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Summary: Mud volcanoes transport large volumes of breccia to the surface, composed of rock fragments derived
from deep strata. The solid ejecta of mud volcanoes therefore represent an important source of information for deter-
mining the stratigraphic age of ancient sediments. This study presents the results of radiometric, microfaunal, gamma-
spectrometric and neutron activation analyses carried out to determine the natural radioactivity and the distribution of
trace elements in solid ejecta from the Dashgil mud volcano at different stratigraphic ages. Microfaunal analysis indi-
cates that the samples belong to the Upper Miocene (Sarmatian). Radiometric measurements show that the equivalent
gamma dose rate of the samples ranges from 58 to 90 nSv/h. Gamma-spectrometric analyses reveals that the activity
concentrations vary within 38-43 Ba/kg for 238U, 28-37 Bq/kg for 232Th, and 600-750 Bqg/kg for “°K. Furthermore, neu-
tron activation analysis was used to determine the trace element composition of the bedrock. The average mass fractions
were found to be 8.1 ppm for Th, 2.6 ppm for U, 4.3 ppm for Hf, and 13.6 ppm for Sc, while the total rare earth element
content averages 93.5 ppm. The findings of this study may contribute to the integration of geological data for the strati-
graphic subdivision of sediments of various ages, particularly in cases where faunal and floral remains are absent.
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Introduction

Mud volcanoes constitute a natural phe-
nomenon that has been the subject of extensive
scientific research. Eruption products of mud
volcanoes provide valuable insights into the
Earth’s geological structure, as well as the in-
ternal geodynamic and geochemical processes
occurring at otherwise inaccessible depths. 353
mud volcanoes are known in Azerbaijan (Fig.1).
Mud volcanoes are classified according to mor-
phology, the area covered by solid ejecta, age,
composition, etc. (Baloglanov et al., 2018). All
morphological types of mud volcanoes occur in
Azerbaijan.

Mud volcanoes transport significant vol-
umes of breccia composed of rock fragments to
the surface. The solid ejecta of mud volcanoes
provide valuable information for the study of
the stratigraphic age of ancient deposits. In stud-
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ies of mud volcano products, stratigraphic and
petrographic analyses of components play a par-
ticularly important role. Geophysical investiga-
tions also play a significant role in the study of
mud volcano and associated phenomena. These
studies established correlations and cyclicity in
radioactive and geochemical parameters within
sedimentary sequences of Eastern Azerbaijan
and elucidated the nature of elevated radioactiv-
ity in the Middle Jurassic and Maykop deposits
(Anues u ap., 2003; Ddenauena u ap., 2012).

Dashgil mud volcano has an externally ex-
pressed, relatively flat elevation slightly elon-
gated in a latitudinal direction. Within its crater
field, active cones, gryphons, and salses are
grouped in several locations.

Mud volcanoes are remarkable natural phe-
nomena that provide access to deep subsurface
materials otherwise obtainable only through
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drilling. Their ejecta contain sedimentary frag-
ments from various stratigraphic levels, offering
valuable information about the geological envi-
ronment. In some cases, sedimentary rocks lack
faunal and floral remains, making stratigraphic
age determination difficult, with such deposits
commonly referred to as “silent layers”. The
absence of biostratigraphic markers complicates
the correlation and interpretation of these strata
using conventional stratigraphic methods.

This study investigates the relationship
between stratigraphic age, natural radioactivi-
ty, and trace element composition in sediment
samples using gamma spectrometry and neu-
tron activation analysis (NAA). The obtained
correlations, integrated with other geological
data, are intended to facilitate the differentia-
tion of sedimentary complexes lacking fossil
evidence.

Fig. 1. Spatial distribution of mud volcanoes in Azerbaijan (Aliyev et al., 2015).
1 — established; 2 — presumed; 3 — petroleum-bearing area boundaries
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Materials and Methods

Eighteen bedrock samples were collected
for micropaleontological, gamma-spectrometric
and neutron activation analyses.

