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In this study, we tested ammonium chloride and glycerol based DESs as extractive
reagent of nitrogenous compounds from the model diesel fuel, which is composed of a
mixture of n-decane and n-hexadecane. Pyridine and quinoline (1.7%) were added to the
model fuel as petroleum nitrogenous compounds. We obtained high removal efficiency for
pyridine (100%), for quinoline (80%) at 1:1 molar ratio of DES to model fuel during the 1
and 3 hours. A mechanism of extraction between DES and nitrogenous compounds was
proposed. All experiments are carried out in a room or 50°C temperatures and extraction
efficiency were estimated by the integral intensity in high-resolution *H NMR spectra.

Keywords: DES, glycerol, ammonium chloride, denitrification, diesel, NMR

1. Introduction

Despite that, the quality of fuels being controlled by modern world
standards, at the combustion of different petroleum products, many toxic
substances are released into to atmosphere, water and soil. The requirements
for the development of modern industry are the protection of the
environment and human health from toxic releases. For this purpose, the
used hydrotreating process for refining crude oil and fuels cannot meet
modern requirements due to its many drawbacks. Desulphurization,
denitrification, and dearomatization as acts of the hydro-cleaning process
are carried out at a high temperature, pressure and in the presence of
expensive metallic catalysts. Contamination of the used catalysts and the
difficulty of their high-cost regeneration are important negative factors on
an industrial scale. As a result of this process, it is not possible to get high
efficiency of separation for some nitrogen, oxygen and aromatic content
compounds. Considering the above indicated, more effective methods for
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the purification of aromatic and heteroatomic compounds have been
developed. The idea of using deep eutectic solvents (DES), which have high
regeneration capacity and are cheaper, as an alternative to the hydrotreating
process, has been proposed by several researchers [1-7].

So, these types of solvents are distinguished by the fact that they are
easy to prepare and can be obtained from cheaper materials, which are
suitable for many research processes, in addition to being called green
solvents. The starting reagents that have been taken, their molar ratios,
reaction conditions, etc. factors determine the areas of application of these
compounds.

In this work, it was purposed to obtain liquid-liquid extraction (LLE)
of model fuel by DES as an extractive denitrification reagent. The different
ratios of DES and model fuel showed high extraction efficiency at room or
50°C temperature by mixing. The structure of DES and separation of
nitrogenous compounds in model fuel were investigated by the NMR
method.

2. Materials and methods

The chemicals used in this study were obtained from commercial
sources (Aldrich) and used as received. The list of components of model
fuel and DES were shown in Tables 1 and 2.

Table 1. The list of components of model fuel

Name Chemical formula
n-decane CaoH22
n-hexadecane CiHaa
pyridine CsHsN
quinoline CoH7N

Table 2. The formulas of chemical substances and their rations used in the

preparation of DES
Hydrogen Hydrogen Molar ratio
Bond Acceptor Bond Donor
NH4CI Glycerol 1:6
NH4CI Glycerol 1:12

NMR experiments have been performed on a BRUKER FT NMR
spectrometer (UltraShieldTM Magnet) AVANCE 300 (300.130 MHz for 'H
and 75.468 MHz for *C) with a BVT 3200 variable temperature unit in 5
mm sample tubes using Bruker Standard software (TopSpin 3.1). The 'H
chemical shifts were referenced to internal tetramethylsilane (TMS); the
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experimental parameters for *H: digital resolution = 0.23 Hz, SWH = 7530
Hz, TD = 32 K, SI = 16 K, 90° pulse-length = 10 ps, PL1 = 3 dB, ns-= 1,
ds= 0, d1 =1 s; for *C: digital resolution = 0.27 Hz, SWH = 17985 Hz, TD
=64 K, SI = 32 K, 90° pulse-length = 9 ps, PL1 = 1.5 dB, ns= 100, ds= 2,
d1=3s. NMR-grade CDClIs was used for the analysis of model fuel blends.

2.1 The preparation of DES

DES consisting of the hydrogen bond donor and hydrogen bond
acceptor components are prepared by mixing. The experiments were carried
out in 20 ml screw-capped tubes at room temperature. At the molar ratios of
ammonium chloride and glycerol 1:12, also 1.6 obtained a clear
homogenous two-phase system.

2.2 The preparation of model fuel

For the preparation of the model's fuel was used 10 ml n-decane
(p=0.73 g/sm3) and 10 ml n-hexadecane (p=0.77 g/sm3). Pyridine or
quinoline (or their mixture) are used as nitrogenous petroleum compounds
in the model fuel with 1,7 %.

2.3 Liquid-liquid extraction.

LLE was performed in 20 ml glass tubes with a magnetic stirrer at room
or 50C and at different DES/fuel rations. The ratio of DES to fuel was taken
as 1:3 (or 1:1) in the case of NH4Cl:glycerol=1:6 (or 1:12). Mixing was
carried out for 1, 3, and 5 hours, and the changes occurring in the fuel were
studied with the help of the *H NMR spectroscopy (figure 1).

Fig. 1. The left tube is before and the right tube is after the LLE

3. Result and Discussion

The efficient removal of heteroatomic and aromatic compounds from the
composition of motor fuels continues to be one of the problems maintaining
its relevance. For this purpose, DESs have been used for the purification of
fuel in recent years. The mechanism of the formation of DESs, such as the
interaction of HBAs and HBDs, have been demonstrated in most research
studies like Scheme 1 [8-10].



Scheme 1. Interaction of HBA and HBD with H-bond.

The LLE process influences extraction time, temperature, stirring
speed, the mole ratio of fuel to solvent, etc. [11-12].

The mechanism of the denitrification process can be explained by the
hydrogen bond, ©-x stacking, or weak interactions [13, 14].
3.1 Physical properties of DES

DESs used in the LLE process, have several important properties (such
as density, viscosity, freezing point, etc.). These properties have an
important effect on the efficiency of the separation process. We know that
the density and viscosity of used DESs vary depending on the ambient
temperature. Under normal conditions, DESs are systems with high
viscosity depending on the materials from which they are made [15-20].

The physical properties of DES which were used in this work are shown
in Table 3.
Table 3. The physical properties of DES on the based of NH4Cl and

glycerol
DES Density at Viscosity, at Viscosity, at
(NH4Cl:Glycerol)  20° C, g/sm® 20°C, mm?/s 40°C, mm?/s
1:12 1,2307 97,384 32,647
1:6 1,2309 81,656 27,829

3.2 The effect of process conditions of LLE

In the presented work the process of removing pyridine, quinoline, and
pyridine/quinoline mixture from the model fuel has been carried out.
Scheme 2 shows the proposed mechanism of extractive denitrogenation
(EDN) using DES.

Scheme 2. Proposed mechanism of EDN using DES



Interesting results were obtained in different reaction conditions (mixing
time, temperature, mole ratio of DES to fuel) Tables 4-11.

Table 4. Extraction of nitrogenous compounds at room temperature
DES [NH4CI (1): Glycerol (12)]

Amount of nitrogen DES: fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)

Pyridine (1,7%) 1:3 1 48
Pyridine (1,7%) 1:3 3 48
Pyridine (1,7%) 1:3 5 60
Quinoline (1,7%) 1:3 1 21
Quinoline (1,7%) 1:3 3 23
Quinoline (1,7%) 1:3 5 27
Pyridine/Quinoline (1,7%) 1:3 1 45
Pyridine/Quinoline (1,7%) 1:3 3 33
Pyridine/Quinoline (1,7%) 1:3 5 21

As can be seen from Table 4, the extraction of pyridine and quinoline at
room temperature was optimal for 5 hours (60 and 27%) when the molar
ratio of DES [NH4CI (1): Glycerol (12)] to fuel 1:3.

Table 5. Extraction of nitrogenous compounds at 50°C
DES [NH4CI (1): Glycerol (12)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)
Pyridine (1,7%) 1:3 1 60
Pyridine (1,7%) 1:3 3 58
Pyridine (1,7%) 1:3 5 54
Quinoline (1,7%) 1:3 1 15
Quinoline (1,7%) 1:3 3 16
Quinoline (1,7%) 1:3 5 14
Pyridine/Quinoline (1,7%) 1:3 1 13
Pyridine/Quinoline (1,7%) 1:3 3 9
Pyridine/Quinoline (1,7%) 1:3 5 7

However, when the process is carried out at a temperature of 50°C, high
efficiency for pyridine removal of model fuel was achieved within 1 hour
(60%). Under the same conditions, the maximal quinoline extraction was
16% within 3 hours (Table 5).

Equilibrium for pyridine and quinoline at room temperature was rea-
ched in 3 hours when the ratio of DES [NH4ClI (1): Glycerol (12)] to fuel
was taken as 1:1. The corresponding purification rate was 92% and 60%.
For the pyridine/quinoline mixture, the separation amount was 72% within 1
hour (Table 6).



Table 6. Extraction of nitrogenous compounds at room temperature
DES [NH4CI (1): Glycerol (12)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)
Pyridine (1,7%) 1:1 1 87
Pyridine (1,7%) 1:1 3 92
Pyridine (1,7%) 1:1 5 85
Quinoline (1,7%) 1:1 1 40
Quinoline (1,7%) 1:1 3 60
Quinoline (1,7%) 1:1 5 46
Pyridine/Quinoline (1,7%) 1:1 1 72
Pyridine/Quinoline (1,7%) 1:1 3 58
Pyridine/Quinoline (1,7%) 1:1 5 45

The highest result was obtained for quinoline at 3 hours when the pro-
cess was carried out under 50°C temperature conditions (80%). The tem-
perature had a negative effect on the pyridine/quinoline mixture and reduced
the purification percentage (Table 7).

Table 7. Extraction of nitrogenous compounds at 50°C

DES [NH4CI (1): Glycerol (12)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)
Pyridine (1,7%) 11 1 80
Pyridine (1,7%) 11 3 81
Pyridine (1,7%) 11 5 85
Quinoline (1,7%) 11 1 34
Quinoline (1,7%) 11 3 80
Quinoline (1,7%) 11 5 63
Pyridine/Quinoline (1,7%) 1:1 1 31

In further studies, we replaced DES (1:12) with DES (1:6) and tested
the efficiency of the extraction process under the same conditions.

Table 8. Extraction of nitrogenous compounds at room temperature
DES [NH4CI (1): Glycerol (6)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)
Pyridine (1,7%) 1:3 1 85
Pyridine (1,7%) 1:3 3 100
Pyridine (1,7%) 1:3 5 67
Quinoline (1,7%) 1:3 1 22
Quinoline (1,7%) 1:3 3 22
Quinoline (1,7%) 1:3 5 23
Pyridine/Quinoline (1,7%) 1:3 1 36
Pyridine/Quinoline (1,7%) 1:3 3 28
Pyridine/Quinoline (1,7%) 1:3 5 21
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In the presence of DES (1:6) when the ratio of DES to model fuel was
taken up to 1:3, the removal amount for pyridine was 100% in 3 hours. Ho-
wever, low efficiency was observed for the quinoline and pyridine/quinoline
mixture as in DES (1:12) (Table 8).

While the efficiency decreased for pyridine in the temperature regime,
the results for quinoline remained almost the same at room temperature
(Table 9).

Table 9. Extraction of nitrogenous compounds at 50°C
DES [NH4CI (1): Glycerol (6)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)

Pyridine (1,7%) 1:3 1 61
Pyridine (1,7%) 1:3 3 56
Pyridine (1,7%) 1:3 5 54
Quinoline (1,7%) 1:3 1 18
Quinoline (1,7%) 1:3 3 19
Quinoline (1,7%) 1:3 5 37
Pyridine/Quinoline (1,7%) 1:3 1 25
Pyridine/Quinoline (1,7%) 1:3 3 21
Pyridine/Quinoline (1,7%) 1:3 5 18

When the ratio of fuel to DES was 1:1, complete purification was
achieved for pyridine in 1 hour (Table 10), while this result was observed in
3 hours at the ratio of 1:3 (Table 8). Experiments conducted with quinoline
showed the highest efficiency for 3 hours (50%). For the pyridine/quinoline
mixture, the result obtained within 1 hour can be considered insufficient
(Table 10.).

Table 10. Extraction of nitrogenous compounds at room temperature

DES [NH.CI (1): Glycerol (6)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)
Pyridine (1,7%) 1:1 1 100
Pyridine (1,7%) 1:1 3 91
Pyridine (1,7%) 1:1 5 85
Quinoline (1,7%) 1:1 1 42
Quinoline (1,7%) 11 3 50
Quinoline (1,7%) 11 5 43
Pyridine/Quinoline (1,7%) 11 1 62
Pyridine/Quinoline (1,7%) 11 3 55
Pyridine/Quinoline (1,7%) 1:1 5 48

No significant difference was observed for the pyridine and pyridi-
ne/quinoline mixture in the extraction conducted at 50°C (Table 11.) Ho-
wever, comparing Tables 10 and 11, as above noted temperature has a
negative effect on the extraction of pyridine and quinoline
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Table 11. Extraction of nitrogenous compounds at 50°C
DES [NH4CI (1): Glycerol (6)]

Amount of nitrogen DES:fuel Time (hour) Separation
compounds (molar ratio) efficiency, (%)
Pyridine (1,7%) 1:1 1 95
Pyridine (1,7%) 1:1 3 79
Pyridine (1,7%) 1:1 5 77
Quinoline (1,7%) 1:1 1 30
Quinoline (1,7%) 1:1 3 18
Quinoline (1,7%) 1:1 5 25
Pyridine/Quinoline (1,7%) 11 1 56
Pyridine/Quinoline (1,7%) 11 3 49
Pyridine/Quinoline (1,7%) 1:1 5 31

3.3 Regeneration of DES

Diethyl ether was used to regenerate DES after extraction. DES and
diethyl ether taken in a 1:1 ratio formed two phase layers. The regeneration
process was carried out in the presence of a magnetic stirrer for 3 hours. The
same extraction process was repeated using the regenerated DES. At the end
of the liquid-liquid extraction, the fuel sample was examined by NMR. As
demonstrated obtained results, regenerated DES removes pyridine from the
model fuel with a 75-80% amount after 2-5 times extractions.

Conclusion

In this article, the process of denitrogenation of model diesel fuel
(mixture of n-decane and n-hexadecane) was carried out using ammonium-
based DES. Pyridine, quinoline, and pyridine/quinoline mixture were used
as petroleum’s nitrogen compounds. The experiments were carried out at
room temperature and 50°C for 1, 3, and 5 hours, also DES:fuel molar ratios
1:1and 1:3.

High-efficiency extraction for DES (1:12) on pyridine, at a ratio of DES
to model fuel of 1:1, was 92% at room temperature, but for quinoline 80%
at 50°C during the 3 hours. In addition, high-efficiency extraction for DES
(1:6) on pyridine, at a ratio of DES to model fuel of 1:1, was 100%, but for
quinoline 62% at room temperature during the 1 hour.

We can note that, for the pyridine/quinoline mixture, the separation
amount was 72% within 1 hour at room temperature, when the ratio of DES
(1:12) to fuel was taken as 1:1.

Also, we can note that regenerated DES by diethyl ester removes pyri-
dine from the model fuel with a 75-80% amount after 2-5 times extractions.

We think the low extraction efficiency of quinoline with investigated
DES is connected by its less basicity (pKa=4.85) than pyridine (pKa=5.17).

The extraction efficiency of nitrogenous compounds was studied by the
integral intensity in *H NMR spectra.
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MODEL DiZEL YANACAGININ EKSTRAKTIV DENITRIFIKASIYA
AGENTLORI KiMi YENI NOV DORIN EVTEKTIK HOLLEDICILOR

S.O.NiFTULLAYEVA, i.Q.MOMMODOV
XULASO

Toqdim olunan isds n-dekan vs heksadekan qarisigindan tagkil olunmus model dizel
yanacagmin ekstraktiv azotlu reagenti kimi ammonium xlorid va gliserin osasli DEH-lor
smaqdan kegirilmisdir. Piridin va xinolin (1,7%) yanacagin azotlu birlosmalori kimi model
sistemos daxil edilmigdir. Piridin (100%) va xinolin (80%) lgln ylksok ayrilma qabiliyyati
DEH-in yanacaga olan nisboti 1:1 olan halda bir vo i¢ saat muddastinds oldo olunmusdur.
DEH vs azotlu birlogsmolor arasinda bag veran ekstraksiyanin mexanizmi toklif olunmusdur.
BUtln tocrliboalor otaq, yaxud 50° C temperaturda aparilmis vo ayrilmanin effektivliyi *H
NMR spektrinin yiksok integral intensivliyinda giymotlondirilmisdir.

Acar sozlar: DES, gliserin, ammonium xlorid, denitrifikasiya, dizel, NMR

HOBBIN TUII TJTYBOKO3BTEKTUUYECKHUX PACTBOPUTEJIEM
KAK OKCTPAI'NPYIOIIIUX ATEHTOB JEHUTPUDOUKALINU
MOJEJBHOI'O JU3EJBHOI'O TOIIJIMBA

C.A.HUOTYJUIAEBA, U.TT.MAMEJIOB
PE3IOME

B nanno#t pabdote MbI npotectupoBasin ['OP Ha 0CHOBe XJIOpHIa aMMOHUS U TIIUIIE-
pUHA B KauyecTBE pearcHTa, IKCTPArupyIOMIEro a30THCTHIC COCAMHEHHS W3 MOIEIHHOTO
JU3ETHHOTO TOTUIMBA, COCTOSIIIET0 W3 CMECH H-JIeKaHa W H-TeKcalekaHa. B kadecTBe azo-
THCTBIX COSIUHEHWA HEPTH B MOJCIHLHOE TOIUIMBO OOABISIIUCH MUPUAWNH W XUHOJIWUH
(1,7%). beina nomy4ena Boicokas addexrruBHOCTS yaanenus nupuauna (100%) n xuHoIH-
Ha (80%) mpu MonbHOM cooTHomeHnn ['IP k MogensHOMY TOTMBY 1:1 B Teuenue 1 u 3
yacoB. [Ipemioxken MexanuaMm skctpakuuu ['OP ¢ azotucteiMu coenqunenusiMu. Bee skene-
PUMEHTHI MPOBOJIWIIMCH TIPU KOMHATHOHM Temmepatype uinn temneparype 50°C, a adpdek-
THBHOCTb DKCTPAKIMH OLEHHBAIH 110 MHTErPaIbHON MHTEHCHBHOCTH B crekrpax ‘H SIMP
BBICOKOTO pa3pelieHusl.

KiroueBble ciaoBa: ['OP, mmnepus, XJI0opua aMMOHUS, JEHATPUDUKALINS, TH3EITb-
Hoe ToruBo, SIMP
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SYNTHESIS, CHARACTERIZATION, BIOLOGICAL ACTIVITY
OF COBALT (I1) AND ZINC (I1) COMPLEXES OF LY
DIPHENYLCARBAZONE AND L?- DIMETHYLSULPHOXIDE

Sh..GAHRAMANOVA?, F.J.JALALADDINOV?, T. A ASGAROVA,
M.V.MAMMEDOVA!, Z.M.MAMMEDOVA!,
T.M.HAGVERDIEVA!, T.0.GAHRAMANOV?
Hnstitute of Catalysis and Inorganic Chemistry ANAS
?Baku Stayte Universitety
sahnaz.gehremanova@mail.ru

In this study, complexes of cobalt (11) and zinc (1) with ligands (L -diphenylcarbazone
and L>dimethylsulfoxide) [CoLa(H20)2/-2H,0, [ColL2LY(H.0);] and [ZnLx(H20),/-2H,0,
[ZnL2LY(H20),] were synthesized. It is shown that the composition of the obtained
complexes depends on the ratio of the initial components. The composition and structure of
the complexes were studied by elemental, X-ray phase analysis, UV-VIS spectroscopy, IR
spectral and thermogravimetric analysis. The method of UV spectroscopy showed that the
ligands in the composition of the metal (I1) complexes enter the neutral form and coordi-
nate with the complexing agent through the nitrogen atom. According to UV spectroscopy,
d-d transition was observed in the complexes corresponding to the wavelength for Co (I1)
460-540 nm, for Zn (1) complex 238 nm. The results of thermogravimetric studies showed
that the final product of thermal decomposition of all compounds is metal oxide,
respectively. The results of thermogravimetric studies have shown that the final product of
the thermal decomposition of all compounds is metal oxide, respectively.

Keywords: diphenylcarbazone, dimethylsulfoxide, metal oxide, elemental ana-
lysis, X-ray phase analysis, IR spectroscopy, thermogravimetric analysis

INTRODUCTION

In recent decades, the number of works aimed at studying the role of
biogenic macro and micronutrients in biochemical processes has increased
significantly. It is noted that the role of these macro and microelements is
significantly increased when used together with organic ligands [1-5]. Or-
ganic ligands can play the role of metal-chelating ligands, which on this ba-
sis connect the organic ligand with its elements and effectively contribute to
their habitat. allows to create drugs that provide transport [6-10]. Currently,
the current scientific task is to clarify the composition and structure of
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compositions based on macro-, microelements and ligands at the molecular
and supramolecular level, as well as their mechanism of action, and to find
ways to increase the effectiveness of these compositions. The complexes of
many metals with amino acids serve as a model of processes occurring in
living organisms. Besides, many complexes are widely used in medicine as
medicines [11-19].

The aim of this work was the synthesis of a complex of ligands (L!-
diphenylcarbazone and L?- dimethylsulphoxide) with cobalt (1) and zinc
(1), the study of structures and their biological effects.

MATERIALS AND METHODS

Physical measurements

The composition and chemical structure of the synthesis products ob-
tained are studied by physical-chemical analysis methods: X-ray phase ana-
lysis (diffractometer (Germany) D-2 Phaser firm Bruker); IR spectroscopy
("Specord M-80" brand Carl Zeiss). The spectra of the reaction solutions in
the UV regions were recorded on the Evolution 60S spectrophotometer, by
Thermo Scientific Spectronic (USA). Differential thermogravimetric ana-
lysis was performed on (NETZSCH STA 449F3 STA449FSA-0622-M).

EXPERIMENTAL PART

Synthesis -[ZnL? (H20).] 2H:0, L!- diphenylcarbazone .A calculated
amount of the ligand (L-diphenylcarbazone) (0.01 mmol, 1.2 g) and its me-
tal salt ZnNO3z*6H20 (0.01 mmol, 0.8 g) were mixed in 20 mL of ethanol
(2:1) in a molar ratio. 4-5 drops of dilute NHOH were added and the mix-
ture was refluxed continuously for 6 h. The obtained precipitate was filtered,
washed with ethanol and dried in a desiccator over sulfuric acid for one
week. Synthesis -[ZnL2L*(H20)2] L!- diphenylcarbazone ,L?-dimethyl-
sulfoxide

The synthesis of a zinc (1) complex with L!- diphenylcarbazone ,L?-
dimethylsulfoxide was obtained by the method described above.

Synthesis -[CoL2(H20).] 2H20, L*- diphenylcarbazone .

A calculated amount of ligand(L- diphenylcarbazone) (0.01 mmol,
1.2g) and the metal salt CoNO3-6H20 (0.01 mmol, 0.6g) were mixed in
(1:1) molar ratio in 20 mL ethanol. 4-5 drops of dilute HCI 1were added to
it and the mixture was continuously refluxed for 6h. The resulting
precipitate was filtered off, washed with ethanol and dried in a desiccator
over sulfuric acid for one week.

Synthesis-[CoL2L!(H.0)], L!- diphenylcarbazone, L2-dimethyl-sulfo-
xide
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The synthesis of a cobalt (I1) complex with L!- diphenylcarbazone
,L2-dimethylsulfoxide was obtained by the method described above.

RESULTS AND CONCLUSION

Infrared Spectroscopy

The IR-spectral analysis method was used to determine the coor-
dination nature of the complex and the ligand. The ve=0-1721.95 cm™ band
belonging to the carboxyl group in the ligand disappears and is not visible in
both complexes. This indicates that coordination is due to ionic bonds
between the ligand and the complex. v n-+-3306.48 cm™ Sn.n -750.73 cm™
bands belonging to the amino group in the ligand are located in the complex
Vn-1-3320.41 cml, Sn.n-764.24 cm, It changes to 765.35 cm™ and enters
coordination due to coordinative bonding. (Figure.1,2)
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Fig.1. IR spectra of complex -[ZnL? (H0).] 2H.0,L*- diphenylcarbazone
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Fig.2. IR spectra of compIe><“"ffr“1"|“_”i )Eé(Hzo)z], L*- diphenylcarbazone,
L2-dimethylsulfoxide

UV-VIS spectroscopy

The UV-VIS spectroscopu analysis of 0.01 M of a)[ColL2(H20)2]2H-0,
b)[CoL2LY(H.0).]Jcomplex is water was made. It is clear from the specimen
that the d-d passage is 490-540 nm wavelength. Figure 3
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Fig.3. UV absorption spectrum of a complexes a) [CoL2(H20).]2H-0,
b) [CoL?L(H.0),] - diphenylcarbazone , L?>-dimethylsulfoxide

Differential Scanning Calorimetry

The thermal stability of synthesized complexes with one and diffe-
rent ligands was studied by means of thermogravimetric analysis method. It
was determined that the complex [CoL2L(H.0);] are stable up to 330°C.
After this temperature, the decomposition of the complex occurs. In the
complex with different ligands, the decomposition occurs in two stages. In
stage I, the separation of two molecules of dimethylsulfoxide is likely
(290°C), and in stage Il, decomposition of the complex (350°C) takes
place.The results of research have shown that in all cases the end product of
thermal decomposition of complexes is a metal oxide. In the end, based on
the results of modern physicochemical methods used in the study, it was
determined that the composition and structure of the obtained complexes
depend on the ratio of raw materials.
Shows the result of X-ray phase analysis of the synthesis product. The
interpretation of the obtained data also confirms the formation of the [ZnL2
(H20)2] 2H20 complex. Figure 4.
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Fig.4. Diffractogram of the complex [ZnL? (H20),] 2H20 ,L*- diphenylcarbazone
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Since the parameters of the crystalline cell differ from each other, a
complex coordination Zn- diphenylcarbazone was established. Although
peaks did not appear in Zn- diphenylcarbazone, almost all complexes were
created through analysis.

Shows the result of X-ray phase analysis of the synthesis product. The
interpretation of the obtained data also confirms the formation of the
[ZnL1L2(H20):], L*- diphenylcarbazone, L2-dimethylsulfoxide Figure 5.
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Fig.5. Diffractogram of the complex [ZnLL?(H,0)],
L! diphenylcarbazone, L2-dimethylsulfoxide

Elemental analysis, X-ray phase analysis, , IR and UV-VIS spectral
and thermometric analysis have been conducted to study the thermal
stability and composition of the complexes. Our studies showed that thermal
decomposition of the complexes leads to metal oxide in every case. Thus, it
has been found that the composition and structure of the obtained complexes
depend on the ratio of the given initial products as per the results of the
analysis.

Biological activity of complexes

The energy of germination and the germination of seeds treated with
zinc complexes with are determined on three-day and seven-day sprouts,
respectively). As can be seen from table 1, the seeds treated with a complex
of zinc with L- diphenylcarbazone, L2-dimethylsulfoxide have high germi-
nation energy and germination. The stimulating effect of low concentrations
of zinc nitrate solution on germination, germination energy, and seedling
growth was noted in the works of a number of authors [5-10]. In these
studies, it was noted that low concentrations of zinc nitrate exert a positive
influence on the synthesis of photosynthetic pigments, while the intro-
duction of zinc with phosphorus exhibits the opposite effect.
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Table 1
Analysis of germination of Sprouts.

Variants
Indicators Age of Sprouts | H,O | ZnNOs [ZnLL2(H20)2]
(day) 6H.0 | Lldiphenylcarbazo.L
2-dimethylsulfoxide
Energy of 3 32 30 36
germination, %
Germination, % 7 68 65 70

In the authors opinion, such a negative effect is related to the interaction
between zinc and phosphorus, which ultimately leads to the phenomenon of
chlorosis. Some researchers believe that with the concentration of high
concentrations of zinc, phosphorus and iron in the nutrient medium, zinc
digestion by the root system of plants is difficult. However, the introduction
of zinc and phosphorus in low concentrations increased the growth and
development of plants, and the content of chlorophyll in the leaves also
increased. Hence, it was concluded that low concentrations of these ele-
ments ensure the normal development of wheat plants.
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L-DIFENILKARBAZON VO L2-DIMETILSULFOKSIDiN KOBALT (II)
VO SINK (II) KOMPLEKSLORININ SINTEZi, XARAKTERISTIiKASI,
BiOLOJIi AKTIiVLIiYi

S..QOHROMANOVA, F.C.COLALODDINOV, T.9.9SGOROVA,
M.V.MOMMODOVA, Z.M.MOMMODOVA,
T.M.HAQVERDIYEVA, T.0.QOHROMANOV

XULASO

Toqdim olunan igdo kobalt (I1) vs sinkin (II) ligandlarla (L -difenilkarbazon vo L2
dimetiIsUIfoksid) [COLZ(HZO)Z]ZHZO, [COLZLl(HZO)Z] Va [Zan(Hzo)z]ZHzo, [ZnLZLl(Hzo)z]
komplekslori tadqiq edilmisdir. Alinan komplekslarin tarkibi ilkin komponentlarin nisbe-
tindan asilidir. Komplekslarin tarkibi va strukturu elementar, rentgen faza analizi, UB-Go-
rinen spektroskopiyasi, 1Q-spektral vo termogravimetrik analizlorlo 8yrenilmisdir. UB-
spektroskopiya Usulu gdéstordi ki, metal (II) komplekslorinin torkibinds olan ligandlar
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neytral formaya daxil olur va azot atomu vasitasilo komplekslogdirici ila koordinasiya edir.
UB spektroskopiyasina gora Co (I1) 460-540 nm, Zn (II) kompleksi {igiin 238 nm dalga
uzunluguna uygun olan komplekslordo d-d ke¢idi miisahids edilmisdir. Termogqravimetrik
todgiqatlarin naticalori gdstardi ki, bltln birlogmalorin termik parcalanmasinin son mohsulu
muvafig olarag metal oksiddir. Termogravimetrik todgiqatlarin naticolori gdstormisdir ki,
bitlin birlasmalorin termik par¢alanmasinin son mshsulu milvafiq olarag metal oksiddir.

Acar sozlor: difenilkarbazon, dimetilstilfoksid, metal oksidi, element analizi,
rentgen faza analizi, IQ spektroskopiya, termoqravimetrik analiz

CHUHTE3, XAPAKTEPUCTHUKA, BUOJIOTMYECKASI AKTUBHOCTD
KOMILJIEKCOB KOBAJIbTA (II) U IUHKA (II) L-TU®EHUIKAPBA3OHA
U L-JUMETIICYJIb®OKCUIA

IL.U.TAXPAMAHOBA, @.x. JJXKAJIAJIAIIMHOB, T.A.ACTAPOBA,
M.B.MAMMEJIOBA, 3.M.MAMME/IOBA,
T.M.XAT'BEPJIMEBA, T.O.F'AXPAMAHOB

PE3IOME

B mannOM HMccrnenoBanny n3y4eHsl KoMinieKerl kobansra (1) u miaka (1) ¢ marargamm
(L1-nudenunkapbason u L2-mumeruncyabhokeun) [CoLz(H20)2]2H:0, [Col2L}(H;0):] u
[ZnL2(H20)2]2H20, [ZNnL2LY(H20),]. Iloka3zaHo, YTO cOCTaB MHOIYyYEHHBIX KOMILIEKCOB
3aBHCHUT OT COOTHOIICHHS MCXOTHBIX KOMIMOHEHTOB. COCTaB U CTPOCHHE KOMIUICKCOB H3Y-
YeHbI METOJaMH DJIEMEHTHOTO, peHTreHodaszoBoro ananmsa, Y ®-BUJI-cnekrpockomnuy,
HK-cnekTpaqpHOIO U TEepMOTpaBUMETpUUYECKOro aHamuza. Meton Y®D-crneKTpocKonmuu
IoKasaJ, 4TO JIMraHjsl B cocraBe KomiuiekcoB meramna(ll) mepexonasT B HEHTpaslbHYIO
($bopMy M KOOPIUHUPYIOTCSI ¢ KOMIUIEKCOOOpa3oBaTeieM yepe3 aroM azora. [1o jaHHBIM
Y®-cnekTpockonuu B KOMIUTeKcax HaOmromancs d-d mepexoi, COOTBETCTBYIOIIMN UTHHE
BourHb! st Co (I1) 460-540 uMm, mis kommiekca Zn(Il) 238 aM. Pe3ynbraTsr TepMorpaBu-
METPUYECKUX HCCIICOBAHUI IMOKA3aJIH, YTO KOHEYHBIM MPOAYKTOM TEPMHUYECKOTO pPa3io-
JKCHHST BCEX COCIMHCHUH SBISIETCS COOTBETCTBEHHO OKCHJ MeTauia. Pe3ynbTaTel TepMo-
TPaBUMETPHUYECKUX HCCICHOBAHUHA IMOKA3aJIH, 9YTO KOHEYHBIM IMPOAYKTOM TEPMHYECKOTO
Pa3JI0KEeHUS BCEX COCIMHECHUH SBIISIETCSI COOTBETCTBEHHO OKCHI METaJlIa.

Kurouesble ciioBa: nudeHnIKap6a3oH, TMMETHICYIbGOKCHI, OKCHI MeTallia, dJie-

MEHTHBI aHaiu3, peHTreHo¢aszoBbii aHanu3, MK-crnexkTpockomnusi, TepMOrpaBUMETpHUe-
CKMI aHaIu3
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This article presents the results of recent exploration works carried out over the
Gadabay NW project, Gadabay Mineralisation District, Azerbaijan which were undertaken
between 2012 and 2023, over the last 11 years. The study was conducted by Gadabay
Exploration Geologists (GEG) of Azerbaijan International Mining Company (AIMC). The
results of the exploration activities within the Gedabek Mine and around the Gedabek
mineral deposit have been provided in stages between 2008 and 2023. As a result of the
exploration activities several new local epithermal mineralization areas have been disco-
vered, one of which has underground mining, named Gadir deposit (low sulfidation type)
(by GEG, 2012) and the other has open pit mining - Ugur gold deposit (by GEG, 2016).
Other mineralisation perspective areas are in advanced stages of exploration, such as
Gilar (by GEG, 2020) and Zafar (by GEG, 2020), which are expected to begin production
in 2024 year.

The Gadabay ore district forms part of the Middle-Upper Jurassic Age Lok-
Qarabag volcanic island arc structure-formation zone and is associated with the NW-
trending fault system. Increasingly felsic intrusive magmatism is associated with 2 orogenic
cycles ranging in age from the Bathonian to the Upper Jurassic. Mineralization is mainly
hosted by Middle to Upper Jurassic volcanic and partly volcanic-sedimentary rocks of
mostly acidic and intermediate composition with subvolcanic facies, interbedded lavas,
tuffs and terrigenous clastic rocks.

The Gedabek, Gadir, Ugur, Zafar and Gilar mineral deposits were formed as a
result of the island arc-type intrusive magmatism and are directly or indirectly related to
the multiphase Gadabay granitoid intrusive complex.

Keywords: Gadabay mineralization district, Gadir, Ugur, Gilar, Zafar.
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Introduction

Azerbaijan is located in the South Caucasus region of Eurasia, straddling
Western Asia and Eastern Europe (Fig.1). It lies between latitudes 38° and
42° N, and longitudes 44° and 51°E. Three physical features dominate Azer-
baijan: the Caspian Sea, whose shoreline forms a natural border in the east;
the Greater Caucasus Mountain range in the north; and the vast plains in the
country's center. Three mountain ranges, the Greater and Lesser Caucasus,
and the Talysh Mountains, together cover about 40% of the country.

The Lesser Caucasus mountain-folded system covers the southern part of
the Caucasus and is characterized by a heterogeneous internal structure,
caused by the convergence within it of two branches of the Alpine-
Himalayan mobile belt: Iberian-Elburs in the North and Dinara-Zond in the
South (Fig.2). There are 4 structural-formation zones in Azerbaijan part of
Lesser Caucasus metallogenic zone: Lok-Qarabag zone, Goycha-Hakari
zone, Miskhana-Zangazur zone and Araz zone. This paper discusses mainly
the Lok-Qarabag zone due the several mine operating deposits in the
example of Gadabay ore region.

Mining activity at Gadabay (or Gedabek) is reported to have begun as long
ago as 2,000 years ago. More recent activity began around 1849 when the
Mekhor Brothers, followed by the German Siemens Bros Company,
developed and operated a copper mine at Gadabay. At least five large
(>100,000 tonnes) and numerous smaller sulphide lenses were mined during
the period between 1849 and 1917. With the beginning of the Russian
Revolution in 1917, the mining activity ceased.

Location of Principal Epithermal Gold Deposits

Western
Pacific

Eastern
Pacific
Belt

® Lowsulfidation
Intermediate sulfidation
High sulfidation

Fig. 1. Location map of the Azerbaijan Republic, Tethys metallogenic belt.
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Mining activity resumed when AIMC (a subsidiary of Anglo Asian
Mining company) began construction of an open pit mine and a con-
ventional heap leach and processing facility for the recovery of gold, copper
and silver in 2008. The Company poured its first gold in May 2009, making
it the first gold/copper producer in Azerbaijan in modern times. Since then,
gold production has been steady as the mine's efficiency continues to
improve. In addition, in 2015 the Group commenced production from Gadir,
an underground mine co-located in Gadabay and in 2017 the Group com-
menced production from the Ugur open mine. The Zafar and Gilar deposits
were discovered in 2020 and are close to the Gadabay processing facilities.
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Fig. 2. Tectonic map of the Anatolian-Lesser Caucasus-Iran
segment of the Central Tethyan Belt.
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Regional Geological setting of the mining district

The Gadabay ore region is located in Azerbaijan at its border with Armenia,
in the central part of the Lok-Qarabag island arc, north of Goycha (Sevan)
Lake. This region is considered to be the largest porphyry district in the
country. Cu-porphyry deposits (Xarxar, Qaradag, Djaygir) associated with
Kimmeridgian volcanism are characteristic of this area. Several epithermal
deposits are exploited or in prospect (Bittibulag, Gadabay, etc.). Modern
studies of copper mineralization have revealed the Qaradag-Xarxar copper-
porphyry field [1]. This field is composed of the rocks of the Atabay-
Slavyanka plagiogranite intrusive which is intruded by small dike-like and
stock-like bodies of intermediate-basic composition. These small intrusions
(quartz-diorite-porphyrites) correlate with sub-meridian fault zones and
control the quartz-pyrite-molybdenite and quartz-pyrite-chalcopyrite vein-
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disseminated ores. Gold mineralization in the Azerbaijan part of the Lok-
Qarabag Zone aroused great interest when information became available
about significant gold extraction (about 5-7 t) from the copper-sulphide ores
of the Gedabek deposit by the German company Siemens, which owned
copper concessions until the 1920s. However, no commercial gold-bearing
mineralization was actually found.

The main features of the geological structure of the Gadabay deposit and ore
specifics have been predetermined by its position within the large Gadabay-
Qaradag volcanic-plutonic structure of central type, characterized by a ra-
ther complex internal structure, due to repeatedly tectonic movements, mul-
ticyclic magmatic activity and related mineralization processes. The com-
paratively large tectonic-magmatic structure enveloping a considerable part
of the Shamkir uplift of the Lok-Qarabag structural-magmatic zone (Lesser
Caucasus Mega-anticlinorium) has been significantly complicated (affected)
by zone systems of different age and trend and divided into a series of
blocks (Fig.3). The latter (blocks) enclose relatively small volcanic-plutonic
structures of central type: Gadabay, Slavyanka-Qaradag, Almalitala, Ashagy
Chaykend-Yukhary Chaykend and etc. The structures are composed of
complex granite intrusions mostly of Mid-Upper Jurassic age.

HEAT
source ~@———— MAGMATIC > AMAGMATIC

HOST ARABIAN PLATE PLATE MARGIN EURASIAN PLATE

@ Lok-Qarabag arc

GEOTHERMAL HOT CONTINENTAL MAGMATIC BACK ARC & CRUSTAL INTERIOR
SYSTEM SPOT RIFTING ARC CONTINENTAL FAULTING BASIN
RIFTING
POST-

ORE VOLCANOGENIC EPITHERMAL Au-Ag-Cu  EPITHERMAL  METAMORPHIC MISSISSIPPI

DEPOSIT MASSIVE PORPHYRY Cu-Au-Mo Au-Ag-Cu Q-Au VALEY

SULFIDE SKARN GRANITIC SHEAR BASE
INTRUSION-RELATED Sn-W-Mo ZONES METALS
Cu-Au-Zn-Pb

Active geothermal systems and hydrothermal ore deposits G Corbett & T Leach

edited by A Valiyer

Fig. 3. Active geothermal systems and hydrothermal ore deposits model
of Arabian-Eurasian plates with L6k-Qarabag magmatic arc
(Corbett and Leach, 1998; Anar Valiyev, 2020) [5].

