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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:
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ED = V · V A · ε, Sv, (1)
here V - the amount of air inhaled by persons from the staff during the work during the year,

m 3 . V =24 · 10 3 m 3 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 3 ; ε
- dose ratio for a given radionuclide, Sv/Bq and determined by the formula

ε =
8, 3 · 10−6

PV A
, Sv/Bq, (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 ·10−6 - the ratio of the annual dose limit of 20 ·103 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:

EDU = 8.3 · 10−6 · 1.41 ·
∑

V Ai · ti · (1−KPPE), Sv/month, (3)
V Ai - 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 3 ; KPPE - respirator protection factor, ti - 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:

EDRDP = 6.9 · 10−9 · 1.41 ·
∑

V Ai · ti · (1−KPPE), Sv/month, (4)
V Ai - 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].

EDLLR = 1.28 · 10−5 · 1.41 ·
∑

V Ai · ti · (1−KPPE), Sv/month, (5)
here V Ai - 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 3 .
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× 102 µ g by eating food
and water and 0.6 µ g 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/l of uranium is also analyzed after calibration
to ensure quality control of the instrument.

An online reference standard with a thorium concentration of 2 µ 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:

EA =
1

5

A∑
i=A−4

Ei, (6)

here A is the calendar year for which the effective dose is determined; EA - 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:

E(50)A =
A∑

i=A−50

Ei, (7)

where Ei is the individual annual effective dose received for the i-th year; E(50)A - 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-
vidual

Relevant exposure pathway

WL Worker on landfill or in other
facility (other than foundry)

Worker Worker External exposure on
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-
ver)

Worker External exposure from equip-
ment or the load on the truck

RL-C Resident near landfill or other
facility

Child (1–2 a) Inhalation near landfill or
other facility
Ingestion of contaminated
foodstuffs grown on contami-
nated land

RL-A Resident near landfill or other
facility

Adult (>17 a) Inhalation near landfill or
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

of contaminated material
Adult (>17 a) External exposure in house

RP Resident near public place
constructed with contami-
nated material

Child (1–2 a) External exposure

Inhalation of contaminated
dust
Direct ingestion of contami-
nated material

RW-C Resident using water from pri-
vate well or consuming fish
from contaminated river

Child (1–2 a) Ingestion of contaminated
drinking water, fish and other
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 222 Rn and a toron 220 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;

42



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

- 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 = 0.4 + Eext + Eext,Rn + Ew + Eing + Einh,mSv/year, (8)
where Eext - annual external dose radiation from natural radionuclides;
Eext,Rn - annual effective doses of external radiation from radon isotopes in air;
Ew - 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;
Einh - 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 (Hi ) in premises and on open territories has to be defined with level
own dosimeter background (Hb ) and its response to space radiation (Hs ) on a formula:

Hi = H1 − (Hb +Hs), (9)
where H1 - indications of the dosimeter in a point of measurements.

The numerical value of parameter (Hb + Hs ) 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:

Eext = 8800 · 10−3 · d · 0.7 · (0.2 ·Hstr + 0.8 · (Hw ·Nw +H1S ·N1S +HMS ·NMS/N))

= 1.232 · d(Hstr + 4 · (Hw ·Nw +H1S ·N1S +HMS ·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 µ Sv 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;
Hi - average value of power of a dose of gamma radiation on open territories of the settlement

(str), in wooden (W ), one-storey ( 1S ) and multistoried (MS ) stone houses;
Ni - number of the adult inhabitants living in wooden (W ), one-storey ( 1S ) 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,Tn, (11)
where Aeq,Rn и Aeq,Tn – 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:

Eext,Rn = 9.0 · 10−6 · 8800 · 1.05 · (0.2 ·Aeq,str+

+0.8 · (Aeq,w ·Nw +Aeq,1S ·N1S +Aeq,MS ·NMS/N)),mSv/year, (12)

in which the following designations are accepted:
9.0 · 10 −6 - dose coefficient, (mSv/(hour ·Bq/m 3 ))
1.05 - the coefficient considering an additional contribution to a dose of maternal radionuclides

- 220 Rn and 222 Rn (makes about 5% of a radiation dose at the expense of short-lived affiliated
products of radon and a toron);
Aeq,i - 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 ( 1S ) and
multystoried (MS ) stone houses respectively.