The study initially involved microfaunal anal-
ysis to determine the geological age of samples
with previously unknown stratigraphic affiliation.
Micropaleontological investigations were carried
out at the Institute of Geology and Geophysics of
the Ministry of Science and Education of the Re-
public of Azerbaijan following established proce-
dures. Depending on the lithological composition,
the samples were treated with sodium carbonate or
hydrogen peroxide solutions, while compact clayey
rocks were additionally heated to facilitate dis-
aggregation. After washing, drying, and fractiona-
tion, microfaunal remains were manually extracted
under a microscope. The taxonomic composition
was examined using a Nikon microscope (x50-
%200), while detailed microfaunal images were ob-
tained with a JEOL 6610 LV electron microscope.

Neutron activation analysis is a technique
used to determine the elemental composition of
a material by measuring gamma radiation pro-
duced following neutron irradiation of the sam-
ple. Upon irradiation, neutrons are captured by
the nuclei of the investigated sample, leading to
the formation of excited nuclei. The excited nu-
clei then decay to a stable state, emitting gamma
rays with discrete energies characteristic of each
nucleus. The gamma rays are recorded by a de-
tector, and their energies and corresponding
count rates for individual spectral lines are de-
termined (I'yteko, 2008). The final result of

neutron activation analysis, namely the ele-
mental concentrations in the sample, is calculat-
ed by proportional comparison of the activities
of identical isotopes in the sample with those in
a standard of known elemental mass fractions
(®ponTaceesa, 2011). Neutron activation analy-
sis was performed at the 1.M. Frank Laboratory
of Neutron Physics, Joint Institute for Nuclear
Research (JINR), Dubna, Russian Federation.

Gamma spectrometric analyses were carried
out at the Institute of Geology and Geophysics,
Ministry of Science and Education of the Re-
public of Azerbaijan. Gamma radiation meas-
urements were performed using a Nal scintilla-
tion detector. The counting time for each sample
was 24 hours. The detector was calibrated using
a volumetric standard source.

Results and Discussion

Micropaleontological analysis was used to
determine the stratigraphic age of each sample.
Faunal assemblages identified in the solid ejecta
of the Dashgil mud volcano indicate the geolog-
ical age of the rocks, and the samples are as-
signed to the Upper Miocene (Sarmatian).

The equivalent dose rate of gamma radia-
tion was measured using a high-sensitivity
MKS-AT1125 dosimeter-radiometer. Radio-
metric studies revealed that the equivalent dose
rate of gamma radiation in bedrock within the
volcanic area ranges from 58 to 90 nSv/h. A
schematic map of the gamma-ray field of the
studied mud volcano was constructed based on
the measurements (Fig. 2).
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Fig. 2. Schematic gamma-ray field map of the Dashgil mud volcano area
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According to the map, the central crater area
of the volcano is characterized by relatively low
radioactivity, whereas higher radioactivity is
observed along the periphery of the volcanic
field, forming a semicircle around it (AnueBa u
1p., 2022).

Gamma spectrometric analysis was used to
determine the specific activity of the naturally
occurring radionuclides 2%2Th, 238U, and “°K in
the selected samples. The specific activity of
238U ranges from 38 to 43 Ba/kg, 2*°Th from 28
to 37 Bg/kg, and “°K from 600 to 750 Bg/kg.

For comparison, data obtained from other
mud volcanoes were also used. Bedrock sam-
ples collected from the Pirekeshkul, Shikhzarli,
Gizmeydan, Agzybir and Bahar mud volcanoes
were analyzed within the framework of this
study. Table 1 shows the average activity of

these isotopes determined by gamma spectro-
metric analysis in samples of different stratigra-
phic ages.

Bedrock of Middle Miocene age exhibits
the highest activity levels of #2Th, 28U, and
40K, whereas Upper Cretaceous bedrock shows
the lowest Eocene values bedrock occupies an
intermediate position.

The trace element composition of the selec-
ted samples was determined with particular
emphasis on the distribution of rare earth and
high-field-strength elements such as Sc, Th, U,
and Hf, which are characteristic of this stratigra-
phic age. As a result of the analysis, the average
mass fractions were determined to be 8.1 ppm
for Th, 2.6 ppm for U, 4.3 ppm for Hf, and 13.6
ppm for Sc, while the total concentration of rare
earth elements was 93.5 ppm.

Table 1
Average radionuclide activities in bedrock samples of varying stratigraphic ages
Radionuclide Specific activity (Bg/kg)
P2 Ps+N,! N2 N3
0K 971 925 1037 618
232Th 50,3 49,7 52 32,4
238y 60 45,8 81 41,2
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Fig. 3. Cumulative histogram of the mean activities of naturally occurring radioactive
isotopes in bedrock samples of different stratigraphic ages
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By comparison, the average mass fractions
(ppm) of trace elements in bedrock samples of
different stratigraphic ages, determined by
neutron activation analysis, are presented in
Table 2.