The latter and the Gadabay-Qaradag tectonic-magmatic structure enclose a
series of deposits and mineralization areas (and a number of zones and mi-
neralization spots) of gold-porphyry-copper, porphyry-copper, gold-copper-
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pyrite, copper-pyrite, copper-polymetallic and other ore formations [2]:
Gadabay, Qaradag, Xarxar, Ertepe, Bittibulag, Maarif deposits; Cholpan,
Parakendsu-Maskhit, Goyyer, Djair, Shekerbey, Zehmet, Gyzyldjadag, Al-
malitala and other mineralization areas (Fig.4). These deposits and mine-
ralization areas have been studied insufficiently and characterized by a large
scale disseminated-streaky (vein) sulphide ores of mainly gold-porphyry-
copper type (Gadabay, Qaradag, Xarxar, Maarif), associated at some spots
with lenses, lens-stocks, and stocks of pyrite ores (Gadabay, Bittibulag,
Ertepe). Infrequently the latter occur as veins of gold-sulphide-quartz type
(Zehmet, Maskhit-Parakendsu). Remnants and traces of old and ancient
mine works (shafts, pits, adits, furnaces for smelting, slags sinders and etc.)
are preserved at some of the deposits and mineralization areas (Gadabay,
Xarxar, Qaradag, Maarif, Boyik Qalaca, Zehmet and etc.).
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Scale 1:4 000 000 3-Filizchay-Sanibash-Muchukchadaur ore zone
4-Gumbulchay-Katech ore zone
S-Durucha ore zone
Lok -Karabag Metallogenic Belt
-G 3 [ its
e-.gl:{):‘;hhhgrg?:Spocr\f g r\-dég&s)lsxs -
A

-Agchakend group of ore deposit:
9-Esnikchay group of ore deposits
10-Boyukgqishlag group of ore deposits
11-Gedabek group of ore deposits
12-Chiragderesi group of ore deposits
13-Bashqishlag group of ore deposits

- 14-Dashkasan group of ore deposits

Sumgayw 15-Murovdag group of ore deposits

BAKU 16-Mehmana group of ore deposits

17-Qarabag group of ore deposits
Goyche-Saribaba Metallogenic Belt
18-Lev group of ore deposits
19-Goydere group of ?rr deposits
20-Shorbulag group of ore deposits
21-Chaykend Emug of ore deggsus ‘
22-Agyatag group of ore deposits
23-Kalafalig group of ore deposits
24-Ipek group of ore deposits
25-Kecheldag group of ore deposits
Lachin Ore-Bearing Area
26-Lachin group of ore deposits L
Dalidag-Akera Ore-Bearing Area
27-Dalidag group of ore deposits i:l
Kafan Ore-Bearing Area

(I MetaBiogenic beit 28-Agband group of ore deposits
) 29-Vejnali group of ore deposits

Ore-bearing Araz Ore-Bearing Area onur-Alagoz Ore-Bearing Area
area - 33-Gumushluk group of ore deposits .?O-Paragachay-anhchay group
E] Group of ore deposits of ore deposits I:]
31-Nasirvaz-Agdere group
Ore zone of ore deposits
; Ordubad Ore-Bearing Area
Q Contacts of metallogenic belt and group of ore deposits 32-Damidag group of ore deposits

Fig. 4. Location map of the Gadabay ore district in Chart of the Metallogenic Regions,
Azerbaijan Republic (created by Gedabek Exploration Geologists based on archive data).

The Gadabay ore district is located in the area of the Shamkir uplift of the
Lok-Qarabag structural-formation zone in the Lesser Caucasus Mega-an-
ticlinorium. The ore region has a complex geological structure, and it has
become complex with the intrusive masses and breaking structures of
different ages and different composition. Lower Bajocian is essentially

27



composed of an uneven succession of diabase and andesite covers,
agglomerate tuffs, tuff-gravelites and siltstones. Tuff of the Lower Bajocian
was exposed to strongly metamorphism (skarn alteration and hornfelsing) as
a result of the impact of Upper Bajocian volcanism and intrusions of Upper
Jurassic age. Only subvolcanic rocks of the Upper Bajocian in the Gadabay
mine have been studied (rhyolite and rhyodacite, quartz-porphyry) [3].
Rocks related to the Bathonian stage have developed mainly in the northern
and southern edges of Shamkir uplift.

This article describes 4 newly discovered deposits that may be of interest in
the future from a commercial point of view (Fig.5): 1. Gadir low sulfidation
deposit; 2. Ugur exploration area (Ugur gold deposit) 3. Zafar copper-
polymetallic deposit and 4. Gilar gold-copper-polymetallic deposit.

Gadir deposit. Gadir low sulfidation deposit is located in 400 meters from
the current Gadabay pit (Fig. 6). The area was first time discovered during
the structural-geological mapping of the NW Flank of Gadabay mineral
deposit [7]. Here the outcrop of quartz porphyry (rhyolite porphyry)
subvolcanic formation on the surface was considered to be the main factor.
The ore body is located at the contact between volcanic rocks and the quartz
porphyry. There are some disseminations, breccia and vein-like hydrother-
mal structures in the quartz porphyry.

The Gadir low sulfidation adularia-sericite alteration is formed when the
large volumes of groundwater fluids interact as the rising from the hot
magma (Gadabay intrusion). The prolonged boiling of the fluids in low
sulfidation systems produces high grade gold and silver deposits. The fluids
interact with the surrounding rock for a much longer period of time than the
rapidly channeled high sulfidation fluids. As a result, the fluids become
diluted and neutralized; the silica dissolves. The silica is later precipitated in
the veins as quartz, often sealing the fissure closed. When this occurs, the
pressure of the gases beneath the sealed fault builds until the seal is
ruptured, which provokes catastrophic boiling and the precipitation of gold.
After this, passive conditions return, and quartz precipitates once again. This
cyclical process results to the well-known banded texture of the quartz-
adularia lenses typical of Gadir low sulfidation systems [4]. Maiden JORC
Ore Resources estimate: Measured+Indicated Ore Resources of 2,347,000
tonnes at a grade of 2.29 grammes per tonne gold containing 172,400
ounces of gold, 11.14 grams per tonne silver containing over 840,400
ounces of silver and 0.19 percent copper containing nearly 3,866 tonnes of
copper.
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Ugur deposit. Ugur ore perspective exploration area is located in the
Gadabay ore district of the Shamkir uplift of the Lok-Qarabag island arc
volcanic structural-formation zone in the Lesser Caucasus Megaanticlino-
rium, Azerbaijan, Western Asia. The Ugur gold deposit, SHAH Yatag,
Gyzydjadag, Dashbulag and Yukhari Narzan mineralisation areas are all
located within the Gadabay-Bittibulag regional deep fault system of the
Ugur exploration area. The Ugur high sulfidation epithermal gold deposit
was discovered during geological exploration work of the northwest flank of
the Gadabay gold-copper mine in 2016.

The gold mineralisation at the Ugur deposit developed mainly during the
Upper Bajocian tectonic-magmatic cycle. During the Upper Bajocian, the
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central tectonic zone formed a right-lateral strike-slip fault represented by a
series of sub-parallel-trending faults (055°-085°) with a combined length of
1.0 to 1.5 kilometers. The Ugur gold deposit was emplaced at the inter-
section of NW-, NE-, NS- and EW-trending structural systems regionally
controlled by a first order NW transcurrent structure that dips between 70°
to 80° to the north-west. The faults of the central zone control the hydro-
thermal metasomatic alteration, gold mineralization, Upper Bajocian Ata-
bek-Slavyanka plagiogranite massive intrusion, and in some cases are the
boundaries of the elevated tectonic blocks formed by Lower Bajocian
volcanic rocks. In cross-section, the geological sequence is dominated by
secondary quartzites (strongly altered rhyolite) which were formed under
the influence of the Atabek-Slavyanka plagiogranite intrusions with some
exposures observed to the north of the gold mineralisation area. The
mineralisation zone thickness in the area varies between 80 to 120 meters.
Gold mineralisation at the deposit is interpreted as being of shallow high
sulfidation epithermal system. The mineralisation occurs in two different
styles; 1) well-confined hydrothermal breccias and 2) underlying pyrite
stock-stockworks. Rocks in the alteration zone area strongly brecciated, and
exhibit argillic alteration, with strong limonite and hematite alteration.
Hematite is also observed in gossan zones. Near surface intense barite and
barite-hematite vein and veinlets are present. Main mineralisation in the
Ugur gold deposit consists of hematite-barite-quartz-kaolin veins-veinlets
and breccia, pyrite stock-stockworks and quartz-sulfide veins (Fig.7).

The central surface expression of the mineralization shows accumulations of
hydrous iron oxides cementing breccias of quartz and secondary quartzites
overlaying secondary quartzites with vein-veinlets barite-hematite mine-
ralization. In areas of erosion, gossans are represented by “reddish mass” of
oxidation products of stockwork limonite-hematite ores is observed. Within
trenching and shallow pits, mineralised zones vary in thickness from about
5-10 meters and contain gold with a grade of 0.3-3.5 g/t and silver with a
grade of 1.0-45.0 g/t. Subsequent drilling has defined the depth of oxide
zone mineralisation up to 100 meters, with an average depth of 60 meters.
One gold-bearing body was delineated in the oxidized zone. Oxide zone
resources were estimated to a depth of 50-110 m from the surface using a
system of geological blocks. At a cut-off grade of 0.3 g/t Au the following
resources were estimated: Category Measured+Indicated — 6,960 000 tons
of ore, with in 199,000 Oz of gold, 1,049 000 Oz of silver.
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Fig. 7. Lithological-structural map of the Ugur deposit (a),
Lithological-structural cross-section along AA1 line, Ugur gold deposit (b).

Legend for the lithological-structural map: 1) Andesite tuff agglomerates facie; 2) Gossan;
3) Pyrite stock and stockwork; 6) Breccia zone of silicified andesite porphyritic rocks; 5)
Secondary quartzite; 6) Pyroclastic (from small clastic to lapilli) facie of rhyolite-dacite
porphyry; 7) Lava facie of rhyolite-dacite porphyry; 8) Silicified andesite porphyritic rocks;
9) Andesite porphyritic rocks; 10) Quartz porphyry zone (weak hematitized, limonite-
zation); 11) Faults; 12) Probably faults; 13) Topographic contour line; 14) Cross section
lines; 15) Bore holes points; 16) Bore holes; 17) Deep angle of faults and dikes; 18) Struc-
tural elements of rocks; 19) Lithological contact; 20) Rivers.
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Zafar deposit. The deposit is located in the in AIMC's mineral-rich
Gadabay contract area in Azerbaijan. Geologically, it is associated with the
Gadabay-Bittibulag local deep fault in the L6k-Qarabag volcanic arc of the
Lesser Caucasus. The study of the regional geology of Zafar by AIMC geo-
logists since 2018 using a complex geological data interpretation, defined
the mineralization potential and led to the discovery of the Zafar deposit in
2020 [7]. Spatially, the Zafar deposit is situated between two main epither-
mal systems hosting the Gadabay-Gadir and the Ugur deposits. The igneous
rocks are extrusive and are mostly felsic to intermediate in composition,
being rhyolites, dacites, andesites and their tuffs are distributed from the
surface to depth (Fig.8). The host rock of main ore mineralisation is locally
termed a metasomatic quartz-porphyry (rhyolite-porphyry), which starts
from at depths of 250-300 metres from the surface to more than 500 metres.
Mineral content is visual, however, further petrographic studies by polished-
thin section were carried out on samples taken from outcrop and drill core.
Resulting of these studies, pyrite is the main mineral observed in all drill
core and outcrop samples in crystal structures in the form of massive, disse-
minated, euhedral, anhedral etc. Other primary sulphides include chalcopy-
rite, covellite, digenite, galena, and sphalerite. The genesis of covellite and
digenite is open for discussion. Other copper sulfosalt minerals of tetrahed-
rite and tennantite have been identified by ore microscopy. Associated non-
sulphide minerals including jasper, magnetite, barite, haematite and limonite
have also been defined. Quartz is the major gangue mineral in the matrix of
the host rocks. The mineral composition, textures and relationships, and
chemical composition suggest an intermediate sulphidation type epithermal
genesis for the Zafar deposit [5]. The Zafar mine has JORC Mineral
Resources of 28,000 tonnes of copper, 73,000 ounces of gold and 36,000
tonnes of zinc. The mining design is based on ore production of 700,000
tonnes per annum and a 0.5 percent copper equivalent cut-off grade [6].

Gilar deposit. The deposit belongs to the Gadabay ore district of the
Shamkir uplift which is part of the Lok-Qarabag volcanic arc that is one of
the main structural formations of the Lesser Caucasus. The deposit is
located over the East flank of the Boyuk Qalaca local deep fault. Gilar was
discovered during geological exploration work of the northeast flank of the
Gadabay gold-copper mine [7]. Deposit is located between two systems: the
Maarif porphyry and the Ertepe mineral occurrences. The rocks are Upper
Bathonian extrusive represented by mostly felsic and intermediate
composition rhyolite-dacites, andesite-porphyry, andesites and their tuffs
distributed from the surface to depth (Fig.9). Ore minerals are hosted in the
metasomatic rhyolite-porphyry of the Upper Bajocian age, at depths ranging
from about 130 meters to more than 400 m from the surface. Preliminary

33



field mapping and outcrop sampling identified a continuous epithermal
quartz vein, hosted in a rhyolite volcanic in the northern Gilar area. To the
south of the vein system, significant massive mineralisation has been
discovered. Mineral content is visual, however, further petrographic studies
by polished and thin section were carried out on samples taken from outcrop
and drill core. The majority of core samples from Gilar, samples contain
high-grade gold, copper, and zinc. According to these observations and
studies, pyrite is the dominant mineral which is observed in all drill core and
nearby outcrop samples exhibit crystal structures: massive, disseminated,
euhedral, anhedral, etc. with associated chalcopyrite, sphalerite, and other
sulfide minerals. Jasper, magnetite, barite, and limonite are non-sulfide
minerals present. The mineral composition, textures, relationships, the che-
mical composition suggest a high sulphidation or skarn type of epithermal
system for the Gilar deposit. In-situ non-JORC mineral resource of over
249,083 ounces of gold, 46,466 tonnes of copper, and 48,786 tonnes of zinc.
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Conclusion

Despite nearly two hundred years of geological exploration in the Gadabay
mineralisation district of Azerbaijan by the “Mekhor Brothers”, “Siemens
Bros” companies, and the Soviets, the identification of four new ore depo-
sits shows that the area has great potential for making discoveries through
the application of new exploration methods and complex geological
interpretations.
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SON iLLORDO AZORBAYCANDA KOSF EDILMIS FiLiZ YATAQLARI
(GODOBOY FiLiZ RAYONU TIMSALINDA)

V.M.BABAZADO, A.O.VOLIYEV, S.C.VESTED, A.0.BAYRAMOV
C.R.IBRAHIMOV, S.M.MOMMODOV
S.M.QODIiMOV, M.A.TALIBOV, S.S.MURSOLOV, R.Q.9SGOROV,
F.A.HOSONOV, N.0.IMAMVERDIYEV, S.R.NOVRUZOVA

XULASO

Bu mogqalo 2012-ci ildon 2023-cii ilo qodor olan zamanda, yoni son 11 il orzinds
Azorbaycanin Godobay filiz rayonunun Simal-Qarb sahasindo aparilmis geoloji-kosfiyyat
islorinin noticolorindon bohs edir. Todqigat islori Azorbaycan Interneysnl Mayning
Kompani Limited sirkatinin (AIMC Ltd.) “Gadaboy Kasfiyyat Geologlar1” (GEG) adlanan
qrupu torafindon aparilmisdir. Maqalods 2008-2023-cii illorde Gadabay filiz yatagi va onun
cinahlarinda aparilan moarhalsli geoloji-kasfiyyat islorinin naticalori toqdim olunur. Geoloji-
kosfiyyat islori naticosindo bir ne¢o yeni epitermal minerallasma saholori agkar edilmisdir
ki, artiq onlardan birinds yeralt1, (Qadir yatagi, 2012-ci ildo GEG terafinden kosf edilmis
“asag1 sulfidlosma” tipli epitermal sistemlors aiddir) digerinds isa (Ugur yatagi, 2016-c1
ildo GEG askar edilmisdir) agiq modon istismar islori aparilir. Digor perspektivli
minerallagma sahslorins aid olan Gilar va Zafar (hor iki yataq 2020-ci ildo GEG torafindon
kost edilmigdir) geoloji-kosfiyyat islorinin tamamlanma morholasinds olaraq 2024-cii ilds
hasilata verilmosi planlasdirilir. Godsbay filiz rayonu Orta-Gec Yura yashi Lok-Qarabag
ada-qdvs struktur-formasiya zonasina va simal-qorb istiqgamatli qirisiqliq qursagina daxildir.
Zona boyunca getdikco daha ¢ox turs torkibli maqmatizm Batdan Gec Yurayadok olan yas
intervalini shato edon iki orogenik dovrls slagslondirilir. Filiz minerallagmasi, asasan, Orta-
Ust Yuranin vulkanik va gismen vulkanogen-¢6kmo siixurlari, asasen turs vo orta torkibli
subvulkanik fasiyali, névbologon lavalar, tuflar vo terrigen qurintili siixurlarda yerlosir.
Gadobay, Qodir, Ugur, Zofor vo Gilar filiz yataglart moengoco ada-qdvs tipli intruziv
maqmatizmla, bilavasito vo ya dolayisi ilo ¢oxfazali Godabay qranitoid intruziv kompleksi
ilo baghidir.

Acar sozlar: Godaboy filiz rayonu, Qadir, Ugur, Gilar, Zofor
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BBISIBJIEHHBIE 3A IMIOCJIEJHBIE F'OJbI
PYIHBIE MECTOPOYKIEHUS B A3EPBAIIUKAHE
(HA TIPUMEPE KEJABEKCKOTI'O PYIHOI'O PAIIOHA)

B.M.BABA-3AJIE, A.A.BAJIMEB, C.JUK.BECTXE]I, A.A.FAIPAMOB,
JIUK.P.ABPATUMOB, C.M.MAMMA JIOB, II.M.F'AJUMOB, M.A.TAJIBIGOB,
C.C.MYPCAJIOB, P.I. ACKEPOB, ®.A.F'ACAHOB,
H.A.MMAMBEPJIUEB, C.P.HOBPY30BA

PE3IOME

JlanHasi craThsl MOCBAIIEHAa pe3yJbTaTaM HEJAaBHHX I'€0JIOTOPa3BEAOYHBIX pador,
MIPOBEICHHBIX B Mpe/ieNax ceBepo-3amaaHoro yyactka (Gadabay NW project) I'snabeiicko-
ro pyAHOro paiioHa, A3zepOaiilkaH, OCYIIECTBICHHBIX 3a mocienHue 11 jer B mepuon c
2012 mo 2023 rr. JlaHHOE TeoJOrHYecKOe M3yUYCHHE ydacTKa Heap ObLIO BBIMOJHEHO KO-
Mannoit «['smabeiickumu ['eonoropassemounsie ['eomoramm» I'TT (Gadabay Exploration
Geologists, GEG) A3sep0aiiykaHCKOi MEXKIYHAPOJIHOW TOPHOJOOBIBAIOIICH KOMITAHUH
(Azerbaijan International Mining Company, AIMC). B ctartbe npeacTaBiIeHbl pe3yabTaThl
MTO3TAITHBIX T€0JIOTOPa3BeIOYHBIX paboT, BRIMOTHEHHBIE 32 meprox ¢ 2008 mo 2023 rox Ha
['simabetickoM pyIHUKE U B Ipeneniax MecTopoxkaceHus [snebeit. B pesynbrate mpoBeneH-
HBIX paboT ObIIM OOHApPY’KEHBI HECKOJIBKO HOBBIX YUAaCTKOB SMHUTEPMAIbHOW MUHEpAIN3a-
IINH, HA OJTHOM M3 KOTOPBIX (MecToposkaeHue ['annup, OTHOCHTCS K 3MUTEPMaIbHBIM CHCTE-
MaM TUIa «ioy cynbhunernny, orkpsito GEG B 2012 r.) BenyTcs noa3eMHble JOOBIYHBIE
paboThl, a Ha apyroM (MecTopoxicHue Yryp, oTkpsito GEG B 2016) — 100bI49a OTKPBITHIM
cnocobom. Ha npyrux mepcrneKTHBHBIX PYJOHOCHBIX IUIOMIAASX, K KOTOPBIM OTHOCSTCS
I'mnap (otkpeiro GEG B 2020 1.) 1 3adap (otkpeito GEG B 2020 r.), reosoruueckoe u3y-
YeHWe HeJp OTBeYaeT TMO3AHEH CTaAuM TeoJoropa3BefoYHble paboT, a TOpHO-
9KCIUTyaTaI[MOHHBIX MEpONPHUATHS IUTaHupyeTcs Hadath B 2024 roxy. I'spaGeiickuii pya-
HBIA paiioH SIBISETCSA YacThIO CpelHe-To3nHeropckoi Jlok-Kapabaxckuil ocTpoBOIyKHOH
CTPYKTYPHO-(DOPMAIIMOHHOW 30HBI W NMPUYPOYEH K CHCTEME PA3JIOMOB CEBEpPO-3aIaJHOTO
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Magqalada Murovdag-Agdam qalximlarimin qovusma zonasinda endogen filizlasmo-
nin yerlagsma qanunauygunluguna baximigdr. Miiayyan olunmusdur ki, filiz yataqlar: va
tazahurlarinin yerlasmasi regional planda Murovdag va Mehmana filiz rayonlarinin timumi
strukturunda asas tektonik elementlorin yerlagmasina vo ayri-ayrt bloklar: sarhadlandiran
dorinlik qulmalarinin méveudluguna tabedir. Murovdag vo Agdam qalximlart daxilindo
mis-gizil-kolgedan, mis-polimetal, mis-porfir, mis-kolgedan va digor tip yataq va tazahirla-
rin askar olunma perspektivliyi Yura vulkanizmi mohsullarimin genis inkisafi ilo SaCiy-
yalonir Vo turs diferensiatlar ilo genetik va makanca mis-kolcedani, mis-qizil-kolgedan va
mis-polimetal filizlogmoalari alaqadardir. Oksar yataq va tozahirlar gicli azilma-parcalan-
malar, hidrotermal mahlullarin kegiriciliyi, qalin vulkanogen seriya stixurlarimin inkisafi,
vulkan markazlaorinin, vulkan-ginbaz qurgularimin va bogaz strukturlarinin méveudlugu ilo
saciyyalanan horst bloklara uygunlasmisdir va makanca intruziv komplekslarin endo- va
ekzo tamasinda, onlarin ayri-ayri fazalar: arasindaki tomas zonasinda va intensiv ¢atlili-
ga moaruz qalmis qabbro-diorit, kvarsh diorit massiviorinda va intruzivlo assosiasiya
toskil edon dayka kitlasinda yerlagirior.

Filiz rayonlari, sahalori va yataqlarimin metallogenik prognozlasdiriimasi va
potensial filizliliyinin giymatlandirilmasi G¢lin hamin regionun morfostruktur xtsusiyyat-
lorinin tohlil olunmasi, filizlasmanin magmatik sixurlarla genetik va ya paragenetik alago-
si, paleocografi analizlorin miisayiati ilo geomorfoloji tadgigatlar, méveud yataglarin geo-
loji kasilislorinin filiz sahalaorinin va rayonlarimin geoloji kosiliglorila korrelyasiya nis-
batlori, yataglarin axtaris kriterilori, alamatlori vo idisullarmmin islanilmoasi va secilmosi,
yataglarin mokanca yerlagmasina bu va ya digar daracada tosir gOstormis biitiin ganu-
nauygunluqglar kompleks sakilda nazora alinmalidir.

Acar sozlar: yataq va tozahirlar, qanunauygunluq, lokallagsma, struktur, maqma-
tik, geoloji-prognoz giymatlandirma, amillor

Giris. Boyiik regionlarin, ayri-ayr1 geoloji zona vo qovsaqlarin filiz-
liliyinin prognozlasdirilmasi, filiz yataqlarinin formalagma soraitlori vo yer-
lasmo ganunauygunluglari nozariyyasindo mihum elmi aktual masalo hesab
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edilir. Mlxtolif genezisli filiz faydali qazinti yataglarinin prognozlasdiril-
mas1 kompleks kriterilor asasinda hoyata kegcirilir. Burada regional planda
ayri-ayri regionlarin qurulusu vo geoloji inkisaf spesifikliyi vo faydali ga-
zint1 yataqlarimin genetik xiisusiyyatlori 6n plana ¢akilir .

Geoloji prognozlasdirmanin regional, irimiqyasli va lokal (mohalli)
tiplora bolunmasi genis totbiq edilir. Regional miqyash proqnozlasdirilma
zamani proqnoz obyekti olaraq metallogenik ayalotlor vo zonalar, filiz ra-
yonlar1 vo qovsagqlari, irimiqyasli prognozlasdiriimalarda filiz sahalori (ya-
taglar), lokalda iss filiz kitlalori va filiz siitunlar1 asas obyekt kimi gotarultr
[17].

Geoloji obyektlorin tipik axtaris-proqgnoz modelinin islonilmasinin
elmi-metodik osaslar1, miixtalif tip faydali qazint1 yataglarmin formalagsma-
sinin imumi qanunauygunlugu nazars alinmagla timumi oxsarliq prinsipi
hesab olunur. Muasir tasavviirloro gors axtarig-prognoz modeli, filizdasiyan
mokanin geoloji elementlarinin garsilight olagesindan vo birlogsmosindan
formalasir. Belo elementlor axtaris obyektinin lokallagsmasinin geoloji so-
raitini toyin edir, filiz omalagalmo prosesinin tozahiiretma doracasini vo
moveudlugunu oks etdiron geoloji slamatlori, axtarig amillarini, slamatlorini
Vo digar gostoricilori ohato edir [9, 18]. Onlarin asasinda, yatagin axtaris
usulu sisteminin toyin olunmasina komoaklik edan sonaye-genetik tip xisu-
siyyatlor ayrilir. Daha dogrusu axtarig-prognoz modellori filiz maddslorinin
hansi geoloji soraitdo toplanmasi vo hansi olamatlorlo giymotlondirilmasi
sualina cavab verir [21].

Tadqgiqatin naticalari va muizakirasi. Yataq vo tozahurlorin yerlos-
mosina noazarat edon geoloji amillarin vo yerlosmo ganunauygunlugunun
miayyan olunmasi, onlarin formalasmasinin geoloji soraitindon asilidir vo
faydali qazint1 yataglarinin perspektivliyinin prognozlagdirilmasi problem-
larinin hall olunmasida xususi shamiyyat dasiyir [7, 8, 9]. Murovdag va
Mehmana qalximlarinda vo butdvlikdo LOk-Qarabag metallogenik zona-
sinda endogen mangali filiz yataglarinin yerlosmo va lokallagsmasinin bir sira
amillori sirasinda struktur, maqmatik, stratiqrafik vo litoloji-fasial amillor
daha vacib hesab edilir [1,3,4].

Struktur amillor Murovdag vo Mehmana filiz rayonlarinda filiz sa-
halarinin, yataqlarin va tazahirlorin yerlosmasi ganunauygunlugu, regional
planda bu filiz rayonlarinin iimumi struktur planinda baslica tektonik ele-
mentlarin yerlosmasina va eyni zamanda ayri-ayri tektonik bloklar1 hiidud-
landiran dorinlik pargalanmalarinin méveudlugu ilo sortlonmisdir. Murov-
dag antiklinorisi, qalxmis vo enon bloklardan ibarat olmagla daxili blok qu-
rulusu ilo xarakterizo olunur va dorinlik pargalanmalar ilo sorhodlonmisdir.
Filiz-magmatik sistem daxilindoki yataq vo tozahurlorin oksoriyyati horst
bloklara uygunlasmigdir va intensiv azilmo-qirilmalar, hidrotermallarin ke-
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ciriciliyi, galin vulkanogen siixurlarin genis inkisafi, vulkanik markazlorin,
vulkan-glinbaz qurgularin, stratovulkanlarin vo bogaz strukturlarin mévcud-
lugu ilo xarakterizs olunur [3, 6, 9].

Miuxtalif tip filizlosmalorin yerlosmasinds vo lokallasmasinda struktur
amillorin rolu muixtalif clr tozahir edir. Qeyd olunan filiz rayonlarinda
kompleks xususiyyatlari ilo forglonan mis-porfir yataq ve tozahrlorinin
formalasmasinda (Qosqgarcay, Qosqardag, Domirli, Agdors vo s.) ayrilma vo
gopma tip cat sistemlari shamiyyatli rol oynamisdir vo bu ¢at sistemlarinoe
intensiv mohtavi-damarciq tip sulfid filizlosmasi uygunlasmisdir. Geofiziki
molumatlarin tatbiqi demaya asas verir ki, regionda endogen filizlasmaloarin
mokanca yerlosmasi vo lokallasmasi dorinlik qurulusun struktur element-
lorilo baglidir. Movcud olan geoloji-geofiziki materiallarin interpretasiyasi
gostarir ki, Kigik Qafgaz megaantiklinotiumunun az shamiyyat dasimayan
filiznozaratetdirici struktur elementlori sirasina onun relyefds yaxsi ifads
olunmus 6ziil sathinin galxma vo pargalanma zonalarini aid etmok olar.
Oziliin lokal galximina bir sira mis-polimetal, mis-porfir, mis-qizil-kolge-
dan, mis-kolgedan va s. tip endogen tip filiz yataq va tozahurlor uygunlas-
migdir. Belo struktur ganunauygunluq molum olan yataq vo tozahurlorin
hiidudlandirilmast va yeni perspektivli filiz rayonlar1 va sahalorinin miiay-
yanlosdirilmasi U¢ln geoloji asas yaradir [10, 14, 18].

Mis-porfir filizi yataglarmin tektono-magmatik yerlosmasindo soth
fundamenti ilo bagli struktur elementlarin vo intruziv komplekslorin tozahir
etdiyi 6zilin qalxmig hissasilo olagadar olan filiz saholari vo yataqlarin
yerlogsmoasinds oks olunmus bir imumi qanunauygunluq miisyyon edilir. Bu
zaman mis-porfir tip yataq veo tozahurlorin mokanca magmatizmin intensiv
inkisaf tapdigi filiz rayonuna uygunlagmasi qanunauygun bir haldir. Adston
mis-porfir yataqlar1 orta-turs torkibli intruziv komplekslori vo dayka zolag:
ilo baghdir [7,11,14].

Murovdag vo Agdam qalximlar1 daxilindo endogen filizomologol-
molarin vo magmatik proseslorin uzunmiddotli dorinlik pargalanmalar ilo,
daha dogrusu parGalanma zonalari ilo bagli olmasi aydin sokildo miisahido
olunur. Bu hal har seydon gabaq, bir sira endogen filizlosma sahalarinin
umumaafgaz istigamotli pargalanma vo qurisiqliq strukturlarina uygunlas-
masinda oks olunur [2]. Bir sira tadgiqatgilarin [2, 6] gostordiyi kimi endo-
gen filiz yataq vo tozahtrlarin yerlosmasinds iimumi bir ganunauygunlugun
miosyyanlasdirilmasi U¢lin oksgafgaz istigamatli enina struktur elementlarin
do rolu az deyildir. Dalidag-Gadoboy meridionalayaxin maqma- va filizns-
zarotedici lineament zonasi belo strukturlardan hesab olunur vo Kigik Qaf-
qazin mis-porfir yataq vo tozahirlorinin yerlosmasinda vo filizlogmonin
lokallasmasinda shomiyyatli rol oynamisdir. V.M.Babazads vo b. [3] malu-
matlarina asasen Mehmana filiz rayonunda eyniadli (Canyataq) intruziv
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massivin yerlogsmosindo, tobistco Dslidag-Gadaboy lineament zonasina ya-
xin olan meridionalayaxin istiqgamatinds izlonilon lineament zonasinin miis-
bat rolu vardir. Filiz-magmatik sisteminds bu lineament zonas1 ham geyd
olunan intruziv massivin, ham do bu massivls slagoadar olan mis-porfir, mis-
polimetal, kukurd-kolsedani, mis-qizil-kolgedan vo s. genetik yataq vo to-
zahurlarin yerlogsmasina bilavasite nazarat edir.

Mehmana filiz rayonunda Tortor - Xagingay enoyaxin istigamotli do-
rinlik par¢alanmasi Dolidag-Mehmana enina qalxmis blokun formalagma-
sina sobab olmusdur. Bu bloka filizdasiyan-filizyerlosdiran hesab edilon
Mehmana, Qazixanli, Baglibel vo Dalidag turs intruziv komplekslori uygun-
lagmusgdir [3, 14].

Mixtalif filiz-magmatik sistemlori hiidudlarinda filiz yataq va toza-
hlrlorin ganunauygun yerlogsmosinds, meridionalayaxin vo enoyaxin isti-
gamatli moahoalli strukturlarin mévcudlugu alava bir alverisli struktur meyar
hesab olunur. Bu regional strukturlardan filiznozaratedici va filizyerlosdirici
strukturlar saxolonmisdir. Filiz-magmatik sistemi hidudlarinda bela struk-
turlarin mokan vo genetik slagasinds yiksak catliliq zonasi ilo muxtalif tip
filizlogsmolor (kvars-sulfid damar vo damarciglari, mis-molibden-porfir da-
mar Vo stokverk zonasi, kolgedan-polimetal vo mis-polimetal damarlari,
mis-porfir filiz stokverklori, filizlorin konsentrasiya omolo gotirdiyi filiz
stitunlar1) uygunlasmisdir. Filiz siitunlari, adston damar formal filiz kiitls-
larinin metasomatik doayisilmalorin frontal zona siixurlari ils alags zonasina,
daha dogrusu siixurlarin zoif mosamali bloklarinda damarlarin ¢ixiglarina
calb olunmusdur [3]. Gorlindiiyii kimi, dyranilon filiz rayonlarinda yataqla-
rin yerlosmasinda struktur meyarlar shamiyyatli rol oynayir vo geoloji-kos-
fiyyat islorinin aparilmasi zamani bunlara, xtisuson do simal-gorg istigamatli
par¢alanma strukturlarina vo doyisilmo zonalarina xiisusi diqqot yetirilmo-
lidir.

Bir gayda olaraq Mehmana filiz rayonu hiidudlarinda mis-polimetal
filizlosmoasinin regional miqyasli atilma-Ustagalma tip qirilma zonasinda
yerlogmasi siibut edilmisdir [12]. Burada filiz nozaratedici struktur element-
lar rolunda téromoa tip atilma vo atilma-ustagalmalar istirak edirlor. Filiz yer-
lagdiran sistemin geoloji qurulusu shamiyyatli doracads fay tip pozulma-
larda filizlosmoyoagodarki qirilmalarin transformasiya (gevrilmo) doracasin-
don asilidir. Erkan Ustogalmo tip qirilmalarin kigik amplitudali daxili hars-
kotlora kecidi ilo xarakterizo olunan minerallagsma yataq vo tozahirlords as-
kar olunmusdur vo bunlar 6zlarinds ilkin (filizlosmayagodarki) xisusiyyat-
lorini saxlamigdir. Belo obyektlordo mis-polimetal filizlosmasinin yerlogsmo-
si asas etibari ilo filiz kiitlalorinin uzanmalari iizra ayilma tip strukturlara ta-
bedir. Mis-polimetal filizlosmoasinin lokallagdigi sahodo fay paragenezislori,
ancaq kigik cat sistemlorilo tomsil olunmusdur [11,12,16].
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Mehmana mis-polimetal yatagi daxilinds filizlosmo morholosinds fi-
liznozarotedici pargalanmalar {izro kigik amplitudlu faylar vo ¢opino yer-
doyigsmolor bas vermisdir. Yataqda filizomoalogolmo prosesi bir ne¢o mine-
rallagsma moarholosi ilo baghdir. Filizlosmonin erkon marhoalasinds pirit-kvars
minerallasmasi, son morhalodo iso daha mohsuldar morholo hesab olunan
mis-polimetal (kvars-pirit-xalkopirit-sfalerit vo kvars-sfalerit-qalenit) mor-
holosi omoalo golmisdir [27]. Yataq hiidudlarinda filiz kiitlalori vo siitunla-
rinin yerlogmosi, daxili minerallasma yerdoyismolorinin istiqamati ilo gortlo-
non oyilmo tip qirilmalarla nozarot olunmusdur. Yatagin simal-sorq cina-
hinda askar olunmusdur ki, par¢alanma pozulmalarinin filizdasiyan va filiz-
siz intervallar1 6zlorindo bir qayda olaraq sixilma vo genislonmo oyilmo-
lorini oks etdirirlor. Filiz kiitlolori morfostruktur baximdan par¢alanmalarin
iimumi uzanmasindan saat aqrabinin oksino istiqgamotlonon vo daha maili
yatima malik olan oyilmo strukturlarina uygunlasmisdir. Belo filizli in-
tervallar 6zlorindo hom uzanmalar1, hom do diismolori {izro méhtovi-damar-
ciq tip minerallagsma ilo miisayiot olunan damarvari morfologiyali sulfid-
kvars damarlarin1 vo damarciqlarini yerlosdirirlor [26, 27].

Filiz yataglarinin yerlosmasindo vo lokallasmasinda litoloji-fasial
amillarin rolu shamiyyatli hesab olunur. Ancaq struktur amilloro nisbaton
filizlosmolorin lokallasmasinda bu amillarin tasirlori xeyli daracodo azdir.
Murovdag filiz rayonunda filiz yataqlarinin yerlosmasindo stratigrafik saviy-
yanin tayin olunmasi xiisusi shomiyyat dasiyir. Bu amil yataq va tozahiirlo-
rin mokanca yerlosmo xususiyyatlorine vo hamginin filizlorin miqgdar vo
keyfiyyatlorina muayyan daracads tasir gostarir. Malum oldugu kimi bu filiz
rayonunda bununla yanasi Kimmeric vo Kellovoy-Oksford martobslorine
yataq vo tozahurlorin oksor hissosi aid edilir. Burada mis-polimetal tip filiz-
lorin lokallagmasi tiglin daha olverisli litoloji kasilis kimmericin vulkanogen
gat komplekslari, xtisusan do Gec Yura yasl riftogen shongdaslari olmusdur
[14,24]. Struktur yerlogsmo soraitindon asili olmayaraq litoloji-fasial sorait
bazalt-riolit kompleksi kosilisinin yuxar1 hissasindo konsentrasiya omolo
gotirir. Bu kompleksin siixurlari filizlilik baximindan vulkanogen-¢okmo vo
hidrotermal-metasomatik monsali singenetik tip sulfid minerallagsmasi ilo
zonginlogsmisdir. Bu stratiqrafik horizont daxilinds filiz dasiyan qirilma
strukturlar1 petrografik saciyyalarina gora kontrast olan siixurlarin dik diison
sarhadlari boyunca va ya kdvrok xassali asasi effuziv siixurlarin bloklarinda
yerlosmisdir. Bu siixurlar par¢alanma pozulmalar1 vo tektonik zonalar
boyunca, demok olar ki, siixurlarin biitiin qalinliglart tizrs, bOyik dorinlikds
sulfid minerallagsmasi dasiyan téroma kvarsitlors ¢evrilmisdir.

Kicik Qafgazin mis-porfir yataglarinin tektono-magmatik osasda re-
gional yerlosmo ganunauygunlugunun tohlili gostorir ki, filizlosmonin lokal-
lasmasinin osas baglica meyarlarindan biri Kimmeric marhalasinds, regio-
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nun geoloji inkisafin Alp epoxasinin orogen moarhalosindo formalasmis
maqgmatik formasiyalarin moévcud olmasidir. Bunlara gabbro-diorit-grano-
diorit, granit-qranosiyenit, gabbro-plagiogranit va monsonit-granodiorit for-
masiyalart aiddir [14].

Filiz-magmatik sistemlori daxilinds mis-porfir yataq vo tozahirlorinin
olagadar oldugu filiz dasiyan magmatik komplekslor arasinda gabbro-diorit-
granodiorit komplekslarinin mohsullar1 genis diapozonda yayilmisdir vo
bazalt-andezit-dasit kompleksi bunlarla vahid vulkan-plutonik assosiasiya
omoalo gatirirlar. Mis-porfir yataqlart mokanca vo genetik olarag intruziv
komplekslorin daha gec faza vo diferensiatlarina, dayka vo Kigik intruziv-
lara, bazan isa vulkan moarkazlarina (nekklors) uygunlagmisdir [6, 24, 26].

Oksor todqiqatgilar torafindon [6, 14, 18, 25, 26] mis-porfir yataqlari-
nin miisyyan intruzivlarlo genetik slagosinin tayin edilmasi ¢un ndvbati
meyarlar asas gotiiriiliir: 1) yataqlarin mokanca muoayyan intruziv komp-
lekslara va ya intruziv siixurlar grupuna calb olunmasi; 2) filiz yataglarinin
Vo intruzivlarin muoyyon faza vs diferensiatlarinin formalasma vaxtinin {ist-
Usto ditsmosi; 3) magmatik stixurlar ilo yataqlar arasinda mokanca vo ya mi-
neraloji torkibco kegidlar; 4) muiayyan bir grup intruziv stxurlar ilo muoy-
yon tip yataglar arasinda miisyyon assosiasiyanin olmasi.

Qeyd etmoak olar ki, Qosqarcay filiz-magmatik sistemina daxil olan
bitln yataq vos tozahlrlor mokanca intruziv komplekslarin endo- vo ekzo
tomas zonasinda, eyni zamanda Qosqardag qrupu intruzivlorinin muxtalif
fazalar1 arasinda olan tomas zonada vs onlarin intensiv ¢atliliga moruz gal-
mis faza siixurlarinda, xiisusan gabbro-diorit massivinds va intruziv komp-
lekslo assosiasiya amala gotiron dayka sistemlorinds yerlogirlor. ©ksoar hal-
larda vulkanik proseslor zamani, intruziv komplekslorin formalagmasi vo
gec tektonik harokotlor zamani bas vermis filiz yerlogdirici tektonik ¢atla-
rin istiqgamatlorinin irsililiyi miisahide edilmisdir [6, 20,21, 24, 26]. Filiz
yataq vo tozahurlorinin magmatik komplekslarlo slagodar olmasi endogen
filizomalogalmonin hidrotermal monsali vo ya doarinlik magmatik manba
ilo olagadar olan yiiksok temperaturlu filizlogsmolords, xtsusan do skarnlar-
da, téromo kvarsitlords, homginin kvarsli, kvars-sulfidli vo kvars-karbo-
natli damar vo damar zonalarinda formalagmasi ils tosdiq olunur [25, 26].

Filiz rayonlar1 hiidudlarinda birbasa axtaris olamatlorindon filiz damar
Vo zonalarmin satho ¢ixislarii qeyd etmok mimkiinddr. Filizlords sulfid-
lorin yiiksak miqdar1 da eyni zamanda bir axtaris alamati hesab olunur. Ax-
tarig olamatlori gismindo eyni zamanda metasomatik doyisilmolor, onlarda
miisahida olunan filizlosmalor, mis minerallasmasinin diorit-porfirit vo qra-
nodiorit-porfirit torkibli dayka komplekslori (Qosqarcay, Qosqardag, Qizil-
arxac yataq vo tozahirlori sahasinds) ilo paragenetik slagads olmasi vo mia-
sir gokuntulords rast olunan filiz qirintilar1 v diger faktorlar istirak edirlor.
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Dogiq geoloji-metallogenik toadgigatlar va filizli zona va saholoarin
prognozlasdirilmasi, dag-filiz rayonlarinda axtarig-kosfiyyat islorinin diizgin
istigamatlondirilmasi, elmi asaslandirilmasi va onlarin effektivliyinin artirilmasi
Ucuin xdsusi maraq kasb edir. Murovdag vo Agdam qalximlari daxilinds bunlar
yerino yetirilon geoloji-planalma, axtaris-kosfiyyat vo tematik islorin notico-
sinds filiz rayonlar vo yataglar Gzro aldo olunmus geoloji molumatlara asas-
lanir. Metallogenik todgigatlarin asasinda kompleks formasion-metallogenik
islor durur. Bu zaman filizlagsmonin stratigrafik saviyyasi, litofasial xususiy-
yotlori, tektonik elementlor vo magmatik sixur komplekslorilo olagasi
nozars alinir [16, 17,19, 22].

