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RADIOMETRIC SORTING TECHNIQUES FOR MINING WASTES
FROM OUENZA IRON MINE (ALGERIA)

Purpose. The research work deals with the characterization and the valorisation of waste rocks from Ouenza iron
mine by physical methods. The chemical and mineralogical analyses carried out on the three categories taken from
the dumps, allow us to distinguish three categories of materials on all the landfill sites, namely: hematite, which
represents 30 %, marl 30 %, and limestone 40 %. These cause a problem of management and distribution of rocks at
the surface. The objective of this research is to search for ways of removing the waste rocks from the iron mine of
Ouenza.

Methodology. To identify these waste rocks, a characterization was performed by XRD of the different categories
and the initial sample, the chemical analysis of the three categories of materials from the dumps of Ouenza iron mine
by FX. Tests to measure the mass attenuation coefficient of waste rocks samples by transmitting a y-beam in thin ge-
ometry were applied. Attenuation was studied for the 122, 244, 344 and 661 KeV energies emitted by the point sourc-
es of 2Eu and ’Cs, respectively.

Findings. Different raw samples were analysed by DRX and FX. The obtained results show that the mineralogical
composition includes: calcite, quartz and hematite. The best results are achieved with the following parameters: the
thickness of the samples between 80 and 90 mm, the sample captures the whole gamma beam, and the range of ener-
gies is between 122 and 661 KeV, which strongly contributes to the radiometric separation of waste rocks from the iron
mine of Ouenza, Algeria.

Originality. It is possible to apply the radiometric method. This process allows selective sorting of the waste rocks
of Ouenza using y-rays at different energies, taking into account the thickness and the iron content of the samples.
The separation technique is simple and economical and does not require investments in heavy industrial equipment.

Practical value. Iron ore is in great demand in the global market. However, waste rocks must be sorted and valued
so that the product is merchantable. The iron ore processed by the technique suggested meets industrial requirements

and international standards, in particular, in the iron and steel industry; the iron content is 67.13 %.
Keywords: waste-rock management, radiometric method, y-rays, Ouenza mine

Introduction. To reach the mineralized zone, the ex-
ploitation of the Ouenza-Algeria deposit generates large
quantities of solid mining wastes that are stored at the
surface near the mine site in the form of stacks, com-
monly called waste rock dumps.

Free-soil waste poses land-use problems for explora-
tion and exploitation of deposits because of their in-situ
properties. Waste rock is piled up in huge slag heaps,
which requires appropriate measures to prevent land-
slides, soil instability, and the protection of workers, the
public and the environment [1].

The objective of this work is the possibility of treat-
ment and disposal of waste rock from Ouenza, taking
into account the nature of the stock and the complexity
of the mineralogical composition of free waste rock and
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the physico-chemical heterogeneity of these materials.
To solve this problem we propose the use of a complete
characterization to identify waste rocks and a valuation
by the radiometric method.

In order to preserve the environment against pollu-
tion due to the harmful effects of dust and liquid efflu-
ents from mining residues, the valorization of these ores
will allow, on the one hand, increasing the industrial
reserves of the deposit and, on the other hand, increas-
ing the life of the mine [2, 3].

The separation of useful minerals from gangue is
performed through the use of methods based on the
properties of certain minerals to emit radiation (emis-
sion-radiometry methods), or to attenuate radiation
(absorption-radiometry  methods). Radiometric
emission methods use natural radioactivity or lumi-
nescence of minerals, and radiometric absorption
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methods use X-ray and neutron and gamma radia-
tion.

The influence of the thickness of the calibrated ore
on the degree of absorption of the y-rays, as well as that
of the iron content of a calibrated sample, on the ab-
sorption the intensity of the y-rays is carried out in an
installation laboratory [4].

Materials and Methods. Identification of the deposit.
Geographic location. The mine of Ouenza exploits iron
ore by opencast method. It is located 90 km north of
Tebessa city (Fig. 1, @) and 190 km south of the city of
Annaba where the iron and steel complex of El Hadjar is
located, the sole destination for iron ore production
from the mine, to undergo various metallurgical treat-
ments.

Sample collection. The purpose of the sampling is to
provide information on an overall plot, with a known
and acceptable level of reliability. To study the charac-
teristics of this plot, it is often easier and faster to analyze
a sample. It is then necessary to choose a subset which
represents as closely as possible the characteristics of the
whole plot. The plot is therefore divided according to
the Google Earth image into 12 points, according to the
points of intersection of the GPS coordinates. The sam-
ple collection points are fixed on discharge 845 and 920
of free waste rock as shown in Fig. 1.