Table 2

Mean trace element concentrations (ppm) in bedrock
samples of different stratigraphic ages

Element K2 P2 | Pa+Nit| Ni? N3
Sc 12,2 15,1 16,6 17,4 13,6
Cr 80,7 | 108,3 | 121,0 | 116,3 | 106,3
Ni 49,8 66,5 60,2 61,4 65,5
Co 17,9 16,6 16,1 18,3 16,6
Zn 80,0 | 106,8 | 107,0 | 114,7 | 69,9
As 4,0 11,0 10,2 14,3 9,0
Rb 122,7 | 137,3 | 158,0 | 155,7 | 74,2
Sr 518,7 | 287,3 | 188,0 | 1553 | 334,1
Zr 116,3 | 173,0 | 172,0 | 181,7 | 149,7
Mo 0,2 8,4 7,3 15,2 3,2
Ba 266,0 | 296,3 | 3350 | 366,7 | 463,7
Cs 8,0 10,4 12,3 12,2 4,7
La 20,0 334 34,2 35,1 21,0
Ce 46,7 71,5 74,6 74,1 445
Nd 15,7 24,6 23,6 24,2 15,4
Sm 4,0 55 57 6,0 4,5
Eu 0,7 11 11 1,2 1,0
Tb 0,5 0,7 0,7 0,8 0,5
Yb 1,6 2,2 2,2 2,3 1,4
Lu 0,3 0,4 0,4 0,4 0,3
Hf 3,0 4,1 4,2 4,2 43
Ta 0,6 0,9 0,9 0,8 0,6
Th 6,1 14,3 14,2 15,8 8,1
U 1,4 4,0 3,6 5,0 2,6

The analysis of trace element content re-
vealed unusually low mass fractions of Sc, Hf,
Th, and U in the Cretaceous samples. As is ob-
served, the concentrations of some rare earth
elements in Upper Cretaceous and Upper Mio-
cene bedrock were found to be lower than in
Eocene, Maykop, and Middle Miocene samples.

76

Conclusion

The integrated application of microfaunal,
gamma-spectrometric and neutron activation
analyses provided a comprehensive characteri-
zation of the solid ejecta from the Dashgil mud
volcano. Micropaleontological data indicate
that the studied samples predominantly corre-
spond to the Upper Miocene (Sarmatian) stage,
confirming the stratigraphic origin of the
erupted material.

Radiometric measurements show that the
gamma radiation dose rate within the volcanic
ranges from 58 to 90 nSv/h, with a distinct spa-
tial distribution pattern. The central crater zone
is characterized by relatively low radioactivity,
while elevated values occur along the periphery,
forming a semicircular anomaly. This suggests
heterogeneity in the source materials and migra-
tion pathways of the bedrock.

Gamma-spectrometric analysis revealed that
the activity of naturally occurring radionuclides
(%32Th, 28U, and *°K) varies depending on strati-
graphic age. The highest activity levels were
recorded in Middle Miocene deposits, whereas
Upper Cretaceous samples exhibited the lowest
values, with Eocene deposits occupying an in-
termediate position. These variations reflect dif-
ferences in lithology and geochemical condi-
tions during sediment formation.

Neutron activation analysis further demon-
strated systematic variations in trace and rare
earth element concentrations. Middle Miocene
and related deposits show relatively higher con-
centrations of rare earth elements and high-
field-strength elements, while Upper Cretaceous
and Upper Miocene samples are comparatively
depleted. The notably low concentrations of Sc,
Hf, Th, and U in Cretaceous samples indicate
distinct geochemical environments and source
characteristics.

The study revealed statistically significant
variations in the elemental composition and nat-
ural radioactivity of solid ejecta with different
stratigraphic ages. The obtained results, together
with other geological data could be used to dis-
tinguish the relative age of sediments lacking
faunal and floral remains. However, these data
have to be applied to the appropriate geological
region since geochemical conditions vary
among different deposits.



