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ABSTRACT

Rare earth elements (REE) are a set of 17 chemically similar metallic elements including 15
lanthanides, scandium and yttrium. The current status of REE as a global strategic commaodity has
encouraged the identification of REE ore deposits. This research is carried out to identify the
mining feasibility of fluvial sediment REE and to understand the sediment's physical and chemical
characteristics and effects on the geochemical behaviour of REE in the longest river of Peninsular
Malaysia namely Pahang River. Surface sediment samples were collected along Pahang River
(n=44) in approximately 10 km distance intervals. The sediment samples were analyzed using XRF
to determine the major oxide content. Meanwhile, REE content in the sediment samples was
extracted using the Total Digestion method and analysed using ICP-MS. The results show the
average value of IREE at surface sediments of the Pahang River is 42.58 ppm and can be
considered too low to be economically mined. Each area shows higher fractionation of light REE
than heavy REE with negative europium anomalies, suggesting sediments in this area were derived
from felsic rocks. The concentration of REE in Pahang River surface sediments was controlled by
the porosity and organic matter as showed by the correlation of ZREE with porosity (R?=0.65) and
organic matter content (R2=0.71). In conclusion, this research's findings are generally useful for
further REE mineral exploration and fluvial sediment environmental monitoring.
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Introduction

Located on the east coast of Peninsular
Malaysia, the Pahang River (459 km) is the longest
and river in Peninsular Malaysia with a main bedrock
of granite and limestone; and sedimentary rock e.g.
shale, sandstone, respectively [1], it contributes

annual fluvial sediment fluxes of 20.4 Mt discharge
into the southern South China Sea [2]. Fluvial
sediments as the particles or grains eroded from
rocks and soils and then deposited on the river bed,
carry traces of the parent earth materials [[3], [4],
[5]], including rare earth elements (REEs) which are
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a group of chemically similar, naturally occurring
elements but present in trace amounts [6].

The current high-tech trend in the development
and miniaturization of electronic products, clean
energy generators, military systems, communication
systems, and satellites which rely on the magnetic,
luminescent, and electrochemical properties of REEs
has immensely induced the increasing demand for
REEs and economically making them a strategic
commodity [[7], [8]]. Studying the elemental
distribution via geochemistry in Pahang Rivers can
help us not only to understand the systems and
history of Earth, and inspect environmental
conditions but more importantly to explore mineral
deposits which are high anomalies of certain
commercial elements or minerals over appreciable
areas which are profitable to be mined [[9], [10],
(11], [12], [13]].

Recent research has reported the potential of
granite as an REE source [14], therefore, we expect
Pahang River with a major granitic background
might have the potential to develop fluvial REE
mining. In this research, REEs were traced along the
river sediments, as one of the geochemical mapping
methods in regional and detailed scales is to trace
the pathway of elemental movement and locate the
source of elements or minerals. There are limited
detailed studies available on the geochemistry and
mineralogy of the tropical rivers from the East Coast
of Peninsular Malaysia as previous studies were
focused on the near- and estuary area [[6], [15]],
therefore, geochemical studies focusing on REE from
upper to lower courses of tropical river sediment is
thus needed to decipher the broad view of the
sediment provenance. This study was performed to
characterize the chemical composition of Pahang
River sediments in terms of major oxides and
elements, minerals, and rare earth elements (REE)
and evaluate the geochemical behaviour of REE in
tropical Pahang Rivers.

Experimental part

Sample Collection

The surface sediments were collected at 0 to
20cm from the river bed along the Pahang River by
using an Ekman grab sampler, sealed in labelled
transparent polyethylene (PE) bag and stored at 4°C
for further processing. The coordinates of the
sampling locations were acquired by global
positioning system (GPS) Garmin GPSMAP 62s and
mapped by geographic information system ArcGIS
10.2, as shown in Figure 1 and Table 1.
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Figure 1 - Map of surface sediment sampling location
along the longest river in Peninsular Malaysia namely the
Pahang River