Characterisation studies. According to the mineral-
ogical composition, there are four predominant types of
material in the free-blast, namely: rich iron ore (RI);
poor iron ores (PI); marl and limestone.

Determination of elements by X-ray fluorescence. The
X-ray fluorescence analysis of the different samples tak-
en from landfills is carried out at the ORGM-
BOUMERDES research center laboratory.

Dump) 845

Fig. 1. Geographic location with Sample collection points
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Characterization by X-ray diffraction of samples. The
samples taken from the free waste dumps of Ouenza de-
posit are finely ground and analyzed by X-ray diffraction
(XRD). The spectra obtained are composed of several
peaks corresponding to the mineralogical composition.

Radiometric concentration process. The recovery of
these waste rocks is necessary, because it will allow, on
the one hand, increasing the industrial reserves of the
deposit and, on the other hand, reducing atmospheric
pollution in the region. The climate of the region of
Ouenza is semi-arid low rainfall. As a result, it is more
expectable in these climatic conditions that the radio-
metric sorting is the method that best corresponds to the
separation of the calibrated franklin of Ouenza.

There are several techniques for concentrating dry
oxidized iron ores: magnetic separation, magnetic, radio-
metric, photometric and electrical roasting. The radio-
metric concentration process, being comparatively low in
investment, makes it possible to extract a large propor-
tion of non-metallic materials from calibrated ore.

Radiometric concentration methods are based on the
difference between the radiometric properties of useful
mineral components, namely, their ability to emit, re-
flect, and absorb corpuscular and wavy radiation [5].

Determination of the linear attenuation coefficient of
waste rocks samples by transmission of y-beam. The pres-
ent experiment consists in determining the total linear
attenuation coefficient in iron ore rocks of different con-
centrations by studying the attenuation of a photon
beam through the samples [6—8].

For this, we use the basic equation connecting the
incident beam to the transmitted beam given by the
Beer-Lambert relation [9]

I=le™, ey

where p is the total linear attenuation coefficient given
in (cm™); x is thickness of the sample in the beam inci-
dence direction given in (cm); [ is attenuated intensity
of the beam of energy gamma FE; [ is intensity of energy
gamma beam E before attenuation; e is the coefficient
of transmission.

From relation (2), the attenuation coefficient p is

written as
1 1
=—In| 2| 2
W=7 { I} (2

Since the intensities / and [, are proportional to the
net count rate C(7) with the same proportionality con-

1
stant (same detection chain), then the ratio 70 is equal

C
to the ratio C =
(7)
The uncertainty Ap on the measured values of the

total attenuation coefficient p is given from the applica-
tion of the error propagation formula on relation (3)

2 2 2 )72
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Attenuation is studied for the 122, 244, 344 and
661 KeV energies emitted by the point sources of "?Eu
and “’Cs, respectively.

Experimentation. Though each type of ore is subdi-
vided into three supposedly homogeneous samples of
the same matrix and concentration of iron ore, three
samples are taken from each category of materials from
the free waste dumps of the deposit of Ouenza. They in-
clude: for rich iron ore: RI 1, RI 2 and RI 3; poor iron
ore: PI 1, PI 2 and PI 3; marl: M1, M2 and M3 and for
limestone: L1, L2 and L3.

The thickness of each sample is conditioned by the
equipment used in the laboratory; the maximum thick-
ness allowed during the measurement is 50 mm. The

average thicknesses X = o of the samples are presented
in the Table 1.

Experimental device. Measurements of the various
samples of free waste rock using the gamma spectrome-
ter containing a Nal (T1) detector 300 are used to deter-
mine linear attenuation coefficients. The signal obtained
from the detector is amplified and recorded by a 16 k
MCA Multi-Channel Analyzer. The measurement re-
sults are communicated to a computer equipped with
Genie 2000 V3.2 spectrum processing software [10].

The experimental lab measuring stand is shown in
Fig. 2. The linear attenuation is studied for the following
energies: 122.78, 244, 344 and 661 KeV emitted by point
sources europium and cesium: 152Eu (122.78, 244 and
344) KeV and 137Cs 661 KeV [11].

Results and Discussion. Chemical analysis results.
The analysis results are shown in Table 2.

According to the obtained results, the content of the
rich iron sample is 67.13 %, and of the poor iron is
32.55 %, while the CaO content remains high. For the
marl sample, there is a high percentage of SiO, and
AL Oj; in the sample which is respectively 58.62 and
15.75 %. Finally, for the limestone sample, the CaO
content is 34.03 %.

X-ray Diffraction results. The obtained results on the
X-ray diffraction spectra of rich iron, poor iron, marl
and limestone samples are presented in Figs. 3—6.