Ayri-ayn filiz yataq vo tozahirlarinin migdarinin giymatlondirilmasi
zamani, homginin filiz rayonlarinin va sahoalarinin perspektivliyinin giymat-
londirilmasinds formasion-metallogenik analiz Gsulu kifayst godor etibarli
hesab edilir. Bu dsulun geoloji obyektlar Gzra tacribi olaraq totbigi mioy-
yan formasion tip filiz tozahdrloarinin mokanca yaxinlagsmasindaki struktur
olaganin vo koklli magmatik stixurlarla slagesinin aydinlasdirilmasina ko-
mok edir [8,9].

Natica va takliflar. Lok-Qarabag metallogenik zonasinda axtaris-qiy-
motlondirma islarinin misbat noticalori Murovdag vo Agdam gqalximlari
hiidudlarinda Erkon vo Gec Bayos yash vulkanogen vo vulkanogen-¢okmo
stixurlarda qizil, mis vo polimetal filizlarina mogsadli sokildo axtaris-kasfiy-
yat iglorinin hayata kegirilmasi ilo sortlonmisdir. Aparilacaq geoloji-kos-
fiyyat islorinda baslica moqgsadi gizli nacib vo olvan metal filizlosmasinin
askar edilmasi vo Kosfiyyatindan ibaratdir. Filiz kitlalorinin axtarisi regio-
nun geoloji qurulusunun otrafli sokildo dyranilmasi, geoloji anomaliyalarin
Vo struktur elementlorin analizi tzrs aparilir. Murovdag vo Agdam qalxim-
lar1 daxilindo aparilmis kompleks yeriistii geofiziki, geokimyavi vo digor
geoloji islorin noticasindo mis-porfir, mis-polimetal, mis-qizil-kolgedan
filizlogsmolorini saxlayan hidrotermal-metasomatik doyisilmolorin ayri-ayri
fasiyalarinin inkisaf tapdigi filizliliyo potensial perspektivli saholor askar
edilmisdir. Burada qeyd olunan filizlosmolar ilo singenetik va filizlosmodon
sonraki filizyani hidrotermal-metasomatik doyisilmoalor (kvarslagsma, xloprit-
losmo, serisitlosma, propillitlosma, kaolinlosma va s.) hidrotermal monsali
mixtalif tip nacib va olvan metal filizlosmasinin askar edilmasi istigamo-
tindo dolay: bir axtarig olamoti olaraq effektli sokilds istifado edilo bilar.
Filiz rayonlari, sahalori vo yataglarinin metallogenik prognozlasdirilmasi vo
potensial filizliliyinin giymatlondirilmasi ti¢tiin hamin regionun morfostruk-
tur xdsusiyyatlorinin tohlil olunmasi, filizlasmanin magmatik stxurlarla
genetik vo ya paragenetik olagosi, paleocografi analizlorin miisayiati ilo geo-
morfoloji todqigatlar, movcud yataqglarin geoloji kasilislorinin filiz saho-
larinin va rayonlarmin geoloji kasilislorilo korrelyasiya nisbotlori, yataglarin
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axtarig kriterilori, alamatlori vo tisullarmin islanilmasi vo secilmasi, yatag-
larin moakanca yerlogsmasino bu va ya diger daracads tasir géstormis biitiin
qanunauygunluglar kompleks sokildo nozars alinmalidir.

Butdlikds Murovdag vo Agdam qalximlari daxilinde mis-qizil-kol-
cedan, mis-polimetal, mis-porfir, mis-kolcedan vo digar tip yataq vo toza-
hirlorin askar olunma perspektivliyi Yura vulkanizmi mohsullarinin genis
inkisafi ilo saciyyalonir. Vulkanizmin turs diferensiatlar1 ilo genetik vo mo-
kanca mis-kolgedani, mis-qizil-kolgedan vo mis-polimetal filizlosmalori sla-
godardir. Qeyd etdiyimiz bu formasiyasi yataqlari, eyni zamanda damar tip
kvars-polimetal filizlosmasi 6z geoloji-kosfiyyat vo yataq izrs alds olunmus
giymatlondirmo parametrlarina géra sanaye shamiyyatli yataqglar sirasina aid
edilir. Mehmana mis-polimetal yatagi vo Elboydas mis-polimetal tozahiri
hlidudlarina vulkanogen siixurlarin genis inkisaf etmasi, struktur, magmatik,
fasial-litoloji vo stratigrafik amillorin mévcudlugu, siixurlarin formasion
analizi, hidrotermal-metasomatik doyisilmalorin fasial tiplorinin genis
tozahur etmosi, mis-polimetal torkibli damar vo damarciq tip filizlogsmalarin
genis inkisafi vo bir sira geoloji kriterilor burada linzavari-lay tipli polimetal
filizlorinin axtarigina va ilkin prognozlagdirilmasina zomin yaradir.

Mehmana filiz rayonunda Eosen yasli vulkanogen-¢okma stixur kom-
pleksinin inkisafi kolgedan tip yeni qurgusun vao sink filizlogsmasinin yeni
perspektivli sahalorinin axtarisi tigiin stratigrafik amillor rolunda xtsusi ma-
raq kosb edir. Ik ndvbado aparilacaq prognoz-giymatlondirms islori geoloji-
kosfiyyat iglori ilo birgo Mehmana mis-polimetal yatagi vo eloco do onun
cinahlar1 da daxil olmagqla biitiin filiz rayonunu shato etmolidir. Filiz rayo-
nunda prognoz-giymatlondirms islorina potensial filiz rayonlar1 diyiimle-
rinin birbasa olamatlori (ilkin sopiniti areallari, naxin areallari, indikator
elementlorin yiiksok miqdari), miixtalif tip vulkan qurgularinin xaritays alin-
masi, xiisusi geoloji-mineraloji-geokimyovi, dogiq geofiziki vo geokimyovi
Xoritealma iglorinin naticalori, buruq quyularinin vo dag qazmalarinin
kecirilmasi molumatlari vo alinmis naticalorin interpretasiyasi, potensial filiz
shalorinin birbasa olamatlori, filiz saholori vo filizliliys potensial yataglarin
prognoz giymatlondirilmosi zamani aldo olunmus molumatlarin interpreta-
siyast vo Umumilosdirilmosi daxil edilmalidir.

Mis-polimetal filizlosmosi gtin perspektivli hesab edilon Elboydas
cokakliyi daxilinda sonaye shamiyyati dasiyan gizli filizlosmonin askar edil-
moasi Uglin galacokds yerino yetirilocok geoloji-kasfiyyat islorini ilk ndvboda
olverisli ortiilii olan vulkan qurgulariin axtarigina vo onlarin morfostruktur
Vo petroloji-mineraloji xususiyyatlorinin dyranilmasina istigamatlondirmak
lazimdir. Burada eyni zamanda miixtalif vulkanogen va vulkanogen-¢okma
stxur komplekslorinin genis inkisafini nozors alarag mis-polimetal filizlos-
masina perspektivli sahalorin prognozlasdirilmasi tiglin stratiqrafik meyar-
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larla barabar bir kompleksdos litoloji-fasial meyarlar da nazors alinmalidir.
Bu magsadlo burada geoloji-struktur xaritoalma vo dogigq geoloji-geofiziki
Vo geokimyavi-mineraloji islorin aparilmasi, miixtolif tip anomaliyalarin
(geokimyavi, mineraloji, geofiziki) xaritalarinin tortibi, téromo sopinti oreol-
larinin sarhodlorinin hiidudlandirilmasi va struktur quyularin kegirilmasi vo
digar geoloji islorin aparilmasi zaruridir.
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KPUTEPUU JIOKAJIN3AIOUA U PASMEIINEHUA
9HJIOTEHHBIX OPYJIEHEHUI B 30HE COYJIEHEHUSI
MYPOBJATI'-ATJAMCKOI'O IIOAHATHA

M.U.MAHCYPOB, . ' KAJIAHJAPOB, P.A.INIAMHUEB
PE3IOME

B cTatbe paccMOTpeHa 3aKOHOMEPHOCTD JIOKAIM3alUl U Pa3MEIICHUS SHIOT€HHBIN
OpyAEHEHU B 30HE couweHeHUsI MypoBaarcko-ArgaMcKoro noAHATUN. Y CTaHOBJIEHO, YTO
PAacIoNIOKEHNE PYIHBIX MECTOPOKIACHUI U UX IMPOSBICHUN B PETMOHAIBHOM ILIAHE I10 -
YMHEHO PACHOJIOKEHUIO OCHOBHBIX TEKTOHHYECKHX 3JIEMEHTOB B 00IIei cTpykType My-
pPOBIArckoro U MeXMaHMHCKOTO PYJHBIX PaiiOHOB M HAJMYHMIO TIyOMHHBIX pPa3IOMOB,
pasrpaHUUYMBAIONINX OTHAeNIbHbIE OJ0KH. [lepcriekTuBa 0OHAPY)KCHUSI MEAHO-30JI0TO - KOJI-
YeJaHHBIX, MEIHO-TOJUMETAUNINYECKHX, MEIHO-NOP(UPOBBIX, METHO-KONYEIaHHBIX U
JPYTUX TUIIOB OTJIOKEHUH U MPOSBIECHUH B mpeaenax MypoBaarckoro u ArgamMcKoro moj-
HATHH XapaKTepU3yeTcsl MHPOKUM pa3BUTHEM MpoayKToB FOpckoro BynkaHHW3Ma, FeHETH-
YeCKH M IIPOCTPAHCTBEHHO CBSI3aHHBIMH C KHCIBIMH JuddepeHmmaTaMu MemHO-
KOJTYEeTaHHBIMH, MEIHO-30J0TO-KOIYEJaHHBIMA U MEIHO-NOJMMETANINYECKUMU OTIOXKE-
HUSAMH.

BonbIIMHCTBO MECTOPOXICHNI M TPOSIBICHUH COOTBETCTBYIOT TOPCTOBBIM OJIOKAM,
JUISL KOTOPBIX XapaKTEePHBI CHIIBHBIC IPOOJICHUA-PACICHEHHSI, TPOHUIIAEMOCTh THAPOTEP-
MaJbHBIX PACTBOPOB, PAa3BUTUE TOJCTBIX CEPUIl BYJIKAHOTEHHOI'O psJd, HAIMYUE BYJIKAHHU-
YECKUX 1ICHTPOB, BYJIKAHOI'CHHO-KYIOJbHBIX COOPYXKEHHM U KEpJIOBbIX CTPYKTYp. IIpo-
CTPAaHCTBEHHO OHM PACIIOJIAralOTCs B DHIO - U 3K30KOHTAKTE UHTPY3UBHBIX KOMIUIEKCOB, B
30He KOHTAaKTa MEXJAy WX OTICIHbHBIMH (azaMd u B rabOpo-THOPUTOBBIX, KBapll-
JUOPUTOBBIX MAacCHBaX, MOJBEPIIINXCS HHTEHCHUBHON TPEIIMHOBATOCTH, U B JailKOBOI
KOMPJIEKCE, aCCOLMUPYIOLIEHCS C HHTPY3UBOM.

Anannz MOpGhOCTPYKTYPHBIX OCOOEHHOCTEH TaHHOTO PErHOHA /IS METANIOT€HHOTO
IIPOTHO3UPOBAHNUS U OLIEHKU NOTEHIUAIBHON PYJOHOCHOCTH PYAHBIX PAOHOB, Y4aCTKOB U
MECTOPOXKJICHUH, TeHeTHYECKON WIIN TTapareHeTHIecKOr CBSI3M PyI000pa3oBaHMs ¢ MarMa-
THYECKHMH MOPO/IaMH, FeOMOP(OIOTHIECKHIE HCCIIEI0BAHMSI B CONPOBOXKACHUH N1AJIE0Te0-
rpadUIecKoro aHajIHu3a, Te0JOTHUECKHX Pa3pe30oB CYIIECTBYIONIMX MECTOPOXICHUH, pyIl-
HBIX T0JIel ¥ paiioHOB, pa3paboTKa M OTOOP MONCKOBBIX IPH3HAKOB, METOJIOB U KPUTEPHEB
MECTOPOXKJIEHUH, BCE 3aKOHOMEPHOCTH, B TOM WM UHOW CTEIEHU IOBJIMSBIIME HA IIPO-
CTPAHCTBEHHOE Pa3MEILLEHUE MECTOPOXKACHUM, IOJIKHBI PACCMATPUBATBLCS B KOMIUIEKCE.

KuwueBble ciioBa: MECTOPOXIACHNUA U TPOABJICHUA, 3aKOHOMCPHOCTD, JIOKaJIU3a-
oy, CTPOCHUE, MarMaTHICCKUEC, T'C€OJIOTO - IIPOrHO3HAaA OLICHKA, (baKTOpBI.
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FACTORS OF ENDOGENOUS LOCALIZATION AND PLACEMENT
OF ORE FORMATION IN THE CONFLUENCE ZONE
OF THE MUROVDAG-AGDAM UPLIFT

M.I.MANSUROV, B.H.GALANDAROV, R.A.SHAMIYEV
SUMMARY

The article considers the regularity of localization of endogenous ore formation in
the confluence zone of the Murovdag-Aghdam uplift. It is established that the location of
ore deposits and their manifestations in the regional plan is subordinated to the location of
the main tectonic elements in the overall structure of the Murovdag and Mekhmanin ore
regions and the presence of deep faults delineating individual blocks. The prospect of
detecting copper-gold-pyrite, copper-polymetallic, copper-porphyry, copper-pyrite and
other types of deposits and manifestations within the Murovdag and Agdam uplifts is
characterized by a wide development of products of Jurassic volcanism, genetically and
spatially related to acidic differentiates of copper-pyrite, copper-gold-pyrite and copper-
polymetallic deposits.

Most of the deposits and manifestations correspond to the handful blocks, which are
characterized by strong crushing and dismemberment, permeability of hydrothermal
solutions, the development of thick series of volcanogenic series, the presence of volcanic
centers, volcanic dome structures and vent structures. Spatially, they are located in the
endo- and exocontact of intrusive complexes, in the contact zone between their individual
phases and in gabbro-diorite, quartz-diorite massifs subjected to intense fracturing, and in
the dyke mass associated with the intrusive.

Analysis of morphostructural features of this region for metallogenic forecasting and
evaluation of the potential ore content of ore areas, sites and deposits, genetic or
paragenetic connection of ore formation with igneous rocks, geomorphological studies
accompanied by paleogeographic analysis, geological sections of existing deposits, ore
fields and areas, development and selection of prospecting features, methods and criteria of
deposits, all patterns, in particular to one degree or another affected the spatial location of
deposits, should be considered in a complex.

Keywords: deposits and manifestations, regularity, localization, structure,
magmatic, geological and predictive assessment, factors

49



BAKI UNIVERSITETININ XOBORLORI
Ne2 Tabiat elmlari seriyast 2023

UOT 624.131.1

ANALYSIS OF MODERN HYDROGEOLOGICAL,
HYDROGEOECOLOGICAL AND ENGINEERING-GEOLOGICAL
CONDITIONS OF BAKU CITY
AND ITS SURROUNDINGS TERRITORIES

E.AMAMMADOVA
Baku State University
m.esmiralda@yahoo.com

The article is dedicated to the analysis of the modern hydrogeological, hyd-
rogeoecological and engineering-geological conditions of Baku and its surround-dings
territories.

The natural and technogen factors and forming condition of the urbanization
regime in the underground water level were established and characterized; an impact of
the technogen load on hydrogeoecological condition was studied, the physico-geographical
and hydrogeological situation of the region, the hydrodynamical and hydrochemical regime
of the subsoil waters were investigated, the pollution sources of the subsoil and surface
waters were revealed; the reasons for exogenous geological processes were investigated,
some protective measures were suggested for inhibition of activation in sliding process.

Keywords: hydrogeological condition, geological system, regime, underground
water, urbanization, hydrogeoecological processes, mineralization, rocks.

Introduction. The underground hydrosphere under an influence of
the natural and technogen factors in Baku and surroundings was selected as
a research object. The research subject is technogen processes for the
subsoil waters formation. The research aim is an investigation of the change
under an impact of the various factors in underground hydrosphere in Baku
and suburbs and corresponding suggestions. A modern hydrogeological,
hydrogeoecological and engineering-geological conditions were analyzed,
the components of ecosystem in a mutual relation: atmosphere-aeration zone
rocks-underground waters were looked through on the collected and
analyzed factual materials in Baku and suburbs.

Analysis and discussion. The underground waters widely spread in
Baku and suburbs. These waters are found in the different stratigraphic and
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genetic rocks of the various areas in the zone.

We should note that the underground waters are connected with the
Absheron deposits, but in the central part they are connected with the 4 th
period deposits. An absolute value of the water level changes by 90- (28) m.
The subsoil water flow is directed to the sea. A slope depth of the subsoil
waters changes 60-70 m and abates towards the center in a large diapason.

In connection with the change of the lithological structure on the
watery rocks, filtering characters, watery rocks salinization, nourishment
sources, drainage features and etc. the underground waters possess different
mineralization and chemical com-position.

A total mineralization degree of these waters changes from 0,5-1,0
g/l to 25-50 g/I.

The zones with a total mineralization degree expand in the eastern
and north- eastern regions of the Absheron peninsula - Bina - Hovsan —Tur-
kan - Zira, Mashtaga - Buzovna, Mardakan - Shuvalan - Zira in the direction
of Absheron irrigation and Baku. But the subsoil waters with more
mineralization degree than 10 g/l surround the zones along H.Z. Tagiyev-
Masazir-Binagadi-Balakhani-Sabunchu-Bulbula-Surakani-Zig settle-ments.
There are many large and small salty lakes along the peninsula, a total mine-
ralization degree of their waters is 140-160 g/l. The waters are chlorine-
natrium.

Generally, the areas with the subsoil waters which of mineralization
degree is 0,5-2 g/l in 1077 km? of the zone surrounded by a regime
observation net environ 30% of the total zone, but the areas with 2-10 g/l
subsoil waters surround 50% and the areas with more than 10 g/l
underground waters environ 20%.

The Samur-Absheron and Absheron irrigation canals play an
important role in hydrochemical composition of the subsoil waters and dec-
rease of the total minerali-zation degree in subsoil waters at the expense of
water losses in the canal. A total mineralization degree of the subsoil waters
sufficiently gets reduced and reaches 1,2-1,5 g/l, while it was 40,0-43,0 g/I
near the Jeyranbatan settlement till 2000.

An impact of the filtering subsoil waters on hydrochemical regime in
the canal was clearly indicated from Sumgait to Kurdakhani. Decrease of
the total mineralization degree in the subsoil waters at the expense of water
losses from the water equipment systems was observed in Baku and
Sumgait for a long time.

A serious change didn’t happen in biochemical structures of the
underground waters in long-term ceasing, in the centralized water intakes
and their suburbs.

A total mineralization degree of the subsoil waters with the chlorine-
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sulphate composition is 1,0-1,4 g/l in the wells of the centralized water —
intakes near Zira. A total mineralization degree of the subsoil waters with
sulphate-chlorine, magnesium-natrium composition is 1,3- 1,6 g/l in the
centralized water- intake zone of Shuvalan. A total mi-neralization degree of
the underground waters in the wells of the Bina-Hovsan settlement changes
by 0,7- 2,2 g/l. The wells possessing weak mineralization are situated in the
irrigative areas. So, a total mineralization of the subsoil waters in the wells
from other areas is 1,5-2,2 g/l and chemical composition is sulphate-
chlorine-natrium. Decrease of the average weight value to a total mine-
ralization degree was observed on all the zone because of evaporation
increase till 8-10 %, decrease of the atmospheric deposits quantity till 3% in
Baku and Absheron during last 20 years. Their composition changed from
sulphate-chlorine-hydrocarbonate-magnesium-natrium to chlorine-natrium.

As is known, the urbanization process is intensively observed in the
cities including Baku city, having a high development level economically.
Urbanization is a process of cities growth in number, the urban population’s
number increase being paralel to indus-trialization and economic progress.

The underground waters are in an active mitual impact with the
natural-technogen systems, participate in some engineering-geological
processes and play a catalyst role of these processes in most cases. At
present a scale of this impact of the underground waters is larger so that the
negative processes are observed in all the cities. Naturally, a necessity of the
urbanization regime analysis in the underground waters appears in such
case. From this point of view, a character of the urbanization process
influence on the underground waters regime was investigated in the territory
of Baku city.

Generally, some factors influence the underground waters regime in
the territory of Baku city, the fundamentals of them are loss occured from
the communication systems. The pipelines and sewerage systems which are
intended for the water provision of the city are in need of the capital repair
because of the long exploitation. If we take into account that a quantity of
the population who moved to the city from the regions abruptly rose during
last 25-30 years, in this connection, there is an intensive development in ur-
banization, the manystoreyed buildings are built and the water and sewerage
lines are joined the old systems of the same houses, so increase of loss from
these systems is an undeniable fact.

As a result of the comparative analysis of the izobat and
hydroizogips maps of the underground waters for 2000 and 2020 it was
known that a negligible reduction (0,05-0,10 m) was observed in an average
weight evaluation of the underground waters level in Baku during last 20
years (2000-2020).
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So, an increase of the evaporation quantity (8-10%) in the long cut
(2000-2020) in Baku city, but decrease (2-3%) in the atmospheric
precipitations quantity were observed, this influenced the change of the
underground waters level at a regional scale.

On the other hand, the abandoned waters are formed in a capacity of
536 mIn.m® in the territory of Baku city in a year, and 144,5 min.m? from
them are flooted into the Caspian Sea and inner water canals without
purifying. The oil products, dependant substances, sulphate combinations,
chloride salts, surface active substances, phenol and different heavy metals
are thrown into the water canals with the abandoned waters. There are more
than 200 lakes of which total area is 3325 hectares in the Absheron
peninsula. 41,5 min.m?® of sewage waters are floating into these lakes during
a year. An influence of the same lakes on the environment and underground
waters consists of soils degradation, salinization, remaining of the additional
soil plots under water as a result of the under-ground waters level increase,
entering of the harmful substances into the underground waters by the
infiltration waters, throwing of carbohydrogens and other harmful sub-
stances into atmosphere as a result of the evaporation. Boyuk Shor, Bulbula,
Girmizigol, Haji Hasan and Chukhurdara lakes exposed to pollution.

All these directly cause the change of the underground waters
chemical com-position.

It is known that Baku and Absheron are situated in the arid climatic
zone. For a long time a regime of the underground waters is formed under
an influence of the climate factors, i.e. the subsoil waters nourishment
occurs at the expense of the atmospheric deposits, but their discharge hap-
pens at the expense of evaporation. But economically intensive development
of the city causes increase of the more artificial factors role in subsoil waters
nourishment and this negatively affects the hydrogeoecological condition of
the city and surroundings.

The observations show that the subsoil hydrosphere pollution in Baku
and surbubs occur by the atmosphere, surface waters and aeration zone.

According to the information of the Ministry of Ecology and Natural
Resources 66000 tons of pollutants (gas-smoke products and etc) are thrown
in to the atmosphere by the industrial and transport areas in the Azerbaijan
Republic, 88 kg/year falls per person’s share, but 7 tons/year falls per each
quadratic meter.

An increase of the noxious substances amount in the atmosphere
causes atmosphere contamination because the transport means quantity rises
at the expense of the old automobiles and the life refuses are burnt in the
polygons. The polygons which act officially for burning the life refuses fall
short of the accepted norms and standards.
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One of the other problems is soil contamination in Baku an
Absheron peninsula. Pollution of these waters at the expense of the wastes
and tubes transporting oil products is observed in the large industrial areas
and zones where the subsoil waters are naturally unprotected.

During the oil deposits exploitation the environment radioactive
pollution happens because the ecological rules aren’t obeyed. Otherwise, a
main reason of the ecological problems formation is contamination of the
soils with the oil and layer waters during the oil-gas output and boring
works, creation of the artificial lakes and ponds polluted with oil because of
uncontrolled layer waters, wastes collection created during the oil-proces-
sing.

Pollution of the underground waters with the oil-products is es-
pecially observed. So, the lakes nourishing with the oil products and
situating in the Absheron peninsula are considered radioactive pollution
sources for the subsoil waters.

The other problem is a state of the communication systems.

If we take into account that the pipe-lines for the water provision of
the city and surrounding zones, including sewerage systems have been
exploited for a long time, an existence of the losses from the communication
systems of the basic factors affectting the underground hydrosphere
ecological state is approved at present. The urbanization process intensively
develops in Baku and it is clear that this process is accompanied by the
town-building complex enlargement. If there were approximately 2,0
million po-pulation in an official registration of the city till 2000, today this
number is noted 2,5 million. If half-million growth was observed in
population’s quantity for last 20 years, then, the same population was
provided with the new flats and the water and sewage lines of the new flats
were connected to the previous old system, and this causes the supplemental
loading, damaging. The losses occuring from the damaged communication
systems are expended for directly nourishment of the subsoil waters.

The abovementioned ecological problems negatively affects the
environment and underground hydrosphere. So, if we consider that the
subsoil waters settle near the surface in Baku and its surrounding zones,
they are nourished with the infiltration waters, but they become free at the
expense of the plants transpiration, so an increase of the average weight of
the subsoil waters mineralization degree as a result of the intensive evapo-
ration, a qualitative deterioration as a result of nourishment with the noxious
substances are inevitable.

Sanitating the ecological state is reflected as one of the priorities
about a social- economical development in all the state programs of Baku
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and surrounding settlements. Provision of Baku and surrounding settlements
with the sewerage systems, construc-tion of the available installations again,
building the new ones, erecting the verdure zones are realized with in the
same programs frame work.

At the same time cleaning the lakes and soils polluted with oil,
moving the indus-trial enterprises to the surrounding zone and the serious
ecological requirements are yielding positive results in order to prevent from
the factors which negatively affect an ecological state of Baku. 228 hectares
of the oil-polluted zone were recultivated, 1,3 million trees were planted in
the area with 1350 hectares, 408 hectares were renovated, 53 new cultural
and rest parks were built.

The landslides more than exogenous geological processes developed
in the city.

The landslides in Baku are periodically activated and this activation
is due to rising underground water level as a result of accidents on water-
sewer pipelines of the city.

On the other hand the engineering-geological condition of the zone
should be exactly studied, any kind of building should be performed
according to the norms during the town-building. While not following the
building norms, the zone endurance is violated, the complications arise,
liquidating these complications requires a lot of funds. Removal of the lower
slopes, violation of dynamic balance at the expense of the buildings on the
upper parts and so on technogen factors lead to activation of soil
displacement.

The landslides of the city have been noted in the north (“Binagadi”
sliding zone), south-west (“Bayil” projection, “Bayil”, “Park” sliging areas)
and east (“Zigh” and “Ahmadli” sliging areas) parts of Baku mould.

The following measures are considered expedient taking into
account the possibility of periodic activation of the sliding processes in
Baku mould:

-observance of the subsoil use rules;

-prevention of water losses from all the communication systems in
the zone, building closed sewerage systems in the necessary places and
following the building norms;

-exclusion subsoil waters by drainage in the sliding area;

-planting of the bushes and trees resistant to thirst on the slope and
SO on.

Conclusion:
1. It was determined that the urban technogenesis is enough strong
factor and influences the natural factors and condition of the underground
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waters regime formation;

2. Enlargement of the town-building, economical development of the
city, increase of the industrial areas day by day cause growth of the
technogen factors role in underground waters nourishment, and this is
affecting hydrogeoecological condition;

3. An influence of technogenesis on underground hydrosphere is
mostly nega-tive, it is accompanied by the problems as the water resources
pollution, subsoil waters quality deterioration and this is very dangerous and
requires an application of the new ecological projects;

4. Though naturally occuring exogenous geological processes are
geological structure, neotectonics, engineer-geological and hydrogeological
conditions, and cli-mate, in modern times these processes have been
intensified by incresing techno-logical impact on the geological
environment. It is impotant to take the recommended protective measures in
view of the high probability of sliding activation in the future.
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BAKI SOHORI VO ONUN OTRAF ORAZILORININ
MUASIR HIDROGEOLOJi, HIDROGEOEKOLOJi
VO MUHONDISI-GEOLOJi SORAITININ ANALIZi

E.AMOMMODOVA
XULASO

Mogals Baki soharinin vo onun otraf orazilorinin muasir hidrogeoloji, hidrogeo-
ekoloji vo milhandis-geoloji soraitinin analizine hasr edilmigdir.

Tabii va texnogen amillar, o climladan urbanizasiya prosesinin tosiri altinda yeralti
sularm rejiminin formalagma soraiti muoyyon edilmis, texnogen yiikiin hidrogeoekoloji
soraito tosiri Oyronilmis, yeralti sularin hidrodinamik va hidrokimyasvi rejimi tadqiq edilmis,
yeralt1 vo yeriistii sularin ¢irklonmo monbaolari agkar edilmisdir; ekzogen geoloji proseslorin
bagverms soboblori arasdirilmis, siiriismo prosesinds aktivlogsmonin gargisin1 almaq liglin
bozi mihafizo todbirlori toklif edilmisdir.

Acar sozlar: hidrogeoloji sorait, geoloji Sistem, rejim, yeralt1 sular, urbanizasiya,
hidrogeoekoloji proseslor, minerallasma, siixurlar

AHAJIN3 COBPEMEHHBIX T'MJIPOTEOJIOT HYECKHX,
T'HAPOTEODKOJOITMYECKNX U UH)KEHEPHO-TEOJIOTTYECKUX
YCJOBHM I'OPOJIA BAKY U IPUJIET AIOIIIAX
K HEMY TEPPUTOPUI

9.A.MAMEJIOBA
PE3IOME

CraTpsi TOCBSILIEHA AHAIU3Y COBPEMEHHBIX T'MIPOT€OJIOTHYECKHX, THIPOT€03KO-
JIOTHYECKUX U WH)KEHEPHO-TEOJIOTMIECKNX yCIoBHUil Topoa baky m npuieraromux kK Hemy
TEPPUTOPHUH.

OmpeneneHsl ycinoBust (OpMHPOBaHMS peXHMa IOA3EMHBIX BOJ IOl BIMSHHEM
TIPUPOJHBIX M TEXHOTEHHBIX (D)aKTOPOB, B TOM YHCIE Ipoliecca ypOaHU3alWH, N3ydCHEI
BIMSIHHE TEXHOTCHHOW HAarpy3KH Ha THAPOTCOIKOJIOTHYECKHE YCIOBHUS M THAPOJMHA-
MUYECKUH U THAPOXUMHYECKUH PEKHUMBI MOJ3EMHBIX BOJ, BBIIBICHBI MCTOYHHUKH 3arps3-
HEHHS MOJ3EMHBIX M MOBEPXHOCTHBIX BOJI; MCCIIEOBAHBI IIPUYMHBI BOSHUK-HOBEHHS 3K30-
TeHHBIX T€OJIOTHUECKUX MPOIIECCOB U MPEI0KEHBI HEKOTOPhIe MEPOIIPU-ATHS IS PEIOT-
BpalleHNs aKTUBU3AINH OTIOJI3HEH.

KiaoueBble cioBa: TUAPOTCOJIOTMICCKUC YCIIOBHS, T'€OJIOTUYCCKasds CHUCTEMA, pe-

KUM, IIOA3EMHBIC BOJbI, yp6aHH3au1/I;1, TUAPOTCOIKOJIOTMICCKUEC TPOLECCChl, MUHEpAInN3a-
1y, TOPHBIC TOPO/JBI.
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MOJAEJIMPOBAHMUME ITPOLHECCA U3BJIEYEHUA
PETPOI'PAJHOI'O KOHAEHCATA U3 UICTOIIEHHBIX
T'A30KOHJIEHCATHBIX 3AJIEXKEN
I'OPU30HTAJbBHBIMHU CKBA’KUHAMUAU

M.C.XAJ/INJIOB
bakunckuii I'ocyoapcmeennwiit Ynugepcumem
khalilov_mubariz@mail.ru

Ha ocnosanuu mamemamuyeckozo MoOenuposanus uccied08anbl npoyeccvl cezpe-
2aYUOHHO020 pazoeneHusl Yene000pOOHbIX (Pa3 6 pedcume UCMOWeHus U u3enedenue pe-
MpoepaoHo20 KOHOeHCama u3 UCMOujeHHbIX 2a30KOHOEHCAMHbIX 3anedcell. Ycmanosneno,
YUMo nposigleHue ceepecayuoHHbIX NPOYECCcO8 NPU UCMOWEHUU 2A30KOHOEHCAMHBIX 3dje-
Jrcell npueoOUMb K 00pPA308aAHUI) MEXHOSEHHOU KOHOEHCAMHOU OMOpOYKU GOU3U 2a30-
6005HO20 KOHMAKMA U NPU U3GLEHEHUU DEempOocPAOHO20 KOHOEHCAMA U3 MEXHOSEHHbIX
KOHOEHCAMHbIX OMOPOUeK 3a800HeHUe A8emcst IPPEKMUBHbIM CHOCOOOM.

KaroueBble ciioBa: PEXKUM UCTOLICHHNA, peTporpaz[HLIﬁ KOHJACHCAT, (ba30Ba$1 COCTO-
STHUC Ta30KOHACHCATHBIX CMCCCﬁ, MAaTEMAaTUYCCKOE MOJACIMPOBAHUC, HU30TCPMUYECCKOEC
TCUCHUC.

BBenenne. Pa3zpaboTka ra30KOHAEHCATHBIX MECTOPOXKACHHUM B PEXU-
Me UCTOUICHHUS SIBJISIETCS HanboJiee YacTO MCIOJIb3yeMbIM CIoco00M. DTOT
MPOIIECC COMPOBOKAACTCS MOHMKEHUEM TUIACTOBOTO JIABJICHUS U TTOTEPSIMHU
B HEApax MECTOPOXKAECHUN OIPOMHOTO KOJMYECTBA LIEHHOIO YIJIEBOJIOPOI-
HOTO CBIPbsi, OCOOCHHO BBICOKOKHILIIUX YTIEBOAOPOIOB. B pesynbraTe
HEBO3MOXXHO JIOCTHYb BBICOKUX KOI()(PHUIIMEHTOB M3BIEUYCHUS U3 TUIACTa HE
TOJIBKO KHJIKUX YTJIEBOJIOPOJIOB, HO U Ta3a.

TpanuuMOHHBIE BTOPUYHBIE METOJIBI M3BJICUEHUS BBINMABIIETO B IJIa-
CT€ KOHJIEHCATa OTJIMYalOTCS HEBBICOKOM TEXHOJOTHYECKOU 3((eKTHBHO-
CThIO U HM3KO# 3koHOMHUHOCTH [1, 2, 5, 8].

B [1-3] ycTaHOBI€HBI, YTO B IPOIIECCE UCTOIIECHUS Ta30KOH/IEHCATHON
3aJIeKU MOJ JEHCTBUEM KalWJUISIPHBIX U TPABUTAIMOHHBIX CUJI TPOUCXOIUT
nepepacnpe/ielieHie B MPOAYKTUBHOW TOJIIIIE BBIMABIIETO KOHJIEHCATa, U
BCJIC/ICTBHE OTOTO, 00pa3yloTCs TEXHOTCHHBIE KOHJCHCATHBIE OTOPOYKH
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BOJIM3U T'a30-BOASIHOIO KOHTAKTa, U IPUMEHEHHE TOPU30HTAIBHBIX CKBaKUH
PEKOMEHJIOBAaH KaK BTOPUYHBINA METOJ U3BJICUECHUS PETPOTPATHOTO KOHJICH-
caTa U3 TeXHOT€HHOW KOH/JIEHCATHON OTOPOUKH.

B [9] [IpencraBnena mareMaTu4eckasi MOJCIIb WHXKEKIIUU Ta3000pa3-
HOM JIByOKHCH yTJiepojia B MMOPUCTHIN IIacT, COAepKalluii MeTaH U ero ra-
30rUapar npu oTpuIaTenbHoM (1o mkane Llenbcus) Temneparype, u Comnpo-
BOXKJIAIOIIEICS ero pa3okeHreM Ha ra3 u jiefl. [lokazaHo, 4To B 3aBUCUMO-
CTH OT MapaMeTpOB HArHETAEMOT0 raza 0Opa3oBaHME TUApATa YTIEKHCIOTO
ra3a MOXeT IPOUCXOJIUTh B UEThIPEX PEKUMAX.

MatemaTnuueckoe MOJCIHPOBAHKE NAHHOW MPOOIeMBbl CHOPMYIHUPO-
BaHbl M KCCIIEIOBaHbI B [1-3] 4acCTUYHO, U MOJEIMPOBAHUE PEIICHUS ITOU
MPOOJIEMBI, YUYUTHIBAIOIICH MPUMEHEHUE TOPU3OHTAIBHBIX CKBOXKUH, B ATHX
paboTax He paccMaTpUBAIUCh. B CBSA3M C 3THM, Pa3BUTHE H3JIOKECHHBIX
U U TEOPETUYECKOE M3YyUEHHUE IPOLIecca CErperallioOHHOrIO pasJieleHus
YTIEBOJIOPOAHBIX (ha3 B PeKMME HCTOIICHUS U U3BJICUCHUE PETPOTPAIHOTO
KOHJIEHCATa U3 UCTOIICHHBIX Ta30KOHICHCATHBIX 3aJIeXKEH, MPEICTaBISIOTCS
BAKHOM U aKTyaJbHOM 3a1auei.

Crporoe penieHue JaHHOW HpoOIeMbl TpeOyeT HCCIEeNOBaHHUE JBYX
CIIEYIOIINX 3aau:

1. ITocTaHOBKa 3aJ24H CerperalijiOHHOIO pa3jie/IeHus!
YIJIEBOAOPOAHBIX (ha3 B peskuMe MCTOLEHH S
JUist U3y4eHus: CerperalimoHHOro pasJieieHus yriaeBoAOPOAHbIX (a3 B
IIPOLECCe MCTOLICHHs Ta30KOHICHCATHOM 3aJIEKU NOJ JCHMCTBHEM Kallui-
JSPHBIX U TPABUTAlMOHHBIX CHWJI IPEUIaraeTcs MCIOIb30BaTh MOJEIb
TpeXMepHOU Tpexda3zHoil (UIbTpaluu, SBISIOMIENHCS YaCTHBIM CIIy4aeM
MoJienn (UIBTPALlMM MHOTOKOMITIOHEHTHBIX cMecell. Ilpu 3Tom Bes Tpex-
¢da3Has cMech paszienieHa Ha TPU YCIOBHBIX KOMITOHeHTa — ra3 (C, ,), KOH-

nencat (Cs, ) m Boga (H,0), KaXaplif 13 KOTOPBIX B TUIACTOBBIX YCIOBHIX

HaXOJUTCs B Tpex (azax.

N3orepmuueckoe Teuenue TpexdaszHoi GUIbTpauu B MOPUCTON Cpe-
Jie ONHCHIBaeTCs cieayromeil cucreMoil audQepeHnaIbHbIX ypaBHEHUH,
MOJIy4aeMbIX OOBEMHEHUEM YpaBHEHUSI HEPA3phIBHOCTU MO KaXKIBIM TPEM
¢dazam u 06001eHHOrO 3aKkoHa JlapcH, ¢ UCIOJNIb30BaHUEM JIOMYIIEHUS O
JIOKaJIbHOM TepMOJIMHaMUYeCKOM paBHOBecuu (a3 [5]:

(( ;c p, (gradp, - 7, gradH) + ﬂm((p))

div| k p..C (gradp, -y, gradH)+
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f,(s.)
1. (p)

+ p.c.(gradp, —ngfadH)] =

~Llmlpcis, +p.cls, +pcls r X QO-x. Y-, 2-2),
v=l

i=12,3, (1)

rac p8 'pm ,pz - INIOTHOCTb BOﬂHHOﬁ, )I(H,HKOﬁ (KOHI[CHCE[T) n ra30B0171 (ba3bl
i
e !

COOTBETCTBEHHO; C,, C.. ,C.- HOJS |-r0O KOMIIOHCHTA B BOSHOM, JKUIKOI

(xoHzIeHCAT) U ra3oBOil (aze COOTBETCTBEHHO; 7, ,7..,Y.- YAEIbHBIA Bec
BOJITHOM, JKUIIKOM (KOHIEHCAT) M ra30BOil (a3bl COOTBETCTBEHHO; M - IMO-
pHCTOCTh; K -aGCoNOTHAS MPOHKUIIAEMOCTh; S,,S,.,S,- HACHIIIEHHOCTH (a-
30l BOJSHOW, JKUAKOW (KOHJEHCAT) U Ta30BOM  COOTBETCTBEHHO;
f.(s,),f.(s,),f (s.)- orHocuTenpHas pa3oBasi MPOHUIIAEMOCTb BOJISHOM,
KUAKOM (KOHAEHCAT) W Ta3oBoil (asel coorBercTBeHHO; £, (P), 4,.(P),
4, (P) - BA3KOCTH BOJISIHOM, JKUIKOW (KOHICHCAT) U ra30BOil (as3bl COOTBET-

CTBEHHO; P,, P p,-maBienue B (aze BOJSHOM, KUIKOM (KOHIEHCAT) U

ae !

ra3oBoil cooTBeTcTBeHHO; Q) (t) - MaccoBasi INIOTHOCTH MO KOMIIOHEHTY | ;

S - uncno ckBaxuH; O(-)-¢yakuus Hupaka; X,, Y,, Z, - KOOpAWHATHI

v
CKB@KHUHBI 110 OCSIM coOTBeTCTBEHHO; D -06acTh dumsTpanmu; H - rumco-
MeTpusi; 1 - Bpems pa3pabotku; t-Bpemsl.