Table 1 - Coordinates of surface sediment sampling

locations along the Pahang River

sampling Latitude Longitude
PR O1 04°04' 19.20" N 102°19° 08407 E
PR 02 04°03'57.59" N 102°19° 40.80" E
PR O3 04°02'56.40" N 102°19°3359"E
PR 04 04°01'58.B0" N 102°19°3359"E
PR O5 04° 00" 46.79" N 102°19° 44 39" E
PR 06 04° 00" 10.80" N 102° 200 3480 E
PR O7 03°58'47.99" N 102° 20° 56.40" E
PR OB 03°58'04.79" N 102 21°25.19" E
PR 09 03° 58" 30.00" N 102%22° 22 80" E
PR 10 03°58'55.20" N 102°23° 02407 E
PR 11 03° 58" 40.80" N 102°23° 38407 E
PR 12 03°58'01.20" N 102° 24" 46.79" E
PR 13 03°57'50.39" N 102°25°33.60"E
PR 14 03°56'56.39" N 102° 25° 48007 E
PR 15 03°55'33.60" N 102°25°55.20"E
PR 16 03°54'36.00" N 102° 26°02.39" E
PR 17 03°52'19.19" N 102° 26°49.20" E
PR 18 03" 44'16.80" N 102%22° 22 80" E
PR 19 03" 40' D4.B0" N 102° 24°07.20"E
PR 20 03°37'5159" N 102° 24" 32 407 E
PR 21 03°34'51.60"N 102° 24" 43.20"E
PR 22 03°32'06.00" N 102° 26° 09.60" E
PR 23 03°27'07.19" N 102°25°29599" E
PR 24 03°23'56.40" N 102°25°37.20"E
PR 25 03°21'14.40" N 102°26°34.79" E
PR 26 03°19'30.00" N 102° 28 22.79"E
PR 27 03°21'46.80" N 102°31°08.40"E
PR 28 03°24'43.19" N 102°33°07.20"E
PR29 03°26'4199" N 102372280 E
PR 30 03°29'31.20"N 102°35°56.40" E
PR 31 03°30'3599" N 103*25°51.59" E
PR 32 03°31'04.79" N 103*23° 2039 E
PR 33 03°33'5759" N 103* 200 31.19" E
PR 34 03°32'16.79" N 103*14°52.80" E
PR 35 03°33'07.20"N 103*12° 32407 E
PR 36 03°30'3239"N 103* 08 45.60"E
PR 37 03°29'2039" N 10305 02407 E
PR 38 03°27'53.99" N 103*02°05.99" E
PR 39 03°29'05.99" N 102°57° 3959 E
PR 40 03°29'3479"N 102°54°03.59" E
PR 41 03°26'49.20" N 102°52°55.20"E
PR 42 03°29'49.19" N 102°50° 2759 E
PR 43 03°29'49.19" N 102°45°50.39" E
PR 44 03°31'58.79" N 102°41°31.19"E
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Analysis of Major Oxides and REE in the sediment
samples

The sediment sample collected was weighted
before and after being heated at 105°C with air
ventilation of 50% in the oven until a constant
weight was no longer reduced after repetitive
heating. The sediment particles with mesh size
below 250-um were selected to be homogenized
and pulverized to less than 45um in a laboratory ball
mill machine before sample digestion.

The samples were then analysed for major
oxides analysis using Energy Dispersion XRF (EDXRF)
which is outfitted with a rhodium (Rh) x-ray tube
that operates at a voltage of 40 kV, and a current of
30pA for integration times ranging from 60-600 sec.

For REE analysis, about 0.2 g of the pulverized
sediment sample was introduced into a 50-ml
polytetrafluoroethylene (PTFE) beaker. 68% nitric
acid (HNO3), 48% hydrofluoric acid (HF) and 50%
hydrogen peroxide (H202) with a volumetric ratio of
4:3:2 with a total of 27 ml were poured carefully into
the PTFE beaker and swirled to homogenize [[16],
[17]]. All REE excluding Pm, were analyzed by Perkin-
Elmer Elan DRC-e ICPMS at the laboratory of
Universiti Kebangsaan Malaysia.