From Fig. 3, the mineralogical composition of the
original iron ore sample includes the following minerals:
hematite, calcite and dolomite. It is noted that the peaks
of hematite, calcite and dolomite, having a high inten-
sity are well expressed, which makes their identifications
easy and the crystallinity is associated with the majority
of hematite in the sample; this is explained by the great-
er intensity of its peaks compared to other peaks.

Table 1

Variation of the thicknesses of the samples relative
to the standard deviation

Samples X1l | X2 | X3 X4 X+ o
RI'1 254145239 | 3.32 | 3.58 0.85
RI2 21 [3.06| 3.6 | 432 | 3.27 0.93
RI 3 1.87 | 3.16 | 2.5 1.6 2.28 0.70
PI1 1.81 [ 2.46 | 2.97 | 299 | 2.55 0.55
P12 26712731203 L5 2.23 0.58
PI3 29 1258|208 | 1.81 | 2.34 | 049

L1 2041229 218 | 2.05 | 2.14 0.12
L2 2.01 | 1.85 | 1.05 | 2.22 1.78 0.51
L3 0.41 (071|087 | 092 | 0.73 0.23
M1 239 | 1.81 | 2.33 | 1.72 | 2.06 | 0.35
M2 1.97 | 2.01 | 1.74 | 1.8 1.88 0.13
M3 2421254 3 321 | 2.79 0.37

* X - arithmetic mean; o, — average deviation to the mean value

sample

Source Pb shield

W N
. NAI(TI)
Det

Multi-channel analyzer

Fig. 2. Experimental Laboratory Measurement Stand

From Fig. 4, it is found that the mineralogical com-
position of the initial sample of the poor iron includes
the following minerals: quartz, hematite and calcite.
However, it is noted that the peaks of quartz and hema-
tite, having a high intensity are well expressed, which
makes their identifications easy.

From Fig. 5, it can be seen that the mineralogical
composition of the original Marl sample consists of the
following minerals: carbonate hydroxyl apatite, dolo-
mite, goethite, quartz, and calcite. However, it is noted
that the peaks of quartz and carbonate hydroxyl apatite,
having a high intensity are well expressed, which makes
their identifications easy.

From Fig. 6, it can be seen that the mineralogical
composition of the limestone sample comprises the fol-

Table 2
X-ray Fluorescence Results of Samples
Content, %
Samples . .
SiO, AlLO; | Fe,04 Ca0O MgO | Na,O K,0 TiO, MnO P,05 LOI
Ri L.15 0.26 67.13 13.85 1.20 0.06 <0.05 | <0.05 1.95 <0.05 16.35
Pi 21.65 12.13 32.55 6.14 1.20 0.06 <0.05 | <0.05 1.92 <0.05 | 22.67
Marl 58.62 15.75 6.58 10.38 | <0.05 | <0.05 2.03 0.60 0.17 0.24 9.34
Limestone 25.78 0.26 4.73 34.03 0.88 0.13 1.73 0.28 0.16 0.16 25.82
32 ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 5
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Fig. 4. X-ray Diffraction Spectrum of the Initial Sample
of Poor Iron

lowing minerals: calcite, muscovite, quartz, and dolo-
mite. However, it is noted that the peaks of calcite and
muscovite, with high intensity are well expressed.
Results of the linear attenuation coefficient of waste
rocks samples. The attenuation coefficient u + o, for
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Fig. 5. X-ray diffraction spectrum of the initial sample of
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Fig. 6. X-ray diffraction spectrum of the initial limestone
sample

The values of the attenuation coefficient p obtained
from Table 3 make it possible to determine the weighted
average fito; for each type of ore according to the fol-

lowing expressions.
3
>
2
- O
i=1 M

each sample has a given energy and is determined from p= : L “4)
expressions (1,. 2) and is presented with the densities of ZT
each category in Table 3. =0,
Table 3
Attenuation coefficient p + o, of the waste rocks of the deposit of Ouenza
Energies, KeV
Samples Densit}y 121.78 244 344 661
g/cm .
M cy n G, n G, n G,