A.R.Aliyeva et al. / Stratigraphy, petroleum sedimentology, geochemistry 1 /2026, 72-78; DOI: 10.35714/ggistrat20260100025

REFERENCES

Aliyev Ad.A., Guliyev I.S., Dadashov F.H., Rahmanov
R.R. Atlas of world mud volcanoes. Publishing house
“Nafta-Press”, Baku, “Sandro Teti Editore”, Rome,
2015, 322 p.

Aliyeva A.R., Bagirli R.J., Kerimli H.M. Radiometric
Studies on Dashgil Volcano. Geophysical innovations
in  Azerbaijan, scientific and technical journal
(Azorbaycanda Geofizika yeniliklori elmi-texniki
jurnal), No. 3-4, 2022, pp. 77-82. (in Russian)

Aliyev Ch.S., Zolotovitskaya T.A., Feyzullayev A.A. The
nature of radioactive fields in some mud volcanoes of
Eastern Azerbaijan. Proceedings of the National
Academy of Sciences of Azerbaijan (AMEA). Earth
Sciences, No. 2, 2003, pp. 52-57. (in Russian)

Baloglanov E.E., Abbasov O.R., Akhundov R.V. Mud
volcanoes of the world: Classifications, activities and
environmental hazard (informational analytical re-
view). European journal of natural history, Vol. 5,
2018, pp. 12-26.

Efendieva M., Babaev R., Johnson C., Feyzullayev A.,
Aliev Ch. Radiostratigraphic study of the deposits of
the Maikop Group, Western Azerbaijan. Stratigraphy
and Geological Correlation, Vol. 20, No. 6, 2012, pp.
1-11. (in Russian)

Frontasyeva M.V. Neutron activation analysis in the life
sciences. Physics of Particles and Nuclei, Vol. 42, No.
2, 2011, pp. 636-716. (in Russian)

Gutko V.I. Activation Analysis. Minsk, 2008, pp. 24-71.
(in Russian)

JUTEPATYPA

Amuesa A.P., barupnu P.[[x., Kepumnu X .M. Paguomer-
pudeckue ucciaenaoBanus Ha ByikaHe [lamrun. Hayu-
HO-TeXHUYECKUH xKypHal [ eopusndeckne HHHOBAIINU
B Asepbaitmxane (Azorbaycanda Geofizika yeniliklori
elmi-texniki jurnal), Ne 3-4, 2022, c. 77-82.

Ammes U.C., 3onotoBurnxkas T.A., @eiizymrae A.A. IIpu-
pola paJMOAKTHBHBIX IOJEH HEKOTOPBIX TIPA3EBBIX
BynKaHOB Bocrtounoro AsepOaiimxana. l3Bectus
HanmonaneHott Axkanmemun Hayk A3sepOaiimkana
(AMEA). Hayku o 3emne, Ne 2, 2003, c. 52-57.

I'yteko B.W. AxtuBanunonsslii Ananu3. Musnck, 2008,
C. 24-71.

®ponTacseBa M.B. HeHTpOHHBINM aKTUBALIMOHHBIN aHAJIN3
B HayKkax o xu3Hu. O030pHEIH KypHan “Ou3uka s1e-
MEHTapHBIX 9acTuIl u aToMHoro siapa” (QUAA), T. 42,
Ne 2,2011, c. 636-716.

OdennneBa M., babaes P., Ixxoncon K., deiizymaes A.,
AmmeB Y. Pammoctpaturpaduyeckas XapakTeprCTHKa
OTJIOXKEHUH Maiikorckoil cepuu 3amagHoro AsepOaii-
mkana. Crpaturpadus. ['eonorndeckas Koppesnsuus,
T. 20, Ne 6, 2012, c. 1-11.

Aliyev Ad.A., Guliyev I.S., Dadashov F.H., Rahmanov
R.R. Atlas of world mud volcanoes. Publishing house
“Nafta-Press”, Baku, “Sandro Teti Editore”, Rome,
2015, 322 p.

Baloglanov E.E., Abbasov O.R., Akhundov R.V. Mud
volcanoes of the world: Classifications, activities and
environmental hazard (informational analytical
review). European journal of natural history, Vol. 5,
2018, pp. 12-26.