If for atmospheric air in the territory of this settlement data on values <Aeq,str > are absent,
then for calculations of doses of radiation of the public at the expense of this factor it is necessary
to accept Aeq,str = 6.5 Bq/m 3 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 (Ew ) it is calculated

Ew =
∑

dw ·mw · Cj ,mSv/year, (13)

in which the following designations are accepted:
mw - average annual consumption of drinking water, kg/year;
Cj - 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;
dw - dose coefficients.
Average value of an individual annual effective dose of internal radiation of adult inhabitants at

the expense of natural radionuclides and 137 Cs and 90 Sr in food (Eing)

Eing = 103
∑

ding,j ·mj · Cing,j ,mSv/year, (14)

in which the following designations are accepted:
mj - is average annual consumption of j of a product, kg/year;
Cing,j - 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 137 Cs and 90 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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Einh = 1.2 · 0.2 · 8800 · f ·
∑

dinh,j · Cj ,mSv/year, (15)

in which the following designations are accepted:
1.2 - the standard volume of breath for the adult, m 3 /hour;
0.2 and 8800 - the same, as in formulas (14) and (15);
Cj - 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 ;
dinh,j - dose coefficient for at-go radionuclide, Sv/Bq.
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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Уран өндiретiн және өңдейтiн кәсiпорындарда жұмыс iстейтiн қызметкерлер мен тұрғылықты
халықтың дозалық жүктемесiн есептеу

Аннотация: Иондаушы радиация бүкiл уақыт бойы эволюциялық үдерiсте басты сыртқы фактор болып келдi.
Бүгiнгi күнi көптеген өңiрлерде радиоактивтiк ластанудың салдарынан жалпы фон иондаушы радиацияның техногендiк
көздерiнiң ықпалында болуда. Радиацияның шағын дозалары тек уран өнеркәсiбiнiң қызметкерлерi ғана емес, сондай-ақ
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уран кенiн өндiру және өңдеу орындарына жақын тұратын өңiрлердiң халқына да әсер етуi мүмкiн. Техногендi ұзақ өмiр
сүретiн радионуклидтер сыртқы және iшкi сәулелену дозасын қалыптастыруға негiзгi үлес қосады.

Түйiн сөздер уран кенi, дозалар, сыртқы және iшкi сәулелену, уран өндiрушi кәсiпорын, А тобының қызметкерлерi,
халық.
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Расчет дозовой нагрузки персонала и населения, работающих и проживающих в области
уранодобывающего и ураноперерабатывающего предприятий

Аннотация: Ионизирующая радиация на протяжении всего времени выступала главным внешним фактором в
эволюционном процессе. На сегодняшний день во многих регионах вследствие радиоактивного загрязнения общий фон
оказался под влиянием техногенных источников ионизирующей радиации. Угрозе воздействия малых доз радиации
могут быть подвержены не только работники урановой промышленности, а также и население регионов, проживающее
поблизости от мест добычи и переработки урановой руды. Долгоживущие радионуклиды техногенного происхождения
вносят основной вклад в формирование дозы внешнего и внутреннего облучения.

Ключевые слова: урановая руда, дозы, внешнее и внутреннее облучение, уранодобывающее предприятие, персонал

группы А, население.
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«Л.Н. Гумилев атындағы Еуразия ұлттық университетiнiң Хабаршысы. Физика. Астрономия сериясы»
журналында мақала жариялау ережесi

Журнал редакциясы авторларға осы нұсқаулықпен толық танысып, журналға мақала әзiрлеу мен дайын
мақаланы журналға жiберу кезiнде басшылыққа алуды ұсынады. Бұл нұсқаулық талаптарының орындалмауы сiздiң
мақалаңыздың жариялануын кiдiртедi.

1.Журнал мақсаты. Физика мен астрономия салаларының теориялық және эксперементалды зерттелулерi бойынша
мұқият тексеруден өткен ғылыми құндылығы бар мақалалар жариялау.

2. Баспаға (барлық жариялаушы авторлардың қол қойылған қағаз нұсқасы және электронды нұсқа) журналдың
түпнұсқалы стильдiк файлының мiндеттi қолданысымен LaTeX баспа жүйесiнде дайындалған Tex- пен Pdf-файлындағы
жұмыстар ұсынылады. Стильдiк файлды bulphysast.enu.kz журнал сайтынан жүктеп алуға болады. Сонымен қатар,
автор(лар) iлеспе хат ұсынуы керек.

3. Автордың қолжазбаны редакцияға жiберуi мақаланың Л.Н. Гумилев атындағы Еуразия ұлттық
университетiнiң хабаршысында басуға келiсiмiн, шетел тiлiне аударылып қайта басылуына келiсiмiн
бiлдiредi. Автор мақаланы редакцияға жiберу арқылы автор туралы мәлiметтiң дұрыстығына, мақала
көшiрiлмегендiгiне (плагиаттың жоқтығына) және басқа да заңсыз көшiрмелердiң жоқтығына кепiлдеме
бередi.