RI'1 4.9 0.446 0.106 0.202 0.0537 0.233 0.0558 0.206 0.0491

RI2 0.450 0.129 0.247 0.0718 0.211 0.0608 0.143 0.0410

RI3 0.556 0.170 0.448 0.138 0.323 0.0988 0.195 0.0597

PI1 3.7 0.113 0.0246 0.0972 0.0264 0.281 0.0614 0.198 0.0432

PI2 0.201 0.0527 0.0973 0.0289 0.132 0.0351 0.120 0.0315

PI3 0.308 0.0646 0.294 0.0638 0.243 0.0512 0.229 0.0481

M1 2.7 0.141 0.0242 0.0733 0.0189 0.0815 0.0155 0.0794 0.0140

M2 0.179 0.0133 0.222 0.0233 0.177 0.0151 0.0863 0.0757

M3 0. 105 0.0147 0.107 0.0202 0.0942 0.0146 0.0876 0.0125

L1 2.8 0.270 0.0160 0.277 0.0246 0.250 0.0164 0.210 0.0126

L2 0.352 0.0101 0.289 0.0863 0.327 0.0946 0.228 0.0657

L3 0.275 0.0875 0.306 0.102 0.284 0.0913 0.229 0.0733
ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 5 33




SOLID STATE PHYSICS, MINERAL PROCESSING

=X - ©)
i=1 GH,‘

According to the calculation results of the total linear
attenuation coefficient obtained in Table 4, the highest
coefficient value is of rich iron in 121.78 KeV among the
others and for limestone in 244, 344 and 661 KeV. And
the lowest coefficient is marl in the energy of 661 KeV.

The linear attenuation coefficients for the different
types of free waste rock are measured with photon ener-
gies equivalent to 121.78, 244, 344 and 661 KeV. The ob-
tained results are presented in Fig. 7.

It is clear from Fig. 7 that for a 121.78 KeV energy, a
considérable difference between the coefficient of at-
tenuation of rich iron ore and the other categories as a
function of energy. The value u for limestone is twice as
much as other materials for 244 KeV energy. The two
remaining products (marl and poor iron) can be sepa-
rated last with energy of 344 KeV.

Influence Inlnfluence of the thickness of the sample on
the attenuation coefficient. The fragmented sample thick-
ness is one of the main factors acting on the y-rays attenu-
ation coefficient [12]; the values of p and the sum of X of
each sample for each energy are represented in Fig. 8.

The attenuation coefficients as a function of the
thickness for different energies are represented in Fig. 7,
it can be seen that for an average thickness of 90 mm the
values of the attenuation coefficient between the differ-
ent materials are important.

For a Europium'¥ energy source, to separate the rich
iron ore from other categories, we use energy of
121.78 KeV corresponding to p = 0.45 cm?/g. In the sec-
ond stage of separation of limestone from other materi-
als for the same energy source with the same thickness is
used with the energy of 244 KeV corresponding to p =
=0.25 cm?/g. Finally to separate the poor iron ore from
the marl, 344 KeV energy is used corresponding to p =
=0.195 cm?/g.

Influence of iron content on the attenuation coefficient.
The iron ore content has a considerable impact on the
degree of absorption of y-rays; this is the main factor that
influences the attenuation coefficient of the y-rays [13].
The values of I and the contents between 32 and 67 % of
each sample for each energy is represented in Fig. 9.

From Fig. 9 for 121.78 KeV energy with an attenua-
tion coefficient equal to 0.45 cm?/g, it can be seen that a
65 % iron concentrate can be obtained at the first sepa-

0,50+ -
E - —m=— Rich Iron
0,454 —e— Poor Iron
1 —a— Marl
0’40'_ —v— Limestone
—~ 0,354
o0 .
NE 0,30
4 v V-
S 0,25- >:\
v
0,20 .&l
i
] \. a
0,10 - T

100 200 300 400 500 600 700
E (KeV)
Fig. 7. Variation of mass attenuation coefficient as a
Sfunction of punctual energy

ration stage. It is similar for the poor iron ore, so from
344 KeV energy with an attenuation coefficient equal to
0.195 cm?/g, a concentrate of content equal to 37.5 %
can be obtained at the second separation stage. The lat-
ter will undergo a deep subsequent treatment after
grinding to meet the metallurgical requirements.

Therefore, the radiometric sorting method by gam-
ma ray absorption can be applied to the waste rocks of
Ouenza, the proposed steps for the separation of waste
rocks is presented in Fig. 10.

Conclusion.

1. Ouenza mine produces about 1.8 million tons of
waste rocks annually; the management of waste rock is
an economic and environmental challenge.

2. According to the mineralogical composition, four
types of categories make up the waste rocks, these are
rich iron ore (RI); poor iron ores (PI); Marne and
Limestone.

3. Attenuation is studied for the energies 122, 244,
344 and 661 KeV emitted by the point sources of '?Eu
and "’Cs, respectively.

4. The thickness of each sample is conditioned by
the equipment used at the laboratory; the maximum
thickness allowed during the measurement is 90 mm.

5. The measurements of the various samples of the
free waste materials using the gamma spectrometer con-
taining a Nal (T1) detector 300 is used to determine lin-
ear attenuation coefficients.