YYUTHIBAINCH KANWUISPHBIC CHJIBI, U CBS3b MEXKIY JTaBICHHUSIMH B

(1)8.38.X BBIPAXKACTCA YCPC3 KAIIWIIUIAPHBIC NABJICHUA HA TpaHULAX pa3naciia
YIII€eBo4OpOJHasd XUAKOCTh-Ta3 U BOJAA-ra3:

pmc = pe - pco/ce pe = pz_ pcez’
rac pcm ( pmz) — KallWJIIPHOC JAaBJICHUC HAa KOHTAKTC KOHACHCAT-Ta3 (BOI[a-

ras).
Cucrema ypaBHEHUH 3aMBIKAe€TCS HAYAIbHBIMH W TPAHUYHBIMHU
YCIOBUSMU:

pg (X! Y, th)tzo = sz (X! Y, Z)! Se (X’ y' Z’t)‘ti] = SeO (X’ y’ Z)’ )
5.6 ¥, 28] =5, (%, ,2) (xY.2) €D, (3)
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.
on |,

rae S,,,-CBs3aHHas Boja; ()- rpaHuna obsactu GUIbTPALUK; N -BHEUIHSSA

=0, (xy,2)eQ, 4

HOpMaJlb K TpaHHuLe.
Heussectubimu B cucteme ypaBHeHui (1)-(4) siBisitores ra3o- v Bo-

JAHACHIIIEHHOCTH U AaBieHus P, . Mckmouas u3 (1)-(4) naBnenue B (1)336

BOJSTHOM P, M KUAKOW P, , IOJIYyYUM 3aJa4y OTHOCUTEILHO P

dlv{{ f.(s.) c‘+wpmc;€+ -(8.)
ug(p) me(p) " u(p)

. u (p)

o) )
_( f,e(S,0) p,.c..gradp,,. + (( ;pgcggradpcmﬂ} )

2 2’

——=p.C yegradH]

4,.(P)

~Zlmlpels, + p.cls, +p0ls J+ Y QUOSK-X -y, 2-2.),

v=l

i-123, (5)

3 3 3
S, =1-s, -5, ZCQ'g = ZC;C = ZC' =1, (x,y,2)eD,
i=1 i=1 i=1
te(0,T), (6)
P.(4 Y, 2.t o = o (X, 1 2), S.(%, Y, 2,00 =5,0(%, ¥, 2),
Se (X’ y’ Z’t)|t=0 = Sce.s (X’ y1 Z) 1 (X’ yl Z) € D, (7)
p,
anl T (8)
Nl
HpI/I BBIITOJIHCHHUU YCJIOBUA CYHICCTBOBAHUA JIOKAJIBHOTO TCPMOAHWHAMUYC-

CKOT'O0 PaBHOBECHUSI CUCTEMa ypaBHEHUH (5) 3aMbIKaeTcsi ClEIyIOIUMH CO-
OTHOLICHUSIMHU:

—p,(pT.ctc%c?) o = (p.T et 2 ¢%) o = p.(p,Toch 2 )
L, =,ag(p,T,c1,cz,c3), W, =,um(p,T,Cl,CZ,C3), L, =ug(p,T,c1,c2,cs)
o) =p(p,T,cl,cz,c‘°’) .(9)
CaoiicTBa ra3000pa3Ho, XUIKOM U BosHOU (a3 (9), HeoOxo1uMbIe

IIPU PeLICHUH CUCTeMbI ypaBHeHUH (5)-(8), onmpenenstorcs U3 cleayrouen
CUCTEMBI YPAaBHEHHI:
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fl—fl =0,i=13

fl_f=0i=13

_ | | _ . .(10)
c.F.+CF +cF —c' =0,i=13
F.+F +F =1

rne F,,F _,F, -MonspHas mons BoasHOI, ra3oBoi U >KUIKOM (a3bl B cMe-

cu; C'- 10Js | -0 KOMIIOHEHTA B CMECH.

B cucreme (10) nepBble U BTOpbIE ypaBHEHHUS ONMCHIBAIOT COOTBET-
CTBEHHO YCJIOBUSI TEPMOJUHAMHUYECKOI'O PABHOBECHSI — PABEHCTBO JIETy4de-
CTE! KOMIIOHEHTOB B COCYILECTBYIOIIMX I'a30BOM M KUIKOH, BOISHOU M
ra3oBoil (azax, a Tperbe M 4YETBEPTOE YPABHEHHUS - COOTBETCTBEHHO pac-
Ipe/ieJIeHe KOMIIOHEHTOB CMeCH MEXIy (ha3aMH U ypaBHEHHE MaTepUalb-
Horo Oananca /uig a3 CUCTEMBI.

Vcnonb3ys HavalbHbIE JaHHBIE JaBjIeHUs [0, Temmeparypsl | u

i [ 214 o
110 KOMIIOHCHTHOMY COCTaBy CMCCHU C (I :1,3), U3 CUCTEMbl YpaBHCHHUU

(11) mokHO ompenenuTs MonbHbIE tou F, , F,, F, u cocraBbl mapoBoii ¢!

o i o ili 1o
KHJIKON ¢, ¥ BOISIHOHUC, (I =1,3) (a3, Ha KOTOPHIE pa3leseTcss HCXOAHAs

CMECh IpH 33/laHHBIX TepMoOapuueckux ycnoBusx [5]. Ilpu sTtom neryue-
CTH KOMIIOHEHTOB B T'a30BOM M >KHUJKOH, BOJSIHOM U ra3oBoM (pasax paccuu-
TBIBAIOTCSI Ha OCHOBE M3BECTHBIX TEPMOJUHAMHYECKHX COOTHOUIEHWM C
HCII0JIb30BaHUEM ypaBHEHUH cocTostHUs (a3 [6].

Ha ocHOBe M3/10KEHHOIO aIrOpUTMa MPOBENEHBI TEXHOJIOTMUECKHE
pacyeThl MokaszaTelell KOHKPETHOW Ta30KOHJICHCATHOM 3aJieKd B PEKHUME
ucromienus (puc.l.).

! Tasz-xoHZeHcaT

Puc.1. Mozens mmacra
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[Tnomane 3anexu npulIM3UTEIHHO 6.25 kM2, HagajibHOE 11acTOBOE
nasnenue 45 Mlla. Temneparypa 3anmexu coctaBisiia 102°C, naBnenue
Hayaljia KOHJICHCAI[UH IJIAaCTOBOM YIJIEBOJAOPOJHON CMECH MPUOIUZUTEIHHO
38.5 MIla. [TnotHOCTB )UaKOH (a3bl 3anexu 0.8 T/M? , MOJNEKyIsIpHAST Mac-
ca-160, koHIeHcaTocoaepx)aHue ra3oBoi ¢aser 362 r/m>. [lopucrocTs KO-

JIEKTOpOB cocTaBiseT 16,9% u mponumaemocts 0.042 MxMm’ . MomHOCTS
miacta cocrapiser npumepHo 200 m.

[InacToBasi ra30KOHAEHCATHAsI CMECh XapaKTEPU30BAJIACh CIIEIYIO-
IIUM Ha4yaJbHBIM YCPEIHEHHBIM COCTaBOM (MOJISIpHast 1oJist, %): METaH -
88.59; sran - 4.11; nponan - 1.47; 6yran - 0.77; neHTaH IUIIOC BHICOKOKH-
TIAIIKE YTIIEBOAOPOIbI - 4.86; yriekucpli ra3 - 0.2;

CornacHo pe3yjbTaTaM MaTeMaTUYeCKOro MOJICIUPOBAHMS IPOLIEC-
ca muddepeHIuaIbHON KOHACHCAIIMM TPH 3aJaHHBIX TEPMOOAPHUUECKUX
YCIIOBUSAX, TEKYIIUE 3HAUCHUS KOA((OUIIMEHTOB T'a30-, KOHIACHCATO- U BOJIO-

HACBIIIEHHOCTH COOTBETCTBEHHO PaBHBI S, = 0.84 | Sy = 0.04 S, = 012 u

9TH 3HAYEHMs HACBIILEHHOC-TEH (UIIouAaMH NMPUHUMAIOTCS 3a HadajbHbIE
IIPU IPOBE/IEHUH PacUEeTOB.

3aniexb BCKPBITHI MATHIO J0OBIBAIOIIMMU CKBAXMHAMU, Y KOTOPBIX
nephoprupoBaHbl YaCTH, BCKPBIBAIOLINE BEPXHIOIO IIOJIOBUHY MTPOJYKTUBHON
TOJIIIA ¥ IEOUT KCIUTyaTallMOHHBIX CKBAXUH COCTABISIET B 00beMe 5% ot
TEKYILUX 3aI1acoB.

HeoOxonumele ¢u3nueckre CBOWCTBA HACHIIAIOMIMX IJIACT (PIIrOU-
JI0B, B TOM YMCJI€ IJIOTHOCTh M BA3KOCTb Ia3a, KOHJEHCATa U BOABI NOJIyde-
HbI pacyeTaMM MapOKUIKOCTHOTO COCTOSIHMS M3 Tpexda3Hou puibTpanun
Ha ocHoBaHuM (10) u oHuU npexacTaBieHsl puc.2 u 3.

OTtHocuTeNnbHBIC (Pa30BhIE TPOHUIIAEMOCTH Ta3a U KOHJIEHCAaTa ObUIH
IIOJIy4E€HBbl B XOJ€ aJalTalud THIPOJUHAMHYECKONH MOJENH IO JTaHHBIM
HCTOPUU Pa3pabOTKH 3TON 3aJIexKHU:

35
f(s.)= Seo_gl ,s.>0.1,

2.8
fM(SZ,S(g): L_Ols 36_0'2 !8320'2.
0.85 0.8

Kannﬂnﬂpnme OaBJICHHUA Ha rpa}muax pa3/1e.na yrneBonopozl-
Hadl )KHAKOCTDb - T'a3 M1 BO/JIAa - Ir'a3 B3M1ThI TaK:
0,2(09-5,)

Pl =380 3802 L2-5)%(25,-5")

(I=0c,6) I1=10°IIa .

,0.15<s, +s, f(s,)=
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InoTHoCTS ra3a; [lnoTHOCTH
KoHzencata*1000, kr/ kyo.m

0.6

0.5

0.2 2
0.1
0 T T T T T T T 1
25 275 30 325 35 375 40 42.5 45
p, MIla
—eo—Ta3 —a— KonpaeHncar —a&— Bogma

IL1oTHOCTL BOABI*1000, KI/ KYO.M

Puc.2. 3aBHCHMOCTD INIOTHOCTH rasa, KOHACHCAaTa U BOJAbI OT JaBJICHUA

BsizkocTh KoHeHcaTa ¥ BObI, [Ta*c

0.024 0.02
[
\ 1 0018
0.0239 0.016
-+ 0.014
0.0238 0.012
+ 0.01
0.0237 \. 0.008
0.006
/4}
0.0236 B — 0.004
- + 0.002
0.0235 T T T 0
25 30 35 40 45
p, MIla
—&— Bona —e— T a3 —a— KonyeHcar

Bsizkoctb rasa, Ila*c

Puc.3. 3aBHCUMOCTh THHAMHUYECKOM BI3KOCTH ra3a, KOHAeHcaTa

W BOAbI OT JaBJICHUA
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45 0.9
—r—r—"1
40 08

35 \‘\ / 0,7
30 \\ / 0,6
25 \‘\ / 0,5
15 / \‘ 03
10 / 0,2

5 / '/././././r A 0,1

JaBaenue, MIla

Koaddpuumnent razo- u KoHpeHCATOOTIAYH

-\ﬁ\‘——“
0 T T T T T T T T T 0
0 2 4 6 8 10 12 14 16 18 20
t, roabl
—a— JlaBnenue
—— Koa%%m{nem‘ Ta300TIaYH
—8— Koo puIMEeHT KOHASHCATOOTAAY 1

Puc.4. 3aBucumocts k03¢ HUIHCHTa Ta30- U KOHICHCATOOTIaud U
IUIACTOBOE JaBJICHUE OT BPEMEHH pa3paboTKU

CorIacHO BBIIIOJTHEHHBIM ra3oruipoAMHaAaMHUYCCKUM pacycTam, pc-
UM HCTOIIeHHs macta npoanutcs 20 ner. 3a 3TOT Mepuo] U3 MOJEIH
mnacta 100bTo 84% OT HayalbHBIX 3amacoB raza u 27.2% oT HavYalbHBIX
3armacoB KOHJIEHCaTa. 3a yKa3aHHBIM Nepuoj pa3padoTKH IMJIacTOBOE JaBiie-
Hue cHU3mWIoCh oT 45 MIla 1o 3.9 Mlla (puc.4). IIpouecc rpaBUTallMOHHOTO
pas3eneHrs HauuHaeTcs JOCTaTOYHO OBICTPO, YKe uepe3 7 JIeT mocie Havya-
70 pa3paboTKH pacrpeiecHie KOHJCHCATOHACBHIIICHHOCTH TI0 BEPTHKAIH
3aMETHO BO3pacTaeT ¢ TTyOuHOI. B HUXKHEM clioe 3a1eKu OHO pacmpesens-
ercsi paHomepHo. Ha konie 20-ro roga pa3paboTKy TOJIIMHA KOHJEHCAT-
HOM OTOPOYKH PETPOTPAJHOrO KOHAEHCAaTa MPUMEPHO paBHO 24 M U OHaA
cocraBisieT 12% ot oOmieil ToNIM Ta30HOCHOCTH IIPU CPeAHE HACHIIIEH-
HOCTH KOHJIeHcaToM okoito 0.44 (puc.S).

Takum 00pazoM, MPOBEIECHHBIX HCCIICIOBAHUNA HAa MAaTEMaTHYECKUX
MOJIETIIX YCTaHOBIIEHO, YTO BO3MOKHOCTh TPOSIBICHUS CETPETAIMOHHBIX
MIPOIIECCOB MPH UCTONICHUM Ta30KOHICHCATHBIX 3aJIekel, KOTOpPhIe TTPHBO-
JTUTHh K 00pPa30BaHUIO TEXHOTEHHOW KOHICHCATHOW OTOPOUYKH BOJHM3U Ta3o0-
BOIAHOT'O KOHTAKTA.
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! T'az-KoHOeHcaT

Puc.5. Xapaktep QrongoHackieHHOCTH Ha 20-bIi TOJT IJIACTa B PEXKUME UCTOIICHHUS

2. [locTaHoBKa 3a/1a4M M3BJICYEHHSI PETPOrPaTHOr0 KOHIEHCATa U3
MCTOLEHHBIX FA30KOHICHCATHBIX 3ajIexeit

CornacHO pe3yJbTaTOM CErperalioOHHOTO pa3JIeNIeHus YTJeBOJI0-
pPOIHBIX (ha3 B pexXHME UCTOIIEHUS M0 OL[EHKE BO3MOKHOCTH 00pa30oBaHMs
TEXHOTEHHBIX OTOPOYEK PETPOrpagHOrO KOHJAEHCAaTa ¢ HEOOJNBIIMMHU TOJ-
IIMHAMH Ta30HOCHOCTH TPEATNOoiaraeT BTOPUUHYIO J00BIYY KOHACHCATA.

W3BneueHune peTporpajgHoro KOHAEHcaTa U3 OTHOCUTENIBHO HEOOIIb-
IIOW TOJNIIMHBI KOHACHCATHOW OTOPOYKH, KaK BTOPUYHBIA METOJ, IIeNeco-
00pa3HO OCYIIECTBIIATH TOPU3OHTATBHBIMUA CKBRKWHAMH, POOYPEHHBIMH B
aTol otopouke [4]. Ilpu sToM OBITO BHIOpaHO BOASHOE BO37ciicTBHE. 3a-
Ka4yKa BOJbI TIPOU3BOIUTCS CKBAXHMHAMH, KOTOPBIE SIBISINCH JOOBIBAIOIIH-
MU B peXHME HUCTOIIEHUs 3anexu. O0beM 3aKayKu TaKOBBI, YTO JaBJICHHE
HarHETaHWS HE IPEBBIINIACT THIPOCTATHYECKOTO W TIEPUON BO3JICHCTBHUS
orpeJieNigeTcsi ¢ OOBOAHEHHOCTBIO MPOMYKIMH, KOTOpas TOJHKHA COCTaB-
1Th 98%.

s pernennst chOpMyJIUPOBAHHON 3a/ladll B CHCTEMY ypaBHEHUI
(5)-(11) emre npucoeaUHSIETCS CHCTEMa YPaBHEHUH, OMTUCHIBAIOIIAs TCUCHUE
(GIIOUI0B B TOPU3OHTAIBHOW CTBOJIE CKBAKHUHBI TMPU COOTBETCTBYIOIIMX
HaYyaJbHbIX U TPAaHUYHBIX YCIOBHSX [7]:

H k a k 3 k
div( mzmgm)+a(pmzm):0, 324 (%Y, 2t =1, (xy,2)eD, t>T, (12)
k=1
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5 (XY, z,t)‘t:T =15, (13)

211, 258y (xy.2t)| d2=Q* (), 2 Q") =Q,(®). (14)

rage MHACKC M - COOTBETCTBYET CKBaKMHHOM CMCCH, Zrl; -MacCoBas O0JIsA

KOMIIOHEHTa K B cMecHu; pPp, ,19m - IJIOTHOCTh U CKOPOCTh TECYCHUE CMECCHU B

o k
CTBOJIE COOTBETCTBEHHO; [, - paaumyc ropusoHTanbHOM CkBakuHbI; Q° (t)-

nebutsl KoMIoHeHTOoB cmecH; Q(t)- 1eOUT ropu3OHTANBHON CKBa)KHHBI,

Zmax - JJIMHA FOpI/ISOHTaHBHOﬁ 4aCTHu CKBAa’XHUHBEI.

PaccmarpuBaercs ABe BapuaHThI 3aKaYKH M OHM OTJIMYAIOTCS paciio-
JIO)KEHUEM HHTEPBAJIOB Mepdopari.

I BapuanT: CKBaXXMHBI BCKPHIBAIOT BEPXHIOK YacTh NMPOJYKTHBHOM
TOJIIIYM U OTOOp KOHJIEHCAaTa U3 OTOPOYKHM 3a TPHU rojla HE IPOU3BOJUTCS.
3anep:kka 100bI4u TpeOyeTcs, Ui TOro YToObl BO3JECHCTBUE TOCTUTIIO KOH-
JIEHCATHOM OTOPOYKH.

II BapuanT: CKBa)KMHBI BCKPHIBAIOT HUXKHIOK YacTh MIPOAYKTUBHOM
TOJILY U Yepe3 roJi Mocje 3aKauku 0TOOp KOHJIEHCATa U3 OTOPOYKH MPOU3-
BOJIUTCHL.

C ncrnosib30BaHNEM HEOOXOJUMBIX UCXO/IHBIX JaHHbBIX

r, =0.1xm, z €[0,5000] , Q,(t) =17-10° a* [ cym., z-, =0,22 =1,2° =0,
IPOBEJICHBI Fa30TUAPOAUHAMUYECKUE PACUETHI.

B mepBom BapuaHTe B MpOLECCE 3aBOJHEHUS U M3BJICUEHUS PETPO-
IpaJHOro KOHJIeHCaTa 0OHAPYKEHO, YTO C POCTOM JIaBJIEHUS U PACTBOPEHUE
JETKUX (pakLUUU B YIJIEBOJOPOJHOM CMECH KOHJEHCATOHACBIIIEHHOCTD
OTHOCHUTENBHO pacteT. Ilon neficTBUEM IpaBUTALlMOHHBIX CHJI 00pa3zyroTcs
KOH/IGHCATHBIM IIEJMK, T.e. BCIUIBIBACT >KUIKAs YIieBojopojaHas (asa.
HakonieHHoe u3BiIeUeHUE ra3a U KOHJEHCAaTa COCTABIISET COOTBETCTBEHHO

25 7 . 10 ° M3 n 29 5 : 10 ° TOHH, AOIMOJHHUTCIbHAs ,I[O6BI‘{21 - 05 : 109

6
Mm% 1 10.6-10" tomn, xospdunment mpneyenns raza -0.853 | kosddumm-
enT usBnedenns kougencara - 0.42 . 3a paccMarpuBaeMsblii Iepuos paspa-

GOTKH 3alIeKH B IIAcT OyeT 3aKadeHo 0KoNo 96.8 MIIH. M° BOJIEI.

Bo BTOpoM BapuaHTe 3HaYHTEIHHOE KOJIMYECTBO BOIBI IMIOCTYIAET B
BBIILIEJIEKAIIME CIIOM, U TIOJJbEM KOHJIEHCaTa MPOUCXOIUT 00see MHTEHCHB-
Ho. [Tocne aHanm3a TMHAMHUKY OCHOBHBIX TIOKa3aTenel pa3paboTKH Moyda-
eTca Hu3Kas 3(PQPEKTUBHOCTH Mpoliecca MO CPaBHEHUIO C MEPBBIM BapHUaH-
toM. K koHITy mporecca pa3pabOTKi HaKOIUIEHHOE W3BJICYCHHUE Ta3a M KOH-
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6
JIEHCaTa COCTABIAET IPUMEPHO 25.4.10° v u 28.3-10 TOH, JIOTOJHH-

9 6
tensrast go6braa - 0.2-10° M2 u 9.4-10° tonn, koodduument uzsnede-

nus raza - 0.846 , kooppunuent nssneyenns koupencara-0.404 . Jina

peanu3aiys BapHaHTa B IIACT Oy/IeT 3aKaueHo OKOoJIo 69.7 MIIH. M BOJIBL.
CormocraBiieHHe JTOMIOJHUTENIHHON TOOBIYM KOHAEHCATa MO BapHaH-
TaM MPEJCTABJIEHbI HA PUC.6.

450

> 400 f\
350 / \
300

- A~ \

200 \\/X \\

- R —
/ N

) I B

20 22 24 26 28 30 32 34 36 38

T on pazpadoTkm

JlonosiHuTeIbHAS 100bIYA
KOH/IEHCATA, ThIC. TOH

—a&— [ BapuanT —&— [ BapuaHT

Puc.6.ConocrasieHune JONOIHUTENLHON JOOBIYM KOHIEHCATA
110 BapHaHTaM HpI/I BepTI/IKaJ'H)HOM 3aBOJHCHUU

Takum 00pa3oM, Ha OCHOBE MAaTEMaTHYECKOTO0 MOJEIMPOBAHUS MOKa3aHO,
YTO M3 TEXHOT'CHHBIX KOHJIEHCATHBIX OTOPOYEK, 0Opa30BaBIIMXCS B ra3o-
BOJSIHOM KOHTAaKT€ MOJ AEWCTBUEM I'PaBUTALMOHHBIX CHUJI Ha MCTOLICHHBIX
ra30KOHJICHCAaTHBIX 3aJIeKax, MOYKHO W3BJIEYb PETPOrpaiHblii KOHJEHCAT
TOPU30HTAJIBHBIMHU CKBa)KMHAMHU, TPOOYPEHHBIMU B ATOM OTOpPOUKE, C MPH-
MEHEHHEM 3aKauyKd BOJABI B IJIACT, KOTOPOE SIBISETCSA JTOCTATOYHO 3 dek-
THUBHBIM CIIOCOOOM pa3pabOTKU MO CPaBHEHHUIO TPAAUIIMOHHBIX BTOPUYHBIX
METOJIOB U3BJICUYEHNUSI PETPOrPpaHOTO KOHAEH caTa [§].

BriBoabI:

1. Ha 6a3e Tpexda3HOW TPEXKOMIIOHEHTHOW MOJen (GUIbTpaIun
Garoua0B B cHCTEME IIAcT-CKBOKMHA CMOJICIHPOBAHBI MPOIIECC Cerpera-
IIMOHHOTO Pa3JIeJICHUs YTIIEBOJOPOIHBIX (a3 B PEKUME HCTOIICHUS M W3-
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BJICUCHHE PETPOTPAJHOTO KOHJCHCATA M3 MCTOIIECHHBIX I'a30KOHICHCATHBIX
3aJIEIKEH.

2. YCTaHOBIICHO, YTO TPOSIBJIICHUE CErPEeraliOHHBIX MPOIECCOB MPU
WCTOIICHNUHU Ta30KOHICHCATHBIX 3aJIeXkKel MPUBOIUTH K 00pa30BaHUIO TEX-
HOTCHHON KOHJICHCATHOW OTOPOYKHM BOJHM3U Ta30-BOJSHOIO KOHTAaKTa, U
3aBOJIHEHUE SABISETCS F(PPEKTUBHBIM CIIOCOOOM Pa3pabOTKH TEXHOTEHHBIX
KOHJICHCAaTHBIX OTOPOYEK.

3. HauGonbmmii 3peKT ¢ TOUKu 3peHHs] KOHEUHOM KOHJIEHCATOOT-
Jauu TIPH 3aBOJHEHHWH JIOCTUTACTCS NMPH HArHETaHWU BOJBI B CBOJOBYIO
YaCTh 3AJICKH.
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TUKONM®O REJIMINDO iSLOYON QAZKONDENSAT LAYINDA COKON
RETROQRAD KONDENSATIN HORIiZONTAL QUYU iLO CIXARILMA
PROSESININ MODELLOSDIRILMOSI
M.S.XOLILOV
XULASO

Riyazi modellogdirmo ssasinda tlikenmo rejiminds karbohidrogen fazalarinin
seqreqasiya ilo ayrilmasi va tlkenmis qaz-kondensat yataqlarindan retrograd kondensatin
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cixarilmasi proseslari tadqiq edilmigdir. Miioyyon edilmisdir ki, qaz-kondensat ¢okiintu-
lorinin tilkonmosi zamani seqreqasiya proseslorinin tozahirli gaz-su tomasi yaxinliginda
texnogen kondensat halqasinin amala golmasina sabab olur vs texnogen kondensat konar-
larindan retroqrad kondensatin ¢ixarilmasi zamani dagqin effektiv iisuldur.

Acar sozlar: tikenms rejimi, retrograd kondensat, faza qaz kondensat garisiglarinin
voaziyyati, riyazi modellosdirma, izotermik axin.

MODELING THE PROCESS OF RETROGRADE CONDENSATE EXTRACTION
FROM DEPLETED GAS CONDENSATE RESERVES HORIZONTAL WELLS

M.S.KHALILOV
SUMMARY

Based on mathematical modeling, the processes of segregation separation of
hydrocarbon phases in depletion mode and the extraction of retrograde condensate from
depleted gas condensate deposits were studied. It has been established that the manifes-
tation of segregation processes during the depletion of gas-condensate deposits leads to the
formation of a technogenic condensate rim near the gas-water contact and when extracting
retrograde condensate from technogenic condensate rims, flooding is an effective method.

Keywords: depletion mode, retrograde condensate, phase state of gas condensate
mixtures, mathematical modeling, isothermal flow.
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Qobustan rayonunun Miosen ¢okintllorinin biostratigrafiyasi Siingiirdag kasilisinin
nimunalaring asasan todqiq olunmusdur. Biostratigrafik analiz naticasinda mikrofossilila-
rin sistematik tarkibi vo tipik komplekslori (foraminifer, ostrakod, otolit, embrional qarin-
ayaqlt molyusklar) Oyranilmisdir. Siingiirdag kasilisinin stratigrafiyasi miiayyan olunmus-
dur. Tadqgigat naticasinda Siingiirdag kosilisinin sarmat ¢okiintiilarinin stratigrafik bolgi
sxemi iglonib hazirlanmisdir. Bu stratigrafik sxem galacakda Canub-Sarqi Qobustanin digar
sahalarinda aparilacaq geoloji-Kasfiyyat islarinda istifada oluna bilar.

Acar sozlor: mikrofauna, ostrakodlar, foraminiferlor, otolitlor, Miosen, sarmat,
biostratigrafiya

Giris. Miosen ¢okiintiilori neftlilik-qazliliq baximindan diinya sohratli
Mohsuldar seriyadan sonra osas ¢okiintii kompleksi hesab olunur. Yuxarida
gostarilonlora asason Miosen ¢okiintiilorinin mikro vo makrofauna komplek-
sinin, eyni zamanda stratiqrafiyasinin Oyronilmesi giiniimiiziin aktual
mosaloalorindon birina ¢evrilir.

Qobustanin miosen ¢okiintiilorinin biostratiqrafik xarakteristikasi D.
Xolilov (1941, 1946, 1947, 1952), V.M., Pobedina, A.Q. Vorosilova, O.I.
Ribina, Z.V Kuznetsova (1956), L. Mommadova (1975) vo Y.D. Coforova
(1965) tarafindan kern va kasilis niimunalarine asason dyranilmisdir [2, 3, 5,
7,9, 10, 11, 12]. Bu toadqiqatlarin naticosindo makro vo mikrofauna, baliq
qaliglarinin sistematik torkibi va tipik comiyyatlori tasvir olunmus, Miosen
qatinin stratiqrafik sxemi iglonib hazirlanmigdir.

Material vo metodika. Hor bir niimunodon 150-200 gr goturul-
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mokla, termostatda 80 °S-do 6 saat miiddatinde qurudulmusdur. Qurudulmus
niimunalarin tizarina 50 qr natrium-hidrokarbonat (NaHCO3) slava olunmus
vo isti suda bir sutka miiddetindo isladilmisdir. Islanmis niimunoler 0,63
mkm Ol¢iilii alokdon axar suyun altinda yuyulmus, sldo olunmus niimuns
termostatda qurudulmusdur [1]. Mikrofaunanin yigimi Nikon SMZ18 mar-
kal1 mikroskop, sokillorin ¢okilmosi iso ZEISS Stemi 508 skan elektron mik-
roskopu vasitosilo hoyata kegirilmisdir.

Siingiirdag kasilisi. Kasilis Qobustan rayonunda Siingiirdagin conub
yamacindan baglayir (sokil 1, 2). Simal istigamatinds niimunalarin gotarl-
masino baglanmigdir. Az.Sm-Sq 102 doroco, yatim 32 doraca (cb.s
40.2852.49.1632). Nimunalor hor 3 m-don bir gétiiriilmiisdiir. Mikrofauna
galiglaria asasan Siingiirdag kasilisinds alt vo orta sarmat yarimmartabalari
geyd olunmusdur (sokil 3). Alt sarmat yarimmaortobasi ¢ox sayda Ovulites
sarmatica (Chalil) yosun galiglari, orta sarmat iso ¢ox sayda Elphidium, No-
nion cinsino aid foraminifer formalarinin tapilmasi ils saciyyslonir. Kasilisin
litoloji va biostratigrafik bolgiisti asagidaki ardicilligla miisahids olunur:

'
{ \‘\.\h stase RUSSIAN FEDERATION AZERBAIJAN
xm;nu & \ Ve OKHuchni okm 20 40 okm
Tolasr OOvarel \
) GEORGIA (obecot, TS RESPUBL/KAoi;AGES(AN “”"‘w-_cm
Bolokan
Nnoh] /| Sogarejo \K({,w o Sory gy Kasumkon! /72"
3 < OGurjachi G § ohag O
z«w;&x < ORutul § Qusargf
Danagior | AT & Ry
Co.ewwsem:"k

o\,
Olpfaqo. "\ Ased Keynte o
([ B, ysaki ST 0
L

00§uz

S e Zarnavad® | Ashrdzanka
OCuxuryurd
oRsysay Madiasagamax!
S R A
a Oaramaryary %Nm u?:“
D ma
J

Coyldags

iindarxc, A

] b Dm AT *,NAgdcm Ageabadil sz :

ARMENIA | o de. Lo -
o WG R Xonkandl

7 g 2 “Qaragala
Shusha Beylaganc OBahr
RABAKH_J' 7o Oatrirha TM\‘\?‘\\? e

Araral

P
oy
<y = SEA
N f > Bilsuvar
Radruf Z suvary
O oradiz
5 hbyy Vool Gbaditc, B 8 '
5 H
QDasfakert Ran! nllq O A
® AXC/VAN Kopangse= OKiods Afar
laxgivan OK ajoron™ \~0 Zangitar
Bubak I i
urué say Hnciven Germio
) By bﬂd Yatdimlic
rdy
W LorkO

.
Km = L\ 2 e Neshd
. —4Marand

Sok. 1. Qobustan NQR

72



Sok. 2. Qobustan rayonu, Siingiirdag kosilisi I

Dosto 1. Boz gillar, kaskin pargalanmaya moruz qalib. Layliliq salis deyil.
Qalinlig1 baslangicdan tam toyin etmok olmur. Torpaq qatt ilo Ortullb.
Gorunon qalinlig 1m. Nimunos-1,2. Mikrofauna qaliglarindan tok sayda
Ovulites sarmatica Chal. va baliq stimiiklari miisahido olunur [14].

Dosto 2. Agig-boz gillor pargalanmaya moruz qalmis gil pargalari arasinda
galinhigr 1-4 mm-o catan, mixtslif istigamotdo uzanan gips laylari izlonilir.
1-ci va 2-ci lay arasinda 0,3 m qalinliga malik mergel lay1 kegir. GOriinan
galinhig. Nim-3. Mikrofauna qaliglarindan Ovulites sarmatica miisahido
olunur [1, 4].

Dosto 3. Tind-gara gillor, yarozitli, domirlogmis, par¢alanmis. Qalinliq 0.5
m. NUm-4. Mikrofauna qaliglar1 tapilmamisdir.

Dosto 4. Tind-agiq qonuru gillor. Qalinlig 0.7 m. Niim-5. Mikrofauna
qaliglar tapilmamigdir.

Dosto 5. Tlnd-qgara gillor. Qalinliq 1m. Niim-6. Mikrofauna galiqlar tapil-
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mamisdir.

Dasta 6. Acig-qonuru, boz gillar, pargalar arasinda gips layciqlari izlanilir.
Qalinlig 1m. Niim-7. Mikrofauna qaliglar1 tapilmamisdir.

Dasto 7. Tind-gonuru gillar, kaskin pargalanib. Qalinliq 1m. Niim-8. Mik-
rofauna galiglar1 tapilmamisdir.

Dasto 8. Qonuru gillar, qalinliq 1m. Niim-9. Mikrofauna qaliglar1 tapilma-
misdir.

Dasta 9. Agig-gohvayi rangli gillor, salis layliliqg miisahids olunur. Qalinliq
0,5 m. NUm-10. Mikrofauna galiglar1 tapilmamisdir.

Dosto 10. Qara gillor, layliliq izlonilir. Gillor arasinda gips laylari var.
Qalinliq 0, 3 m. Niim-11. Mikrofauna qaliqlar1 tapilmamisgdir.

Dosto 11. Qonuru gillar. Gil gati arasinda ag (3-5 sm) gil layciglari izlonilir.
Qalinlig 0.7 m. Niim-12. Mikrofauna qaliglar1 tapilmamisgdir.

Dasta 12. Qalinliq shangdasi ¢ox bark va cingiltilidir. Laylanma gorinmdr.
Qalinlig 5Sm. Niim-13. Mikrofauna galiglar1 tapilmamaisdir.

Kasiligin davami 120 m Simal-Sarq istigamatinds ikinci dora boyu davam
etdirilmisdir.

Dosto 13. Acig-boz qumlu gillor. Laylanma miisahido olunur. Az 330 °
diismo bucagi 10 °. Qalinliq 2m. Niim-14,15,16. Mikrofauna qaliglarindan
cox sayda Ovulites sarmatica Chal. miayyan olunmusdur [6, 8].

Dosta 14. Gilli qumlar, sarimtil-boz, boz rongli. Qalinliq 0,8 m. Niim-17,18.
Mikrofauna qaliglarindan ¢ox sayda Ovulites sarmatica Chal., Nonion
miocenicus Pob. Et Vorosch. miisahids olunur [8,13].

Dosto 15. A¢ig-boz, boz rongli qumlar. Qalinliqg 2m. Nim-19, 20 Mikro-
fauna qaliglarindan ¢ox sayda Ovulites sarmatica Chal. mioyyan olun-
musdur [10].

Dosto 16. Acig-gohvayi gillor. Laylar arasinda tiind gil layciglart (3-4sm)
izlonilir. Qalinliq 1, 5 sm. Niim-21, 22. Mikrofauna qaliglarindan ¢ox sayda
Ovulites sarmatica Chal. miisahido olunur.

Dasts 17. Tund-gonuru az qumlu gillor. Laylanma miisahido olunur. Qalin-
liq 2,5 m. NUm-22, 23. Gips qurintilar1 var. Mikrofauna qaliglart tapilma-
misdir.

Dosto 18. Cox qumlu acig-gohvayi gillor. Qalinliq 4m. Niim-24, 25. Cox
sayda Ovulites sarmatica Chal., baliq dislari, 5 odoad flora qaligi [14].

Dosto 19. Qohvayi az gilli qumlar. Qalinliq 1m, Niim-26. Mikrofauna ga-
liglar1 tapilmamisgdir.

Dasta 20. Gil qarisiqh agig-qurmizimtil qumlar. Arasinda 0.3 sm qalinhigh
tiind gil layciglart kegir. Qalinliq 2m. Niim-27,28. Az bucagi 350, Diismo
bucagi 12. Mikrofauna qaliglarindan ¢ox sayda Ovulites sarmatica Chal.
miisahido olunur [14].

Dosto 21. Agig-gonuru nazik gilli-qum vo gil laylarinin (10 -12m) ndv-
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bolosmasi. Qalinliq 1.5m. Az 330. Diis.buc 30.Niim-29. Mikrofauna galigla-
rindan tok sayda Ovulites sarmatica Chal. izlanir.

Dastos 22. Tiind-gonuru gillor. Laylar arasinda qalinligi 2 m-2 ¢atan gips lay-
lar1 izlonilir. Qalinliq 2m, Niim 30. Mikrofauna galigqlarindan Nonion mio-
cenicus (Vorosh.), Rotalia sp, Elphidium sp. miisahids olunur [14].

Dasto 23. Agig-qonuru, layli gillor, qalinliqg 1m. Niim-31. Mikrofauna ga-
liglar1 tapilmamaisdir.

Dasto 24. Agig-boz rongli gilli-qumlar. Qalinliq 2 m. Niim-32,33. Mikrofau-
na qaliglarindan Elphidium macellum (Ficht. Et Moll), Elphidium fichtel-
lianum (Orb.), Globigerina sp, Rotalia sp., Elphidium sp., Nonion granosus
(Bogdanowicz), Elphidium ligatum (Linne), Parasononion martkobi (Bog-
danowicz) miisahido olunur [13,14] (cadval 1, 2).

Dasts 25. Boz rangli az qumlu gillar. Qalinliq 2.5 m. Niim-34,35. Mikro-
fauna galiglar1 tapilmamisdir.

50 metr fasilo.

Dasto 26. Qahvayi rongli az qumlu gillor. Qalinliq 3m. Niim-36. Mikrofauna
galiglar1 tapilmamisdir.

20 metr fasilo.

Dasto 27. Agig-gohvayi karbonatli-qumlu gillor. Gériinen qalinliq 2m. Niim-
37. Mikrofauna qaliglar1 tapilmamigdir.

Dosto 28. Karbonatli gil, gahvayi, st hissoda bork, asagiya dogru getdikco
laylarin qalinlig1 azalir. Varoqvari layciqlara kegir. Goriinan galinliq 1m-dan
coxdur. Qalinliq 3 m. Niim-38, 39. Mikrofauna qaliglarindan Ovulites sar-
matica Chal. miisahido olunur [13,14].

Dosto 29. Acig-gohvayi az qumlu gillor. Laylanma miisahids olunur. Qa-
linlig 2m. Niim-40 . Mikrofauna qaliglar1 tapilmamisdir.

Dasta 30. Ac¢ig-boz karbonatl gillor. Laylanma miisahids olunur. Qalinliq
2m, Num-41, 42. Mikrofauna qaliglar1 tapilmamigdir.

Dosto 31. Qohvayi gillor. Qalinlig 5m. Niim-43. 2 odod. Mikrofauna ga-
liglarindan Ovulites sarmatica Chal. miisahids olunur.

Dosto 32. Zoif karbonatli goahvoayi gillor. Laylanma izlonilir, galinliq 3m.
Mikrofauna qaliglari tapilmamisdir. Niim-44, 45, 46, 47, 48. Asagiya dogru
laylarin qalinlig1 artir vo paralel olaraq karbonatliliq artir. Elphidium macel-
lum (Ficht. Et Moll), Elphidium fichtellianum (Orb.), E. pusillogranosum
(Veng.), Cibidies sp., Elphidium crispum (Linne), Elphidium crispum ro-
busta (Linne), Spiroloculina okrajantzi (Bogdanowicz), ¢ox sayda baliq disi
Vo sumuiyd tapilmigdir (codval 2, 3) [8,13,14]

Dasto 33. Ac¢ig-gohvayi, agimsov gillar, layli, pargalanmaya moruz qalir.
Qalinliq 3m. Niim-49,50. Mikrofauna qaliqlar1 tapilmamisdir.

Dosto 34. Tund-gahvayi gillor. Qalinliq 3m. Niim-51, 52. Mikrofauna qaliq-
lar1 tapilmamigdir.
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Dasto 35. Agig-boz layli gillor. Qalinliq 3m. Niim-53, 54, 55, 56. Mik-
rofauna qaliglar1 tapilmamisdir.

Dasto 36. Boz-qonuru yagh gillor. Layliliq miisahido olunur. Arasinda 1-2
sm gips layciqlart geyd olunur. Qalinliq 3m. Nim-57, 58. Mikrofauna ga-
liglar tapilmamaigdir.

Dasta 37. Boz layli qumlu gillor. Qalinlig 6 m. Niim- 59, 60, 61, 62. Mik-
rofauna galiglar1 tapilmamisdir.

Dastoa 38. A¢iq-boz karbonatli gillor. Layliliq miisahids olunur. Qalinliq 2m.
NUm-63. Mikrofauna qaliglar tapilmamisdir.

Dasto 39. Qumlu gillor. Layliliq miisahido olunur. Qalinliq 2.5 m. Niim-
64,65. Mikrofauna galiglar1 tapilmamigsdir.

Dasta 40. Layli, boz yagh gillor. Az qalinliqli. Qalinliq 4m. Niim-66, 67, 68,
69. Mikrofauna galiglar tapilmamisdir.

50 metr ara ilo kasilisin davami Simalda névbati daranin igarisinda izlonilir
(Simala dogru Cangi kondi istigamatinda).

