio

2)PI'II IIXB "Espasuiickuii nanmonanbublii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Ko6e 16

Kuu 859 - 3a crarbio

3)PI'II IIXB "Espasuiickuii narmonanbublii yuusepcurer umenu JI.H. 'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crareio

4)PT'II IIXB "Espaswuiickuii nHanunonanbubiii yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiit Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Kb6e 16

Kun 859.

"3a nybaukamuio B Becrauke EHY @O asropa"
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MakaJjiaHbI paciMaey YJIrici
MPHTMU 27.25.19
A K. XKy6ansimesa ', H. Temupranues?, A.B. Yrecos?

L Miemumym meopemumeckoti mamemamuru u nayumoir evucaenuti Eepasutickozo
HAUYUOHAALHO20 Yhusepcumema umenu JI. H. l'ymunesa, Acmana, Kazaxcman
2 Axmaobuncruti pecuonasvolti 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucnennoe nuddepenimpoBanne pyHKINT B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTEIHHOIO) IIONEPEeYHNKA

BBenenue

TekcT BBeIeHUA. ..

Apropam He ciiejlyer ucHosb30BaTh HecTaHjgapTHble nakerbl LaTeX (ucrosb3yiiTe ux JiMIib B
citydae Kpaifaeil HeoOX0IMMOCTH )

3aroJjioBOK CEeKIUU

1.1 3aro/si0BOK mOIACEKIIUU
OxpykeHus.

Teopewma 1. ...

Jlemma 1. ...

IIpennoxxkenne 1. ...

Omnpegenenne 1. ...

Caeacrsue 1. ...

3ameyanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JlokaszaTesnbcTBoO. TekcT JHoKa3aTe/lbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKU

On(en; Dn)y =0n(en; T; F; Dn)y = (“N)Aiprjlvf)eDN oN <6N; (l(N), sw))y, (28)
rae Oy (aN; (Z(N),goN))Y =on(en; T; F (Z(N),goN))y =
= s [TrO e (10 () 900 00 () #9000
fer Y
"YJ(\;) <1(r=L,...,N)

Tabsmibl, pUCYHKH HEOOXOMMO pacioyiararh nocse yrnomuHanus. C KaxKJI0# WILTIOCTpanueil J0/KHa
CJIeIOBATh HAJIIINCD.

Tasnuna 3 — Haszpanue Tabiauiibl

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

3. Ccbuiku u 6ubaunorpadust

st CCBUTOK HAa yTBep:KeHus, GOPMYJIbl U T. II. MOXKHO HCIIOJIH30BaTh MeTku. Hampumep, Teopema 2,
Dopmyma (28)

s pykosojcrsa o IMTEX u B KadecTBe mpuMepa ohOpMIIEHHS CChLIOK, CM., Hartpumep, JIpBosckuii C.M.
Habop u Bepcrka B makere WTEX. Mocksa: Kocmocurdopm, 1994.

Crmcox uTepaTypbl 0QOPMIIAETCS CJIELYIONINM 00PA30M.
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Pucvyhok 1 — HazBanue pucyska

Crmcok anreparypbl

1 Jlokymmesckuit O.M., l'aspukos M.B. Hauana yuciaennoro anammza. —M.: TOO "duyc", 1995. —581 c. - KHura

2 Temuprasmes H. KomubrorepHslil (BBIMUCINTENBHBL) IOEPEUHUK KAK CHHTE3 U3BECTHOIO M HOBOI'O B YHCJIEHHOM
anamuse // Becruuk Espasuiickoro Hanmonasssoro yausepcurera uMenu JI.H. I'ymusesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HANIMYINN) - CTATHS

3 2Ky6anbimesa A. 7K., Abukenosa I1I. O HopMax npou3BoHBIX DYHKIMN C HYJIEBBIMUA 3HAYEHUSIME 38JaHHOI0 Habopa
JIMHEAHBIX (DYHKIMOHAJIOB W UX MPUMEHEHHs! K TONEPEIHUKOBBIM 3agadaM // @yHKIMOHAIBHBIE NPOCTPAHCTBA
u Teopus npubsKenns byHkuumit: Tesucel nokmanoB MexayraponHoit KondepeHiun, nocssmenaas 110-geruso
co must poxaenusi akamemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasbl
KoH(epeHInit

4 KypmykoB A.A. AHrHonpoTeKTOpHas U TUIOJIUIINIEMIYeCKas aKTHBHOCTD JieyKoMusuHa. —Amarer: Bacray, 2007.
—C. 3-5 - ra3zeTHbIE CTATHU

5 Keipos B.A., Muxaitimaenko I'\I. Ananutudecknii MeTO/| BIOKEHHsI CUMILUIEKTHIECKOH reomerpun // Cubupckue
9JIEKTPOHHBIE Maremarudeckue ussectust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - 9IeKTPOHHBINA >KypHAJ

A.2K. XKy6auwimesa ! , H. Temiprasues ! , A.B. Yrecos 2

L JI.H.Nymunes amuvimdazol Eypasus yammork yHUepcumemingt, meopuaibik MAmemMamuKa HCoHe 2olablMU eCEnMeyaeD
unemumymaot, Acmarna, Kasaxeman
2 K. >Ky6anoe amomodaes. Axmebe onipaix memaexemmir. yrueepcumemi, Axmobe, Kasaxcman

Kowmnsiorepaik (ecenreyim) guamerp MoHMOTiHIHAe DyHKUMsIApAbl CaHABIK AuddepeHunanaay

Annoranums: Komnbiorepsik (ecenteyim) quamerp monmoTiHiage CoBoJIeB KIACHIH/A YKATATHIH (DYHKIHIAD/ Bl OJIAPIBIH,
TpuroHomerpusiiblK Pyprue-Jlebera KoabuIMEHTTEPIHIH aKbIPJIbI >KUBIHBIHAH AJIBIHFAH JI9J1 €MeC aKIapaT OONbIHIIA XKYBIKTAY
ecebi TosbrbiMen mmenrizai [100-200 cesnep.
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A.Zh.Zhubanysheva ! ; N. Temirgaliyev ! , A.B. Utesov 2

L Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

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|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-

ameter, massive limiting error. [6-8 words/word combinations|
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