Results and Discussion

Physical Characteristic and Organic Matter in
Pahang River Sediments

Pahang River sediments, as shown in Figure 2,
were mainly dominated by relatively clear grains
(PRO1-PRO5, PRO8-PR11, PR13-15, PR21, PR2S,
PR30-PR32, PR35, PR37-39) and other greyish
powdery coating grains instead of light brown of
Kelantan River surface sediments due to different
mineralogical weathering
conditions. Dry-bulk density of surface sediments
along Pahang River, as shown in Figure 3 had a Xts
of 1.44+0.45g/cm> was least dense at PR42
(0.73g/cm?) and was densest at PR10(2.07g/cm?).
Organic matter content (OM) of Pahang surface
sediments also had a fluctuated pattern with Xts of
3.23%3.19%, highest OM at PR40(10.05%), and
lowest OM at PR28 (0.20%) as shown in Figure 3.
Pahang River surface sediments OM shows a strong
positive correlation with porosity (R*=0.87)
suggesting their OM were highly influenced by the
porosity as shown in Table 2.
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Figure 2 - Pahang River surface sediments under

stereoscopic at 5x magnification
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Figure 3 - Porosity of surface sediments along Pahang
River

Organic Matter of Surface Sediments along Pahang River

Figure 4 - Organic matter content of surface sediments
along the Pahang River

Table 2 - Correlation between physical characteristics of
Pahang River surface sediments

. . Dry-bulk
Correlation Organic Matter . s
Coefficient, rPR %) density Porosity (¢)
(g/em?)
Organic Matter (%) 1
Dry-bulk density
(e/em?) -0.875 1
Porosity (&) 0.875 -1 1

Major Oxide in Pahang River Sediment

The result of major oxides in sediments from the
Pahang River is shown in Table 3. Maturity of Pahang
river surface sediments was ranked as the following:
PRO8> PR24> PR30> PR10> PR21>PR02> PR28>
PR13> PR11> PR32> PR15> PRO3> PR14> PR29>
PRO4> PR0O9> PRO1> PR34> PR31> PRO5> PR12>
PR36> PR35> PR17> PR25> PR37> PRO7> PR38>
PR16> PR41> PR18> PR33> PR39> PR20> PR19>
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PR40> PR42> PR22> PR44> PR27> PRO6> PR23>