Dasto 41. Agig-boz az qumlu va karbonatli gillor. Gillor igarisinds yasomoni
noqtolor miisahido olunur. Qalinliq 0,3 m. Niim-70. Mikrofauna qaliqlar
tapilmamisgdir.

Dasts 42. Qonuru gillor. Qalinliq 2m. Niim-71. Mikrofauna qaliglari tapil-
Mmamisdir.

Dasta 43. Agig-boz, agimtil gil laylari. Qalinliq 1m. Niim-72, 73. Mikro-
fauna qaliglar1 tapilmamisdir.

Dosto 44. Tiind-gohvoyi gil laylari igarisinds tizvi qaliglar izlonilir. Qalinhq
1m. NUm-74, 75. Mikrofauna galiglar1 tapilmamisdir.

Dosto 45. A¢ig-gohvayi gillor. Qalinliq 0,5 m. Gips laylari miisahids olunur.
Nim-76, 77. Mikrofauna qaliqlarindan Ovulites sarmatica Chal. miisahido
olunur.

Dosto 46. Tiind-gohvayi gil laylari. 1-2 sm-lik gips laylari izlonilir. Qalinliq
Im. NUm-78,79,80. Mikrofauna qaliglar1 tapilmamisdir.

Dastos 47. Ac¢ig-gohvayi gillor. Qalinliq 0,4m. Niim-81. Mikrofauna qaliglari
tapilmamigdir.

Dasto 48. Qonuru gillor. Laylar arasinda 1-2 sm qalinliglt gips layciglart mii-
sahido olunur. Qalinliq 0,6 m. Niim-82. Mikrofauna qaliglar1 tapilmamisdir.
Dosto 49. Acig-yasilimtil gil laylari. Qalinliq 1,5 sm. Niim-83, 84. Mikro-
fauna qaliglar tapilmamisdir.

Dasto 50. Qahvayi rongli gil laylar. Igarisinda enino vo uzununa gips laylari
izlonilir. Qalinliq 0,8 m. Niim-85, 86. Mikrofauna qaliqlar1 tapilmamisdir.
Dosto 51. Mavi rongli gillor. Laylar arasinda gips layciglari izlonilir.
Qalinliq 0,5m. Niim-87. Mikrofauna qaliqlar1 tapilmamisdir.

Dasto 52. Tiund-boz, bozumtul-gohvoyi gil laylari. Qalinlig-1m. NUm-88,
89. Mikrofauna qaliqlar1 tapilmamigdar.
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Dosto 53. Acig-boz rongli gil laylari. Qalinlig 1,5 m. Nim-90, 91, 92.
Mikrofauna galiglar1 tapilmamisdir.

Dasto 54. A¢ig-gohvayi gil laylari. Qalinliq 0.8 m. Niim-93. Mikrofauna
qaliglarindan baliq disi tapilmisdir.

Dosto 55. Ac¢iq-gohvayi az karbonathi gil laylari. Laylar kip vo barkdir.
Qalinliq 2 m, Niim-94, 95. Mikrofauna qaliqlar1 tapilmamigdir.

Dasts 56. A¢iq-boz va agiq ¢ohrayi gil laylarinin névbalogmasi. Qalinliq 3
m. NUm-96, 97, 98, 99, 100. Mikrofauna qaliqlar tapilmamigdir.

Dasto 57. Agig-boz gil laylari. Qalinlig 2 m. Niim-101,102. Mikrofauna
qaliglar tapilmamigdir.

Dasto 58. Mergel. Qalinlig 2 sm. Niim-103. Mikrofauna galiglarindan
Otolithus sp. izlanir.

Dosto 59. Karbonatli gil laylari. Qalinlig 1 m. Niim-104. Mikrofauna
qaliglar1 tapilmamigdir.

Doasta 60. Agig-gohvayi gil laylari. Laylar arasinda nazik gips layciglar
izlonilir. Layliliq miisahido olunur. Qalinlig 2m. Niim-105. Mikrofauna
qaliglarindan Otolithus sp. izlonir [6, 7, 10, 11].

Dasta 61. 105 vo 106-c1 niimunalor arast saho 3-4 metr qalinligdan ibarat
¢okiintli gatlar1 torpaq Ortiiyli ilo basdirilib. Az bir sahodo yerli xisusiyyato
malik tektonik ayilmo miisahido olunur. Mikrofauna galiglari tapilmamisdir.
Dosto 62. Acgig-gahvayi, varagvari gillor, nazik gips layciglari izlonilir.
Qalinlig 12 metr. Niim-106,107,108,109,110,111. Mikrofauna qaliglarindan
Elphidium regina (Orbigny), E. macellum (Fitch et Moll), E. crispum
(Linne), E. aculeatum (Orbigny) tapilmigdir (codval 2) [8, 13, 14].

Dosts 63. Qonuru gillor layli. Laylar arasinda gips layciqlari izlonilir. Gillor
yumsaq va neftlidir. Laylanma salis miisahido olunur. Qalinlig 3m. Nim-
112, 113, 114. Mikrofauna qaliglar1 tapilmamigdar.

Dosto 64. Acig-boz layli, az qumlu gillor. Qalinliq 0.7 m. Nim-115.
Mikrofauna qaliglar1 tapilmamigdir.

Dasts 65.Tind-gonuru bark, layli gillor. Qalinliq 10.5 metr. Niim-116, 117,
118, 119 (119 qurilib diismo ola bilor) Mikrofauna galiglar tapilmamigdir.
Dasts 66. Boz, tiind boz gillor. Laylanma miisahido olunur. Qalinliq 15 m.
NUm-120, 121. Az 330 doraca. Diismo bucagi 35 doroco. Laylarin istii
ortili oldugundan bu dastadan har yerdon nimuna gétirmak olmur. Mik-
rofauna qaliglar1 tapilmamigdar.

Dasta 67. Qonuru gillor. Layliliq miisahids olunur. Qalinliq 2.5 m. Niim
122, 123. Mikrofauna galiglar tapilmamigdir.

Dasto 68. Acig-qoavayi layl gillar, gips qirintilart var. Qalinliq 1.5m. Nim-
124. Mikrofauna galiglar1 tapilmamisdir.

Dosto 69. Sindirilma sothinds agiq-boz, sothdos iso pariltili qonuru gil laylari.
Laylar icarisindo muxtalif istigamatds gips laylar1 (1-2sm) izlonilir. Qalinhq
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1,5 m. Niim125. Mikrofauna qaliglari tapilmamisdir.

Dasto 70. Tlind-gohvayi gillor. Qalinliq 2m. Niim-126,127,128. Mikrofauna
galiglar1 tapilmamisdir.

Dasto 71. Sothdo qonuru, sindirilma sothinds agig-boz layl gillor. Qalinliq
1,5 m. NUm-129.130. Mikrofauna galiglar tapilmamisdir.

Dasto 72. Qohvayi gilli laylar. Qalinliq 1m. Niim-131. Mikrofauna qaliglari
tapilmamisdir.

Dasto 73. Qonuru layl: gillor. Qalinliq 2 m. Niim-132, 133, 134, 135. Mikro-
fauna qaliglar1 tapilmamisdir.

Dasta 74. Boz layl gillor. Qalinliq 1, 5 m. Niim-136. Mikrofauna qaliglar
tapilmamisdir.

Dastoa 75. Qahvayi layl gillor. Qalinliq 1, 5 m. Niim-137. Mikrofauna ga-
liglar1 tapilmamaisdir.

Dosto 76. Boz layli gillar, sothdo gohvayi gillor. Qalinlig 2m. Nim-138,
139. Mikrofauna qaliglar1 tapilmamaisdir.

Dasta 77. Qahvayi varagvari gillor. Qalinliq 1,5m. Niim-140, 141, 142, 143.
Mikrofauna galiglar1 tapilmamaisdir.

Dosta 78. Agimsov-boz layli gillor. Qalin layli karbonatli bark laylar.
Qalinliq 2-3 metr. NUm-144,145. Mikrofauna galiglar1 tapilmamisdir.

Dasta 79. Qahvayi gillar, sathds agimsov-boz sindirilma sathinds gahvayi.
Qalinlig 0.7m. Niim-146. Mikrofauna qaliqlar1 tapilmamisdir.

Dosto 80. Qohvayi layli gillor. Qalinlig 0.8 m. Nim-147. Mikrofauna
qaliqlart tapilmamisgdir.

Dosto 81. Agimsov-boz layli gillor. NUm-148,149. Mikrofauna galiglari
tapilmamigdir.

Dasts 82. Tiind-gonuru layli gillar. Qal-1 m. Nim-150. Mikrofauna galiglari
tapilmamigdir.

Kasiligin davami novbati darado.

Dosto 83. Agimsov-boz gillor. Qalinlig 0,6 m. Niim-151. Mikrofauna
galiglar1 tapilmamisdir.

Dosto 84. Tund-boz layl gillor. Karbonath gilli fasiya. Qalinliq 0.5m. Nim-
152. Mikrofauna galiqlar1 tapilmamsdar.

Dasta 85. Qohvayi varagvari gillor. Qalinliq 2m. Niim-153,154. Mikrofauna
galiglar1 tapilmamigdir.

Dosto 86. Agimsov-boz rongli karbonatlh gillor. Gillor laylidir. Qalinliq 0, 5
m. NUm-155. Mikrofauna qaliglari tapilmamisdir.

Kasilisin davami novbati dorada.

Dosto 87. Zoif karbonatli gil lay1. Qonuru, yagli, bark gillor. Qalinliq 0.2m.
NUm-156. Mikrofauna qaliqlar1 tapilmamisdir.

Dosto 88. Tiind gil qirint1 laylarindan ibarst ¢aqil gati (0.1m). NUm-157.
Mikrofauna qaliqlar1 tapilmamigdir.
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Dosto 89. Tund-qonuru (yaniq sokilli) gillor. Qalinlig 2 m. Niim-158.
Mikrofauna qaliglar1 tapilmamaigdar.
Dasto 90. Ac¢ig-boz layli gillor. Qalinliq 0, 4 m. Niim-159. Mikrofauna
qaliglar tapilmamigdir.
Dasts 91. Tund-gonuru gillar. Qalinliq 3 m. Sathds solgun yasilimtil gillar.
NUm-160,161,162. Mikrofauna qaliglarindan baliq disi tapilmisdir.
Dasto 92. Qohvayi rongli gillor. Qalinliq 1, 5 m. Niim-163. Mikrofauna
qaliglar tapilmamigdir.
Dasto 93. Qonuru gillor. Qalinlig 1 m. Niim-164. Mikrofauna qaliglar
tapilmamigdir.
Dasts 94. Boz gil laylari. Qalinliq 7,5 m. Niim-165, 166, 167. Mikrofauna
qaliglar tapilmamigdir.
Dosto 95. Agimsov-boz gillor. Qalinlig 0, 8 m. Niim-168. Mikrofauna
qaliglar1 tapilmamigdir.
Dasto 96. Boz gillor.Qalinlig 5m. Niim-169. Mikrofauna qaliglar1 tapilma-
misdir.
Dasto 97. A¢ig-boz rongli mergel lay1. Qalinliq 0, 5 m. Mikrofauna galiglar
tapilmamisgdir.
Dosto 98. A¢ig-boz gil laylari. Qalinliq 1m. Niim-170,171,172. Mikrofauna
qaliglar1 tapilmamigdir.
Dasto 99. Agimsov-boz gillor. Qalinliq 2 m. Niim-173. Mikrofauna qaliglari
tapilmamisdir.

Ara mosafasi.Qeyri-miiayyan mosafo.
Dosto 100. Tuind-boz, sarimtil gillor. Qalinliq 0, 3 m. Niim-174
Kosilisin davami novboti asirimin arxasindaki dorodo davam edir. Mik-
rofauna qaliglari tapilmamigdir.
Dosto 101. Tund-qonuru yagh gillor. Laylanma misahido edilir. Qalinliq
om. Nim-175,176,177. Mikrofauna qaliqlar tapilmamisdir.
Dosto 102. Tund-gonuru gillarin tind gara gillora kegid zonasi. Laylanma
musahids olunur. Qalinlig1 7 m. Niim-178. Mikrofauna qaliglari tapilmamis-
dir.
Dasta 103. Agimsov-boz mergel layi. Qalinliq 1 m. Niim-179. Mikrofauna
qaliglart tapilmamigdir.
Dosto 104. Qonuru gillor. Sindirilma sathinds gara. Qalinliq 2 m. Niim-180.
Mikrofauna qaliqlar1 tapilmamaisdir.
Dosto 105. Acig-boz layl gillor. Qalinliq 1, 5 m. Niim-181. Mikrofauna
qaliglart tapilmamigdir.
Dosto 106. Agig-boz layli mergel gati. Qalinlig 0,5 m. Nim-182. Mikro-
fauna qaliglar tapilmamisdir.
Dosto 107. Qonuru gillor, birbaga mergel gatinin tomasinda yatir. Qalin-
l1g....Niim-183. Mikrofauna qaliqlar1 tapilmamisdir.
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Dasts 108. A¢ig-boz mergel gati. Qalinliq 0, 3 m. Niim-184. Mikrofauna ga-
liglar tapilmamisdir.

Doasto 109. Qonuru gillor. Qalinlig 8m. Niim-185. Mikrofauna qaliglar
tapilmamigdir.

Dasts 110. A¢ig-boz mergel gati, galinliq 0, 4m. Niim-186. Mikrofauna ga-
liglar tapilmamisdir.

Dasts 111. Az qumlu gonuru gil laylari. Qalinliq 4m. Niim-187. Mikrofauna
qaliglar tapilmamigdir.

Doasts 112. Boz-mergel gati. Qalinliq 0, 6 m. Niim-188. Mikrofauna qaliglar
tapilmamigdir.

Dastos 113. Acig-qonuru gillor. Qalinliq 8 metr. Niim189,190. Mikrofauna
qaliglar tapilmamigdir.

Dosto 114. Agig-boz mergel. Qalinlig 0,3 m. Num-191. Mikrofauna
qaliglar1 tapilmamigdir.

Dosto 115. Tund-gonuru gil laylari. Qalinliq 3 m. Niim-192,193,194.
Mikrofauna qaliglari tapilmamaigdar.

Dosto 116. Agimsov-boz mergel gati. Qalinliq 0,4 m. Niim-195. Mikrofauna
qaliglar tapilmamigdir.

Dosto 117. Yarozitli gonuru gillor. Laylar arasinda miixtalif istigamatli gips
layciglart izlonilir. Qalinlig 17 m. Niim-196, 197, 198, 199. Mikrofauna
galiglar1 tapilmamisdir.

Dosto 118. Acig-boz mergellor. Qalinliq 0, 6 m. Niim-200. Mikrofauna
qaliqlart tapilmamisgdir.

Dasts 119. Qonuru gillar. Laylanma miisahids olunur. Qalinliq 20 m.
Laylarin istii gotirilmo stxurlarla ortuldiyiundon qalinligi tam toyin etmok
olmur. Nim-201, 202. Mikrofauna galiglar1 tapilmamisdir.

Dosto 120. Boz mergellor. Qalinliq 2, 4 m. Num-203. Mikrofauna qaliqlari
tapilmamisdir.

Dosto 121. Bozumtul-qonuru mergel. Qalinliq 8 metr. Nim-204. Mikro-
fauna qaliglar1 tapilmamisdir.

Dosto 122. Cohray1 mergel qati. Qalinliq 0, 6 m. Niim-205. Mikrofauna ga-
liglar1 tapilmamisdir.

Dasto 123. Mergel vo gil gatlariin ndvbalogmasi.Gillorin Ustl ortalduyun-
don nimunalar gotirmak mumkin olmur. Qalinliq 15 metr. Mergel niimu-
nasi NUm-206. Mikrofauna qaliglar1 tapilmamisdir.

Dasto 124. Qonuru gillor galinlig 6 m. Niim-207. Mikrofauna qaliqlar1 tapil-
mamisdir.

Dasta 125. Qonuru-boz mergel. Qalinliq 1.2 m. Niim-208, 209, 210.

Ara mosafasi 10 metr. Mikrofauna qaliglar tapilmamisdir.

Dosto 126. Mergel. Qalinliq 0.6 m. Niim-211. Mikrofauna qaliqlar1 tapilma-
misdir.
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Dasto 127. Qonuru-boz gillar, galinliq 30 metr. Niim-212, 213, 214, 215,
216.

Laylarin istii gatirilmo mohsullar1 ilo Ortuldiyd Ggin har yerdon nimuna
gotirmak olmur. Mikrofauna qaliglar1 tapilmamigdir.

Ara mosafasi 35 metr.

Dasto 128. Qonuru giller. Qalinliq 10 m. Niim-217, 218. Mikrofauna qaliq-
lar1 tapilmamisdir.

Dasta 129. Sathdo yarozitli sindirilma sathinda isa qonuru gillor. Qalinliq 20
m. NUm-219. Mikrofauna galiglar1 tapilmamaisdir.

Natica. Canub-Sarqgi Qobustanin Sarmat ¢okiintiilorinin biostratigrafik
xarakteristikas1 Siingiirdag kosilisinin materiallar1 osasinda Oyronilmisdir.
Qeyd olunan kasilisin komayi ilo bdlgods yatan Sarmat ¢okuntularinin tipik
mikrofauna (foraminiferlor, ostrakodlar, otolitlor vo xirda gastropodlar)
komplekslori tayin olunmus vo kasiligin biostratiqrafik bolgiisti verilmisdir.
Muoyyon olunmusdur ki, Siingiirdag antiklinal qurulusunda Alt vo Orta
Sarmat ¢Okintllori istirak edir.

Tadgigat naticasinds Siingiirdag sahasinin Sarmat ¢okuntilarinin stra-
tigrafik bolgii sxemi islonib hazirlanmisdir vo hamin sxem golocokds Co-
nub-Sarqi Qobustanin digar sahalorinds aparilacaq geoloji-kasfiyyat iglarin-
do istifado oluna bilor. Siingiirdag kasilisindon aldo olunmus materiallarin
naticalarindon, hamginin Conubi Xoazar hdvzasinin gorb bortunun doarinds
yatan Miosen ¢okintulorinin biostratigrafik todqiqi zamani istifado oluna
bilor.
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Sak. 3. Siingiirdag kesilisi sarmat ¢okiintiilarinin stratigrafik bélgiisu.
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Cadval 1

Sakil 1. Rotalia sp.; Sakil 2. Elphidium crispum (Linne);

Sakil 3. E. crispum robusta (Linne); Sokil 4. Spiroloculina okrajantzi (Bogdanowicz);
Sakil 5. E. sp.; Sakil 6. Nonion granosus (Bogdanowicz);

Sakil 7. E. ligatum (Linne); Sakil 8. Parasononion martkobi (Bogdanowicz)
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Cadval 2

100pm

7

Sakil 1, 2. Elphidium regina (Orbigny); Sakil 3. 6 Elphidium sp.;
Sakil 4, 5 Nonion granosus (Bogdanowicz); Sakil 7, 8 Nonion sp.
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N

10.

11.

12.

Cadval 3

Sakil 1, 2. Nonion sp.; Sakil 3, 4. Bahq disi
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KOMILIEKC MUKPO®AYHBI CAPMATCKHUX OTJIO)KEHUI
PA3PE3A CIOHT'YPJAT (KOBBICTAH HI'P)

3.B.P3AEBA, IILILEAHNPAMOBA, IIL.T.MAME/IOBA, T.A.ACKEPOB
PE3IOME

Buoctparurpadudeckas xapakTepuCTHKa capMaTcKux orioxkenuit IOB ['oOycrana
HPUBOIUTCS IO MaTeprajaM paspe3a CIOHTIOpJAr; BBISABICH CUCTEMAaTHYECKUI COCTaB U
XapaKTepHble KOMIUIEKCHl MUKPOOCTAaTKOB — (popaMUHU]ED, OCTPAKOI, OTOIUTOB U OCTAT-
KU pbIO; BEIMOIHEHO OHMOCTpaTHrpadyecKoe pacwiIeHEHHE pa3pesa; YCTaHOBJICHO, UTO B
re0JIOTMYECKOM CTPOCHUH aHTHKIMHAIBHOM CTPYKTYphl CIOHTIOpAAr IPHHUMAIOT y4acTHe
OTJIOXKEHHS CApPMaTCKOTO (HIDKHUI M CpeTHUIT) perrospyca; BEepXHe-capMaTCKUe OTIIOKe-
HUSI B pa3pese OTCYTCTBYIOT;

Pa3paboTana cxema pacuJeHEeHHUs1 capMaTCKUX OTIIOKeHUH pa3pe3a CloHTypaar, Ko-
TOpast MOXET OBbITh IPUMEHEHA NPH AaJbHEHIINX Ie0JI0ro-pa3BeloYHbIX paboTax Ha Ipy-
rux mwionaniax OB 'o6ycrana.

[Mony4eHHbIE pe3yIbTaThl MOXKHO HCIIOJIB30BATh TAKXKe JUIsl OuocTparurpaduiecko-
T'O UCCIICIOBAHMS ITyOOKOIIOTPY>KEHHBIX MHOLICHOBBIX OTJIOKEHHH 3anmagHoro 6opra FOx-
Horo Kacnus.

KnroueBble c1oBa: MukpodayHa, oCTpakoasl, popaMuHU(Epbl, OTOIUTEI, MHUOIIEH,
Capwmar, 6uoctpaTturpadus

MICROFAUNA COMPLEX OF SARMATIAN DEPOSITS OF THE SUNGURDAG
SECTION (GOBUSTAN OGR)

E.V.RZAYEVA, S.S.BAYRAMOVA, S HMAMMADOVA, T.A. ASGAROV
SUMMARY

The biostratigraphic characteristics of the Miocene sediments of SE Gobustan are
given based on the materials of the Sungyurdag section; systematic composition and
characteristic complexes of microremains — foraminifera, ostracods, otoliths and fish
remains were revealed; biostratigraphic subdivision of the section was performed; it has
been established that deposits of the Sarmatian (lower and middle) regional stage take part
in the geological structure of the Syungurdag anticline structure; there are no upper deposits
in the section;

A scheme for the subdivision of the Sarmatian deposits of the Syungurdag section
has been developed, which can be applied in further geological exploration work in other
areas of the SE Gobustan.

The results obtained can also be used for biostratigraphic studies of deep-immersed
Miocene deposits on the western side of the South Caspian.

Keywords: microfauna, ostracoda, foraminifera, otolithus, Miocene, Sarmatian,
biostratigraphy
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ZOFOR MIS-QIZIL YATAGININ GEOLOJi QURULUSU VO
FiLiZLORIN MADDi-MiNERALOJi TORKIBI
(GODOBOY FiLIZ RAYONU)

' C.R.IBRAHIMOV
Azarbaycan Interneysnl Mayning Kompani Limited Sirkati
javid.ibrahimov@aimc.az

Maqalada Zafaor mis-qizil yataginin geoloji qurulusu va filizlarin maddi-mineraloji
torkibina baxilir. Miayyan olunmugsdur ki, yatagin geoloji qurulusunda Alt Bayosun
andezitlori, onlarin lava brekgiyalart va tuflar, eyni zamanda Ust Bayosun riolit-dasitlori,
onlarin lava va piroklastik fasiya siixurlart istivak edir. Stereomikroskopik tadqiqatlara va
kimyavi analizlorin naticalorine asason Zafor yataginda sulfoduzlar, xalkopirit, sfalerit,
xalkopirit — sfalerit, sfaleritin sulfoduzlardan iistiin oldugu, sulfoduzlarn sfaleritdon tistiin
oldugu, bornit va qeyri-filiz mineral qruplart ayrilmigdir.

Acar sozlar: Zofor, mis-qiz1l, maddi-mineraloji, orta sulfidli yataglar

Giris. Yataga “Zofor” admin verilmasi 2016-c1 ildo Azarbaycan
Respublikasmin Prezidenti conab [Tham Sliyevin “Aprel Déyiislori”ni bizim
“Zafor yolumuz”-un baslangict adlandirmasi ilo baghdir.

Zafar mis-qizil yatagi Godoboy modon emali zavodundan toxminon
1,5 km simal-garbdos yerlagir. Goadabay vo Ugur madanlarini birlosdiran yol
Zofor yatagindan kegir. Kosfiyyat sahasi Ugur yataginin istismari ilo paralel
olaraq onun otrafinda aparilan kosfiyyat islori zamani geologlarin todgigat
sferasina daxil olmusdur. Bels ki, geoloji strukturuna, morfoloji qurulusuna
gora va elaca do yeriistli stixur ¢ixiglarinin qreyzenlasmasi va S. bu va ya
digar xususiyyatlorina asasan kosf olunan sahos diger yaxin orazilordon tama-
mils forglonir. Azorbaycan interneysnl Mayninq Kompani Limited Sirkoti
torofindon Zofor kosfiyyat sahosinds geoloji-kosfiyyat islorini baglamazdan
Onco, avvallor aparilmis regional vo lokal geoloji islarin, Z oxu uzrs yuklon-
mis elektromaqnit 6lgmo metodu ilo (ZTEM) aparilmis geofiziki iglorin
naticoalori movcud dlnya tocriibosi movgeyindon otrafli arasdirilmis vo
interpretasiya olunmusdur.

Zofar kasfiyyat sahasini 0yronmoak mogsadi ilo ilk olaraq Godabay vo
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Ugur moadanlarini birlosdiron dag yolunun agilmasi naticasinds Uzo ¢ixmis
hidrotermal doyismis siixur kiitlalorinin sinaqlasdirilmasi istiqgamatinds geo-
loji axtarig-kasfiyyat iglari yerina yetirilmisdir. Gotiiriilmiis sinaqlarda qizila
Vo glimiiso nozaran misbat naticalor aldo edildikdon sonra Zafor kosfiyyat
sahasinin filizlosma perspektivliyinin mioyyan edilmasi vo sahanin geoloji
qurulusunun doqiglosdirilmasi, sahonin simal-sorq Vo sorq cinahlarinin
perspektivliyinin ilkin giymatlondirilmasi magsadi ilo axtaris islorinin da-
vam etdirilmasi magsadauygun hesab edilmisdir.

2018-ci ilda Sirketin Gadoboy Kosfiyyat qrupu (Anar Valiyev, Sakir
Qadimov, Cavid ibrahimov, Aydin Bayramov, Sebuhi Mommadov) torafin-
don adi ¢okilon kosfiyyat sahasindo 1:1000 miqyasinda axtaris-Kosfiyyat
islori aparilmasi naticasinda sahonin filzilosmays potensialligi miioyyan
edilmis vo 2020-ci ilda sahanin moarkazi hissesinds qazilmis ilk buruq quyu-

su ilo sahonin mis-qizil filizlogsmasine perspektivli olmasi tosdiq edilmisdir
(sokil 1).

Sak. 1. ngsbs qrpu yatag va tszaUrIsrin yerlogmasinin kosmosdan goriiniisii

Yatagin geoloji qurulusu. Zsfor mis-quzil filizlasmoa sahosi Gadabay
filiz rayonunda Godoboy-Bittibulag dorinlik qirilmast  hiidudlarinda
Qizilcadagin simal-sorg vo sorq yamaclarini shats edir.

Yataq sahosi daxilindo Alt Bayos yasl siixurlardan asasen andezit
porfirlari izlonir. Ayri-ayr1 yerlordo andezit tuf ortiklori arasinda miixtolif
Olglli (1-3 sm-dan 5-8 sm-o godoar) eruptiv (partlayis) brekgiyalarina rast
galinir. Andezitlarin horizontal eroziyon kasilisdo galinlig1 yataq daxilinda
250 m-don yuxarit deyil. Alt Bayos dovriindo effuziv magmatizm genis
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tozahiir etmisdir vo bu hamin middat orzinds yer qabiginda dorinlik quril-
malarinin formalagmast ilo alagadardir. O, ortiik vo lava axinlart soklindo
orta torkibli vulkanogen va vulkanogen-¢cokms slxur komplekslordan,
andezit torkibli lava brekciyalardan va tuflardan ibaratdir (sokil 2) [3, 4].

Saho Mollali-Qaradag sinklinalinin canub-sorq, Arixdam-Sokarbay
antiklinalmin simal-sorq qanadinda yerlosir. Ust Bayos mortoboesinin sii-
xurlar1 yataq daxilinds riolit-dasitin lava vo piroklastik fasiyasi ilo tomsil
olunur va siixurlar qirtlma sistemloari ilo dogranmigdir. Filizlagsmoa sahasinin
geoloji qurulusunda genis yayilmis bu fasiyanin stixurlari Qizilcadagin sorq
yamaci boyu uzanir.

Yatagin gorb cinahinda gqreyzenlosmis, silikatlagmis-epidotlasmig turma-
linli vo xloritlosmis stixurlarin ¢ixis1 geoloji baximdan shamiyyat kasb edir.

Yatagin morkazi hissasindo muxtolif qalinliga malik Miasir vo
Dordiincti Dovr yash qurinti siixurlar toplanmisdir. Bu siixurlar osasen
alltivial vo ellivial-delivial fasiyalardan toskil olunmusdur.

Sahonin tektonik qurulusunda miithim rol oynamis Gadoboy-
Bittibulaq dorinlik qirilmasi intensiv qirilma pozulmalarla miisahido olunur.
Qirilmanm sorq sarhodi simal-sorgoe 75-85° bucaq altinda diisiir vo simal-
gorb istigamotinds uzanir. Qirtlma pozulmalar1 boyu yer sothinds zaif vo
orta intensivlikli limonitlosma, kaolinlosma, hematitlosma kimi doyismalora
tez-tez rast golinir. Filizlosmo sahasindon osas lokal qirilma kimi galinligi
15 m-o godor olan Gicitkanliq enina istigamatli qirllmani geyd etmok olar.
Qirtlma brekgiyalagmis, silislogsmis, hematitlosmis vo limonitlogsmis sii-
xurlarla tamsil olunur. Litoloji Xoritodon miisahido etmok olar ki, Zafor
yataginda osas morkozi dorinlik filiz kitlasinin yer sothino proyeksiyasi
yeristl hidrotermal doyismolora moruz qalmis riolit-dasit torkibli suxur
cixislari ilo uygunluq toskil edir (sokil 2) [4,6,7,9].

Filizlarin maddi-mineraloji tarkibi. Zofor yataginda filizlorin mi-
neraloji torkibini dyronmok tliglin sahado gazilmis buruq quyularindan go-
tirilmis sinaq niimunolori lizro mikroskopik todqigatlar yerino yetiril-
misdir.

Niimunolorin mineraloji tosnifati ndvbati ardicilliqla aparilmigdir: 1)
tyldilmis (< 200 pm-15 mm) niimunalorin stereomikroskop altinda tod-
qiqi; 2) cilalanmis mineraqrafik kasiklorin polyarizasiyali mikroskop altinda
tadqiqi; 3) XRD analizi.

Stereomikroskopik todqgiqatlara vo kimyovi analizlorin naticalorine
osason, Zofor yataginda rast golinon minerallar 8 qrupa boliinmiisdiir: 1) sul-
foduzlar qrupu; 2) xalkopirit grupu; 3) sfalerit qrupu; 4) xalkopirit - sfalerit
qrupu; 5) sfaleritin sulfoduzlardan {istiin oldugu qrup; 6) sulfoduzlarin
sfaleritdon iistiin oldugu qrup; 7) bornit qrupu; 8) geyri-filiz minerallar1 qru-
pu. Asagida har bir qrup haqqinda qisa molumatlar verilmisdir [1,4,7].
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Sok. 2. Zofar mis-qizil polimetal yataginin geoloji xaritasi, ilkin migyas 1:6000

1-Doérdincu  doévr cokuntilori: alluvial va  eliivial-deliivial; 2-Alt Bayos
yarimmartobasi, andezit torkibli Kigikolgiilii tuf brekgiyalar; 3-4 -Ust Bayos yash riolit-
dasit tarkibli porfirlorin uygun olaraq piroklastik vo lava fasiyasi; 5-Alt Bayos yash
andezit-dasit tuflari, 6-Alt Bayos yash andezit porfiritlor (lava fasiyasi),; 7-qreyzenlosmis
turmalinli téroma kvarsitlor; 8-dayismis riolit-dasit tarkibli suxurlar (limonitlogmo,
kaolinlogma va turmalinlogmoa il2); 9-kvars siyenit daykasi; 10- andezit porfirit tarkibli
daykalar; 11-porfir torkibli sixurlar; 12-diabaz daykalari; 13-miayyon edilmis
quridmalar; 14-ehtimal edilon qirilmalar; 15-diisma bucagi, 16-laylarin diisma bucagi;
17-caylar; 18- yollar; 19-hundurliklar.

Sulfoduzlar. Niimunalsrin toxminon 58 %-do sulfoduzlara aid mine-
rallar izlonilmisdir. Sulfoduzlar digor filiz minerallar1 ilo birlikdo vo ya tok-
tok sokildoa rast golinmisdir (sokil 3). Tadqiq olunan niimunalarin aksoriyyati
(niimunalorin 28 %-don ¢oxu) bu qrupa aid edilir. Bu niimunslor yer
sothindon 220 m-don 468 metradak dorinliyi ohato etmigdir (toxminen biitlin
todqiq edilmis dorinliklori ohats edir). Bu qrup minerallar1 xarakterizo
edorkon belo gonaoto golmok olar ki, dyronilon niimunsalorde on ¢ox mis
torkibli filiz minerallari sulfoduzlar olan tetraedrit-tennantitdir.

Xalkopirit qrupu. Xalkopirit nimunalorin 16 %-don ¢oxunda osas
filiz minerali vo ya bozon yegana mis torkibli filiz minerali hesab olunur.
Xalkopirit kristallar1 subhedral vo ya massivdir. Xalkopirit kristallarinin
Olcilori 100-700 mikron arasinda dayisir (orta hesabla 200 mikron) va
xalkopirit kristallarinin aqreqatlarmin uzunlugu 4 mm-o ¢atir. Bu niimu-
nalarin aksariyystinds magnetit miisahids olunur.

Sfalerit qrupu. Bu grupda osas filiz sfaleritdir. Numunalor 5-15 %
sfaleritdan ibaratdir va bitun tadqiq edilon nimunalords onlarin oksariyyati
Fe ilo zongindir, ona gora do onlar tind ronglidir. Bu grupun nimunalarinin
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osas hissasini (10-30 %-ni) 6zunds filiz dasiyan barit damarlar togkil edir.
Filiz minerallarin1 ehtiva edan niimunalarin 1-10 %-do kvars damarlarina

rast galinir.

Sak. 3. a, b) 21GED16-c1 buruq quyusunun uygun olaraq 12 vo 52 N-li sinaqlarinin kern
fotogokillori. Massiv piriti koson sulfoduzlu barit damarlari; c¢-n) stereomikroskopik kern
sokillari. BUtun nimunalor yagla ortillmiisdiir. ¢, e, h, I, m) massiv piriti kesan sulfoduzlu
barit damari; d) massiv piriti kason sulfoduzlu kvars damart; f, g, n) barit damarinda piritla
ohate olunmus sulfoduz; h) kokli siixurda sulfoduz kutlsleri; i) sulfoduz + térame mis
mineral1 baritlo assosiasiya soklinde massiv piritdos; j) barit damarinda sulfoduz + pirit; k)
barit damarinda misin tdrama minerali, sulfoduz, piritlo birlikda.
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Xalkopirit-sfalerit qrupu. Numunalarin 10 %-don ¢oxu bu grupa
aiddir. Aydindir ki, bu niimunslorin ssas filiz minerallar1 xalkopirit vo
sfaleritdir. Numunalords Ustiinlik taskil edon massiv piriti kason barit vo
kvars damarlarinda xalkopirit vo sfalerit minerallari miisahido edilir.

Sfalerit > sulfoduz grupu. Tadgiq olunan nimunalarin taxminon 9
%-indo sfaleritin sulfoduz minerallarindan istiinlik toskil etdildiyi
izlonilmisdir. Digar qruplarda oldugu kimi massiv pirit bu qrupda da asas
ustlinliik toskil edon komponentdir. Massiv pirit nimunalorin hacminin
toxminon 50-60 %-ni togkil edir. Osas filiz minerallar1 sfalerit vo
sulfoduzlardir vo bu minerallar daha ¢ox barit, kvars damarciglar1 veo
homginin massiv piritlorlo slagadar assosiasiyalarda rast galinirlor.

Sulfoduz > sfalerit grupu. NUmunalords sulfoduz minerallarinin
istiraki sfalerito nishoton Ustlnlik toskil edir. Bu qrupda hom sulfoduzlar,
hom do sfalerit asas filiz minerallarindan hesab olunur.

Bornit grupu. Nimunolorin 6 %-don ¢oxunda bornit asas filiz
minerali hesab olunur Bu qrupa aid olan niimunslor 6zlorinds nisbston az
migdarda Cu vo Ag oks etdirir. Bornit kristallarina vo aqreqatlarina barit
damarlarinda vo massiv piritds rast galinir.

Qeyri-filiz minerallar1 qrupu — Bu grupa aid minerallardan kvars,
kalsit, barit, xlorit, epidot, kaolinit, montmorillonit, illit vo s. genis
yayilmisdir.

Natica

1. Yatagin geoloji qurulusunda Alt Bayosun andezitlori, onlarin lava
brekgiyalar va tuflar, eyni zamanda Ust Bayosun riolit-dasitlori, onlarin
lava vo piroklastik fasiya siixurlari istirak edir.

2. Geoloji qurulusuna, otraf siixurlara goro formalagma soraitina,
filizlorin maddi torkibino, minerallasma vo hidrotermal doyismo tiplorins,
homg¢inin todqiq olunan regionun tektono-magmatik xiisusiyyastlorino asason
Zofor yatag orta sulfidli yataglar qrupuna aid edilir.

3. Filizlorin torkibinds mis, qizil v sinkin yiiksok konsentrasiyasinin
muoyyon edilmasi yatagin perspektivliyini xeyli artirir.
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T'EOJIOTMYECKOE CTPOEHUE U BEHIECTBEHHO-MHAHEPAJIOTMYECKHUI
COCTAB PYJ MEJJTHO-30J10TOT'O OPYJAEHEHUSI
MECTOPOXJAEHUS 3ADAP
(Tenabeiickuii pyaHblii paiioH)

Jx.P.UBPATUMOB
PE3IOME

B cTatbe paccMOTPEHO I'€0JIOrMUECKOE CTPOEHUE MEAHO-30JI0TOTO MECTOPOKACHHUS
3adap u BemecTBEHHO-MHHEPAJIOTHYECKUI COCTaB PyA. Y CTAaHOBIEHO, YTO B T'€OJIOTHYE-
CKO€ CTPOCHHE MECTOPOXICHUs BXOIAT aHne3uThl Hwxknero baifoca, nx jmaBoOpexdnu u
Ty(Bl, a TaKKe PHOIUT-TAUTEl BepxHero baifoca, X JIaBOBbIC U MHUPOKIACTUYCCKUE (a-
uuaibHble nopoAsl. [1o pe3ynbraTamMm CTEpPeOMUKPOCKOMUYECKUX HCCIEA0BAaHUNA U XUMUY €-
CKOTO aHaJH3a Ha MECTOPOXICHHU 3adap BBIICICHBI CYIb(OCOIH, XaIbKOIUPHT, calie-
PUT, XaJIBKOIHPHUT - cPaTepHT, CHAICPUT MPEBOCXOTUT CYIb(OCOIH, CYyITHPOCOTH IPEBOC-
XOJAT calieput, OOPHHUT U HEPYAHbIC MUHEPAIbHBIC TPYIIIIHI.

KiaroueBble cioBa: 3adap, MemgHO-30J0TOE MECTOPOXKACHHUS, BEIIECTBEHHO-
MHUHEPAJIOTHIECKOEe, CPEAHECYTh(MHIHBIE MECTOPOKACHUS.
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GEOLOGICAL SETTING OF ZAFAR COPPER-GOLD DEPOSIT AND
MATERIAL-MINERALOGICAL COMPOSITION (Gadabey ore district)

C.R.IBRAHIMOV
SUMMARY

The article considers the geological setting of Zafar copper-gold deposit and the
material-mineralogical composition of the ores. It was determined that in the geological
setting of the deposit take part andesites of the Lower/Early Bayocian, their lava breccias
and tuffs, rhyolite-dacites of the Upper/Late Bayocian , their lava and pyroclastic facies
rocks. According to stereomicroscopic studies and the results of chemical analysis of the
Zafar deposit there are sulfosalts, chalcopyrite, sphalerite, chalcopyrite-sphalerite, the
amount of sphalerite more than sulfosalt, the amount of sulfosalts more than sphalerite,
bornite and gangue minerals divided into groups.

Key words: Zafar, copper-gold, material-mineralogical, intermediate sulfidation
deposits

%94



BAKI UNIVERSITETININ XOBORLORI
Ne2 Tabiat elmlari seriyast 2023

COGRAFiYA
UDC 556.504

RESEARCH OF THE RIVERS IN THE EASTERN ZANGEZUR
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The Eastern Zangazur region, encompassing the territories of Kalbajar, Lachin,
Gubadli, Zangilan, and Jabrayil, boasts rich hydrological and hydrogeological conditions.
There are numerous rivers, lakes, and reservoirs in this area. Examples include
Tartarchay, Hakarichay, Okchuchay, and other rivers. These rivers are selected for their
own hydroelectric potential and significance in irrigation. However, regrettably, over the
course of nearly 30 years of occupation, these rivers have been subjected to varying
degrees of chemical contamination by Armenia. Unfortunately, as a result of this
contamination, Okchuchay in Zangilan district has been turned into a 'Dead Zone."' During
the conducted monitoring activities, various heavy metals were discovered in the
composition of the rivers in our liberated territories, highlighting that their levels exceeded
permissible limits.

Keywords: The Eastern Zangezur, rivers, pollution, chemicals, Tartarchay,
Hakarichay, Okchuchay.

INTRODUCTION

The south-eastern slope of the Lesser Caucasus which is considered
one of the historically ancient residential areas, is mentioned in the works of
historians and travellers who lived in ancient times. Examples of such
include Herodotus, who lived in the 5th century BC, Strabo, who lived in
the 1st century AD, Ptolemy, who lived in the 2nd century AD, and others.
In the Middle Ages, the territory attracted the attention of Arab explorers
and researchers, who recorded rich information about the climate, topog-
raphy, fauna, inhabitants, nature, and economy of the south-eastern slope of
the Lesser Caucasus, which had not been widely disseminated. However,
the information from these periods primarily carries descriptive, factual
features, making it more of historical importance than non-academic.
Nevertheless, it would be incorrect to consider this information as
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insignificant. This is because these descriptions have piqued the interest of
various researchers and travelers in the region.