6. The attenuation coefficients as a function of the
thickness for different energies, we see that for an average
thickness of 90 mm, the values of the attenuation coef-
ficient between the different materials are important.

Table 4
Calculated values of the total linear attenuation coefficient
Samples Rich iron Poor iron Marl Limestone
Energies (KeV) m o5 m oy m oy n oy
121.78 0.468 0.0738 0.148 0.0211 0.145 0.00913 0.272 0.0155
244 0.249 0.0410 0.114 0.0187 0.124 0.0119 0.279 0.0230
344 0.238 0.0380 0.188 0.0263 0.118 0.00868 0.253 0.0159
661 0.175 0.0278 0.165 0.0225 0.0854 0.00588 0.212 0.0122
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Fig. 9. Influence of the iron content on the attenuation coefficient \ for different energy

7. For 121.78 KeV energy with an attenuation coef-
ficient equal to 0.45 cm?/g, it is possible to obtain a
65 % iron concentrate at the first separation stage. For
lean iron ore, with 344 KeV energy an attenuation coef-
ficient equal to 0.195 cm?/g, a concentrate with a con-
tent equal to 37.5 % is obtained at the second separa-
tion stage.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 5

8. The method for radiometric sorting by gamma ab-
sorption can be applied at the level of the company of
Ouenza.

Acknowledgments.

This article is realized in collaboration with the Lab-
oratory for the Valorization of Mining Resources and
Environment, University Badji-Mokhtar Annaba, Al-

35




SOLID STATE PHYSICS, MINERAL PROCESSING

Feeding (> 90 mm)

!

Rich Iron (65 %)
Yield by weight (10 %)

Radiometric Separation p = 0.45 cm?/g
Poor Iron
Marl
Limestone
v

Radiometric Separation p = 0.25 cm?/g

!

v

Limestone (Iron content 4.73 %)
Yield by weight (40%)

v

Poor Iron
Marl

¢

Radiometric Separation p = 0.195 cm”/g

v

‘

Marl (Iron content 6.58 %)
Yield by weight (30%)

'

Poor Iron (32.55 %)
Yield by weight (20%)

v

Further Processing

Fig. 10. Scheme of radiometric separation proposed for mining wastes from Ouenza mine

geria. We would like also to express our thanks to the
Laboratory of the Nuclear Research Center of Algiers
for their assistance to carry out the present research
work.

References.
1. Aubertin, M., Bussiére, B., Pabst, T., James, M. and
Bonimpa, M., 2016. Review of the reclamation tech-
niques for acid-generating mine wastes upon closure of
disposal sites. In: Geo-Chicago 2016, pp. 343—358.
2. Benselhoub, A., Kharytonov, M., Bounouala, M.,
Chaabia, R. and Badjoudj, S., 2015. Estimation of soil’s
sorption capacity to heavy metals in Algerian megaci-
ties: case of Algiers and Annaba. INMATEH-Agricultur-
al Engineering, 46(2), pp. 147—154.
3. Kharytonov, M., Benselhoub, A., Klimkina, I.,
Bouhedja, A., Idres, A. and Aissi, A., 2016. Air pollu-
tion mapping in the Wilaya of Annaba (NE of Algeria).
Mining Science, 23.
4. Idres, A., Abdelmalek, C., Bouhedja, A., Bensel-
houb, A. and Bounouala, M., 2017. Valorization of min-
ing waste from Ouenza iron ore mine (eastern Algeria).
REM-International  Engineering  Journal,  70(1),
pp. 85-92.
5. Kobzev, A.S., 2013. Directions of development and
problems of radiometric methods for the enrichment of
mineral raw materials. Enrichment of ores, 1, pp. 13—17.
6. Mann, K.S., 2018. Measurement of exposure buildup
factors: The influence of scattered photons on gamma-ray
attenuation coefficients. Nuclear Instruments and Methods

36

in Physics Research. Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 877, pp. 1—8.

7. Ozyurt, O., Altinsoy, N., Karaaslan, S.1., Bora, A.,
Buyuk, B. and Erk, I., 2018. Calculation of gamma ray
attenuation coefficients of some granite samples using a
Monte Carlo simulation code. Radiation Physics and
Chemistry, 144, pp. 271-275.

8. Taqi, A.H. and Khalil, H.J., 2017. An investigation
on gamma attenuation of soil and oil-soil samples. Jour-
nal of Radiation Research and Applied Sciences, 10(3),
pp. 252-261.

9. Haber, D.A., Malchow, R.L. and Burnley, P.C.,
2017. Monte Carlo simulations of the gamma-ray expo-
sure rates of common rocks. Journal of environmental
radioactivity, 167, pp. 20—25.