TEOXUMHUYECKHUE OCOBEHHOCTH ECTECTBEHHOM PAJIMOAKTUBHOCTHU U
PACHIPEJAEJIEHUS MUKPO3JIEMEHTOB B TBEP/IBIX BBIBPOCAX
I'PA3EBOI'O BYJIKAHA JAHITHUJIb

AnameBa A.P.}, Anuzane H.O.%, Anues U.C., AsineB @.A. 2
*Munucmepcmso nayku u obpazosanus Azepbaiioncanckoii Pecnybnuxu,
Hnucmumym 2eonozuu u 2eogpusuku, Azepbatiodxcan
AZ1073, baky, npocn. I JPcasuoa, 119: aliyevaa22@gmail.com, nigar.alizada013@gmail.com, ali-
yev.chingiz47@gmail.com, fuad.aliyev107@gmail.com
2Vuueepcumem Xazap (xamnyc «Hegpmuunapy), Azepbaiiosrcan
AZ1096, baky, yr. Mexcemu I'snooicesu, 41

Pe3ztome. B niporiecce n3BepIKEHUH IPs3eBbIe BYJIKAHBI BBIHOCAT Ha MOBEPXHOCTh 3HAYUTENbHBIE 00BEMBI OpEeKUnH,
MIPEeACTaBICHHON OOJIOMKAMHU TOPHBIX MOPOJ, MPOUCXOMANIIME U3 TIIYOMHHBIX CTpaTUTpadUIecKux ropu3oHTOB. Ta-
KUM 00pa3zoM, TBEP/IbIC BEIOPOCHI TPSA3EBHIX BYJIKAHOB SBJISIFOTCS BAXKHBIM HCTOYHUKOM MH(POPMAIUH TP OTIPEACTICHII
cTparurpaduueckoro Bo3pacTa IPeBHUX OCAJA0YHBIX OTJIOKEHHH. B TaHHOM UCCIIeIOBaHUN MPEICTABICHBI PE3YIbTATHI
PaaroMeTPHYECKOTO, MUKPO()ayHUCTHYECKOTO, raMMa-CIEKTPOMETPHUECKOTO U HEUTPOHHO-aKTHBAIIMOHHOTO aHaJIH-
30B, BBITIOJIHEHHBIX, B YACTHOCTH, C IIEJBI0 OMPEIEICHUS] €CTECTBEHHON PaTHOAKTUBHOCTH U pacTpeesieHUus] MUKPO-
AJIEMEHTOB B TBEPJBIX BBIOPOCAX TPSA3EBOrO ByJKaHa JlalTib pa3IMdHOTO CcTpaTurpadudeckoro Bospacta. s omeH-
KH PaJUOTCOXUMHUYCCKUX XapaKTEPUCTUK TBEPIBIX BEIOPOCOB IPS3EBOTO ByJKaHa Jlamrwib ObLT MPOBENEH KOMILICKC
paarOMEeTPHICCKHX HCCIeI0BaHUI 00pa3ioB Opekunn. COrjacHO JaHHBIM MHKPO(ayHHCTHYECKOTO aHAIIN3a, HCCICTY-
eMble 00pas3Ibl, BEPOSITHO, OTHOCATCS K BEPXHEMY MHOILIEHY (capMat). Pammomerpudeckue U3MepeHUs, B CBOKO Oye-
penb, YCTaHOBHIIM, YTO SKBHBAJICHTHAs MOIIHOCTh JO3bI TaMMa-U3iIydeHus cocraBiser 58-90 u3B/4. ['amma-
CHEKTPOMETPUYECKHH aHaJIN3 10Ka3ajl, YTO aKTUBHOCTH PaJIMOHYKJIMIOB Bapbupyer B npexaenax 38-43 bx/kr g 22U,
28-37 Bx/xr ana »2Th u 600-750 Bx/xr ana “°K. Kpome Toro, mist onpenene s MUKPOdIEMEHTHOTO COCTaBa OpeKdnn
MIPUMEHSUICS METO/ HEHTPOHHO-aKTHBAIIMOHHOTO aHaim3a. [Ipu 3ToM cpeqHne MaccoBBIC JOIH COCTaBWIN 8,1 ppm mms
Th, 2,6 ppm ms U, 4,3 ppm mis Hf u 13,6 ppm ans Sc, Toraa kak cyMMapHOe CoJlepyKaHne PeIKO3eMelbHBIX dJIeMEH-
TOB B cpegHeM coctaBisieT 93.5 ppm. IlomydeHHple pe3yabTaTel, HECOMHEHHO, MOTYT CHOCOOCTBOBAaTH MHTETPALINU
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Te0JIOTMYECKUX JJaHHBIX MIPU CTPATUrpauuecKoM pacuwICHEHUH OTIIOKEHHH Pa3IMYHOTO BO3pacTa, OCOOCHHO B Cllyya-
SIX OTCYTCTBUS OCTATKOB ()JIOPHI U (payHBI.