The study of natural water objects, as well as soil and vegetation
cover in the area, began rather late. Initial information about surface waters
can be found in the materials of the expedition led by I.I. Jilinskiy in the
19th century, materials related to soil cover can be found in the works of
V.V. Dokuchayev in the late of the 19th century, and information about the
spread of vegetation can be found in the works of N.I. Kuznetsov in the
early 20th century. Additionally, in the early 20th century, F. Osvald, A.L.
Reingard, and others provided a significant amount of information about the
geological and geomorphological structure of the Lesser Caucasus
mountains in their writings. A.L. Reingard, by conducting research in the
high mountainous regions and river valleys of Murovdagh and Zangezur,
demonstrated for the first time the presence of ancient glaciation traces in
the high mountainous areas of Murovdagh and Zangezur.

Therefore, as it appears, although the predominant nature of this
period was primarily descriptive until the early 19th century, later research
was conducted on the geological and geomorphological structure of the
area. This resulted in the publication of books and articles detailing the
findings. It is also evident that up until 1920, the research conducted was
primarily carried out by geologists. Starting from the 1920s, with Azerbai-
jan and other republics becoming part of the Soviet Union, extensive and
comprehensive research was initiated by Russia in all territories, including
the Lesser Caucasus mountains of Azerbaijan, to facilitate economic
activities.

In the study of the rivers on the south-eastern slope of the Lesser
Caucasus, individuals like S.H. Rustamov, B.S. Jafarov, and others played a
prominent role. Their works provide extensive information about the hyd-
rological characteristics of the area, characteristics of the rivers, and other
related issues. In their "Water Balance of the Lesser Caucasus” entitled
work, S.H. Rustamov noted the hydrological characteristics of several rivers
specific to the mountainous area of the Lesser Caucasus. Additionally,
during this period, data on rivers belonging to Azerbaijan and the south-
eastern slope of the Lesser Caucasus obtained from hydrometeorological
stations were analyzed by the USSR, resulting in the publication of a book
that reflected the water consumption and other indicators of the rivers. The
book contains tabulated hydrological data obtained for each river on a daily
basis throughout the year.

M.A. Teymurov successfully defended his doctoral dissertation on
the topic of "Methodology for Calculating the Water Reserves of the Lesser
Caucasus and Their Evaluation (within Azerbaijan)" and was awarded the
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degree of Doctor of Geographic Sciences. The primary focus of his
scientific activity encompasses the evaluation of water reserves, utilization
of methodologies for their calculation, analysis of flow distribution over the
year, and the study of variability (coefficient of variation) of chemical
composition. Notably, for the first time in the Lesser Caucasus region of
Azerbaijan, he prepared a "Coefficient of Variation" map, provided the
natural regulation indicator of chemical composition for the period of most
active water usage (June-August), and calculated water reserves for
administrative districts [5].

RESULTS AND DISCUSSION

The rivers of the Eastern Zangezur region are divided into two
regions based on their hydrological and hydrogeological characteristics; the
rivers of the Karabakh Volcanic Plateau and the other rivers flowing
through the area. These divided regions differ in the distribution characte-
ristics of the flow due to the diversity of the area's physical-geographical
conditions. For instance, the flow rate of rivers varies at different altitudes,
primarily manifesting in the middle-altitude zones ranging from 1500 to
2500 meters. Despite the flow gradient fluctuating between 25-75 mm per
100 meters, it ranges from 5-15 mm upwards and downwards. This feature
is particularly prominent in the south-western slopes of the Tartar River
basin, being relatively more intensive towards the north-east. This
characteristic is even more evident in the Karabakh Volcanic Plateau. For
example, despite the considerable elevation in the portion of the Tartar
River basin extending to the Kalbajar district and Istisu area, the flow
gradient is relatively lower compared to other regions [4].

Various sources play an indispensable role in nourishing of the
territorial rivers. Mainly, in rivers flowing from high-altitude zones, snow
and glacier waters predominate, while in plain and foothill areas, rainfall
and underground waters play a significant role. In the Karabakh Volcanic
Plateau, thick layers of tuff-lava allow snow and rainfall to percolate into
the subsoil, contributing to the formation of underground flow. This
phenomenon is evident in the nourishment of the Tartar and Hakari rivers,
which derive their source from this Plateau. Specifically, over 60% of the
Hakari river and more than 50% of the Toraghay river, which is a tributary
of the Tartar river, stem from this underground basin.

The Eastern Zangezur region boasts extensive hydrological and
hydrogeological conditions. The area is replete with numerous rivers, lakes,
underground water sources, reservoirs, and other water objects. The
toponym of the Kalbajar district, derived from the ancient Turkic word
"Kevliger," meaning "castle above the river," is specifically attributed to the
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ancient caves spread along the Tartar River, considered the largest river in
the district. The Kalbajar district is rich in flowing rivers. The largest of
these rivers is the Tartar River, which is also considered the largest river in
the region. Its major tributaries include Tutkhunchay, Levchay, Zeylikchay,
Keshdekchay (Alolar River), and Garaarkhaj (Serker River). With a length
of 184 kilometers and a watershed area of 2650 square kilometers, the
Tertar River flows from the territories of Kalbajar, Tertar and Barda dis-
tricts, eventually joining the Kura River as its right tributary. Within
Azerbaijan, the right tributary of the Tartar River, Tutkhunchay, is
considered to be the most abundant. The river forms in the area where the
Kongur, Alagol, and Mikhtoken ranges converge, originating from the
springs at an elevation of 3120 meters in the Karabakh Volcanic Plateau. Its
main left tributaries are Levchay (with a length of 36 kilometers),
Aghdabanchay (with a length of 19 kilometers), Toraghaychay (with a
length of 35 kilometers), Dal Kilishli River, Alolar River, and Zeylikchay.
The river's most water-abundant right tributary, Tutkhunchay, is composed
of several smaller streams (Aragchay, Umudlu River, etc.). Like other rivers
of the Lesser Caucasus, this river derives its waters from high mountainous
areas and covers significant distances before flowing. Hence, underground
waters play a significant role in the river's nourishment, accounting for 58%
of its contribution. In addition, 28% of its nourishment comes from snow
and glacier waters, while 14% is attributed to rainfall. The average annual
precipitation in this area amounts to 691 millimeters. When the glaciers and
snowfields formed in the high-altitude zones melt, they increase the river's
water level, causing flooding. During this period, 65-70% of the annual flow
of the Tartar River occurs. Depending on the weather conditions in August
and September, there may be observed a decrease in water turbidity, but
with the onset of rain in October and November, water turbidity increases,
leading to renewed flooding. The river holds great importance for energy
and irrigation within the region. Its average flow rate is 22 cubic meters per
second, with an annual flow volume of 693.8 million cubic meters. Of this,
31% occurs in summer, 35% in spring, 20% in autumn, and 14% in winter.
The average sediment transport rate is 7.35 kg/s, with an average sediment
concentration of 334 g/ms3. Between April and May, 50-80% of the sediment
transport occurs. The mineralization of the water is predominantly
composed of hydrocarbonates, with an average mineralization rate ranging
from 30-50 mg/Il. The famous Istisu resort is located in the upper reaches of
this river. The mineral springs of Istisu, emerging at the surface, are
comparable to the mineral springs of Karlovy Vary in Czechoslovakia and
Yessentuki in the Northern Caucasus in terms of composition. In 1977, a
dam with a height of 120 meters was constructed 3.5 kilometers upstream
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from the confluence of the Toraghaychay tributary, creating the Serseng
reservoir with a capacity of 430 million cubic meters. During the Soviet era,
this reservoir was utilized for irrigating 120,000 hectares of arable land in
Karabakh [2,3].

The Lachin district, endowed with abundant water resources, is
traversed by the merging rivers of Shelva and Minkend, forming the Hakari
River. This river, with a length of 113 kilometers and a watershed area of
2570 square kilometers, eventually joins the Aras River. Serving as the left
tributary of the Aras, the Hakari River flows through the territories of
Lachin, Gubadli, and Zangilan districts. Within the Eastern Zangezur
district, this river is considered the second largest after the Tartar River. Its
source lies at an elevation of 2580 meters on the southern slope of the
Mikhtoken range, where the Shelvachay and Hojazsuchay rivers converge.
The river continues its course, merging with the Aras River in the Zangilan
district. Its primary tributaries include Hojazsuchay (from the right, with a
length of 43 kilometers), Zabukhchay (from the right, with a length of 51
kilometers), Aghsuchay (from the right, with a length of 25 kilometers),
Shelvachay (from the left, with a length of 42 kilometers), and Pichenischay
(from the left, with a length of 29 kilometers). The river's flow originates
from snowmelt (23%), rainfall (1-5%), and underground waters (62%), with
snowmelt causing floods during the summer months. During the flood
season (April-June), 60-70% of the annual flow occurs. The river's average
annual flow rate is 16.2 cubic meters per second, with the lowest levels
observed during the winter months. After the confluence of Zabukhchay,
Agsuchay, and other tributaries, this rate increases to 22.7 cubic meters per
second. Of this, 70% occurs in the summer and spring, while 30% occurs in
the autumn and winter seasons. During the intensive irrigation period (July-
August), 14-16% of the annual flow is used. The water is characterized by a
high mineralization level of 200 mg/l, primarily composed of hydrocarbo-
nate and calcium. The Hakari River enriches its flow by receiving the
Hojazsuchay and Zabukhchay rivers from the village of Hojaz, and later
merges with the Bergushad River before ultimately flowing into the Aras
River. The water of the Hakari River holds significant importance in the
fields of irrigation and energy. Additionally, its abundant waters are home to
large populations of golden fish.

The Okchuchay River, another significant river in the district,
stretches over a length of 85 kilometers, covering a watershed area of 1140
square kilometers. Its source originates from Mount Qapiciqg (3285 m) in the
Zangezur range, flowing through the Zangilan district. The river's flow is
fed by snowmelt (46%), rainfall (10%), and underground waters (44%). The
river has an average flow rate of 8.9 cubic meters per second, with 40% of
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the annual flow occurring in the summer, 43% in the spring, 10% in the
autumn, and 7% in the winter season.

The physical parameters of other rivers flowing within the region are
presented in the table below (Table 1) [6,7,8,9,10,11].

Areas that were under long-term occupation and were subsequently
liberated by our army during the 44-days of war have undergone re-
monitoring for the management of infrastructure in the internal water
bodies. Samples were taken from these water sources and sent to
laboratories for analysis. Unfortunately, the results of these analyses once
again highlight the aggressions of the occupying country against nature.

The research has revealed that rivers, which have been subjected to
years of occupation and exploitation processes, have suffered significant
pollution with various pollutants. This has led to chemical and radioactive
contamination of the shores and riverbeds of the Aras River, into which
these rivers ultimately flow. As we know, water sources located in the
occupied territories and those passing through them (lakes, reservoirs,
rivers, springs, and canals) play a crucial role not only in these areas but also
in preserving the natural environment in the surrounding areas.
Unfortunately, we can note with great regret that in our occupied territories,
rivers that flow have been contaminated with various pollutants and
wastewater by Armenians. Hojashen, Gargarchay, Khachinchay, and Tar-
tarchay rivers, which take their sources from the occupied territories and are
contaminated with various harmful substances, cause ecological degradation
in the regions they pass through, ultimately leading to the poisoning of all
living creatures. These facts also apply to reservoirs located in the area.
Improper management of reservoirs, lack of timely preventive measures,
discharge of wastewater and industrial pollutants into rivers without
treatment, deforestation and destruction of vegetation in river basins, mass
creation of military fortifications, etc., have resulted in ecological
disturbances in lakes and rivers. The Aras River, which enters Azerbaijan
from Armenia, and the Okchuchay have been more heavily affected by
pollution. Even the Okchuchay has been turned into a 'Dead River' due to
the chemical waste and heavy metal salts from the mining industry in
Armenia's Gafan region. The pollution of the Bergushad River is also due to
the industrial and household wastewater in the large residential areas
surrounding the river in Armenia, resulting in the depletion of rich fish
species and often allowing fish to be killed with chemical substances.
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Table 1
The physical parameters of the rivers of the Eastern Zangezur region

The name of Transited | Length | Watershed

the river district (km) area (km?) Source Mouth

the elevation of
Levchay Kalbajar 36 367 3250 meters of | Tartarchay
Murovdagh

the elevation of
35 - 3300 meters of | Tartarchay
Gamishdagh

Tartar,

Toraghaychay Kalbajar

the elevation of

2200 meters of
the Lesser
Caucasus

Tutkhunchay Kalbajar 35 521 Tartarchay

. . Kecheldagh and
Garaarkhajchay Kalbajar 15 - Alagoller Tartarchay

Keyti and
Zeylikchay Kalbajar 12 - Gonurdagh Tartarchay
ranges

Keyti,
. Aghduzdagh and .
Zarchay Kalbajar 9 - Gazanuchan Zeylikchay

ranges

the elevation of
Shelvechay Lachin 42 582 2580 meters of | Hakarichay
Mikhtoken

. . The Karabakh .
Hojazsuchay Lachin 63 414 Volcanic Plateau Hakarichay

the elevation of
Zabukhchay Lachin 51 527 3036 meters of | Hakarichay
Giziltepe

the elevation of
Bergushadchay Gubadli 178 2711 3040 meters of | Hakarichay
Erikli

Besitchay Zangilan 44 356 Bartaz plateau Aras River

the elevation of
. 1750 meters of .
Chaylagchay Jabrayil 32 190 the Lesser Aras River

Caucasus

Okchuchay, which flows directly into the Aras River, the second-
largest river in the South Caucasus, directly affects the water quality of the
Aras River. The Aras River, being the largest right tributary of the Kura
River, is also a transboundary river with Armenia and plays a crucial role in
irrigating Azerbaijan's agricultural fields. However, due to significant
changes in the quality of the river water, its use for household and
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agricultural needs can have extremely negative effects. The contamination
of the river water with heavy metals and salts, as well as the direct discharge
of industrial and processing plant effluents into the river basin, is a
consequence of the activities of mining and processing enterprises. The
Gajaran molybdenum and Gafan ore processing plants in Armenia have
repeatedly exceeded the norm for heavy metals, especially molybdenum,
manganese, iron, zinc, and chromium, which not only destroy the river
fauna and ecosystem but are also extremely dangerous for human health.
High levels of heavy metals, especially molybdenum, manganese, iron, zinc,
and chromium, were found in water samples taken from Okchuchay in the
period from January to June this year. According to the Ministry's
monitoring reports, the concentration of molybdenum in the river was 2
times the norm, iron 4 times, and nickel 7 times higher. Due to pollution, the
colour of the river has changed over time. In March 2021, a massive die-off
of fish was recorded in the river [1].

All the negative situations mentioned above have been reported by
Azerbaijan to the United Nations. The submitted letters provide information
about the ecological crisis of the Okchuchay and emphasize the seriousness
of the issue. They call on Armenia to take measures to prevent the
transboundary pollution, which is causing irreversible damage to the
region's unigue ecosystem.

Currently, the Ministry of Ecology and Natural Resources of the
Republic of Azerbaijan is working on an action plan, based on the directive
of President Ilham Aliyev, to address the ecogeographical issues of the
liberated territories from occupation and to restore these water bodies for
beneficial use. It is believed that, through serious efforts, the previously
contaminated water sources will soon return to their previous state and be
considered valuable for agricultural use in the country.

CONCLUSION

Summarizing the information provided above, we have obtained the
following conclusions;

1. The Eastern Zangazur region is endowed with rich hydrological
and hydrogeological conditions. There are numerous rivers in this area.
Examples include Tartar River, Hakari River, Okchuchay, Bergushadchay,
Levchay, and others. These rivers originate from high mountainous areas
and flow through the Kalbajar, Lachin, Gubadli, Zangilan, and Jabrayil
districts. The main rivers in the region are Tartar, Hakari, and Aras, while
the other existing rivers form the tributaries of the mentioned water sources.

2. The rivers flowing within the district derive their source from high
mountainous areas, making snow and glacier waters predominant in their
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alimentation. Additionally, being mountain rivers enhances their hydroelec-
tric potential, offering the possibility of generating energy from these rivers.

3. The rivers play a significant role in irrigating the agricultural
fields in the Eastern Zangezur region. The water consumption and flow of
the rivers will contribute to achieving high productivity in the future
agricultural areas that will be developed.

4. The rivers located in the Eastern Zangezur region have been sub-
jected to pollution due to Armenia's mining industry and domestic effluents.
As a result, the water of Okchuchay, flowing from Zangilan district, has
become unusable and turned into '‘Dead Water' due to the high concentration
of chemical substances.

REFERENCES
. Imanov F.A., Mammadov V.A., Abdullayev .M., “Hydrology”, Baku-2014, 564 pages.
. Khalilov Sh., “The Ecogeographical problems of Azerbaijan”, Baku-2006, 160 pages.
. Mammadov M., “The Hydrography of Azerbaijan”, Baku-2012, 255 pages.
. Museyibov M.A., “The Physical Geography of Azerbaijan”, Baku-1998, 400 pages.
. The Institute of Geography named after H. Aliyev of the Azerbaijan National Academy
of Sciences, "Geographers of Azerbaijan", Baku-2013, 204 pages.
. http://kelbecer-ih.gov.az/
. http://www.lachin-ih.gov.az/
. http://www.qubadli-ih.gov.az/
. http://www.zangilan-ih.gov.az/
10. http://www.cabrail-ih.gov.az/
11. https://www.virtualkarabakh.az/

g1~ W N

O 0o ~NO>

SORQIi ZONGOZUR RAYONU CAYLARININ TODQiQi VO EKOCOGRAFi
PROBLEMLORI

S..MOMMODOVA, F.T.9OBDUROHMANOV
XULASO

Kalbacar, Lagm, Qubadh, Zangilan vo Cabrayil orazilorini 6ziinds birlogdiron
Sorgi Zongazur rayonu zongin hidroloji va hidrogeoloji soraits malikdir. Burada ¢oxlu
sayda caylar, gollor, su anbarlari mévcuddur. Bunlara Tortorcay, Hokaricay, Oxgugay Vva
digar caylari misal gostormak olar. Bu caylar 6zlerinin hidroenerji potensialina malik
olmast va tesarriifatda suvarma shamiyysti ilo segilirlor. Lakin afsuslar olsun ki, 30 ils
yaxin isgal miiddstinds Ermonistan terafindon bu gaylar muxtalif doracods kimyavi
materiallarla girklonmays maruz qalmigdir. Hatta bu girklanmalarin sababindan Zangilan
rayonunda yerloson Oxcucay “Olii zona”ya cevrilmisdir. Aparilmis monitoring islori
zamani isgaldan azad edilmis orazilorimizdoki ¢aylarin torkibindo mixtslif agir metallar
askar edilmis vo onlarin saviyyasinin norma haddini asdig1 askara ¢ixarilmisdir.

Acar sozlar: Sorgi Zongozur, caylar, girklonms, kimyovi maddolor, Tortorcay,
Hokaricay, Oxgugay.
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HNCCIIEJOBAHUSA U OKOJIOT'OT'PA®OUYECKHUE ITPOBJIEMBI
PEK BOCTOYHOI'O 3AHI'A3YPCKOI'O PAMOHA

HI.M.MAMEJOBA, ®.T.ABIYPAXMAHOB
PE3IOME

Boctounsnii 3aHre3ypckuid palioH, BKIMOYaromuil Teppuropun KemsOamxapa,
Jlaunna, I'ybamnel, 3anrwiana u [xeOpanna, mMeeT OoraThle THAPOIOTHICCKUE U THAPO-
T€OJIOTHIECKUE yCIOBHUSL. 3AE€Ch MHOTO PEK, 03€p, BOAOXpaHWUII. [Ipumepamu Takux pek
sBisitoTest Taprapuail, ['exapuyait, Oxdyuait 1 [pyrue peku. DT peKH OTIUYAIOTCS THAPO-
9HEPreTUUECKUM MOTEHIMAIOM U BaKHOCTBIO OPOIIEHUS B CeNbCKOM xo3sifcTBe. K coxa-
JICHUIO, 3a BpeMs o4ty 30-1eTHel oKKynanun ApMeHHel 3TH peKkH ObLIH B TON WJIM MHON
CTETIeHH 3arpsi3HeHbI XUMUUECKUMH BellecTBaMu. Jaxke n3-3a 3Tux 3arpszHeHuit Okuydai,
pacroyio’keHHBIN B 3aHTMIIAHCKOM pailoHe, ITpeBpaTHUIICS B «MEPTBYIO 30HY». B xozme mo-
HUTOPHUHTOBBIX Pa0bOT B peKax Ha HAlINX TEPPUTOPHUAX, OCBOOOMKIEHHBIX OT OKKYTAIUH,
ObLTH 00HAPYIKEHBI Pa3NUYHBIE TSHKEIIBIE METAIIIBI M BBISBICHO, YTO X YPOBEHB IPEBbIIIa-
€T HOpMY.

KutoueBple cjoBa: BocTounwlil 3aHre3yp, peku, 3arpsa3HeHHE, XUMUKATHI, Tap-
Tapuaii, ['ekapuuaii, Oxuyuait
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3KOJOI'MUYECKAS OLIEHKA BO3JEMCTBUSA OTXO/I0OB
F'OPHOIIPOMBIIIVIEHHOI'O ITPOU3BOJACTBA
HA ITOYBY JAHIKECAHCKOI'O PAUOHA

C.P.TAIKHEBA, X..I.PA®UEBA,
T.U.AJIMEBA, AL A.CAMAJIOBA, /I:x.I .bABAEBA
bakunckuii I'ocyoapcmeennwtii Ynuegepcumem
hicran_chem@mail.ru

Biusinue 2opnodobuvleaiowuti npoOMbIWAEHHOCIU HA  OKPYJICAIOWYIO Cpedy, Ha
PAcCmMumenvHblll U NOYGEHHbIIL NOKPO8 KAK COCMAGHYIO Yacmb 6uocgepul, HeoOpamumo.
Hobviua u nepepabomra noae3HbIX UCKONAEMbIX HAPYUIAEm NPOMEKAHUE 2e0N02UYECKUX
npoyeccos 6 aumocghepe, 6030elicmeyem Ha OUOXUMUYECKUE NPOYECChl U KPY2OBOPOM Ge-
wecms 6 buocepe. I'opHoo0bBIBAIOWAS NPOMBIUIEHHOCHb, YEPHASL U YBEHHASL MEMAl-
Aypeus, a maxoice Npeonpusmusi no NPouU3B00Cmay peoKux u O1a20pooOHbIX Memaios co-
cpedouentvl 8 3anaonom pezuone pecnyonuxu, 8 Jlawxecan-I edabexckxom dKOHOMULECKOM
patione. IIposedenue KoMnieKca MeEpoOnRpUsmMuLL 05l pa3peuenus IK0I02UHecKUx npoobnem,
OCMABUWUXCSL 8 HACIEOCHBO OM ONIUMENHO20 PA36UMUSL 20PHOO00bIEAIOUEl NPOMBIULEHH O~
cmu 8 He3asucuMom Asepbaiiddicane, A8IAEMCsL 8ANCHOU 3a0ayell.

KuroueBnblie ciioBa. ['opHOm0OBIBaIONIAs MPOMBIIUIEHHOCTD, OHochepa, mutoche-
pa, OIBE€THasA METAJUTYprus, 4Ye€pHasa METAJUTYPrus, SKOJIOIrH4YE€CKUC HpO6J’IeMLI

MunepanbHble pecypcehbl, MOYTH BCE BMJIBI KOTOPBIX OTHOCATCS K
MPaKTUYECKH HEBO30OHOBUMBIM, COBPEMEHHON TOPHON MPOMBIIIIIEHHOCTHIO
UCMOJB3YIOTCS JTAIeKO HE IMOJIHOCTHIO. B OONBIIMHCTBE CTpaH OcTaeTcs B
HeZpax WK BeIOpackiBaeTcs B 0TBaibI 12-15% pys 4epHBIX U LIBETHBIX Me-
TajuoB. Tak Ha3pIBacMbl€ IJIAHOBBIE NOTEPH KAMEHHOT'O YIJISI COCTAaBIISIFOT
40 %, vedtu - B cpennem 56 %. [Ipu pazpaboTke MOTUMETATUTMUECKUX Py
U3 HUX, KaK MPaBUJIO, U3BJIEKAIOTCA OJMH-/IBa METalljla, KOTOpPbIE B HACTOS-
IIMII MOMEHT OCOOEHHO HYXHbI, & OCTaJIbHbIE COIMYTCTBYIOLIUE METALIbI
BbIOpAchIBaIOTCA BMECTe ¢ BMelaromei nmoponoil. Ilpu no0srye KamuifHbIX
COJIeH U CITIOJBI B OTBasIax octaercs 10 80 % ChIpbsl.

K XXI B. MupoBoii 00beM J0OBIYM MOJIE3HBIX UCKOMAEMBIX JTOCTUT
650 MiIpa T; U1 UX U3BICYEHHUS] IEPEMEIAIOTCA COTHU MUJIIMAP0B TOHH
BCKPBIIIHBIX NOPOJ, TPYHTA, N0YBBIL. ['eonoruueckas AeSITEIbHOCTD YEI0BE-
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Ka MPEBOCXOJUT MO MOIIM MPHUPOJHBIC MPOLECCH U MPUBOAUT K PE3KOMY
YXYIIICHUIO 3KOJIOTMYEeCKOW OOCTAaHOBKM Ha 3€MJISIX TOPHOTO OTBOAA M
MPUJICTAIOIINX K HUM TEpPUTOpUsiX. MaccoBbie B3phIBBI Ha Kapbepax CTajlu
PEryJSIpHBIMH U SIBJISIFOTCS OYEHb KPYMHBIMA UCTOUYHUKAMU MBLIU U SIOBU-
ThIX Ta30B. Kak mpaBumiio, Mpu MOIIHOM B3PBIBE IbLIEra30Boe 00JaKO pac-
ceusaeT 200-250 T nbLIM B paauyce 2-4 KM OT 3MULIEHTPa B3pbIBa, BbI3bIBAS
3arpsi3HEHUE OKPY KAIOIIEeH Cpeibl Ha MPUJIETAIOIINX TEPPUTOPHUSIX.

[To 7aHHBIM MOJBCKUX YUYEHBIX, TOYBA HA MPUJIETAIOIINX K KapbepaM
M IIaxXTaM TOJIAX OKa3bIBAETCS MOTPEOCHHOM MO CJIOEM MIbUIA TOJIUHOM
10 0,5 M 1 Ha JTOJITHE TOJIbI TEPSET CBOE TIOJOPOIHE.

3anbUICHHOCTh BO3yXa M PE3KO€ YXYAIICHUE KU3HEHHBIX YCIOBUM
YCUJIMBAIOTCS BCJICJICTBUE BBHIBETPUBAHUS TOPHBIX TOPOJ, CKIATUPOBAHHBIX
B OoTBasIbl. Ha paccTOSIHUM HECKOJIBKMX KHJIOMETPOB OT HUX B BO3AYyXE 3HA-
guTenpHO ToBBIIIeHa KoHIeHTparus SOz, CO, CO,. Pe3ko moBblmaercs
3arpsiI3HEHHOCTh MMOYB M TMOBEPXHOCTHBIX BOJ TSKEIBIMH METalllaMU Ha
TEPPUTOPHUAX, MPHUIECTAIONMX K OTBajlaM pyAHUKOB. [lo mo0brue monmme-
TAJUIMYECKUX PY[, a JUIs MOYBEHHOI'O MOKPOBAa B pallOHaX YpPaHOBBIX pPy.I-
HUKOB XapaKTEPHO BBICOKOE COCPKAHUE PAJHMOHYKIIHUIOB.

Pa3paboTka MeCTOpOXKIACHHUI IMOJE3HBIX HMCKOIMAEMbIX B OOJIBIINH-
CTBE CIIy4yaeB HETaTUBHO BJIMSET HA THAPOTEOJOTUYECKUE YCIOBHS pailoHa
TOOBIYM W MPUBOJIUT K 0Opa30BaHUIO JCTPECCHOHHBIX BOPOHOK M 00€3BO-
KUBAHHUIO 3€MEJIb U BOJOEMOB Ha NPHJIETAIONIUX TEPPUTOPHSX. B To xe
BpeMs cOpOC KaphepHBIX BOJ U BOJI IAXTHOTO OTJIMBA B IPUPOJIHBIE BOJIOE-
MBI HOBBINIAET UX KHUCIOTHOCTD.

Benenune ropHbIx paboT OTKPBHITHIM - HauOoJjee ACNIEBbIM - CIOCO-
OOM TPHUBOAMWT K JIAHAMIA(THBIM HAPYIICHUSM, KOTOpPbIE MO CBOMM Mac-
mrabaM COM3MEPHUMBI C TMOCIEACTBUSIMHU KPYITHBIX MPHUPOAHBIX KaTacTpod.
Ot 50 no 85 % Bcell TOpHOM Macchl, U3BJIEKAaEMON U3 KapbepoB. IiepeMeltia-
€TCsl B OTBAJIBI U IUIAMOXPAHUIIMUIIA, 3aHUMAIONINE OOJBIINE TEPPUTOPUU
3a4acTyio0 BeChbMa IUIOJAOPOIHBIX 3e€MeNb. DTH OTBAJbI HE TOJBKO COKpala-
0T TUIOUIAM CEJIbCKOXO3SIICTBEHHBIX YTOJIUW, HO ABIISIFOTCS MCTOYHUKAMHU
Pa3IUYHBIX 3arps3HSIONIMX BEIIECTB, KOTOPHIE Pa3BEHBAIOTCS BETPaMHU,
MOBBIIIAS 3aMBICHHOCTh aTMOC(ephl, YrHEeTaKIle ACWCTBYIOT Ha pacTH-
TEeITBHOCTh MPHWJICTAIONINX TEPPUTOPUIA, 3aTrPSA3HIIOT MMOYBEHHBIN 1O KPOB U
MOBEPXHOCTHBIE BOABL. [103TOMY pa3zmenieHue oTBaioOB, UX PALMO HAJTBLHOE
WCIIOB30BaHUE W PEKYJbTHUBAIMS JIAaHAMA(TOB B pailOHaX TOPHBIX BBIpa-
OOTOK SIBISIOTCS BakHeWmIed 3amadeidl. PekynbTUBalMs OTBAJIOB OCY
MIECTBJISIETCS MyTEM WX HUBEIUPOBAHUS, HAHECEHUS IUIOJOPOIHOTO TIO
YBEHHOI'O CJIOSI C MOCIEAYIOIIMM CEIbCKOXO3SIICTBEHHBIM OCBOECHHMEM, 3a-
Ty>KCHUEM HJIH 00JICCEHHEM.

YTunuzanust 0TX0JI0B TOPHOA0OBIBAIOIIEH MPOMBINIIEHHOCTH. Hc-
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CIICZIOBAHMSI U TIOJTYIPOMBIIIJICHHBIC UCIBITAHUS ITHX OTXOJIOB MOKAa3aiH,
YTO OHH MOTYT OBITh MPEKPACHBIM CHIPBEM JUIS MOPHUCTHIX 3ANOJHHUTEICH
0eTOHa, CTPOUTEIBHOTO KUPIUYA M KEPAMUKH, IITYKATYPHBIX U KIAJIOYHBIX
pacTBO poB, HIEOHS U JIPYTHX CTPOUTEIBHBIX MarepuanoB. [lepcriekTHBHO
UX UCIIOJIb30BaHUE M B KAUECTBE TJIMHUCTOTO CHIPhS JIJISl TPOU3BOJICTBA Y-
CTOTENIOW CTPOMTEIBHON KEepaMHKH M arjolnopuTa - JIETKOTO IOPUCTOTO
3aIOJIHUTEIS ISl OCTOHOB.

Ob6orarieHue yrisi ¢ UeNbl0 CHIKEHHS COJCPKAHUS B HEM CEephI CO-
MIPOBOKAAETCS 00pa3oBaHHEM YIJIMCTOro Koidenana FeS2, comepikaiiero
42-46 % cepbl u 5-8 % yraepona. YTIHCTBIA KOTYEAAH SIBJISETCS MOTEHITH-
QJIHBIM CBIPHEM JUISI ITPOU3BOJICTBA CEPHOM KUCIOTHI. Mcronb30BaHue ero
BMECTE C JIPYTHMM KPYIMHOTOHHAKHBIM MPOMBIIIJICHHBIM OTXOJIOM - CyJb(a-
ToM xkene3a FeSO4, obpasyronmmcs B IPOU3BOJICTBE MUTMEHTA JTUOKCUIA
tutana TiO2, mo3Bomsier moy4arsk SO, ISl TOCIEAYIONIET0 MPOU3BOICTBA
CEpHOU KUCIIOTHI.

[Topoap! BCKPBIIIM M TOMYTHO HM3BJIEKAEMBbIE MOPOJBI YaCTO COZIEP-
xat men CaCOs, KOTOpBII MOXKET OBITh KCIIOJIb30BAaH sl MPOHU3BOACTBA
0eJoro 1eMeHTa, CTPOUTENbHON M3BECTH, CTeKia. | TMHUCThIE CIaHIbI SB-
JSIOTCA XOPOIIMM CBHIPhEM B IPOU3BOJCTBE MOpTiaHAlneMeHTa. OCHOBOI
JUIS. IPOM3BOJICTBA TOYTH BCEX M3BECTHBIX BUIOB CTPOMTEIBHBIX MaTepHa-
JIOB MOTYT CIIY’)KHTh TaK Ha3bIBa€MbIC TOpEJIbIE MOPOJBI-ITYCThIC MOPOJIBI,
000OKEH HbIe MIPH TOA3EMHBIX T0Kapax MM MPH CAMOBO3TOPAHUH TEPPH-
KoHOB. CpeaM M3BJIEKaEMBIX MPHU TOPHBIX paboTax MOPOA HEPEAKO BCTpe-
YalOTCs TUIACTUYHBIE TJIMHBL. DTH TIMHBI SBISIOTCS CHIPHEM JIJISI TPOU3BO/I-
CTBa KEpaM3HTa - XOPOILIEro TEIUIO- M 3BYKOM3OJHUPYIOIIEro MaTepuana,
CITy’KaIllero TOPHCTHIM 3allOJTHUTENIeM OETOHOB, (PHIBTPYIOIINM MaTepHa-
jom u T.1. [1-4]

MeTtoapl OLIEHKH YpPOBHS 3arps3HEHHUs] MOYB MeETaulaMH. YPOBEHBb
COJIEpKaHUsI METAJUIOB B 3arPsI3HEHHBIX ITOYBAX MOXET U3MEHATHCS B BECh-
Ma MIMPOKHX Tpezeriax, MOITOMY aHATUTHYECKHE METOIBI IOJKHBI 00ectie-
YUBaTh OIpEJENIEHNE KaK CIIEJOBBIX, TAaK M BBICOKUX COJIEpKaHUHA MeTal-
JIOB.

Jlnist perieHnst BOPOCOB PEKYJIbTUBAIIMU 3arPsA3HEHHBIX MTOYB U CO-
CTaBIICHHS JOJTOCPOYHBIX IMPOTPaMM PETYIUPOBAHHS MOYBEHHOTO ILIOAO-
poausl HEOOXOJUMO JAETAIbHOE HM3Y4YEHHE XHMMHU3Ma MpPOILECCOB, MPOUCXO-
JSIIUX B TTOYBE MEXKAY METaUIaMH W OPTaHUYECKUMH BEIIeCTBAMH KaK Ha
MOBEPXHOCTH, TaK U BO BCe ToJie mouyBeHHOro npoduis. [Tostomy BaxkHO
3HATh paclpelieiecHue METAaUIOB HE TOJBKO B IOYBE B IEJIOM, HO U B OT-
JIENbHBIX MMOYBEHHBIX KOMIIOHEHTaX (MUKpoarperatax, MUHEpaIbHBIX KOM-
MOHEHTAaX, a TAK)KE B IPUPOJHBIX ¥ TPYHTOBBIX BOJAX).

B HacTosimiee BpeMsi IPUMEHSIIOTCS CIIEIYIONINE METObI OIpeselie-
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HUSI METaJUIOB: aTOMHas abcopOIus, SMUCCHOHHBIN METOJ, Mosporpadu-
YEeCKUI METOJI, peHTTeH(IyOPECIEHTHBIH METO/1, aKTUBAIIMOHHBIA aHAIIU3.
AToMHO-a0copOIrOHHas crieKTpoMeTpus. [Ipu onpeneneHnn TsHKeIbIX Me-
TaUIOB B IOYBAaX M TOYBEHHBIX KOMIIOHEHTaX MPUMEHSAETCS aTOMHO-
aO0COpOITMOHHBINA aHAJIM3 TIOYB M PA3JIMYHBIX BBHITSDKEK (HarpuMmep, dKCTpa-
rupoBanue Zn, Cu, Pb, Cd B 1 M HNOs, koTopasi u3BiiekaetT u3 oopasion
3arpsi3HeHHBIX 1Mo4YB 70-90 % OT BajoBOro COJEpM aHUS TSAKEIbIX METal-
70B). MeToz 00yiajaeT menbiM PSAOM JOCTOMHCTB: XOPOINas YyBCTBUTEIb-
HOCTh, M30MPATEIbHOCTh, JOCTATOYHO XOpOIash BOCIPOU3BOJAMMOCTH pe-
3yJbTaTOB, IPOCTOTA BHINOJHEHUS aHAIM30B. OH MO3BOJISIET ONPEACIUTH J10
70 snemMeHTOB, OOecTIeUnBaET Mpe/ei OOHAPYKEHUSI MHOTHX 3JIEMEHTOB Ha
ypoBae 0,1-0,01 MKr/mMi, 9T0 BO MHOTHX CIIy4asx JaeT BO3MOXHOCTh aHa-
JIM3UPOBAThH MOYBBI U paCTEHUS 0€3 MPEeIBAPUTEILHOIO KOHIICHTPUPOBAHHMS
3JIEMEHTOB.

B mocnennue roael Bce Oojiee MMPOKO ISl aHAIW3a METalIOB B
MIPUPOJHBIX O0BEKTAX M MOYBAX MPUMEHSIOT MPSIMbIE aTOMHO-a0COPOLIMOH-
HbIE METOJIbl C JIA3ePHBIM aTOMH3aTOPOM, KOMILIEKC SACPHO-(HU3UICCKUX
METO/IOB, B TOM YHCJIE€ SIICPHO-MarHUTHO-PEIAKCAIIMOHHBIA aHaJINU3, Ja3ep
HO-JTIOMUHECLICHTHBIE METOJbI OMPEACIICHUS MHUKPOKOJHMYECTB METAaJIOB,
SMHCCHUOHHBIM aHAJN3 C WHAYKTUBHO CBSI3aHHOM IIa3MOM, HOHOOOMEHHYIO
xpomarorpaduro. Hapsny ¢ MHCTpyMEHTaIbHBIMU IIMPOKO HCIOIB3YIOTCS
TPAIUIIMOHHBIE XUMUYECKUE METObI aHATTN3A.

Jlns onpeneneHus: TSHKEIBIX METAJIOB B Mpo0ax MOYBBI B3ATON U3
Jlamkecanckoro paioHa ucrnosb3zoBain metoq AAC.

ATOMHO-20CcOpOIIMOHHAS CIIEKTPOCKOMHS — JMHAMUYHO Pa3BUBAIOIIHIA-
Csl METOJ] OTIPE/ICTICHUSI MUKPOKOJIMYECTB BEIIECTB B CIOKHBIX MHOTOKOM-
MOHEHTHBIX cucTeMax M o0bekTax[5]. B psay apyrux MHCTpYMEHTaJIbHBIX
METO/IOB €€ OTJIMYaeT PEAKOE COUYETaHHE HU3KHUX MPEeeIoB 0OHApPYKEHHUS,
BBICOKOM CEJIEKTUBHOCTH, XOpPOUIEH BOCIPOM3BOJUMOCTH, MHUHUMAJIbHOTO
He00X0IuMOro oobeMa npoobl.

Bo mHoOrux ciyuasix, Hanmpumep AJis ONpeAeNICHUs CIEI0B JIEMEHTOB,
MPUMEHEHHUE JaHHOTO METOJa TMPUBEIO K 3HAYUTEIHLHOMY BBITECHEHUIO
TAaKOTO IUPOKO W3BECTHOTO AHATUTHYECKOTO METOJa Kak CHEKTPOQoTo-
METpHSI, YCTYMHAIONIEro aTOMHON a0CcOpOIMH TIO0 CEIEKTUBHOCTH, TPYI0EM-
KOCTH, YyBCTBUTENIBLHOCTH. [0 MPOM3BOIUTENLHOCTH PabOTBI U CKOPOCTH
BBITIOJTHCHUSI aHAIM30B OOJBIIUX MAPTUH OJHOTHUITHBIX MPOO IIaMEHHAS
AA cnexkTpomeTpusi, KaKk MPaBUIIO, IPEBOCXOAUT TaKUE KIACCUUECKHE XHU-
MUYECKHE METOJIbI, KaK TPAaBUMETPUUECKUH, TUTPUMETPHUECCKUHN, CIIEKTPO-
(dboToMeTpuueckui, mekTpoxuMudeckuit u ap. [Ipu omnpeneneHun ynsTpa-
MaJIbIX KOHIIEHTPAIMH OTIEIBHBIX JJIEMEHTOB AJIEKTPOTEPMHUYECKAs aTOM-
Hasi abcopOLUs YCHENHO KOHKYPUPYET CO MHOTUMH MHCTPYMEHTAIbHBIMU
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MeToJlaMu aHaiu3a. B HacTosiee Bpemss AA MeTOJ aHanM3a IMO3BOJISIET
oTpeAesaTh 0KoJIo 70 3IeMEHTOB— METAJIJIOB ¥ HEMETaJuIoB. J{Jist GonbIImH-
CTBa OIpEIeNsAeMbIX 3JEMEHTOB BO3MOXHO JOCTH)KEHHE OTHOCHUTEIHHO
HU3KUX TIPEJEIOB OOHApYKCHHS: B TUIAMEHHOM BapHaHTE — OT JECATHIX
J0JIEH 10 JIeCATKOB U COTEH MKI/JI; B JIEKTPOTEPMUYECKOM BapUaHTE — OT
TBICSIYHBIX JIO JECATHIX MOJIEH MKT/I. AOCOIIOTHBIC TIPEIEITbl OOHAPYKEHUS
B maMeHu coctaBiisitor 101 —105 Hr, B 3J€KTpOTEPMUUYECKOM BapUaHTE —
105 —10 ur. K gocrounctBam AA MeToja, Hapsay C BBILICTIEPEUUCICHHBI-
MH, CJIeIyeT OTHECTU €r0 YHUBEPCAIbHOCTh B OTHOIIEHUU CAMBIX Pa3HOO00-
pa3HbIX 00BEKTOB aHAIM3A, & TAKKE BO3MOKHOCTH MPUMEHEHHS €T0 KaK JUIs
oTpesieNIeHUs CIIE/IOB, TaK U HAJEKHOTO U TOYHOTO OIpPEAeTICHUs] OCHOBHBIX
KOMITOHCHTOB B 00pa3Iiiax CJI0KHOTO COCTaBa.