Map of Geochemical Classification of Surface Sediments along Pahang River
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Table 3 - Major Oxides of Pahang River surface sediments R o S
.'.u_\. .‘ILH?'
Location Major Oxide Percentage (%wt) — 0":';5.‘3"- e w e W e
AlOs | Ca0 | Fe:0s | K20 | MgO | MnO | Na:0 | Si0z | TiO:z
PR 01 3.79 | 0.332 1.68 | 3.98 | 0.388 | 0.202 | 0.381 | 88.4 | 0.136 NTE 10T E W03 HE
PR 02 3.4 (0113 | 0.594 | 2.83 | 0.242 | 0.179 | 0.265 | 91.4 | 0.127
PR 03 3.54 | 0.16 | 0.665 3.4 | 0.269 | 0.162 91.6 | 0.165
PR 04 3.94 | 0.101 | 0.684 | 3.98 | 0.259 | 0.168 | 0.102 | 90.7 Figure 5 - Map of geochemical classification of Pahang
PR 05 4,37 | 0.102 | 0.769 | 469 | 0.265 | 0.109 89.5 0.1 : :
PR 06 18.1 | 0.419 4.73 | 649 | 0.888 | 0.186 68 | 0.739 River surface sedlments
PR 07 9.73 0.25 211 [ 574 | 0.377 | 0,121 81.2 | 0.302
PR 08 2.95 | 0.171 0.69 | 2.38 0.2 | 0.101 93.5 _
FR 03 3.95 0.28 | 0.721 | 4.05 0.27 | 0.18 90.4 | 0.105 HREE and LREE Composition of Surface Sediments along Pahang River
PR 10 3.21 | 0.186 | 0.811 | 2.82 0.28 | 0.264 92.2 | 0.146 1
PR 11 2.83 0.538 | 2.97 0.19 | 0.216 93.2 7 m
PR 12 12.8 | 0.431 4.09 | 431 | 0.704 | 0.236 76.5 | 0.476 § "
PR 13 3.14 | 0,125 | 0.812 | 2.89 | 0.236 | 0.105 | 0.214 | 92.3 | 0.102 §
PR 14 3.42 | 0116 1.13 | 3.75 | 0.359 | 0.139 90.8 | 0.237 E “
PR 15 3.19 | 0.162 | 0.594 | 3.35 | 0.176 | 0.212 92.3 Ew
PR 16 14.1 | 0.469 3.88 | 5.69 | 0.846 | 0.183 | 0.314 | 73.6 | 0.518 é 0
PR 17 6.47 | 0.131 1.41 | 5.58 | 0.447 | 0.117 | 0.336 | 85.1 | 0.225 I I I I lI I I | I I II I l I
PR 18 182 | 0373 | 498 |583[0921 0191 | 012 6820751 ;7;*;*;:’;‘;:;*;’;::;';;7“ PF *";?7;1:'“"*'*""“ ad "
PR 19 15.7 | 0.295 3.83 | 6.34 | 0.705 | 0.128 72 | 0.649 '\'L"':J'_: |; l‘ I‘" I‘ I‘ 3 " |I‘ :‘ n ! FILE T
PR 20 15.3 | 0.436 3.89 | 6.33 | 0.765 0.17 | 0.137 | 72.1 | 0.612
PR 21 3.3 | 0.175 1.17 | 2.83 | 0.271 | 0.125 921
PR22 | 1051 05 317.06 0759 10155 766 1 0.469 Figure 6 - Total heavy rare earth elements (HREE) and
PR 23 17.2 | 0.519 5.97 | 6.54 | 0.725 | 0.159 67.4 | 0.708 . . i
PR 24 9.58 | 0.199 666|232 1990123 733 | 0.678 |Ight rare earth elements (LREE] compOSItlon (Wlthout
PR2Z5 | 14410277 | 356|518 | 0643 | 0.143 74.9 | 0.538 decimal places) in Pahang River sediments.
PR 26 10.7 | 0.919 9.6 | 10.2 | 0.554 | 0.388 2.32 | 63.3 1.24
PR 27 16.7 | 0.527 4.64 | 647 | 0.807 | 0.238 0.48 | 68.8 | 0.725
PR 28 3.15 | 0.125 | 0.683 | 2.89 0.23 0.22 92.6 0.08 E .
PR29 453 0471 | 1543630348 | 0.153 | 0.376 | 87.8 | 0.265 REE Compaitian of Surfiere Sedlments slong Pahang River
PR 30 31| 014 | 064 |278| 02| 014 92.3 | 0.11
PR 31 5.79 | 0.117 1.18 | 431 0.195 88.2 | 0.141 i""‘
PR 32 4.19 0.15 0.79 | 3.14 0.26 | 0.16 91.2 0.11 : »
PR 33 13.2 | 0.474 412 | 6.25 0.85 | 0.206 0.65 | 72.9 | 0.583 g ™
PR 34 8.45 | 0.126 1.54 | 4.05 | 0.399 | 0.104 84.8 | 0.334 B
PR 35 191 | 0.387 1.77 | 5.83 0.187 89.1 0.09 é N
PR 36 7.91 | 0.162 1.74 | 5.37 | 0.413 0.12 53.9 | 0.243 g ill
PR 37 2020413 | 171|619| 025| 0.8 83.4 | 0.102 fiii ipid T
PR 38 2.11 | 0.427 161|631 0.214 88.4 | 0.125
PR 39 227 041 2.05 | 7.46 0.271 86.5 | 0.105
PR 40 19.9 | 0.325 5.22 | 5.92 | 0.794 | 0.208 66.5 | 0.803
PR41 | 1890241 | 475[578|0.783 [0.119 | 0117 | 682 [ 0.751 Figure 7 - REE elemental composition in Pahang River
PR 42 20 | 0.354 5.4 6 | 0.815 | 0.249 66 | 0.838 :
PR 43 5.4 | 0.532 3.41 | 105 0.224 78.5 | 0.565 surface SEdImentS'
PR 44 15.8 | 0.253 401 | 669 | 0.692 | 0.143 71.4 0.63
Distribution of REEs in Pahang River Sediments . B S
Pahang River surface sediments had an average @ e

B ]
=L 184
15

total REE of 42.581 ppm, LREE of 34.531 ppm HREE @
of 8.050 ppm as shown in Figure 6, and also in Table
4. PRO6 with LREE 95.789 ppm and HREE 22.888 ppm
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contributing to a total REE 118.677 ppm was the
highest among other Pahang River surface '559‘ i
sediments, also having cerium being the main B s o

contributor as shown in Figure 7. The enrichment
factor of each REE is also far below the economic

value as illustrated in Figure 8. The spatial Figure 8 - REE enrichment factor in Pahang River
distribution of total REE was mapped in Figure 9. sediments
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Table 4 - Total REEs of surface sediments along Pahang