4. Мақаланың көлемi 18 беттен аспауға тиiс (6 беттен бастап).
ҒТАМРК http://grnti.ru/
Автор(лар)дың аты-жөнi
Мекеменiң толық атауы, қаласы, мемлекетi (егер авторлар әртүрлi мекемеде жұмыс жасайтын болса, онда

әр автор мен оның жұмыс мекемесi қасында бiрдей белгi қойылу керек)
Автор(лар)дың Е-mail-ы
Мақала атауы
Аңдатпа (100-200 сөз; күрделi формулаларсұзсыз, мақаланың атауын мейлiнше қайталамауы қажет; әдебиеттерге

сiлтемелер болмауы қажет; мақаланың құрылысын (кiрiспе мақаланың мақсаты/ мiндеттерi /қарастырылып отырған
сұрақтың тарихы /зерттеу /әдiстерi нәтижелер/талқылау, қорытынды) сақтай отырып, мақаланың қысқаша мазмұны
берiлуi қажет).

Түйiн сөздер (6-8 сөз не сөз тiркесi. Түйiн сөздер мақала мазмұнын көрсетiп, мейлiнше мақала атауы мен
аннотациядағы сөздердi қайталамай, мақала мазмұнындағы сөздердi қолдану қажет. Сонымен қатар, ақпараттық-
iздестiру жүйелерiнде мақаланы жеңiл табуға мүмкiндiк беретiн ғылым салаларының терминдерiн қолдану қажет).

Негiзгi мәтiн мақаланың мақсаты/ мiндеттерi/ қарастырылып отырған сұрақтың тарихы, зерттеу әдiстерi,
нәтижелер/талқылау, қорытынды бөлiмдерiн қамтуы қажет.

5. Таблица, суреттер – Жұмыстың мәтiнiнде кездесетiн таблицалар мәтiннiң iшiнде жеке нөмiрленiп, мәтiн
көлемiнде сiлтемелер түрiнде көрсетiлуi керек. Суреттер мен графиктер PS, PDF, TIFF, GIF, JPEG, BMP, PCX
форматындағы стандарттарға сай болуы керек. Нүктелiк суреттер кеңейтiлiмi 600 dpi кем болмауы қажет. Суреттердiң
барлығы да айқын әрi нақты болуы керек.

Мақаладағы формулалар тек мәтiнде оларға сiлтеме берiлсе ғана номерленедi.
Жалпы қолданыста бар аббревиатуралар мен қысқартулардан басқалары мiндеттi түрде алғаш қолданғанда

түсiндiрiлуi берiлуi қажет. Қаржылай көмек туралы ақпарат бiрiншi бетте көрсетiледi.
6. Жұмыста қолданылған әдебиеттер тек жұмыста сiлтеме жасалған түпнұсқалық көрсеткiшке сай (сiлтеме беру

тәртiбiнде немесе ағылшын әлiпбиi тәртiбi негiзiнде толтырылады) болуы керек. Баспадан шықпаған жұмыстарға сiлтеме
жасауға тұйым салынады.

Сiлтеменi беруде автор қолданған әдебиеттiң бетiнiң нөмiрiн көрсетпей, келесi нұсқаға сүйенiңiз дұрыс: тараудың
номерi, бөлiмнiң номерi, тармақтың номерi, теораманың (лемма, ескерту, формуланың және т.б.) номерi көрсетiледi.
Мысалы: қараңыз [3; § 7, лемма 6]», «...қараңыз [2; 5 теорамадағы ескерту]». Бұл талап орындалмаған жағдайда
мақаланы ағылшын тiлiне аударғанда сiлтемелерде қателiктер туындауы мүмкiн.

Әдебиеттер тiзiмiн рәсiмдеу мысалдары

1 Воронин С. М., Карацуба А. А. Дзета-функция Римана. –М: Физматлит, –1994, –376 стр. – кiтап
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций многих

переменных // Журнал вычислительной математики и математической физики –2014. –Т.54. № 7. –С. 1059-1077. -
мақала

3 Жубанышева А.Ж., Абикенова Ш. О нормах производных функций с нулевыми значениями заданного набора
линейных функционалов и их применения к поперечниковым задачам // Функциональные пространства и теория
приближения функций: Тезисы докладов Международной конференции, посвященной 110-летию со дня рождения
академика С.М.Никольского, Москва, Россия, 2015. – Москва, 2015. –С.141-142. – конференция еңбектерi

4 Нуртазина К. Рыцарь математики и информатики. –Астана: Каз.правда, 2017. 19 апреля. –С.7. – газеттiк мақала
5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии // Cибирские

электронные математические известия –2017. –Т.14. –С.657-672. doi: 10.17377/semi.2017.14.057. – URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 08.01.2017). - электронды журнал

7. Әдебиеттер тiзiмiнен соң автор өзiнiң библиографикалық мәлiметтерiн орыс және ағылшын тiлiнде (егер мақала
қазақ тiлiнде орындалса), қазақ және ағылшын тiлiнде (егер мақала орыс тiлiнде орындалса), орыс және қазақ тiлiнде
(егер мақала ағылшын тiлiнде орындалса) жазу қажет. Соңынан транслиттiк аударма мен ағылшын тiлiнде берiлген
әдебиеттер тiзiмiнен соң әр автордың жеке мәлiметтерi (қазақ, орыс, ағылшын тiлдерiнде – ғылыми атағы, қызметтiк
мекенжайы, телефоны, e-mail-ы) берiледi.