Knioueswie cnosa: epaszesoti syaxan [aweuns, meepovie 8b16pocyl, cmpamuepaguieckuii 603pacm, paouomempue-
CKUll aHau3, MUKpo@aynucmuyeckuii ananus, 2amma-cnekmpoMempuieckul Memoo, HeumpoHHO-aKMUuayuoHHbL
aunanusz

DASGIL PALCIQ VULKANININ BORK TULLANTILARINDA TOBii RADIOAKTIVLiYiN VO
MiKROELEMENTLORIN PAYLANMASININ GEOKIMYOVi XUSUSiYYOTLORI

Oliyeva O.R.}, Blizads N.O.%, Bliyev C.S.!, Oliyev F.D.%?
'Azorbaycan Respublikasi Elm va Tohsil Nazirliyi,
Geologiya Vo Geofizika Institutu, Azarbaycan
AZ1073, Baki, H. Cavid pr., 119: aliyevaa22@gmail.com, nigar.alizada013@gmail.com,
aliyev.chingiz47@gmail.com, fuad.aliyev107@gmail.com
2Xazar Universiteti (Neftgilor Kampusu), Azarbaycan
AZ1096, Baki, Mahsati Gancavi kiic., 41

Xiilasa: Palgiq vulkanlar1 dorin qatlarda formalasmis siixurlardan ibarot boyiikk hocmds brekgiyani yer sothina
cixarir. Belaliklo, pal¢iq vulkanlarinin bark tullantilari gadim ¢okiintiilorin stratiqrafik yagini miioyyan etmokds miihiim
molumat monbayi rolu oynayir. Bu tadgigatda Azarbaycanin aktiv palgiq vulkanlarindan biri olan Dasgil palgiq vulkani
bork tullantilarinin stratiqrafik yagini miioyyon etmok mogsadilo aparilmig radiometrik, mikrofaunal, gamma-
spektrometrik vo neytron aktivasiya analizlorinin naticolari toqdim olunur. Dasgil pal¢iq vulkaninimn bark tullantilarinin
radiogeokimyovi xiisusiyyatlorini miioyyan etmok mogsadilo brekgiya niimunoslori osasinda kompleks radiometrik
todgiqatlar aparilmisdir. Mikrofaunal analiz, xiisusilo, niimunolorin Ust Miosens (Sarmat morholosi) aid oldugunu
gostorir. Radiometrik 6lgmolor niimunslords ekvivalent gamma doza siiratinin 58-90 nSv/saat intervalinda doyisdiyini
miioyyon etmigdir. Qamma-spektrometrik analizino asasen, xiisusi aktivlik 2U izotopu ii¢iin 38-43 Bq/kq, 2**Th iigiin
28-37 Bg/kq vo “°K ii¢iin 600-750 Bg/kq araliginda doyisir. Bundan olava, brekgiyalarn mikroelement torkibini
miisyyon etmak {iglin neytron aktivasiya analizi totbiq edilmisdir. Bels ki, Th ii¢iin orta kiitlo pay1 8.1 ppm, U ii¢iin 2.6
ppm, Hf iiciin 4.3 ppm vo Sc {i¢iin 13.6 ppm olaraq, eyni zamanda nadir torpag elementlarinin iimumi miqdar: orta
hesabla 93.5 ppm miioyyon edilmisdir. Olda olunan naticslar, siibhasiz ki, fauna va flora qaliglarmin mévcud olmadigi
hallarda miixtolif yash ¢Okiintiilorin stratigrafik boliinmasi zamani geoloji malumatlarin daha daqiq inteqrasiyasina,
elaca do todgigatlarin etibarliliginin artirilmasina tohfo vers bilor.

Agar sozlar: Dasgil palcig vulkami, bork tullantilar, stratigrafik yas, radiometrik analiz, mikrofaunal analiz,
gamma-spektrometrik metodu, neytron aktivasiya analizi
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