ATOMHO-a0CcOpOIIMOHHAS CIIEKTPOCKOINHUS OCHOBAaHA Ha TOTJIOMICHUU JIEK-
TPOMArHUTHOTO M3JIyYeHHUsI CBOOOHBIMU aTOMaMu B HEBO30YXICHHOM CO-
crosHuu. [lpu ompenereHHON [IMHE BOJIHBI, COOTBETCTBYIOIIEH OMNTHYE-
CKOMY IEpeXoJly aToMa M3 OCHOBHOT'O COCTOSIHMSI Ha BO30YXKIEHHBIN ypo-
BEHb, MOTJIOIIEHUE U3JIyYeHHUs BEAET K YMEHBIICHHUIO 3aCeJIEHHOCTH OCHOB-
HOTO ypOBHs. BenmnunHa aHATMTHYECKOTO CUTHAJIA CBsI3aHa C KOHIIEHTpAaIl1-
eil aTOMOB B OCHOBHOM HEBO30Y>KICHHOM COCTOSTHUU M, CIEA0BATEIbHO, C
KOHIIEHTpAIlMEH dJIEMEHTa B aHAIM3UpyeMOM oOpasiie. M3Mepsist 100 1o-
TJIOIIEHHOTO 3JEKTPOMArHUTHOTO M3TY4YEHHUS, MOXXHO KOJIMYECTBEHHO
OTIPENICTUTh COJIEpKaAaHUE COCTUHEHUM OmpeaenseMoro siaemMenta. Mcexons
W3 TPHUHIINAIIA METOAa, aTOMHO-a0COPOIIMOHHBII CIIEKTPOMETP JOMKEH CO-
CTOSITh U3 MCTOYHUKA TIEPBUYHOTO M3TYUYEHHUs, KOTOPOE IMOTJIONIAETCS aTo-
MaMH, UCTOYHUKA CBOOOJHBIX aTOMOB, CBSI3aHHOTO C CHCTEMOW BBOJa 00-
pasiia, ONTHYECKOM IUCTIEPCUOHHON CHUCTEMBI, JETEKTOpa, SJIEKTPOHHBIX
cucteM cbopa, obpaborku manHbIX[7-8]. Ilpu anHanuse sxenesa, KaaMmus,
KaJbIIMsl, KOOalbTa, MarHus, Maprasiia, MeJIu, HUKENs, CBHHIIA, cepedpa,
XpOMa M IIMHKA OPUMEHSIOT BO3IYIIHO-alETUIEHOBOE WJIM BO3IYIIHO-
npona”oBoe 1ams. st usMepeHus: abcopOIuu OmpeesieMOro JIeMEeHTa
15—20 M uccneayeMoil BBITSDKKH TMOYBBI (MU BOJABI, CKOHIICHTPHUPOBAH-
HOM ynapuBaHHMEM WM SKCTpaKueil) MOMEeIalT B CTakaH, B Mpoly omyc-
KarT CBOOOJHBIN KOHEI KamuuIsipa pachubuiuTens crnekrpodoromerpa. Usz-
MepsoT BenuunHy abcopOumu. Ilocnme kaxmoro onpeaeneHusi TPOMBIBAIOT
mpubop, MPOIyCKas yepe3 HEro OUUIICHHYI0 OWINCTHIUTMPOBAHHYIO BOIY,
MOJKUCIIEHHYI0 a30THOM KuciaoTo. Coaep:kaHue ONpenesieMbIX 3JIEeMEH-
TOB (MKT) HAXOJAT MO COOTBETCTBYIONINM KATHMOPOBOYHBIM TpaduKaM.
Cranus poOOMOATOTOBKH SIBIIIETCS OYEHb BAKHOW B IMPOIECCE aTOMHO-
abCcopOIMOHHOTO aHallM3a M 3a4acTyl) BHOCHUT OCHOBHYIO MOTPEIIHOCTH B
pesyapTaT aHanm3a. OCOOEHHO ATO OTHOCHUTCS K TBEPAbIM oOpasliaM co
CII0)KHOW MaTpHIIeH, KOTOpble He0OXOUMO TIEPEBECTH B PACTBOP. YPOBEHB
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XMMHAYECKHX TIOMEX B 3HAUUTEILHOW CTEIEHU 3aBUCHT OT CIIOCO0a MOATro-
TOBKHU MPOOBI, MPUHSATOTO B METOJIUKE aHAIN3a. Y a4yHO BBIOPAHHBIN CIIO-
co0 pa3NoKeHHs aHATM3UPYEMOro MaTepHaia Mo3BOJIIET HE TOJIBKO Iepe-
BECTH B PACTBOP OIpPEACTSEMBbIN AJIEMEHT, HO U OOJIETYUTh €ro OT/EICHHE
OT COITyTCTBYIOIIIUX AJIEMEHTOB HJIM CO3JIaTh OJIATONPHUSATHBIC YCIOBHUS IS
KOHEYHOTO OIPEICIICHUS] COJIEPKAHHS AIIEMEHTOB 03 orepanuu pasjese-
Hus. PaznoskeHue mpo6 yacto siBisieTcs 0oJiee TPYJ0EMKOM oreparieii, 4em
onpexaenenue. [loaroroBka mpoObl MOKET 3aHUMATh OT HECKOJIBKHX MUHYT
710 MHOTHX 4acoB[6,9-12-13].

Pe3ynpTarel ananu3a ganel B Tabnmie 1.

OmnpenensieMble BelleCTBA MI/KT Haiigeno
pH 6.0
(K20) 268
Ca 1563
Mg 3.1
Na 221
Fe 3.9
Cu 14
Zn 1.2
Mn 0.7
Al 2.4
Si 5.9

Kax BumnHO 13 Tabnuiipl, B mpobax moussl [lankecanckoro paifoHa TsKeIbie
MeTaiusl npessimaroT [TIK.
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DASKOSON RAYONU TORPAGINA MODON TULLANTILARININ TOSIRINiN
EKOLOJi QiYMOTLONDIRILMOSI

S.R.HACIYEVA, H.L.ROFIYEVA,
T.i.OLIYEVA, A.A. SOMODOVA, C.G.BABAYEVA

XULASO

Dag-madon sanayesinin astraf mihits, biosferin torkib hissasi olan bitki vo torpaq
Ortliyno tosiri gagilmazdir. Yerin tokindon faydali gazintilarin ¢ixarilmasi vo emali
litosferdo bas veran geoloji proseslorin gedisatini pozmus olur, biosferdo maddalorin tabii
dovrant balansinin vo biokimysvi proseslorin  doyismesina tosir gostorir. Dag-modan
sonayesi, gara vo oslvan metallurgiya sonayesi, eloco do nadir vo noacib metal istehsali
mioassisalori  respublikanin  Qarb  bdlgasindo Dagkoson-Gadoboy igtisadi rayonunda
comlagmisdir. Miistaqil Azarbaycana uzun illar arzinds dag-modon Sanayesinin inkisafinin
fosadlar1 kimi miras qalmis ekoloji problmlorin halli Gglin kompleks todbirlorin hoyata
kecirilmasi miihim vozifo olaraq qarsida durur.

Acar sOzlar. Dag-modon sonayesi, biosfer, litosfer, olvan metallurgiya, gara
metallurgiya, ekoloji problemlor

ECOLOGICAL ASSESSMENT OF THE IMPACT OF MINING WASTE
ON THE SOIL OF THE DASHKESAN DISTRICT

S.R.HAJIYEVA, H.L.RAFIYEVA,
T.LALIYEVA, A ASAMADOVA, J.G.BABAEVA

SUMMARY

The impact of the mining industry on the environment, on vegetation and soil
cover as an integral part of the biosphere, is irreversible. The extraction and processing of
minerals disrupts the flow of geological processes in the lithosphere, affects biochemical
processes and the circulation of substances in the biosphere. The mining industry, ferrous
and non-ferrous metallurgy, as well as enterprises for the production of rare and precious
metals are concentrated in the Western region of the republic, in the Dashkesan-Gedabey
economic region. Carrying out a set of measures to resolve environmental problems
inherited from the long-term development of the mining industry in independent Azerbaijan
is an important task.

Keywords. Mining industry, biosphere, lithosphere, non-ferrous metallurgy,
ferrous metallurgy, environmental problems

111



BAKI UNIVERSITETININ XOBORLORI
Ne2 Tabiat elmlari seriyast 2023

UOT 631.47

QARABAG iQTiSADi RAYONUNUN SOHOR TOSORRUFATI VO
FUNKSIONAL iNKISAF ISTIQAMOTLORI
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Maqalada Qarabag igtisadi rayonunun sahar yasays mantagalorinda maskunlasan
sahar ohalisinin, iqtisadi foal mahsuldar qlvvalarin ixtisaslagma saviyyasina va tarixi
Masgullug aNanasina uygun olaraq sahar toSarriifatt sisteminin (maskunlasma zonasi, arazi-
istehsal kompleksi, mihandis-tochizati va infrastrukur texniki qovsagi) funksional ixti-
saslagma istiqgamatlorinin elmi-nazari giymatlondirilmasinin tasarriifat shamiyyatina yer
verilmisdir. Isgaldan azad edilmis arazilarin (16 min kv.km) timsalinda sahar tasarriifatinin
inkisaf istigamatlorinin Dovlat sahorsalma-igtisadi siyasatine wuygun olaraq miiayyan
edilmasinda nazara alinan 2sas amillor swrasinda tabii-landsaft strukturunun va iqtisadi-
idaraetma sahalarinin dizgun giymatlandirilmasi ham da beynalxalqg ahamiyyatli hiqugi
tonzimlanmoa prinsirlaori ilo bagl oldugundan bu sahada mutaraqqi elmi-nazori, praktiki
layihalarin va gabaqci/ tacribalarin nazara alinmasi, xUsusila vacibdir. Bu baximdan mo-
qalada miiasir dovriin soharsalma va sahar tasarriifati sisteminin idara edilmasinda “Agill
kond”, “Agill sohor”, “Agilli sohor tasarriifatt”, “Agilli idaraetmo sistemi”... layihalarinin
timsalinda Qarabag iqgtisadi rayonunun sahor toSorriifatinin formalagdirilmast milli, tarixi,
igtisadi, ekoloji, cografi, arazidan samarali istifada edilmasi...amillarinin nazara alinmasina
xtisusi diqqot yetirilir. Isgaldan azad edilmis arazilarda “Agilli sahar tasarriifati” modeli
torpaqdan, ¢oxsaxali istehsal sahalorindan, moahsuldar quvvalarindan, kompleks
infrastruktur sabakasindan yiksak saviyyada istifada edilmasi istigamatinda elmi va praktiki
cohatdan artiq simaqdan ¢ixarimis alverisli maskunlagma-istehsal muhiti kimi gabul
olunmagqdadir.

Acar sdzlar: sohor tosorriifati, sohor orazilarinin layihalondirilmasi, orazi-istehsal
kompleksi, ekoloji sohor miihiti, sohor landsafti, sohor tarixi-cografi informasiya sistemi,
sohar arazisinin planlagdirilmasi, beynoalxalg hliqugi tonzimlanma, sohor torpaglarinin eko-
igtisadi gqiymotlondirilmasi.

TOHLIL VO MUZAKIROLOR
Qarabag iqtisadi rayonu (imumi sahasi 7253,5 kv.km olmagla 628
min nofordon ¢ox ohalinin maskunlagma arealinda) regional ekosistemin
biitovliiyiiniin qorunub saxlanilmasina ragmon Olks iqtisadiyyatinda yerli
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ekoloji-tobii ehtiyatlardan samarali istifads etmoklo modern soharsalma to-
sarriifatinin inkisaf etdirilmasi moagsadi ilo genis imkanlara malikdir. Tabii-
cografi soraitin Azorbaycan Respublikasinin yeni iqtisadi-tosariifat bolgu-
sina (“Azorbaycan Respublikasinda iqtisadi rayonlarin yeni bdlgiisii
haqqinda” Azarbaycan Respublikasi Prezidentinin 07 iyul 2021-ci il tarixli
Formani ilo) osason bu iqtisadi rayonun sohorlorin  golocok inkisaf
konsepsiyasinin vo funksional ixtisaslagsma istigamatlarinin dovlot sohorsal-
ma siyasatino uygun olaraq miiayyan edilmasi ononavi sohor tosarriifati
sistemi (orazidon istifadonin klassik idaroetmoa konsepsiyasi) vo “Agilli
sohar” layihasi (sohar strukturunun modern ifadasi) toloblori baximindan
nozars alinan asas amillardir [1].

Bolganin tabii-cografi goraitine uygun olaraq sahar tosarriifatinin arazi
Uzra yerlogsmosinda diizon (Mil-Qarabag diizonliyindo Tortor, Bords, Ag-
cabadi, Agdam soahorlori) vo dagliq (Xankondi, Susa, Xocavond, Xocali
sohorlari) relyef strukturnun nozors alinmasi soharsalma siyasatindo baslica
todbirlor sirasindadir. Olverisli tobii-cografi soraitlo (munbit vo mohsuldar
torpaq Ortlyd, suvarma monbalorinin kifayst godor ehtiyati, bioloji nov
muxtalifliyinin zonginliyi va s.) yanasi sanaye potensialli tobii ehtiyatlarin
(filiz vo qgeyri-filiz mansali madanlar, tikinti sonayesinin xammal yataqlari,
mualicavi-balneoloji monbalar, rekreasiya-landsaft ortiiyti vo s.) istifado-
ciliyi ilo yanas1 miiasir mithondis-nagliyyat vo iformasiya-kommunikasiya
sisteminin (elektron idaroetmo bazasi osasinda biitiin ndv nogliyyat sistemi
olmagla) totbiqi “Agilli sohar tosorriifati” layihosinin ingasina yonoldilocok
istigamotlordir [2, 4].

Qarabag iqtisadi rayonu hiidudlarinda ononovi gohor tosorriifatinin
formalagsmas1 vo inkisafi (artiq xiisusi miilkiyyatcilik soraitinds suvarilan
okingilik sistemi bazasinda) asason Mil-Qarabag diizii inzibati-orazi vahid-
lori (Tortor, Borda, Agcabadi rayonlar1 timsalinda) giymatlondirilmoklo hom
irimiqyash orazi-istehsal komplekslori (AgroSenaye va Sonaye-Mohoallo
parklari timsalinda), ham do fordi tosarriifat¢iliq birliklori formasinda hoyata
kegirilmaklo “Agilli sohor tosorriifati”nin asagidaki ixtisaslasma istigamot-
lorina yer verilo bilor:

- okingilik vo heyvandarliq sahasinds intensiv agrotexniki vo damazliq
komplekslorinin yaradilmas;

- kond tosorriifatt mohsullarinin emali, konservlosdirilmasi, daxili vo
xarici bazar omtoagiliyinin toskili saholoring;

- geyri-anonavi heyvandarliq (baliq¢iliq, qusculug, ovguluq) mohsul-
larinin sonaye tsulu ils istehsali miiassisalorinin yaradilmast;

- mixtalif ndv milli toxuculug vo dari momulatlar istehsali moarkozlori
sobokasinin inkisafi.

Ekoloji va iqgtisadi giymatlondirma tohlillorini Agdam Sonaye Parki
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aqro-sonaye istehsal kompleksinin (“Agilli sohar idaroetmasi” layihasi
timsalinda) timsalinda aparmagq olar. Iri aqrosonaye istehsali kompleksi kimi
yerli xammal ehtiyatlarindan (Tortorgay, Qarqargay, Xasingay, Giilabli, Giil-
yataq, Yergi...ndvzalorinin qum-¢ingil, shongdasi, gil, qrunt va s.) istifado
etmokls tikinti materiallarinin istehsali, miixtalif ndv tikinti vo emal sonaye
sahalorinin inkisafi (yerli okingilik vo heyvandarliq mohsullar1 asasinda)
yeyinti vo yungil sonaye sahslorinin yaradilmasi ilk névbads daxili in-
vestisiya (50-100 milyon manat) yatirimi vo amak ehtiyatlarinin (5 min
nofar iqtisadi foal isci qiivvasi) calb edilmasi ilo hoyata kegiralocokdir. Sa-
hibkarliq faaliyystinin saxslondirilmasi, daxili bazar mihitindo rogabot
gabiliyyatinin yeni igtisadi zomin asasinda genislondirilmasi (kicik va orta),
infrastruktur sistemin tokmillogdirilmasi, xUsusi guzostli investisiya yatiri-
minin (torpaq, amlak vo monfast, idxal zamani alave dayar vergisindon 10 il
muddotino azad edilmasi colbediciliyi xarici iqtisadi slagslorin qurulmasi
ucun, xasusila vacibdir. Nozara almaq lazimdir ki, Agdam Sanaye parkinin
hiidudlart boyiik kond tosarriifati bolgalori ilo shatolonmisdir. Bu isa kond
tosorriifatt mohsullarinin ilboyu todariikii, emali, saxlanilmasi vo ixraci
istigamotindo davamli istehsal prosesinin fasilasizliyini tomin edon osas
amildir.

Mil-Qarabag diiziiniin 409 min 935 hektar suvarilan kond tosorriifati
toyinatli torpaq ehtiyatlarinin intensiv texnologiyalar asasinda istifadagiliyi
ekoloji dayanigli “Agilli kand tesarriifati” kompleksinin yaradilmasi (Yasil
enerji vo Bioenerji istehsali, intensiv istehsal texnologiyasinin totbigi) ¢ln
biitiin imkanlar vardir. Belo ki, bu amil Tartor, Bordo vo Agcabadi sohor-
lorinda nagliyyat-kommunikasiya vo infrastruktur sabakonin tosokkilinds
totbiq edilon alave Xarclorin azaldilmasina sabab, elaco do “Agil sohor ida-
roedilmasi” sisteminin formalagmasini tomin edoacok iqgtisadi istigamot
olacaqdir... [3].

Kond tosaorriifatinin alverisli tobii-cografi soraiti golocokds yarana
bilinon Agdam-Xankondi sonaye qovsaginin ixtisaslagsma istigamatlori (So-
naye Mohallolori, Agro-istehsal parklari, Innovativ Texnologiyalar Morkozi
Vo S.) Ugun ohamiyyatli rol oynaya bilor. Nozors almaq lazimdir ki, Mil-
Qarabag diizindo yalniz siddstli soranlasmis torpaq sahslorinin (30 min
hektara yaxin) meliorasiyasi aparilmagqla alava okin yerlorini dovriyyoayo
daxil etmak olar.

“Agdam-Xankondi Sonaye Kompleksi’nin formalagmasi iqtisadi
rayonun tobii-ekoloji soraitinin vo alverisli iqtisadi-cografi imkanlarimin
diizgln giymatlondirilmasins asaslana bilar:

- ixtisasli omok ehtiyatlarinin yetisdirlmasi Ggln tahsil muassisalorinin
yaradilmast;
- sonaye vo kond tosarriifati saholorinin qarsiligh slagesini tomin edon
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istehsal-tochizat sisteminin yaradilmasi tgiin olverisli imkanlarin

olmasi;

- Kicik Qafgaz bolgesinin zongin filiz vo geyri-filiz yataglarinin sanaye
potensialinin mébcudlugu;

- beynalxalq igtisadi slagslorinin yaradilmasi imkanlari;

- nagliyyat-kommunikasiya sisteminin saxolondirilmis tranzit sobokasi
ticlin yararl relyef strukturunun mévcudlugu.

“Agilli gohar toSorriifati”nin inkisafi iqtisadi rayonun torkibinds
mohsuldar, igtisadi foal-ixtisaslasmis amak gulivvalarinin va sohar shalisinin
artimin1 sartlondiran amildir.

Bu layiho Gzra Susa, Xocali, Xocavand...yasayis mantagalorinds so-
horsalma (yasay1s, orazi istehsal vo geyri-istehsal kompleksi, nogliyyat in-
frastruktur-miihondis kommunikasiya sobokasi) sistemi hom do respublika-
mizda hoyata Kegirilon Boyik Qayidis Programinin torkib hissasi Kimi
giymatlondirilir.

Osas magsad kimi asagidaki tosarriifat istigamatlori nazards tutulur:

- igtisadi foal is¢i qiivvelorinin orazi Uzro dizgun yerlosdirilmasi vo
mohsuldarliginin artirilmast;

- ohalinin yasayis saviyyasinin yiksaldilmasi;

- mihandis-kommunikasiya sabakasinin va tachizat sisteminin slgatanligi vo
fasilasizliyi;

- sohar tosarriifatinin ekoiqtisadi xammal (istehsal vo istehlak) manbalarinin
“Agillt sohor” layihasinin taloblori baximindan giymotlondirilmasi, dov-
riyyaya daxil edilmasi;

- sohor tosarriifat: strukturunda ekosistemin diizgiin idars edilmasi;

- sohor tosarriifatt bolmalorinin qonsu iqtisadi rayonlarin sohar tasarriifatlart
ilo alagalondirilmasi.

Susa, Xocavond vo Xocali saharlori izra “Agilli sohor idarsedilmosi”
lahiyasi ilo bagli milli, dini, madani, tarixi...irsin qorunmasi istigamoatindo
Susa sohorinin Tiirk diinyasinin “Moadoniyyat paytaxti” statusuna malik ol-
mast ilo yanasi, Xocavand sohorinin “Diinyanin an godim yasay1s paytaxti”,
Xocali gohorinin “Diinya Soyqirim Markazlorinin Paytaxti” kimi qiymatlon-
dirilmasi milli dovlstgiliyimizin méhkamlondirilmasi baximindan, xususilo
zoruridir.

Qarabag iqtisadi rayonu Azorbaycan Respublikasinin digor iqgtisadi
zonalarmin iqtisadi yiiksolisi liglin agar rolu oynamagqla yanasi, hom do
dinya Olkalori ilo igtisadi olagolorin yaradilmasi mithiim shamiyyat dasidi-
gindan “Agilli sohar idaroedilmosi”nin yaradilmasi vo tokmillosdirlmasi bu
baximdan Umumdévlot vo Umumxalaq dayorlori dastyir...
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Naticalar

1. Qarabag iqtisadi rayonunun sohor tosorriifatinin ixtisaslagma istigamot-
larinin beynolxalq igtisadi inteqgrasiya sistemina (mihandis-kommunika-
siya vo infrastruktur sabokonin tokmillosdirilmasi baximindan) uygun-
lagdirilmasinin vacibliyi;

2. Qarabag iqtisadi rayonunun gahar tosarriifatinin yeniden qurulmasi va
inkisaf etdirilmasinin hiiquqi bazas1 kimi 2020-2023-cl illor arzinds go-
bul edilmis gsoharsalma sisteminin tabii, igtisadi va huquqi qiymatlondiril-
moasi  sonadlarinin  hiiqugi-normativ doyarlori baximindan formalas-
dirilmast;

3. “Agilli sohar” layihasine uygun olaraq Susa vo Xocavand sohoarlarinin
landsaft-rekreasiya ehtiyatlarindan istifadonin, Xankondi sohorinds iso
yasay1s zonasi-infrastruktur sobokos vahidlorinin giymatlondirilmasi;

4. Tarixi-etno milli doayarlorin (“Xocali-Gadabay moadaniyyati tobagasi”) vo
oski maddi-monovi abidslorin (Azix/Oguz yasayis maskani), ekoturizm
ohomiyyatli landsaft-rekreasiya struktur vahidlorinin yeni sohor tosorri-
fatinin yaradilmasi baximindan (tarixilik, millilik, memarliq, tobii soraitin
yararlig1...prinsiplori nazora alinmaqla) Susa, Xocali, Xocavand, Xan-
kondi soharlorinin inkisaf etdirilmasi;

5. Qarabag iqtisadi rayonu sohor tesarriifati sobokasinin qarsiligl iqtisadi
olagasinin yaradilmasi istigamotinde mono va poliixtisaslagsmis Sonaye-
Mohallo-Aqro parklarinin rezident bdlmolorinin qarsiliqlt olagalondiril-
Mmasl;

6. Sohor tosorriifatinin somorali vo dayaniqli idarsedilmasi naticasinda
Qarabag iqtisadi rayonu ohalisinin demografik torkibinds sohor ohalisinin
artim soviyyasina musbat tasir géstormasi.
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URBAN INFRASTRUCTURE AND FUNCTIONAL DEVELOPMENT
DIRECTIONS OF THE KARABAKH ECONOMIC REGION

A.S.AGHBABALI, Q.YUNUSOGHLU
SUMMARY

The article assesses the functional specialization directions of the urban economy
system (territorial-production complex) in accordance with the economic activities and
historical occupation tradition of the urban population living in the city residential areas of
the Karabakh economic region. It emphasizes the economic significance of this evaluation.
Considering the primary factors taken into account in determining the development
directions of the urban economy in the liberated territories as per the State urbanization
policy, it is particularly important to properly evaluate the natural landscape structure and
economic-administrative areas. Moreover, it is of international importance to consider the
principles of legal regulation in this field. Therefore, it is essential to take into account
advanced projects and best practices in this field. In this regard, the article places special
emphasis on considering national, historical, economic, ecological, geographical, and other
factors in the formation of the urban economy of the Karabakh economic region, with
examples of projects like "Smart Village,” "Smart City,” and "Smart Urban Planning.” In
the liberated territories, the "Smart Urban Planning” model is seen as an established and
effective habitat-production environment for the efficient use of land, diversified
production sectors, productive forces, and complex infrastructure networks.

Keywords: urban planning, urban development projects, territorial-production
complex, ecological urban environment, urban landscape, urban historical-geographical
information system, urban land planning, international legal regulation, eco-economic
assessment of urban lands.

I'OPOJACKAA UHO®PACTPYKTYPA U HATIPABJIEHUA
OYHKIIUMOHAJIBHOTI'O PA3BBUTHUA KAPABAXCKOI'O
39KOHOMUMYECKOI'O PETHOHA

A.C.ATBABAJIBL, I''FOHYCOI'JTY
PE3IOME

B craThe mpoBOANTCS OIIEHKA HAINPaBJICHUN (QYyHKIIMOHAIBLHOW CIIEIUAN3AINHA CH-
CTEMBI TOPOJCKON SKOHOMUKH (TEPPUTOPHATHLHO-TIPOU3BOICTBEHHBIN KOMIUIEKC) C yI€TOM
SKOHOMMYECKOH JEeSTeIbHOCTH U UCTOPUUECKON TPAJAMLIUU 3aHSATOCTU TOPOJICKOIO Hacese-
HUsI, TPOXXHMBAIOUIETO B JKUIBIX pallOHaX SKOHOMHYeckoro permoHa KapabGaxa. CraThs
ITOTYEPKUBACT IKOHOMUYECKYIO 3HAYMMOCTh JaHHOW OIICHKH. YUHTBIBas OCHOBHBIC (pak-
TOpPBI, YUUTHIBAEMbIE TIPU ONPEJCICHUN HAMPABICHUNA PA3BUTHSI FOPOJICKONH SKOHOMHUKH B
OCBOOOXKIICHHBIX TEPPUTOPHUAX B COOTBETCTBUU C TOCYNAPCTBECHHON MOJIUTHKON ypOaHU3a-
[IMY, 0COOEHHO BKHO MPABWIIBHO OIIEHUTH MPUPOTHO-TAHAMAPTHYIO CTPYKTYPY U X03s51H-
CTBEHHO-a/IMUHHUCTPATUBHBIE 30HBI. bosee TOro, BAJKHO YyUHUTHIBATh MPUHIUIIBI IPAaBOBOTO
pEeryIMpPOBaHUS B 9TOM 00JIACTH ¢ MEXKAYHAPOTHOW TOUKH 3peHusi. [[oaToMy HEOOX0AMMO
VYHUTHIBATh MEPEIOBbIE MPOEKTH U JyUlllhe MPaKTUKH B JaHHOW obmacTu. B 3ToM cBs3M B
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cTatbe 0co00e BHMMAHHUE YJAENSCTCS Y4ETy HallMOHAJIbHBIX, HCTOPHYECKHUX, IKOHOMHYE-
CKHUX, DKOJIOTHYECKHX, reorpaduueckux U Apyrux (GakTtopoB npu (GOpMHUPOBAHUH TOPOI-
CKOW HKOHOMHKH 3KOHOMHYECKOro pernoHa Kapabaxa, ¢ mpuMepaMu MpOEKTOB, TAKUX KaK
"YwmHoe cenmo", "YMHbI Topon" u "YMHOe roponckoe mianupoBanue”. Ha ocBoOoxaeH-
HBIX TEPPHUTOPHAX MOJENb "YMHOrO rOpoACKOro IUIaHMPOBAHMS" paccMaTpHBaeTCs Kak
ycTosBIIasics U 3(pGEKTUBHAS Cpeia IS KU3HU M IPOU3BOACTBA C 3(Pp(PEKTUBHBIM HCTIOTB-
30BaHUEM 3€MJIH, Pa3HOOOPa3HBIMH CEKTOpaMH IPOM3BOJCTBA, MPOU3BOJICTBEHHBIMH CH-
JIAMU M CIIOXXHBIMU HHPPACTPYKTYPHBIMH CETAMHU.

KnroueBble cjioBa: ropojackoe IUIAaHHPOBAHUE, MPOEKTHI TOPOACKOTO Pa3BUTHA,
TEPPUTOPHATBEHO-TIPOM3BOACTBEHHBIN KOMITIEKC, SKOJOTHYECKasi TOPOACKas Cpeaa, ropoa-
ckoil manamadT, MHGOpMAMOHHAsI CHCTEMa TOPOJCKO HMCTOPUKO-Teorpapuyeckoi WH-
(opmanuy, MmIaHUPOBaHUE TOPOJICKUX 3EMEIb, MEXKIYHAPOJHOE [IPABOBOE PETYJINPOBAHUE,
9KO0-3KOHOMHYECKAs! OLICHKA TOPOACKUX 3€MEb.
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Paspabomana yckopennas u npocmas no annapamypHomy 0QopmieHuio Menoouxa
onpeodeienusi UOHO8 CEUHYA 8 600aX 03ep Abulepona mMemoooM UHEEPCUOHHOU 60IbMAMN e-
POMEMPUL ¢ UCHONL308AHUEM PMYNIHO20 Y2OLbHO-NACMO8020 3NeKkmpodd. Onmumuzupo-
BaHbL YCI0BUSL ONpedeNeHUs UOHO8 ceunya. Ycemarnoeieno, umo npu pH 5.5 onmumanonviv
Gonosvim anexkmponumonm sesemes 1,0 M pacmeop LiNOs. Paspabomannas memoouxa
npumenena 6 ananuze 600 ozep Abwepona (Jloxoaman, Xooxcacen, bunezeou).

KiroueBble cnoBa: CBHHEI], MHBEPCHOHHASI BOJBTAMIIEPOMETPHS, PTYTHBIA YTOJIb-
HO-TIACTOBBIN ANMEKTPO, 03epa Abmiepona, ozepo JlokbaraH, o3epo XomkaceH, o3epo bu-
HeTeIn

B nocnennue roapsl 0AHON U3 BaKHEHIIMX MPOOJIEM, CTOSIIUX Mepea
4eJI0BEYECTBOM, SIBIISIETCA OXpaHa OKpyskarowmed cpeas! [1-2]. Jlna xos-
TpOJIsi OOBEKTOB OKPY’KaIOILIEH cpebl MPeIaraloTcsi MHOTO ONTHYECKUX U
ANMEKTPOXUMUYECKHX METOJIOB HX orpeseneHus [3-6].

OfHMM W3 TEPCHEKTUBHBIX C TOYKHU 3PEHHs OOIIEro HarpaBiICHUS
pa3BUTHSA COBPEMEHHOM AHAJIMTUYECKONM XWMHUM HMHTEHCUBHO pa3BHUBAlO-
IIUXCS METO/OB OIpe/eTeHUs] METAJJIOB SIBISETCS COPOIIMOHHBIE METO/IbI,
MIO3BOJISIFOIINAE COBMEUIATh KOHIEHTPUPOBAHUE C MOCIEAYIOLUM OIpEIeIe-
HUEM METaJUIOB Ha TBepAou matpuile [7-9]. B paborax mociaeaHux jieT mo-
Ka3aHa MepCreKTUBHOCTh IPUMEHEHHS MpueMa UIMMOOWIM3alMY OpraHuye-
CKHX PEeareHTOB JJIs YJIyYLICHHUS] UX XUMHUKO-aHAJIMTUYECKUX ITapaMeTpoB U
co3JlaHusl Ha UX ocHOBe ceHcopoB [10-16].

Wnest »neKTpOXMMUYECKOTO KOHIIEHTPUPOBAHHUS BELIECTBAa Ha IIO-
BEPXHOCTH AJIEKTPOJAA NOJy4dWsia CBOE Pa3BUTHUE B CO3JaHUM Pa3IMYHBIX

119



BapHAHTOB MHBEPCHUOHHBIX JJIEKTPOXMMHUYECKHUX METOJOB aHalu3a, OTJIH-
YarOIIMXCS TAKUMU Ba)KHBIMU Ka4€CTBAMHU, KaK:

-BO3MOXKHOCTH orpezeneHus 6onee 40 XUMHUYECKUX 3JIEMEHTOB HEpH-
OJINYECKON CUCTEMBI U MHOTMX OPraHUYECKUX BEILIECTB;

- HU3KHUE Mpefelibl 0OHapy>KeHUsl, TOCTUTAOLIUE JIJIsT HEKOTOPBIX Me-
TaJJIOB U OPraHUYECKUX BEIIECTB YPOBHS CJIEIOBBIX KOJIUYECTB;

-BBICOKAsl CEJIEKTUBHOCTh U XOPOIIME METPOJOTUYECKUE XapaKTepH-
CTUKHU METOUK;

-OTHOCHUTEJIbHAS MPOCTOTa TEXHUYECKOW pealu3allid METOAOB U
CpaBHHTEIIbHAS JeUIeBU3HA TPHOOpoB [17-18].

OTU TOCTOMHCTBA MHBEPCHUOHHBIX JIEKTPOXUMHUYECKUX METOJIOB 00b-
SICHSIOT IOBBIILIEHHBIA HHTEPEC K JJAHHOMY HAIIPaBJICHUIO UCCIIEI0BAaHUN.

[Tpu cxxuranun HedTH U OeH3UMHA B OMOCdEpy MOCTyMaeT HE MEHee
50 % Bcero aHTPOIOIE€HHOTO BBHIOPOCA CBUHIIA, YTO SIBISIETCS OCHOBHOM
COCTaBJISIONICH B TI00aIbHOM IMKJIE JAaHHOTO 3JeMeHTa. bonee Toro, aB-
TOMOOWJIBHBIE BBIXJIONBI JalOT OKoyo S50 % oO01ero HEOPraHU4ecKoro
CBUHIIA, MTOCTYNAIOUIET0 B OPTaHU3M YeNIOBEKa, YTO SIBJSETCS CIEICTBUEM
ero Bbicokoi nomu (75 %) B aTux BeIOpOCcax [19].

3HaYUTENbHOE MOBBIIICHUE COJEP>KAHUS CBHMHIIA B OKpYXKarollei
cpele, B TOM uucie B IpUpoaHbIX Bojax[20-21], oGycnoBieHo ero mupo-
KM MPUMEHEHHEM B IPOMBIIUICHHOCTH. Tak, eXerogHoe MUpPOBOE IIO-
TpeOJIeHHe CBUHIIA COCTABISET OKOJO 3 MJH. TOHH [22]. OgHUM U3 cepbe3-
HBIX UCTOYHUKOB 3arpsA3HEHMsI IOBEPXHOCTHBIX BOJ| COEIMHEHUSIMU CBUHIIA
SBJIIETCS COKMTaHUE YIJIed U NPUMEHEHUE TETPa3TUJICBHMHIIA B KauyecTBE
aHTUJIETOHATOPa B MOTOPHOM TOIUIMBE, a TAKXXE BBIHOC B BOJOEMBI CO
CTOYHBIMHU BOJAaMH pPyA0000raTuteiabHbIX (aOpUK, METaTyprua4yecKux
MIPEANPUATHI, XMMUYECKHUX IIPOU3BOACTB U maxT [23].

Jlyig GONBIIMHCTBA MPOMBIIIJIEHHBIX PalOHOB YPOBEHb COJEPKAHUS
cBuHIa KojebneTcs ot 10 mo 80 Mkr/m. B To ke BpeMs mocTymiieHne CTo4-
HBIX PYJHHUYHBIX BOJ MOJKET IOBBIIIATh €0 COJEP’KaHHUE B OKPY’KAIOLIUX
Bozax 10 >500 mkr/i [42-43].

YpoBHH 001IEro coaep’kaHusi CBUHIA B aTMOC(EpHBIX OcajgKax
00b19HO KoJeOmoTes oT 1 10 50 mMkr/n. OgHaKo B TYCTOHACEIEHHBIX paifo-
Hax OHU MoryT npesbimath 1000 MKI/i, IpUBOAS K CYIIECTBEHHOMY 3a-
I'PSA3HEHUIO CHEXHOT'O IMOKPOBA M MOYB M COOTBETCTBEHHO Hapymias 0OMeH
BEILIECTB B JKMBBIX opraHu3Mmax [24]. B opranmsmMe demoBeka B mporeccax
OTJIOKEHHUSI M MEePEeHOCca CBHHELl CXOJIEH C KalblIUeM, YTO OOYCIIOBIHMBAET
€ro BBICOKHE KOHIIEHTpaIluu B ckenere [24]. CBuHen, monagas B OpraHu3M,
aicopOUpyeTCsl APUTPOLUTAMHU, MOYKAMH, KOCTHOW M HEPBHON TKaHBIO.
XpOHHYECKOE OTPABIICHHE CBUHIIOM IIPUBOIUT K pa3BuTHiO HedpuTa [25].

Jlo HeJTaBHEr0 BPEMEHU pa3BUTHE METO/1a MHBEPCUOHHOM BOJIbTAMIIE-
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POMETPHH CIECP)KUBAIIOCH HEOOXOIUMOCTBIO HCIOJIB30BAHHUS PTYTHBIX H
YIJIEPOJCOEPIKAIUX AIEKTPoa0B. IlepBble 001aat0T BBICOKOI TOKCHYHO-
CTBIO, HEIOCTAaTKOM BTOPBIX SIBIISICTCS KOPOTKHI CPOK CIY’KOBI M Kak Clie]I-
CTBHE HEOOXOJMMOCTh PEreHepaluy MOBEPXHOCTH 3JIEKTPOJOB. ITH IMPO-
OJIeMBbl HaM y/aJIOCh PEIINTh U CO3/aTh LIyl raMMy OPUTMHAIBHBIX CEH-
COPOB, BKJIFOYAIOLIYIO BAPUAHTHI JOJITOKUBYIIUX CEHCOPOB ¢ OOHOBISIEMON
MOBEPXHOCTBIO AJIEKTPOJA U PAa30BBIX CEHCOPOB Ha OCHOBE TOJCTOILUICHOY-
HBIX TPa()UTOBBIX AIIEKTPOAOB [26].

L]envio paboTHI BUIIOCH BO3MOKHOCTh MHBEPCHOHHO-BOJILTaMIIEPO-
METPHUUYECKOTO OIPEJEIICHNsI CBUHIIA B BOJaxX 03¢p AOIIEpOHa HUCIOJIb30Ba-
HHEM XHMHUYECKOTO CEHCOPa Ha OCHOBE PTYTHOTO YTOJIbHO-TIACTOBOTO 3JICK-
Tpoza.

IKcnepumenmanvHas wacmo

Pearents! u pactBopsl. CTaHAapTHBIE PACTBOPHI METAIIOB TOTOBHU-
T PacTBOPEHUEM METAUIOB (X.4.) B pazbaBneHHBIX (1:1) Kuciorax ¢ mo-
CIIEYIOIIKUM pa3daBiieHneM OUIMCTUILTUPOBAaHHOM Bofol [27].  CBuHen
A30THOKHUCIIBIA MEPEKPUCTAIIIM30BbIBAIOT U BhIcymnBaroT npu (104+1)°C
70 TOCTOSIHHOM Macchl. 1,599 1 BBICYIIEHHON CONM PAacTBOPSIOT B He-
001b1I0M 00BeMe OMINCTUIUTMPOBAHHON BOJBI M KOJHMYECTBEHHO MEPEHO-
cAT B MepHyI0 KoaOy BMectumocThio 1000 cm®. B konby nobasisior 5

CM3 a30THOM KHCJIOTHI IIIOTHOCTBIO 1,40 1"/CM3 n JOBOIAT 00BeM pac-

TBOpa A0 METKH OMIMCTUIUIMPOBAHHOM Bojol. PacTBop Xpanar He Oosee 1
roga. KoHleHTpamusi CBMHIIA B OCHOBHOM pacTBope paBHa 1 mr/cm®.
CrannapTHble pacTBOpPbl HEOOXOJIMMON KOHIIEHTPALUU TOTOBST IMOCIEN0-
BaTeJIbHBIM pa30aBIeHNEM HCXOIHOTO pacTBOpPA CBUHIIA.
Ceputo 0ydepnbix pactBopoB rotopwm u3 1M HAc, HCI, NaOH,
NH4OH, NaAc [28].
O6opynoBanue. ATOMHO-a0COpPOIIMOHHBIN criekTpomeTp “Shumadzu
AA -7700” (SImonwust), B KOTOPOM B OCHOBHOM HCTIOJB30BAIHCH TJIaMsl BO3-
IyXa W aluTHICHa, BOJIbTaMmIepoMeTpuueckuii anamusatop Ilomsiporpad
ABC 1.1 (Poccus). [y11 KOHTPOJISE KUCIIOTHOCTH CPEJIbl CTIOIb30BAIH LU ]-
posoii pH-metp “PHS-3E” u pH merp METTLER TOLEDO (Five Easy
pH/mV), snextponpoBogHocTs u3Mepsian Ha KoHayktomerpe METTLER
TOLEDO (Five Easy Conductivity), ucrmons30Baiii MarHUTHYIO MEIIAIKY
“MS7-H550-S”. Ckanupytouuii 31ekTpoHHbli Mukpockon JEOL JSM-
IT200LA, ananutudeckue Becbl ABS 120-4N. Vcnonp30BaH IUCTHILIISTOP
Heal Force CR-RO30.
Metonsl.  Memoouku — usmepenus — aHATUMUYECKO20 — CUSHANA:
AHanu3 IpoBOAWIIM B J1BA dTala: MEPBbIM - U3MEPEHNUE aHAIUTHYE-
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ckoro curtana (AC) ¢poHOBOTO 3JEKTPOIHUTA JJISl BBIABICHUS BO3MOKHBIX
npuMecei GpoHa, HCKAKAIOIMUX BOJIBTAMIIEPHYIO KPUBYIO W BHOCSIIUX IO-
IPEUIHOCTh B TOYHOE OMpPE/IEIeHHe MeTalljia; BTOPOil — U3MepeHue MoJIe3HO-
ro AC meraiia B aHayim3upyemoi pooe [29-30].