8. Редакцияға түскен мақала жабық (анонимдi) тексеруге жiберiледi. Барлық рецензиялар авторларға жiберiледi.
Автор (рецензент мақаланы түзетуге ұсыныс берген жағдайда) үш күн аралығында қайта қарап, қолжазбаның түзетiлген
нұсқасын редакцияға қайта жiберуi керек. Рецензент жарамсыз деп таныған мақала қайтара қарастырылмайды.
Мақаланың түзетiлген нұсқасы мен автордың рецензентке жауабы редакцияға жiберiледi.
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9. Төлемақы. Басылымға рұқсат етiлген мақала авторларына төлем жасау туралы ескертiледi. Төлем көлемi 2018
жылы 4500 тенге – ЕҰУ қызметкерлерi үшiн және 5500 тенге басқа ұйым қызметкерлерiне.
Реквизиты:
1)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Банк ЦентрКредит"
БИК банка: KCJBKZKX
ИИК: KZ978562203105747338
Кбе 16
Кпн 859- за статью
2)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК АО "Bank RBK"
Бик банка: KINCKZKA
ИИК: KZ498210439858161073
Кбе 16
Кпн 859 - за статью
3)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК АО "ForteBank"
БИК Банка: IRTYKZKA
ИИК: KZ599650000040502847
Кбе 16
Кпн 859 - за статью
4)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК АО "Народный Банк Казахстан"
БИК Банка: HSBKKZKX
ИИК: KZ946010111000382181
Кбе 16
Кнп 859.
"За публикацию в Вестнике ЕНУ ФИО автора"

92



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 Воронин С. М., Карацуба А. А. Дзета-функция Римана. -М: Физматлит, -1994, -376 стр.-book
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций многих

переменных // Журнал вычислительной математики и математической физики -2014. -Т.54. № 7. -С. 1059-1077. -
journal article

3 Жубанышева А.Ж., Абикенова Ш. О нормах производных функций с нулевыми значениями заданного набора
линейных функционалов и их применения к поперечниковым задачам // Функциональные пространства и теория
приближения функций: Тезисы докладов Международной конференции, посвященной 110-летию со дня рождения
академика С.М.Никольского, Москва, Россия, 2015. - Москва, 2015. -С.141-142. - - Conferences proceedings

4 Нуртазина К. Рыцарь математики и информатики. -Астана: Каз.правда, 2017. 19 апреля. -С.7. newspaper articles
5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии // Cибирские

электронные математические известия -2017. -Т.14. -С.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 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):
Реквизиты:
1(РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Банк ЦентрКредит"
БИК банка: KCJBKZKX
ИИК: KZ978562203105747338
Кбе 16
Кпн 859- за статью
2)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК АО "Bank RBK"
Бик банка: KINCKZKA
ИИК: KZ498210439858161073
Кбе 16
Кпн 859 - за статью
3)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК АО "ForteBank"
БИК Банка: IRTYKZKA
ИИК: KZ599650000040502847
Кбе 16
Кпн 859 - за статью
4)РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК АО "Народный Банк Казахстан"
БИК Банка: HSBKKZKX
ИИК: KZ946010111000382181
Кбе 16
Кнп 859.
"За публикацию в Вестнике ЕНУ ФИО автора"
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Н.Т. Суйкимбаева, А.М. Калиев, О.В. Разина, П.Ю. Цыба

Положение о рукописях, представляемых в журнал «Вестник Евразийского национального университета
имени Л.Н.Гумилева. Серия: Физика. Астрономия»
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(вычислительного) поперечника

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
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(
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))
Y
, (28)

где δN
(
εN ;

(
l(N), ϕN

))
Y
≡ δN (εN ;T ;F ;

(
l(N), ϕN

)
)Y ≡

≡ sup
f∈F∣∣∣γ(τ)

N

∣∣∣≤1(τ=1,...,N)

∥∥∥Tf (·)− ϕN
(
l
(1)
N (f) + γ

(1)
N ε

(1)
N , ..., l

(N)
N (f) + γ

(N)
N ε

(N)
N ; ·

)∥∥∥
Y
.

Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.

Таблица 3 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

3. Ссылки и библиография

Для ссылок на утверждения, формулы и т. п. можно использовать метки. Например, теорема 2,
Формула (28)

Для руководства по LATEX и в качестве примера оформления ссылок, см., например, Львовский С.М.
Набор и верстка в пакете LATEX. Москва: Космосинформ, 1994.

Список литературы оформляется следующим образом.
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Рисунок 1 – Название рисунка
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