Map of Total Rare Earth Elements Distribution in Surface Sediments along Pahang River
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Figure 9 - Maps of total REE in Pahang River sediments.
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Location SLREE ZHREE Total REE
PRO1 18.527 4.537 23.064
PRO2 13.179 3.483 16.662
PRO3 15.603 3.218 18.822
PRO4 15.186 3.774 18.959
PRO5 17.262 4.664 21.926
PRO6 95.789 22.888 118.677
PRO7 54.641 11.623 66.264
PROS 17.507 4.019 21.526
PROS 18.267 4.078 22.345
PR10 20.073 4.540 24,613
PR11 14.224 3.138 17.362
PR12 70.406 18.264 88.670
PR13 22.864 5.155 28.019
PR14 36.535 6.113 42.648
PR15 10.441 2.283 12.724
PR16 54.835 13.39% 68.235
PR17 30.536 6.607 37.143
PR18 55.736 14.441 70.177
PR19 74.311 17.805 92.117
PR20 36.394 10.611 47.005
PR21 10.932 2.748 13.680
PR22 53.841 11.751 65.591
PR23 84.791 19.595 104.386
PR24 35.846 9.363 45.210
PR25 75.970 18.828 94.799
PR26 55.253 14.164 65.417
PR27 65.230 15.34% 80.579
PR28 15.749 3.930 159.680
PR29 21.958 3.461 25.419
PR30 16.463 3.450 19.914
PR31 15.127 2.968 18.095
PR32 14.000 2.794 16.794
PR33 44.104 11.074 55.179
PR34 24.546 4.700 25.246
PR35 10.375 2.684 13.059
PR36 21.726 4.715 26.441
PR37 4.922 1.153 6.075
PR38 8.928 1.938 10.866
PR39 11.005 2.394 13.399
PR40D 42.858 9.908 52.767
PR41 45.740 11.509 61.249
PR42 62.832 14.393 77.226
PR43 26.182 5.285 31.467
PR44 50.676 11.393 62.069

Figure 10 - Relationship of Pahang River sediment total
REE and major oxides
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Figure 11 - Correlation of Pahang River sediment
total REE and physical characteristics.

Geochemical behaviour of REE in Pahang River
sediment

The correlation of total REE in Pahang River
sediments was made with oxides as shown in Figure
10. The strongest and weakest regression of surface
sediment IREE was with Al;03 (R>=0.749) and Na,O
(r=0.0039) respectively. Aluminium minerals in
Pahang River surface sediments were thus inferred
to have a profound effect on the occurrence of REE.
Total REE in Pahang River surface sediment had a

moderate positive correlation with Al,O; (r=0.867),
Fe:0; (r=0.744), and TiO: (r=0.778), showing REE
concentrated in aluminium, iron, and titanium
minerals; a moderate negative correlation with
Si02(r=-0.848) showing dilution effect of silicates in
REE concentrations. REE in titanite has been
proposed to interpret the growth of titanite [19].
Other than chemical influence, total REE also shows
some correlations with physical characteristics: dry-
bulk density and porosity (R?=0.652) and organic
matter (R?=0.7073) as shown in Figure 11. As bulk
density and porosity of sediments are mainly
controlled by grain size, shape, packing, and
distribution [20], it indicates grain size effect may be
a factor controlling REE distribution in Pahang River
sediments.

Conclusions

Surface sediments collected along Pahang River
had a total REE of 42.581 ppm, LREE of 34.53 ppm
and HREE of 8.050 ppm. The rivers' sediments
showed too low REE content and thus are not
economically feasible to mine. The chondrite
normalized REE showed a higher fraction of LREE to
HREE in this area. Our results show the geochemical
behaviour of REE in fluvial sediments was controlled
by porosity and organic matter content. In addition,
aluminium minerals in the Pahang River have a
profound effect on REE occurrence.

Conflicts of interest. On behalf of all authors, the
corresponding author states that there is no conflict of
interest.

Acknowledgments. This project was
supported financially through Universiti Malaysia
Kelantan (UMK) research grant
R/SGJP/A0100/01694A/002/2019/00581.  Thanks
also to technical support from the National
University of Malaysia (UKM) and the First Institute
of Oceanography (FIO), Ministry of Natural
Resources, China for their willingness to share
samples with us for this project. This project was also
confounded by a UKM-FIO grant (ST-2016-005).