10. Medhat, M. E. and Abdel-Hafiez, A., 2016. Applica-
tion of Gamma-Ray Attenuation in Studying Soil Proper-
ties. Physical Science International Journal, 10(2), pp. 1—6.
11. Ferreira, T.R., Pires, L.F., Brinatti, A.M. and
Auler, A.C., 2017. Surface liming effects on soil radia-
tion attenuation properties. Journal of Soils and Sedi-
ments, 17, pp. 1—13.

12. Azaryan, A., 2015. Research of influence of mono-
crystal thickness NAJ (TL) on the intensity of the inte-
grated flux of scattered gamma radiation. Metallurgical
and Mining Industry, 2, pp. 43—46.

13. Morkun, V. and Tron, V., 2014. Automation of iron
ore raw materials beneficiation with the operational rec-
ognition of its varieties in process streams. Metallurgical
and Mining Industry, 6, pp. 4—7.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 5



SOLID STATE PHYSICS, MINERAL PROCESSING

PaniomeTpryna copryBajibHa TeXHIKa
JJIs BUIOOYTKY KOPHCHMX KONAJIMH 3 BiIBaJIiB
pyaHuKa YeH3a (Ayokup)

M. Baana', A. Iopec', M. Bynyana', A. Benceney®

1 — YHiBepcurer AHHaba imeHi bamxku Myxtapa, M. AHHa0a,
Arxup, e-mail: baala.dirar@hotmail.com

2 — JlepXaBHMI arpapHO-€KOHOMIYHMI YHiBEpCUTET,
M. Hinpo, Ykpaina

Mera. [laHe OOCIiIXKEHHS MMPUCBSIYeHE BUBYSHHIO
XapaKTepUCTUKU 1 IMABUIIEHHS LIiHHOCTI MOPOTHUX
BiIBaJliB pyIHMKa YeH3a 32 JOMOMOro0 (hi3suIYHUX Me-
ToniB. XiMiuHUI i MiHepaJIOTiYHU I aHali31, TPOBEACHiI
i3 TpbOMa KaTeropisiMu TOpif, Y35TUX i3 BiaBaJliB, 10-
3BOJISIIOTh BUAUIMTU TPU KaTeropii MaTepialiB Ha BCix
MiCLISIX BiIBajy, a caMe: YepBOHUN 3alli3HSIK, 1110 CTa-
HoBuUTh 30 %, BanHsK i3 BMicTroM rHU — 30 % i Bamn-
HK — 40 %. Lle mpu3BOOUTH 10 MPOGIEM YIIpaBIiHHS
11 po3MillleHHSI IOPig Ha MOBepXHi. MeToro noCIiakeH-
HS € TIOLIYK CIOCO0IB BUOAJEHHS MMOPOXKHIX Topin 3
BiBaJIiB pyIHUKIB YeH3a.

Meromuka. IlpoBeneHo O6ibmiorpacdiuHe mocii-
JIKEHHS LIOA0 MOPOXKHIX mopin. s onucy mux myc-
THUX TIOPil BUKOPMCTOBYETHCS BU3HAYCHHS XapaKTe-
PUCTUK 3a JOMOMOIOI0 IU@PaKLifHOrO PEHTTeHiB-
CbKOTO aHaJli3y pi3HUX KaTeropiii i BUXiTHUX 3pa3KiB, a
TaKOX XiMIYHUI aHali3 TpbOX KaTeropiii Matepiaiis i3
BinBastiB pynHukKa YeHsa 3a moriomoroto FX (peHtre-
HiBcbKa diryopeclieHis). byau 3acTocoBaHi TeCTH 11
BUMIpPIOBAaHHSI MAacOBOTO Koe@illieHTa ocJlabJaeHHs
3pa3KiB MOPOXKHIX MOpia, MepeBOASIYM MyYOK ramma-
BUIIPOMIiHIOBaHHSI B TOHKY T€OMETpito. 3aracaHHs BU-
BUajiocs I1s1 eHepriii 122, 244, 3441 661 KeV, o Bu-
[IpOMiHIOBaIMCs TOUKOBUMU JkepenaMu P2Eu ta '37Cs
BiINIOBiTHO.