Memoouxa usmepenuss aHaIUMUYEcKo2o CUSHANaA (HOHOB020 IJleK-
mpoauma:. DNEKTPOIU3EP, MPOMBITHIA TUCTUIUIMPOBAHHON BOJOH, 3amoJ-
HAIOT 15 M1 pOHOBOIrO 37EKTPOIHTA, TOMELIAIOT B HETO paboyuil U BCIO-
MOTaTEIbHBIN 3JEKTPOJIBI U JIEKTPOA CPaBHEHUS, 3aaI0T PEKHUMBI JJIEK-
TPOJIM3a: yCTaHABIMBAIOT MoTeHIMan HakoruieHus (Eyx), Bpemsi HakoIieHus
(ts), AMana3o0H TOKA, aMIUIUTYAY U CKOPOCTh Pa3BEPTKU U CHUMAIOT BOJIBT-
ammeporpamMmy He MeHee TpexX pa3. PeructpupyroT nuiib TpeTbe HU3Mepe-
HUE, MOCKOJIBKY TIepBbIC JBa SBISIOTCS TPECHUPOBKOHM 3JIEKTPOJA, MOBBIIIA-
IO1IEH BOCIIPOU3BOJMMOCTh TOKOB MOHHU3AIIUU U COOTBETCTBEHHO TOYHOCTH
pe3yJIbTaTOB U3MEPEHUI.

Memoouxa uzmepeHusi AHATUMUYECKO20 CUSHALA ONPeoessemo20
Komnonenma: IIpOMBITBIN TUCTUIUIMPOBAHHON BOJAOW 3JIEKTPOJIU3ED 3aI0JI-
HAOT 15 M aHanu3upyemoill mpoObl BOJ 03€p U, MPOBE/S BBIIIETIEPEUHC-
JICHHBIE TIPEIBAPUTEIIHHBIE TIOrOTOBUTEIILHBIC OTIEPAIlH, CHUMAIOT BOJIBT-
amneporpammy. Ilpu ompeneneHuu KOHIEHTpAIMM METAJJIOB MO METOAY
100aBOK, B aHATM3HPYEMYIO NMPOOY BBOJAAT M3BECTHOE COJIEP)KAHHE CTaH-
JApTHOTO PacTBOPA U CHUMAIOT BOJIbTAMIIEPOTPaAMMY.

PactmpoBky BOJBTaMIEpOrpaMM TPOBOAMIHN, PYKOBOJCTBYSCH
pekomeHpanusamu [31-32].

Marematuueckas 00pab0OTKa pe3yJbTaTOB MCCIIECIOBAHUNA MPOBOIU-
Jach B COOTBETCTBHH C PEKOMEHJIAIMSMHU M TpOIeaypaMu coriacHo [33-
38].

KoHueHTpamuio omnpenenseMoro Meraula B HCCIeIyeMoil mpobe
(Cx) Beruucnsiu o gopmye [37]:

C.(melom®) :—k h,-D
(hd - hx ) V

rae k — xoadduurent, BoIpakarouii OTHOLIEHHE 00IIero odbema
pacTBopa aHaTU3UPYEMOU MPOOBI K 00bEMYy OTOOPaHHOU aTMKBOTHI;

hx 1 hg — BBICOTBI MMKOB OMPEAEIIEMOr0 IEMEHTa B PaCTBOPE JI0 U
nocye J00aBKU COOTBETCTBEHHO, MM;

D — BenuurHa 100ABKH, MI/IM°;

V — 06beM mpooHL, e,

Jns onpenenenust Cy CTPOMIIM KPUBBIE 3aBUCHMOCTH Sy OT OTpee-
JSIEMOTO CoJiepKaHusi KoMIoHeHTa B mipoOe (ci). lo kpuBoit Sy = f (Ci)
Haxoamu Cy, KaK MUHUMAIIBHOE COJIEpKaHHUE DJIEMEHTA, ONPEENIIEMOe TI0
NB meroaukam ¢ Sy = 0,33. B kauecTBe npumepa Ha pucyHke | npuBeIEHBI
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KpuBbIe 3aBUcHUMOCcTH Sy = T (Ci) 115t cBUHIIA.

S

T

0.3 A

0.2 A

014 %
: A 5o C. MKr/mv?

0 T T ..T = T = T T = T
o 1 2 3 4 5 6 7
Puc. 1. KpuBbie 3aBUCUMOCTH 3HAYCHUSI OTHOCUTEIBHOTO CTAHAAPTHOTO OTKIOHEHHS (Sy)
OT ompeesieMbIX KoHneHTpanuii Pb (C):

B cnyuasix, korga Sy He MOIJIO OXapaKTepU30BaTh UCTUHHYIO KapTUHY
aHanM3a, Mbl TpHOETaNM K CpPaBHEHHWIO JBYX CpEIHUX 3HAueHWH (t-
KpUTEpUIA) ¥ IBYX CPEIHUX KBaApaTU4YHbIX omHOoK (F-kpurepwii).

Jlnist OLEHKH KaTuOpPOBOYHBIX I'paUKOB HCIIOIB30BAIM PETPECCHOH-
HBIA aHalu3, pacCUUThIBAs KOI(D(UIUEHT KOppensuuu (r), A ONUCAHUS
TECHOTHI CBs13u mapametpoB X-(Ci) u y-(hi).

Yem Omrke 3HaueHHs r K 1, Tem Onmke u3ydyaemas 3aBUCHUMOCTH K
(YHKIMOHATBHON (HE CTOXaCTUYECKOI) 3aBUCHMOCTH MEX1y UCCIIEeNyEeMbl-
MU BEJIMYMHAMHM, a Tpu I = 0 UMEET MECTO OTCYTCTBHE KOPPESAILIUOHHON
CBSI3U MEKIY BEIMUMHAMH X H Y.

Pezynomamul u ux oocysyncoenue

Kak u3BectHo, nia B MeTo10B ccae0BaHU MTEPBOCTENIEHHOE 3HA-
YeHHEe MMeeT BBIOOp THIA MHAMKATOPHOIO 3JIEKTPOJa M OCOOEHHO 3JIeK-
TPOJHOTO MaTrepHana, OT KOTOPBIX 3aBUCIT JOCTOBEPHOCTh MOIYyYEHHBIX
pe3yJIbTaToOB, UX BOCHPOHM3BOJMMOCTh M OIICHKA IPEIETIOB OOHApYKEHUS
AJIEMEHTOB, a Tak)Ke 00JIacTH MPUMEHEHHUs OTNelbHBIX BapuaHToB VB npu
OIpeJIeIeHUN KOMIIOHEHTOB B Pa3JIMYHBIX 110 MPUPOJIE OOBEKTAX.

[ToaTomy, st BeIOOpa MHAMKATOPHOTO 3JEKTPOAA, MPEXIE BCETO,
IIPOBOAMIIN IIPEIBAPUTENBHBIE UCCIEN0BAHUS IO BBISBICHUIO JYUIIUX IO
ANEKTPOXUMHUYECKUM XapaKTEPUCTHUKAM U 3KCIUTyaTallUOHHBIM IapaMeTpaM
2NeKTpooB IIpu B onpeneneHusx nccie1oBaHHbIX METAJUIOB, PE3YJIbTaThl
KOTOPBIX IIpHUBE/IeHbI B Tabuuie 1.
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Tabmuua 1
CpaBHUTeIbHBIE XAPAKTEPUCTHKHU JIEKTPOXUMHYECKOT0 NOBEIeHUS
CBHHIIA HA PA3JIMYHBIX M0 MPHUPOJIE YIEKTPOAAX

[Ipupona u J§IE) VIID PVYIID
Me Chve, KOHIIEHTpAIHs AT, | T
MKT/mM3 (bona MKA c Ew,B | hyMm | Ev, B | hymMm | Ey, B | h,mm
Pb 2,0 0,2 M HCI 1,0 60 - - -0,43 20 -0,43 140
2,0 1M LiNOs 1,0 60 - - -0,38 40 -0,38 180

W3 naHHbIX TaOIMILBI BUIHO, YTO BBEJCHUE B MCCIEIYEMBI PacTBOP
HEOOJIBIINX KOJIUYECTB HOHOB KaKOT0-HUOY/Ib BCIOMOIaTeJIbHOTO 3JIEMEHTa
MO3BOJISIET TOJIYYUTh HEHUCKAKCHHBIM IOJE3HBbIM AHATUTHYECKUN CUTHAI
(AC), cHu3uTh mpenena OOHAPYXKEHHS U YIYYIIUTh BOCHPOU3BOJUMOCTH
onpezeneHuss MetauioB. Hamu B KauecTBe BCHOMOIATEIBHOIO 3JIEMEHTA
Obu1a BeiOpaHa pTyTh(Il), KOTOpas mocie BBeAEHUS B aHAIM3UPYEMBI pac-
TBOP BOCCTaHaBJIMBAETCA Ha JJIEKTPOJIE BMECTE C MOHAMM OIPEIEIISIEMbIX
METAJIJIOB B pexXuMe “in situ”, oOpa3ysl pTyTHbBIH YrOJbHO-TIACTOBBINA AJIEK-
tpon (PYIID). ®opmupoBanue PTYTHOW IMOBEPXHOCTH B TAKOM PEKUME
ObLIO BEIOPAHO MOTOMY, YTO TAKOH CIIOCOO MOKPBITHS 3JIEKTPOJIa OTINYACT-
csi 0oJiee paBHOMEPHBIM paclipe/ielIeHUeM PTYTHBIX Karelb Ha ero MOBepX-
HOCTH, 00YCIIOBIMBAIOIINM IMOBBIIIEHUE TOYHOCTH VB onpeneneHus.

DKCHEpPUMEHTHI TOKa3aid, 4To wucmnoib3oBanue PYIID mnossimaer
YyBCTBUTEIBHOCTh U IKCIPECCHOCTh OMNpeAeTIeHUH CBUHLA (puc. 2), a Tak-
e YCTpaHsieT 00pa3oBaHNWE MHTEPMETANINYECKUX COEIMHEHUN U TBEPJbIX
pacTBOpOB.

h, MM Hg
250 -
200 A |
150 H

100 - \ ||

06 -04 02 0 02 04 EB

Puc. 2. BonsramnepHblie KpuBbie cBUHIA (a), momydyeHubie Ha Gore LiNO; Ha:
1-VII3; 2 - PVYIID.
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C uenpr0 ONTMMHU3ALUM YCIOBUH HHBEPCHOHHO-BOJbTAMIIEPOMET-
puueckoro (MB) onpenenenus cBuHIA M3yuymid 3aBUCUMOCTb ero AC ot
koHueHTpauuu prytu(Il), koropas npeacraBieHa Ha pUCyHKe 3.

h, MM

180 A
160 -
140 A
120 A
100 A
80 A
60 -
40 A
20 A

0 11— Cpyqq, MKI/AM’
0 2 4 6 8 10 12 14

Puc. 3. 3aBucumocts AC cBuama (1,0 MKT) OT KOHIIEHTpAIHH JOOABICHHON PTYTH

W3 pucynka cnemyer, 4to necstukpaTHble konmdyectBa prytu(ll) mo
OTHOIIECHUIO K CBUHILY NPUBOJAT K JOCTHXKEHUIO MakcuMyMa AC, KOTOpBIi
NEepeXOoANT B IJIATO MPHU JalibHeHmeM yBeanueHun coaepxxanus prytu(ll) B
pactBope. OueBHIHO, 4YTO IpeBblIeHHE 10-KpaTHOTO KOJIMYECTBA PTYTH B
pacTBope Mpu oIpeaesieHuH cBuHIa MeTojoM 1B HenenecoobpasHo.

OkcnepuMeHTsI oaTBepAun npeumyuiecrsa PYIID nepen VIID npu
OIIPEAEIICHUH CBUHIIA U NI03TOMY BCE JAJIBHEWUIINE UCCIIEI0OBAHUS 110 OIpe-
JIEJICHUIO CBUHIIA poBoariin Ha PYTID.

OCHOBHBIM (pakTOpOM, BIUSIOMNUM Ha (popmupoBanue AC MeTansos,
SBJIIETCS MPUPOJA U KOHUEHTpauusi (POHOBOIO ANIEKTPOJIUTA, TTOITOMY IS
BbIOOpaA ONTUMANILHOTO peKUMa paboThl U3YUYEHO INIEKTPOXUMHUYECKOE MO-
BEJICHNE CBHHIIA Ha Pa3jMYHBbIX MO MPHUPOJAE M KOHLEHTpauusx ¢oHax. B
KayecTBe (POHOBBIX IJEKTPOIUTOB OBLIM MCIIOIb30BaHbl: THAPOKCUIBI, XJI0-
PUABI, HUTPAThl U POJAHM/IBI IIETOYHBIX METAJUIOB U aMMOHHUS, XJIOPUCTO-
BOJIOpOJIHAs, cepHas, (hocopHas, a30THas, YKCYCHas U MypaBbUHAsI KUCIIO-
Tb1, Oydep bpurrona-Pobuncona (6. b.-P.), amerarnsiii 6ydep (Ac. 0.),
CMECH THJIPOKCHJIA aMMOHHS, YKCYCHOM M XJIOPUCTOBOAOPOJHOW KHUCIIOT
pa3IMYHbIX KOHLEHTpauuid u pH, oka3pIBalOIIMX CYLIECTBEHHOE BIUSHHUE
Ha AC omnpezenseMbix METaIoB.

Nzyuyenne VB noeaenus cBunua npoBoauian Ha PYIID. Hekoroprie
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13 MOJIyYeHHBIX HAMU JIaHHBIX MIPUBE/ICHBI B Ta0uLe 2.
Tabmuna 2
Pe3yabTaThl 10 M3YYEHHIO BJAMSHUS NPUPOALI GOHOBOIO 3JIEKTPOJIUTA
HA MOTEHIUAJT MAKCUMAJIBLHOT0 ToKa (Ev) n BbicoTy nuka (h)(a.t. 1,0
MKA; T:=90 ¢; Crb=1,0 mxr/am®)

[puposa v KOHIEHTPAIHSL Pb
tdona E., B h, MM

0,1 M HsPO, -0,23 8
0,2 M HCI -0,42 20
0,2 M HNO3 -0,35 11
B.5.-P., pH 6,8 -0,40 20
B.5.-P.,pH5 -0,40 30
1,0 M KCI -0,43 25
1,0 M NaCl -0,42 12
1,0 M LiCl -0,42 8
1,0 M KNOs -0,38 10
1,0 M NaNOs -0,38 11
1,0 M LiNOs -0,38 40

W3 maHHBIX TaOIMIBI 2 BUIHO, YTO HanOobine BenndnHabl AC CBUH-
11a HaOJIOIAl0TCA HAa HUTpATe JUTHS, OTOMY onTuMm3anus ycinosuii MIB
OTIpEJIeJICHUS 3TUX METAJUIOB IPOBOAMIN HA 3TOM (DOHOBOM 3JIEKTPOIUTE.

B Tabnune 3 u puc.4 mpencTaBieHbl 3aBUCHMOCTH BBICOT ITHKOB
CBUHIIA OT KOHIIEHTpalu (POHOBOTrO 3IeKTponuTa (HuTpara autus). pH u3
KOTOPOT'0 BUJHO, YTO ONTHUMaJIbHBIM siBsieTcss 1 M pactBop LiNOs npu pH
5.5.

Tab6muna 3
Pe3yabtaTsl usyuenusi 3aBucumMoct AC ceuHna(ll) or koHuenTpanuu
¢onosoro 1exrposuta (Crb=1,0 Mxr/am3; a.1. = 1,0 MKA, 14=90 ¢)

CLiNO3 M 0,25 0,5 1,0 2,0

h, mm Pb 27 35 40 40,5

W3 pucynka 4 BugHO, uto AC CBHHIIA YBEIUYHUBACTCSA C YMEHBIICHU-
eM pH u HanOosbas YyBCTBUTENIBHOCTD OMPEENIEHUS IOCTUTaeTCs B Clla-
OOKHCIION cperie.

OKCHEPUMEHTHI MTOKA3aJIM, YTO MOTEHIMAJIBl HAKOIUIEHHWS METAJJIOB
BIUSIOT HAa BBICOTHI AHOJHBIX IHKOB OIPEAEISAEMBIX METAJJIOB, a TAKKE
OKa3bIBAIOT 3HAYNUTEIILHOE BIUSHHUE HA TIOJHOTY MX BBIJEICHUS HA JJIEKTPO-
1e 1 00pa3oBaHUE HA HEM MHTEPMETAIUTMYECKUX COEAUHEHHUH, MPUBOISIIIX
K UCKa)XeHHIO ()OpM MHUKOB, COOTBETCTBEHHO K MOJIYYEHUIO HE HA/IEKHBIX U
HE JIOCTOBEPHBIX PE3yibTaTOB. HEKOTOpBIE U3 IOTYyYEHHBIX HAMU JaHHBIX
[0 M3y4YEHUIO BIUsSHUA noTeHuuana HakorueHus (Ex) Ha AC cBuHua npu-
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BEJICHBI Ha pUC. 5

h, M

Pb
0 . . - . . . . - pH

Puc. 4. 3aBucumocts xapakrepa AC cBunna ot pH ¢onoBoro anexrponura

h, wnt

Pb

12

Puc. 5. Bmusaue E, Ha AC cBunna (®on 1,0 M LiNOs;
1.1. 1,0 MKA; ty = 90 ¢; Cpp=1,0 Mxr/am°)

3 PpUCYHKa 5 BUIHO, YTO AJIs1 CBUHIIA OIITUMAJIBHBIM ITOTCHIIMAJIOM
HakoImieHus sBisercs Ey = -1,0 B, T.x. manpHeiiiiee ero usMmeHenue B 0ojee
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OTpHUIATENIbHYIO 00JIaCTh HE MPUBOAMT K 3aMETHOMY MOBBIIIEHUI0 AC.

Jns nmoBblieHHs1 4yBCTBUTENBHOCTH VB onpenenennii MeETaJuioB Cy-
LIECTBYET HECKOJBKO MPUEMOB: YMEHBIICHUE JUaNa3oHa TOKAa, U3MEHEHUE
MacmTaba Ha CaMOIUCIIE, YBEIMYCHHE BPEMEHH HAKOIUIEHUS MeTayljla Ha
anektpone u np. [31, 39]. Dddext oT ucnonp3oBaHUS MEPBHIX ABYX Iapa-
METpPOB, KaK IMPaBWIO, 3aBUCUT OT KOHCTPYKIIMH TpuOopa (€ro 4yBCTBU-
TEJIBHOCTH), BIIMSHUE K€ BpeMeHU HakoruieHus: Ha AC 3aBUCHUT OT IPUPO/IbI
OIIPEAEIIAEMOr0 3JIEMEHTA U €TI0 COAEPKAHUS B paCTBOPE.

Ha puc. 6 B kauecTBe npumepa MpuBeIeHa 3aBUCUMOCTh BBICOT ITUKOB
CBUHIIA OT BPEMEHU UX HAKOTUICHHS Ha DJIEKTPOJIC.

Kak BuAHO M3 pHCyHKa, IpU OMNpEENICHUH CBUHIA IIeJIeCO00pa3HO
BEIOMpATh BpeMsl HAKOIUICHUS 2 MHH. M MEHEe, NMTOCKOJBKY BBICOTA TTUKA OT
BPEMEHHU HAKOIICHHUS J1aJIe€ CTAHOBUTCSI HE3aBUCUMOM - IIOCTOSTHHOM.

h:MM
100 - )
20 I;
.-';
“ /,.:...
40 4 /
20 T J,,of' TH: -
0 / | | I I I
0 ) : : 4 5

Puc.6. BiusHue BpeMeHN HaKOIUICHHS METAJIOB Ha 3JiekTpoae Ha AC cBHHIA

Bunsinne ckopocTH pa3BepTKHU NOTEHIHAJIA
HA AaHAJTUTHYECKHEe CUTHAJIbI CBHHIIA

DKCrepuMEHTHI MOKa3aJli, YTO MPU MOBBIIIEHUH CKOPOCTH aHOJIHOMN
pa3BepTku noteHuuana ot 20 no 100 mB/c Ha BonbTammneporpaMmax CBHH-
11a HaOJII0IaeTcsa COOTBETCTBEHHO yBennueHue ux AC, oJHaKo IMpU CKOpO-
cTsax 6onee 60 MB/c mpoucxoauT yXyIIIeHUE U UCKaXKEHUE aHOTHBIX THKOB
MeTaJyIoB (puc. 7.), COOTBETCTBEHHO YMEHBIIECHHE MPaBUIBHOCTH U BOC-
IIPOU3BOJIMMOCTH MOJyYEHHBIX PE3YJIbTATOB.
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40 A

(3]

0,4 0,5 0,6 07 E.B

Puc. 7. BiusiHEe CKOPOCTH pa3BEePTKU MOTEHIHANIA Ha BEICOTY U (OPMY [HKOB METAJLIOB.
3HaueHus ckopoctu, MB/c:

1-20; 2 -40; 3 -60;

4 —80; 5-100.

Kpome Toro, BciencTBue yBEIWYEHHUS] CKOPOCTU PAa3BEPTKH MMOTEHIIM-
aJIOB aHOJIHbIE MUKW CBHHIIA CMELIAIOTCS B IOJIOKUTENIbHYI0 00J1acTh, a
3HAYEHMS TOJYIIUPUHBI UX TUKOB u3MeHstoTcs ot 0,13 1o 0,17, uTo ykasbi-
BaeT Ha HEOOPAaTHUMOCTh MPOLECCOB BOCCTAHOBJIEHUSI HOHOB METAJIJIOB IpU
ONTHMHU3UPOBAHHBIX YCIOBUAX Ha UCCIIEI0BAaHHBIX eKkTponax [40].

Hamu ycTaHOBIIEHO, YTO ONTUMAIBHOM CKOPOCTBIO Pa3BEPTKH MOTEH-
nuana npu MB onpenenennn cBunna sisisercs 60 mB/c, 4to u ObUTO BBI-
OpaHo A7 aNbHENIINX UCCIIe0BAaHUH.

[IpoBeneHbl HKCIIEPUMEHTHI 110 ONPEIEICHUIO HOHOB CBUHIIA B MH]IH-
BUJyaJIbHBIX pacTBopax (Tadi.4).

Tabnuna 4
Pesyabtarsl B onpenesienns CBHHIA B HHANBHAYAJIBHBIX PacTBOPax

B M Haiineno Me, Mxr S S
BeleHO Me, MKT -
(P=0,95; n=5; x £ AX) '
0,2 0,19+0,05 0,03 0,155
Pb 5,0 4,97+0,35 0,22 0,045
30,0 29,49+1,16 0,12 0,004

KonnuectBeHHoe OIPCACIICHUC HCCICIOBAHHBIX 3JICMCHTOB IIPO-
BOAWIIA IO METOAY )IO63BOK, T.K. B ONTUMHU3UPOBAHHBIX AWAIIa30HAaX KOH-
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LEHTpaIMii METaUIOB KAJIMOPOBOYHBIE TpadUKH PSIMOJIMHEHHBI (pucC. 8).

h, Mm Pb

100 ~
80 +
60

40

0 10 20 30 40 so C, MKT/mM>

Puc. 8. KanubpoBounsie rpaduku cBuHIa

PaccunTaHbl HEKOTOPBIE METPOJIOTUYECKHUE U IPYTUE NTapaMETPHI,
3HAYEHUS KOTOPHIX MPEACTABICHBI B TAOIUIE 5.
Tabmuna 5
Pe3yabTaThl HEKOTOPBIX METPOJIOTHYECKUX XAPAKTEPUCTHK,
MOJIy4eHHBIX pH pa3padorke UB MeToauk onpeneieHns CBHHIIA

Jlvanas3oH JMHEHHOCTH KOHIIEHTPAI[MH Ha Ka- Cu, Chin,

Me r*
TUOPOBOYHBIX IpaduKax, MKI/IM> mxr/am® | mxr/am®

Pb 0,20-30,0 0,996 0,20 0,10

* I — CTeneHb KOppenaiuu

W3 naHHBIX TaOIUIBI S BUAHO, YTO HUKHUE TPAHUIIBI ONPEICIISIEMbIX
CoJiepKaHUM, pacCUMTaHHbIE IO 3S-KpUTEepUI0, HaxoAsaTcs Ha ypoBHe [1/IK
H HIDKE.

B tabnuimax 6 mpuBeaeHBI pe3ynbTaThl, BIusHus Ha AC TOCTOPOHHUX
METaJUIOB TPH HMX Pa3IUYHBIX COOTHOIICHUSX, MPaBUILHOCTH KOTOPBIX
yCTaHaBJIMBAJIU METOJIOM “BBE/ICHO — HalIeHO .
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Tabauia 6
Pe3yabTaThl BIAUSIHUSI IOCTOPOHHUX COMYTCTBYIOIINX MeIIAKIINX
KATHOHOB Ha NMPaBWJILHOCTH M Bocpou3BoauMocTh B onpenenenust
cBuHna (Cep= 1,0 Mmkr; X — conyrcrByommii merasi, P = (,95)

b Haiineno Pb, Mkr
[Pb] : [X] (x+AX) n S Sr
Pb: Cu
1:100 1,02+0,09 5 0,08 0,078
Pb: Cd
1:100 0,981+0,074 4 0,06 0,066
Pb: Zn
1:80 1,01+0,08 4 0,07 0,069
1:100 1,12+0,11 5 0,10 0,085
Pb: Cr
1:10 0,991+0,095 5 0,08 0,083
1:25 0,972+0,102 4 0,09 0,091
1:50 0,66+0,085 5 0,07 0,112
Pb: Mn
1:100 1,00+0,15 5 0,13 0,131
Pb: Fe
1:100 0,983+0,214 4 0,186 0,189

JInst yCTaHOBJIEHHMSI BO3MOKHOCTH OIPEJENICHHUS] CBUHIA B PEAJIbHBIX
00BEKTax OBUIM COCTAaBIIEHbI MOJEIbHBIE CMECH PAa3HBIX COYETaHWH, UMH-
THPYIOLIUE pa3IMYHbIE 110 pUpoAe Boabl. MeTonnka u ycnosus VB omnpe-
JIeTICHUs] CBUHIIA B aHAIM3MPYEMBIX CMECSX OBLIM TaKUMH e, KaKk M IpU
aHaJIN3€ WX UHANBUIYATBHBIX pacTBOPOB (Tadmuie 7).

Tabnuua 7
Pe3ysbTaThl HHBEPCHOHHO-BOJILTAMIIEPOMETPHYECKOT0
onpeaeaeHHsi CBHHIA B MOJEJBbHBIX CMECAX

5 Haiineno Me, mxr (P=0,95; n=5)

CocTaB aHATU3UPYEMOI CMECH, MKT Me )—C + AX S S,
Pb(1,0)+Cr(2,0)+Cu(1,0) Pb 1,04+0,13 0,11 0,105
Pb(1,0)+Cr(2,0)+Cd(4,0) Pb 0,981+0,084 0,07 0,075
Pb(2,0)+Cr(1,0)+Zn(15) Pb 1,99+0,10 0,09 0,045
Pb(1,0)+Cr(1,0)+Cd(13,0)+Cu(10,0) Pb 0,971+0,122 0,11 0,109
Pb(3,0)+Cr(5,0)+ Fe(15,0)+Mn(10,0) Pb 2,90+0,29 0,25 0,086
Pb(0,5)+ Cr(3,0)+ Pb 0,509+0,072 0,06 0,123

+Cd(2,0)+Cu(10,0)+Fe(30,0)

Kak BumHo 3 manubix Tabmuinsl 8, IB ompeneneHue cBuHIA B MO-
JIeNbHBIX OMHAPHBIX, TPOHHBIX U 00JI€€ CIOKHBIX CMECSIX BO3MOXKHO, MPH-
YeM OTHOCHUTEIIPHOE CTAHJAPTHOE OTKJIOHEHHE BO BCEX CIIy4yasX HE MPEBBI-
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maet 0,123, yTo rOBOPUT O CPABHUTEIBLHO XOPOIIEH MPABUILHOCTA U BOC-
MIPOU3BOIUMOCTHU Pa3pabOTaHHBIX METOTHUK.

Ha ocHoBe mpoBeIeHHBIX HCCIEI0BAaHUN MOXKHO 3aKIIOYUTh, YTO BbI-
Opannbiii Hamu PYIID no cBoemy paboueMy pexuMy, METPOJIOTHUYECKUM,
AKCIUTYyaTallMOHHBIM M JIp. XapaKTepUCTUKAaM HUCKOJIBKO HE yCTYyHaeT JIpy-
ruM TBepAbIM 31ekTponaMm. Ha ocnose YIID B mporecce npoBeneHus sKc-
[IEPUMEHTOB MOXHO MoayduTth U PYIID, yTo mo3BossieT onpenensaTs Kak
3JIEMEHTHI, ISl KOTOPBIX PTYTh SIBISETCA MELIAIOIIMM areHTOM, Tak U JApYy-
rUe MEeTaibl, /Ui KOTOPBIX PTYTh SBISETCS IMOJIOKUTEIBHOW «IIOI0XK-
KO», TMOBBIIAONIEN YYBCTBUTEIBHOCT, B meToauk ompenenenus pas-
JUYHBIX METAJIOB.

[loBenenne TM B mpUpOIHBIX U IPYIMX BOJAX MOXKET ObITh BeChbMa
pazHooOpa3ueiM. IIpu uccnenoBanun noeaenus Cd, Mn, Ni, Co, Cu, Pb,
Zn u Cr B c1aDOMHMHEpAJIN30BAHHBIX PEUYHBIX BoAax aBTopamu [41] ycra-
HOBJIeHO, 4yTo Cd, Mn nonsiporpaduuecku GuUKCUPYIOTCS KOJTMYECTBEHHO B
TE€UEHHUE JUTUTEIILHOTO BPEMEHH U MX MOBEJICHUE B TUCTUIUIMPOBAHHON BOJIE
He oTiuYaercsa oT TakoBoro B peuHoil Bojge. AC Ni u Co mocie ux Hermno-
CPEIICTBEHHOTO BBEJEHHUS B PEUYHYIO BOJY 3HAYUTEIHHO HIKE, YEM B JIH-
CTHJIJTUPOBAHHOM BOJIE, HO BO BPEMEHHM OHH JIOCTaTOYHO CcTaOmiIbHBL. AC
JIPYTUX UCCIIEIOBAHHBIX METAJUIOB, TAK K€ aJICKBATHBI, KAK U B MPEIbITY-
IIeM CJIy4ae M STOT MapaMeTp TaKKe HECKOJIbKO HIKE, YeM B AUCTUILUIUPO-
BAaHHOW BOJIE, a)Ke MPHU HETIOCPEACTBEHHOM HX BBEACHUHU B PEUHYIO BOJY.
PesynbTaTel ananuza Boa u3 ozepa JlokGaTaHn nmpuBeaeHbI B TabuIe 8.

Tabmumna 8
Pe3yabTaThl onpeesieHusi HOHHbIX (hopM MeTa/LLIOB
B Bojie o3epa Jlokbaran (n=5, P=95)

Merann Bona, % BBeneno Me, Mxr Haiineno Me, Mxr
100 gucTHIIHPOBaHHON 2,0 9,68+0,11
100 o3epHoi 2,0 9,48+0,07
Pb2 80 o3epHoii + 20 aucr. 2,0 9,56+0,08
20 o3epHoit + 80 gucT. 2,0 9,74+0,07
So3epHoii + 95 muct. 2,0 9,89+0,06

B Boge o3ep Jlokbarana, bunerenu u Xomkacena Benuauabl AC Me-
TaJIJIOB, a CJIEIOBATEIBLHO U WX (PUKCUPYEMbIC KOHIICHTPAIIUU BHIIIE, YEM B
JIPYTHUX MPUPOJHBIX BOJAX, XOTS (hopMa MUKOB (KPUBBIX) U MOTEHITHAIBI UX
BOCCTAaHOBJICHUS MPAKTHUYECKHU aJeKBaTHBL. [Ipu n1o0aBIeHnN K€ AUCTHILTN-
POBaHHOU BOABI K 03epHOW BelMuMHbI AC HCCIIeJOBAaHHBIX METAJIJIOB yBE-
JTUYUBAIOTCS, a (OPMBI KPUBBIX U TIOTCHIIMAIIBI KX BOCCTAHOBJICHUSI HE Me-
HsAt0TCs. bn3ocTs MUKOB 1O Tpupojie U hopme, a TakKe MOTEHIIUAJIOB BOC-
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CTaHOBJICHUSI METAJIJIOB B O3€PHBIX BOAAX, IO-BUIUMOMY, OOBSICHSETCS BOC-
CTAaHOBJICHUEM OJIHOM W TOH ke (POpMBI METayUIOB, HAXOANIMXCSA KaK B
03EpHBIX BOJAX B BUJE UX aKBAKOMILJIEKCOB.

Meroauka onpezeieHus CBUHIA B Boze o3ep XokaceH, bunerenu u
Jlokx6atan: B MepHyto konb6y BMectuMocThio 100 cM® momemator 20-40 cm®
npoObl aHATM3UpPyeMOil BOIbI B3sATON U3 03ep bunerenu m XomxkaceH, 10-
Oasmstor 6,89 r LiNO3, 10BOIAT 10 METKH aHAIM3UPYEMOW BOJOW U Tepe-
MEIIUBAIOT.

AmukBoty (15 cM®) IPHTOTOBIEHHOTO /I aHATM3a PAcTBOPA MOMe-
LIAIOT B AJIEKTPOJIUTUYECKYIO SUYECHKY, YCTAaHABIMBAIOT ONTUMH3UPOBAHHBIE
PEXUMBI pabOThl YCTAHOBKU M CHUMAIOT BOJIbTAMIIEPOTrPAMMBI CBHHIIA.

[Ipu onpeneneHuM CBUHIA K aHAIM3UPYEMOH IMpoOe BOJABI U3 03€p
no6asmsror 0,2 M 1-10° M pacrBopa Hg(NOs)2, ycTaHABIMBAIOT TIOTEHIH-
an Hakoruienus —1,0 B, nuanazon toka 0,5 MKA u depe3 2 MUH. PETUCTPU-
PYIOT BOJIbTaMIIEPOrpPaMMBbI OT MOTEHIIMa a HakorieHus a0 +0,4 B co cko-
pocthio pa3zeeptku 60 MB/c.

[To Hanuyuto Ha BonpTammneporpamme nuka mnpu —0,4 B cyasat o nanu-
9UH B MPOOE aHATM3UPYyeMOM BOABI CBUHIIA. KOHIIEHTpaIIMIO CBUHIIA HAXO-
JST TaKKe METOJIOM T00aBOK.

[Ipu ompeneneHuM BaJIOBOTO COAEPMAHHS DJIEMEHTOB AaHAIU3UPYeE-
Myto npody Opanu B o6beme 100 mi, mobapnsu 1,0 M1 KOHIIEHTpUPOBAH-
HOM a30THOM KuCIOTHI Wi ke 1,0 M 30 %-To nmepokcuia BOJOpoaa 1 yra-
PUBAIH JI0 BIAXHBIX COJIEH, 3aT€M IMOJYYEHHYIO MaccCy pacTBOPsUIH (OHO-
BBIM DJICKTPOJIUTOM M CHUMAJIM BOJIBTAMIIEPOTPAMMBI.

Hamu mpoBenen ananus npoO Boabl u3 o3ep bunereau u Xomxkacew,
pe3yNbTaThl KOTOPBIX IpUBeIeHb! B Tadbnuuax 9 u 10.

Tabnuma 9
Pe3yibTaThl HHBEPCHOHHO-BOJILTAMIIEPOMETPUYECKOI0 ONpe/ieIeHUs
CBHHIA B Boje 03epa Xomxacen (P=0,95; n =5)

s Konmentparms Pb, MKT/ M3
Ne ipo6bI T+ AX S S,
1 3,11+0,38 0,33 0,031
2 3,64+0,35 0,30 0,034
3 5,05%0,40 0,35 0,038
4 4,62+0,50 0,44 0,067

Ha ocHoBe mpoBeieHHOT0 aHanu3a BOJ U3 03ep AOIIepoHa MOXKHO 3a-
KJIFOYUTb, UTO CBUHELl B HUX NPUCYTCTBYIOT B KOJIMUECTBAX, HE IMPEBbIIIA-
rorux [TJIK.

133




Tabmuma 10
Pe3yibTaThl HHBEPCMOHHO-BOJILTAMIIEPOMETPUYECKOT0 ONIpe/IeIeHus
cBHHIA B Boje o3epa bunerenu (P=0,95; n =4)

Konuenrparus Pb, mxr/am®
Ne po6sI )_Ci AX g S
1 6,23+£0,41 0,29 0,087
2 4,12+0,37 0,27 0,095
3 3,24+0,20 0,14 0,101
4 4,86+0,49 0,35 0,063

B tabnune 11 npencraBieHbl HEKOTOPbIE METPOJIOTHYECKUE XapaK-
TEPUCTHUKH, TTOJTyYEeHHBIE C IOMOIIBIO pazpadoranHoi 1B 1 KOHTPOIBHBIMU
METOJIMKAMH IIPH OIPEJEIICHUN CBUHIIA.

Tabmuna 11
CpaBHHUTe/IbHBIC PE3Y/IbTATHI, HOJYy4YCHHbIC IIPH AHAJHM3E BOJ U3 03ep
Abmepona UB u KoHTpoJILHBIME MeTOAUKAMHU (n=5; P=95)

No Haiineno Pb, mxr/om®

po- _ VB _ AA*

OBl x* AX St x+ AX S
1 3,11+0,38 0,096 3,18+0,23 0,106
2 3,64+0,35 0,080 3,13+0,58 0,092
3 5,05+0,40 0,053 5,45+0,39 0,062

*- aTOMHO-aJICOPOLIMOHHBIN aHaTN3 (KOHTPOJIBHEIH).

Jannbie Tabnuiel 11 CBUAECTEIBCTBYIOT O TOYHOCTH pa3padOTaHHBIX
B MeTonMk Mo CpaBHEHHUIO ¢ KOHTPOJIBHBIM U MOKAa3bIBAIOT, YTO MPEIIO-
xeHHble UB MeToanku ananusa BoAbl U3 03ep AOIIepoHa Mmokasal, 4YTo OHa
MPUTOAHA JJISI UCIIOJIb30BAHUSI HACEJICHUEM, TTOCKOJIbKY COJIEpKaHHE B HEU
cBuHIa He npesbimaet [TJIK.
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INVERSION VOLTAMPEROMETRIYA USULUNDAN iSTiFADO ETMOKLO
ABSERON GOLLORINiIiN SULARINDA QURGUSUNUN TOYIN EDILMOSI

i.i.MUSTAFAYEV, S.R.HACIYEVA, Z.A.SMANOVA, T.i.OLIYEVA
XULASO

Inversion voltamperometriya metodunda civa-karbon qarisigli elektrodundan istifa-
do edarok, Abseron gollarinin sularinda qurgusun ionlarinin tayin edilmasi suratlondirilmis
vo sado aparat osasli isulu iglonib hazirlanmigdir. Qurgusun ionlarinin tayin edilmasi
sortlori optimallagdirilmigdir. Miioyyan edilmisdir ki, pH 5,5-do optimal fon elektrolit 1,0
M LiNO3 mohluludur. Hazirlanmis metodologiya Abseron gollarinin (Lokbatan, Xocasan,
Binagadi) sularinda qurgusunun migdarinin toyininds istifads edilmisdir.

Acar sozlar: Qurgusun, Inversion voltamperometriya, cive karbon pastasi elektrodu,
Abseron gollori, Lokbatan golu, Xocason goll, Binagadi golu

STUDY OF THE CONDITIONS FOR THE DETERMINATION
OF LEAD IN ABSHERON LAKES WATERS USING
THE INVERSION VOLTAMPEROMETRY METHOD

LIL.MUSTAFAYEYV, S.R.HAJIYEVA, Z.A.SMANOVA, T.I.ALIYEVA
SUMMARY

Using a mercury-carbon mixed electrode in the inversion voltammetry method, an
accelerated and simple apparatus-based method was developed for the determination of
lead ions in the waters of Absheron lakes. The conditions for the determination of lead ions
have been optimized. It was found that the optimal background electrolyte at pH 5.5 isa 1.0
M LiNOs solution. The developed methodology was used to determine the amount of lead
in the waters of Absheron lakes (Lokbatan, Khojasen, Binagadi).

Keywords: Lead, Inversion voltammetry, mercury carbon paste electrode, Absheron
lakes, Lokbatan lake, Khojasan lake, Binagadi lake
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