Cite this article as: Chang SC, Yusoff AH, Mohamed CAR, Liu SF, Shoparwe NF, Husain NA, Azlan MN. Geochemistry of Rare Earth
Elements in Pahang River Sediment, Malaysia. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources.

2024; 331(4):42-50. https://doi.org/10.31643/2024/6445.37

— Y] ——



Complex Use of Mineral Resources. 2024; 331(4):42-50 ISSN-L 2616-6445, ISSN 2224-5243

Manansmnagarbl MaxaHr e3eHiHiH, WeriHgiciHAeri cMpek xep

dNeMeHTTepiHiH reoXMMHUACHI

Chang S.C., *'Yusoff A.H., 2Mohamed C.A.R., >*Liu S.F., !Shoparwe N.F., *Husain N.A, *Azlan M.N

Kenawman Manatizug Yausepcumemi, xenu kamnycel, 17600 wenu, Kenasmax, Manadizus
? Kebarzcaarn Manaiiszua Yrusepcumemi, 43600 barau, Cenarzop, Manatizusa

3 Taburu pecypcmap murucmpaizi, undao 266061, Keimal

4 HuHOao ynmmelx MeHi3 FolIbiMbl MEH MEXHOMO2UACK! 3epmxaHacel, L{uHdao266061, Keimali
* Merndurar Cynmar Mdpuc yHusepcumemi, 35900 Taxdxconz Manum, Mepar, Manatizusa

Mawrana vkengj: 30 kasan 2023
CapantamagaaH eTTi: 2 weamoxcard 2023
Kabbingarasl: 27 weamoxcad 2023

TYWIHAEME

Cupek wep anemenTTepi (CH3) — 15 NaHTaHOMATaPAk!, CKAKAMIA HaHe UTTPUIAL] Koca anFaxaa, 17
XMMUANBIK, YKCAC MEeTanApbl 3MeMeHTTEPAIH, MubiHTbiFbl. CH{3-HbiH ManaHAblK CTPaTErUMANbIK,
Tayap peTikaeri aFbimaarsl mapTebeci CHO KeH OpbIHAaPEIM aHbIKTaYALl bIHTANAHALIDAaAEL. Byn
3eptrey Manaisua TyBeridiv eH, y3biH e3eHiH4e, aTan aitTKaHaa MaxaHr eseHivge werikai CH3
SHAIPYAIH, OpbIHOLINbLIFLIH  3HBLIKTAY MaHe WeriHginepaiH ©OW3MKanbiK, MaHe XMMMWANLIK,
cMnaTTamanapeiHbid, Manaitama TyBeridid en y3biH e3eringeri CH3 reoxMMMAantciK 2pereTiHe
acepiH TyciHy ywin Ryprizineai. Mep ycTi weriHainepinin yarinepi MNaxaxr e3exikin, BobiHaK
(n=44) wamamen 10 KM KAWBIKTLIKTE }XuUKanas!. LeriHai ynrinepi Heriari oKcMa KypamblH aHbIKTaY
yiwis POT kemerimer Tannasabl. CoHbIMER KaTap, werikai ynrinepikgeri IREE mangepi Total
Digestion agicimeH anbiHFaH #ane ICP-MS kemerimen TanganfFad. Hatwwenep MaxaHr e3eHinin,
BeTri werinainepisgeri IREE opTawa makgepi munavoHaa 42,58 Beniri faHa BonaTbikbiH
KEpCETEA] MK2IHE OHbl 3KOHOMMKANbIK TYPFBIAAH SHAIPY YWiH Teim TameH. opbip aimar, Tepic
eyponuii akomanuanapsl Bap aybip CH3-re Kaparanaa weHrin CHD dparuMACsIKbIK HOFaPbIPaK
EKERAIrH KepceTedi, Byn OCkl AAMAaKTaFb! WaTMHAINED KBIWKbLIN HMbIHEICTAPAAH anblHaap!l. MaxaHr
o3eHinin BeTki werikginepinaeri CH3  KOHUEHTPAUMACH KEYEKTINIKNER HIHE OPraHMKansik
33TTapMeR aHbIKTandsl, 6yn IREE keyexTinirimes (R2=0,65) KaHe OpraHWKanbIk 3aTTapabiy
menwepimen (R2=0,71) KOpPpPenaumMa apKeinbl KEpCeTinred. HopeiTa Kenrenae Gyn 3epTTeyain
HaTuxenepi CH3 MUHepangapeiH ofad 2pi Bapnay maHe @3eH werikginepide 3KONOrMANbIK
MOHWTODMHT #acay ylWiH Naiaans.