Pe3ynbTaTu. Pi3Hi 3pa3sku cUpoOBMHU MpoaHasizo-
BaHi 3a JOMOMOTOI0 IU(PPaKLiAHOTO peHTIeHiBChbKOTO
ananizy Ta FX. OtpumaHi pe3yabTaTv MoKa3yloTh, 1110
MiHepaJOTiYHUI CKJIal BKJIIOYA€E KaJbLIUT, KBapll i
yepBOHMI 3ami3HsAK. Kpallli pe3yibTaTv 1OCATaloThCs
3a HACTYITHMX ITapaMeTpiB: TOBIIMHA 3pa3KiB CTaHO-
BUTH Big 80 1o 90 MM, 3pa3oK 3aXOILIIOE BECh MYy4YOK
raMMa-BUIIPOMIHIOBaHHS Ta 3HAYEHHS €HEepPTii CTaHO-
BUTH Bix 122 1o 661 KeV, 110 icTOTHO cripusie pagiome-
TPUYHOMY BiJUIUJIEHHIO TIOPOXHIX IOpiA HA PYIHUKY
YeH3za, Amxup.

HaykoBa HoBu3Ha. [Tojsrae B MOXXJIMBOCTI 3aCTOCY-
BaHHS pagioMeTpuyHoro Metony. Lleit mpouec nomyc-
Kae BMOOpPUY pO3pPOOKY MOPOAHUX BiABaJiB pyaHMUKA
VYeH3a, 3 BUKOPMUCTaHHSIM raMMa-BUIIPOMiHIOBaHHS
pi3HUX €Heprii, 3 ypaxyBaHHSM TOBIIMHM 3pa3KiB i
BMICTY B HUX 3ajti3a. [TpuitoM nominy npocTuii i eKoHO-
MiYHMIi, HE BUMAarae KamiTajJoBKJIaJeHb Y BCTAHOBJIEH-
HST BEJTUKOTO TIPOMHUCIIOBOTO OOJIaTHAHHS.

IIpakTuyna 3HaYMMicTh. 3aTi3HA pyIa Ma€ BEJIUKUIL
TIOITUT Ha CBiTOBOMY pUHKY. OIHAK MOTpiOHE COpTy-
BaHHS Ta OLiHKA MOPOAHUX BimBaliB, 1100 IPOIYKT
OyB KOMepIifHO BUTITHMM. 3ajli3Ha pyaa, 1o o0po-
OieHa 3aIlpONOHOBAaHUM CIIOCOOOM, BiAMOBIZA€ TPO-
MUCJIOBMM BUMOTaM i MiXKHAapOJIHUM CTaHIapTaM, 30-
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KpeMma, y cTajieJIMBapHili MPOMUCIOBOCTI; BMICT 3ajli3a
nocsrae 67.13 %.

Kmouosi cioBa: ynpaeainus nopoxcrimu nopodamu,
padiomempuHuil Memood, 2amMMa-eunpPoOMIiHIBAHHS, 3a-
A1i30py0He podosuuje Yensa

PaauomMeTpnyeckasi COPTHPOBOYHAS TEXHHKA
JUIS1 T0OBIYM MOJIE3HBIX HCKOMAEMbBIX
M3 OTBAJIOB PYJHHMKA Y3H3a (AJDKHP)

M. Baana', A. Hopec', M. Bynyana', A. benceney6?

1 — YHuBepcutetr AHHab6a umeHu bamxu Myxrtapa, r. AHHa-
0a, Aikup, e-mail: baala.dirar@hotmail.com

2 — l'ocynapcTBeHHbII arpapHO-3KOHOMUYECKUI YHUBEPCH -
tet, r. JIHenp, YkpanHa

enn. [laHHOEC MCCIeIOBaHNWE TTOCBSIIICHO M3yde-
HUIO XapaKTePUCTUKHN U TIOBBIIICHUS] LIEHHOCTU TIO-
POIHBIX OTBAJIOB PYIHUKA Y2H3a C TIOMOIIBIO (DU3nIe-
CKMX METOHOB. XMMMYECKUIN M MMHEpaJOru4yecKui
aHaJIM3bl, POBEICHHBIE C TPEMsI KATETOPUSIMU TTOPO]T,
B3SThIX 13 OTBAJIOB, ITO3BOJISIIOT BBIACJIUTH TPU KaTero-
pUM MaTepUaJioB Ha BCEX MecTax OTBaja, a UMEHHO:
KpacHBIN 3KeJIe3HSIK, KOTOphIil coctaBisteT 30 %, u3-
BECTHSIK C colep:kaHueM TTIMHBI — 30 % 1 U3BECTHSIK —
40 %. D10 NPUBOAMT K ITpoOIEMaM yIIPABIECHUS U pas3-
MeIleHUS TIOPOJT Ha TToBepXHOCTH. Llenbio nccienona-
HUS SIBJISICTCS TIOMCK CITIOCOOOB YIaJIeHUs ITyCTHIX T10-
pOII 13 OTBAJIOB PYIHUKOB Y3H3a.

Metomuka. [IpoBeneHo OmbIMOrpacdmIeckKoe mc-
cJemoBaHMe KacaTeJIbHO ITyCTHIX Topond. s omuca-
HUS 3TUX MYCTBIX IMOPOJ UCIOJIB30BaHO OIpeAcIeHIe
XapaKTEePUCTUK C TTOMOIIbIO TU(MPAKIIMOHHOTO PEHT-
T€HOBCKOI'O aHajIM3a Pa3HbIX KaTeropuil U MCXOTHBIX
00pa3lIioB, a TAKXKe XMMUYECKUI aHaIu3 TpeX KaTero-
pUii MaTepraJioB U3 OTBAJIOB PYAHMKA Y39H3a C TTOMO-
mpio FX (peHTreHoBckas dbayopecueHuus). boun uc-
ITOJTE30BaHbI TECTHI UIST M3MEPEHHST MAaCCOBOTO KO-
duumeHTa ocyiabjieHus: 00pa3loB MyCTbIX MOPOI, Te-
peBOIST TMYYOK TaMMa-M3JIy4eHHSI B TOHKYIO TeOMe-
Tpmio. 3aTyxaHWe W3y4yajoch i sHepruit 122, 244,
344 1 661 KeV, nsnydeHHBIX TOYEYHBIMUA MCTOYHMKA-
mu ?Eu 1 '7Cs cooTBeTCTBEHHO.

Pe3syabratbl. PaznuuHbie o0Opasliibl ChIpbsl MPOaHa-
JIM3UPOBaHbl C MOMOLLBIO IU(DPAKIIMOHHOTO PEHTIe-
HoBckoro aHanuza M FX. IlolydeHHBIE pe3yabTaThbl
MOKAa3bIBalOT, YTO MMHEPAJTOTUYECKUI COCTaB BKIIIO-
YyaeT KaJIbIIUT, KBapll M KPacHBIN XeJle3HdK. JIyamie
pe3yIbTaThl JTOCTUTAIOTCS TIPU CJICAYIONINX Iapame-
Tpax: TojlrMHa o0pa3ioB cocTapisgeT oT 80 10 90 MM,
00pa3ell 3aXBaThIBaCT BeCh ITyYOK raMMa-u3IyIeHUS 1
3HAYEeHUE SHEPTUU cocTapisieT oT 122 10 661 KeV, uro
CYIIIECTBEHHO CITOCOOCTBYET PamlOMETPUUECCKOMY OT-
JIEJICHUIO TTYCTHIX TTOPOJ HA pyTHUKE Y3H3a, AJDKUD.

Hayunas HoBuzHa. COCTOUT B BO3MOXKXHOCTH TIPH-
MEHEHUsI PagroOMETPUUECKOT0 METoAa. DTOT MPOLECC
JOITyCcKaeT N30upaTesIbHYyI0 pa3paboTKy MOPOIHBIX OT-
BaJIOB pyIHMKA Y3H3a, C UCIOJb30BAHUEM TaMMa-u3-
JIy4eHUs pa3IUYHBIX SHEPTUIA, C yYETOM TOJIIIMHBI 00-
pas3loB U colepXKaHus B HUX xxene3a. [Ipuem pasnene-
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HUS TIPOCT M 9KOHOMUYEH, He TPeOyeT KaIlMTaJIOBIIO-
JKeHU B YCTaHOBJICHWE KPYITHOTO ITPOMBIIIUICHHOTO
000pyIOBaHMSL.

IIpakTnyeckasi 3HaYMMocCTb. 2Kese3Hasi pyna MnoJib-
3yeTcst OOJILIINM CITPOCOM Ha MUPOBOM phiHKe. OmHa-
KO TpeOyeTcsl COPTUPOBKA U OLIEHKA MOPOAHBIX OTBa-
JIOB, YTOOBI MPOAYKT ObLI KOMMEPUYECKU BBITOJHBIM.
XKenesHas pyaa, oopadboraHHasi MPeAJIOXKEHHBIM CITO-
co00M, COOTBETCTBYET ITPOMBIIIIEHHBIM TPEOOBaHUSIM

38

Y MEXIyHApOIHBIM CTaHIApTaM, B YaCTHOCTH, B CTa-
JISTUTEHOM MPOMBIIIIEHHOCTH; CollepkaHue KeJie3a
nocturaet 67.13 %.

Kiouesblie ciioBa: ynpasienue nycmoimu nopodamu,
paduomempuuecKuil Memoo, 2amma-uziy4erue, JHceie3o-
DPYOHOe mecmopodcoeHue YaH3a

Pexomendosarno do nyonixauii Axen bByxeoxca. Jlama
Haoxo0dxcenns pykonucy 18.08.17.
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