Tyliin ce3Bep: pEHTTEH KYPLINBIMALIK Tanday; CMpPEeK Mep 3nemeHTTepi; Maxadr esexi,
OpPrasuKansiy 3aTTap
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AHHOTALUMA

Penro3zemencHble snemexTsl (P33) npenctaenstoT coBoil Habop M3 17 XMMMUECKM CXOMMX
MeTaNIMYECKMX SEMEHTOB, B TOM 4ucne 15 NaHTaHOMAOB, CKaHAMA U UTTPMA. TeryLLMA CTaTyC
P33 KaK rnofansHoro CTPAaTErMUYECKOro TOBapa CNocoBCTBOBAN BLIABNEHMIO MECTOPOXAERMIA P33,
3T0 WCCNEeAOBaKWE MPOBOAMTCA ANA ONPELeNeHUA BOSMOXHOCTUA A0BbIYM DEUHBIX OTNIOMEHWIA
P33 ¥ NOHWMZHMA BAWAHWMA OW3MYECKMX W XMMWYECHMX XapPaKTEPUCTUK OTIOMEHWA Ha
recxMmuyeckoe nosefeHve P33 B camoil oNMHHOW pere nonyoctpoBa Manaidsma, a MMeHHo B

Noctynuna: 30 okmabps 2023 peke MaxaHr. Mpobbl NOBEPXHOCTHLIX OTNOMERWA Dbl cOBpaHbl BAOAL peku MaxaHr (n=44) Ha
Peusx3uposarue: 2 dexabps 2023 pPaccToAHWM NpumepHo 10 kM. OBpasLpbl OTNOHKEHKMA BbINW NPOEHANM3MPOBAHLI C MOMOLLLH POA
MpuKATa 8 NeyaTs: 27 derabpa 2023 ANA ONPeneneHra CONEPHAaHUE OCHOBHOMO OKCMAA. TemM BPeEMEHEM CodepKaHue P33 B npobax

OTNOMEHRWA BbINO 3KCTPAarMPOBAHO METOLOM MOSIHOMO PACLLEN/EHWA W NMPOaHANM3MPOBAHO C
nomoweto [CP-MS. PesynbTaTel NOKa3blBalOT, YTO cpefHMe 3HadeHuA ZIREE B noBepxHOCTHbIX
OTNOMeHMAX pexn Maxanr cocTasnaoT 42,58 yacTeil Ha MWANMOH, U UX MOMHO CHUTATb CIMLLKOM
HU3KUMWM [INA SKOHOMWYHOW Ao6bidM. Ha Kawpom yuyacThe Habniopaetca Gonee BbicOKoe
(ppakumoHuposaHme nerkux P33, yem Tamensix P33, ¢ oTpMUATENBHBIMKM 3HOMANWAMKM EBPONKA,
4YTO MO3BOMAET NPeAnoNOKMUTb, YTO OTNIOHEHMA Ha 3TOM YHaCTKE MPOM3OLLIM M3 KUCIbIX NOPOA,.
KoHueHTpauma P33 B NOBEPXHOCTHBIX OT/OHEHWAX pekn MaxaHr KOHTPOAMPOBaNAaCch NOPUCTOCTLIO
W OPraHHUYeCcKMM BELLECTBOM, O YEM CBMAETENLCTBYET Koppenauura ZP33 ¢ nopuctocTsio (R2=0,65)
M CcogepmaHuem opraHudeckoro Bewectsa (R2=0,71). B 3axitO4EHME MOMHO CKa3aTb, 4TO
pe3ynbTaThl 3TOMO0 MCCNeAOBaHWA B LENOM MNOMesHbl AR AaibHeileid passefKn NonesHbix
mcrkonaemsixX P33 M 3K0N0TMHECKOTO MOHMTOPMHIA PEYHBIX OT/IONEHWA.

Knrovesble cnosa: peHTTEHOCTPYKTYPHLIA aHanus; PegrosemenbHole anemedTol; Pexa Maxawr,
OpraHWYecKoe BeLLecTB0
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