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HYDRO-GEOPHYSICAL PARAMETERS ESTIMATION OF POROUS AQUIFER US-
ING GEOELECTRICAL TECHNIQUE-CASE STUDY

FROM BAIJI-TIKRIT SUB-BASIN, IRAQ
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Summary. A geoelectrical survey is carried out in Baiji—Tikrit Sub-basin, Iraq, by applying the
vertical electrical sounding (VES) technique to determine the thickness, extension, and hydraulic
parameters of the main aquifers. A total of 40 VESs distributed along six geoelectrical profiles
were executed using liner Schlumberger configuration, with a maximum half spacing of 400 m
(AB/2 = 400 m), where a penetration depth of 151 m was reached. The VESs curves are processed
and interpreted manually by the auxiliary point method and automatically by IPI2win software us-
ing the manual inverse modeling to reduce the root mean square error ratio and increase the accu-
racy of the interpretation. The inversion results showed that the thickness of the main aquifer is
about 50-128 m. The results of interpretation were used to draw a six geoelectrical sections along
the survey traverses. Likewise, the results showed that the main aquifer of the area consists of sed-
iments (sand, clay sand and clay) which belong to the Injana formation, whose conditions are apt
to change in the area, from the confined type to the semi confined. Specific empirical relations
have been established between the geoelectrical and hydraulic parameters. They are used to calcu-
late the hydraulic conductivity (K) and the transmissivity (T) of the mean aquifer in the study area.
The resulting K and T values are used to follow their spatial variations to delineate the suitable ar-

eas for new locations of wells.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

Water is an important component in several as-
pects of social life. Meanwhile, the drop in surface
water makes the groundwater an excellent and es-
sential resource for offsetting natural water shortag-
es in places where surface water is scarce (Ab-
dulrazzaq et al., 2020a; Gaikwad et al., 2021). The
groundwater is considered one of the main national
treasures; it is also considered an important parame-
ter facing the shortage of surface water. To invest
the groundwater properly, to lay down a model plan
for wells distribution and to control the pumping
operation, a hydrogeological evaluation system and
hydraulic parameters of this aquifer will be needed
(Kosinski and Kelly, 1981).

In contrast, random drilling can lead to drilling
unproduced or little producing wells and/or may
have a weak hydraulic property. It should therefore

start with a geophysical survey in such kinds of stu-
dies before drilling to detect the depth, the thickness
of underground (subsurface) aquifers, their water
quality, and hydraulic parameters (Youssef, 2020;
Abdulrazzaq et al., 2020b). There were a lot of geo-
physical methods to be used in such studies, but the
famous and often one is the electrical resistivity
(Keller, 1967; Soomro et al., 2019; Oudeika et al.,
2021). The electrical resistivity technique is very
popular due to its low cost, ease of application, and
getting a fast result in comparison with the other
methods (Lech et al., 2020; Virupaksha and Lokesh,
2021; AL-Awsi and Abdulrazzag, 2022). Vertical
Electrical Sounding (VES) is considered an essential
geoelectrical technique that is widely used in
groundwater investigation and deals with many
problems in the subsurface layers (Agbasi et al.,
2019; de Almeida et al., 2021).
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Depending on the VES measurements, pumping
test of the previous studies on some existing wells in
the region, the aim of this study research can be con-
cluded as the following:

e Estimating of the thickness and extension of the
water-bearing beds.

e Delineating the groundwater system and water le-
vels.

e Localizing the promising area and the candidate
area of an expansion plan to drill a borehole for
groundwater investment.

2. The study area

The study area is located between Tikrit and Bai-
ji towns, on the western side of Tigris River, between
longitudes 43° 56' 22.6"- 43° 40' 12.3" and latitude 34°
35' 13.3"- 34° 54' 41.7". It is bordered by the Tigris
River from the east, subsurface Tikrit anticline
from the west, Wadi Shishen from the south, and
fields of sand dunes from the north and northwest
of the area (Fig.1). The area was semi-rectangular
shape of 45 km length, and 700 km? of total area.

The age of the exposed rocks was ranged from
the Middle Miocene to the Quaternary, Injana for-
mation, the oldest one was exposed in the northern
part of the region (Fig.2), and in Wadi Shishen
(southern part). It is composed of alternation of frac-
tured claystone, siltstone and sandstone (Hamza et
al., 1990).

The Quaternary deposits were divided into two
parts, firstly, the Pleistocene deposits composed of
gravel (river terraces), besides the gypserious soil
(Gypcrite). The size of these deposits is ranged from
boulder to pebble, and they are weakly cemented,
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that led to be a good strata to penetrate the water to
underground aquifers (Al-Ani, 1997). The deposits
were divided into four facies, like clayey gravel,
clayey sandy gravel, sandy gravel and sandy clayey
gravel (Basi and Karim, 1990), while the gypsions
soil covers a large part of the area and contains of
gravel, sand, silt and clay, which were rich by se-
condary gypsum, classified as gypcrite facies (gyp-
sious soil).

The Holocene deposits consist of soft de-
troital deposits, like flood plain of the Tigris River
between Baiji and Tikrit in a zigzag belt of 3 km
width, and more than 3 meters thickness sediments
alternation of sand, silt and clay silt, valley deposits
of gravel, sand, silt, clay and gypsum, which came
from the surrounding high areas (Al-Janabi, 2008).
Sand dunes deposits are also existed in NW part of
Baiji, making a recent cover over sediments (Jassim
and Goff, 2006). Geomorphologically the area is a
plain shape in general, with small valleys directed to
east and southeast towards the Tigris River. The riv-
er terraces cover 2/3 of the region with gypseous soil
and gravel. The area is elevated between 160 m
above sea level on the western part near Tikrit anti-
cline and 100 m towards the Tigris River on the east.
The seasonal valleys are the most observed geomor-
phologic features, characterized by the two systems,
dendritic and parallel valleys. These valleys are con-
centrated to the western part, near the subsurface
Tikrit anticline (Fig. 2) to form the surface discharge
system, which diverted to the southeast to be ended
at the Tigris River via the Wadi Shishen valley. In
general, the valleys are gently sloped, filled by loose
fine grains sediments.
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Fig. 1. Location map of the study area
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The north—northwest part of the region is charac-
terized by less dominant valleys that ended with de-
pressions inside the study area to capture the rainwa-
ter to recharge the underground aquifers (Abdulraz-
zaq, 2011). While the eastern part of the study area,
which runs parallel to the Tigris River, consists of a
group of short valleys that started from the edge of
river terraces and finished east toward the river. Other
geomorphological features are existed, like the scarps,
falling mass accompany in the Tigris River, and the
existence of dunes and sand sheets (Al-Ani, 1997).

Tectonically the area lies within the Mesopota-
mian zone, Ammara-Tikrit secondary subzone (Al-
Kadhimi et al., 1996), and belongs to the unstable
shelf, according to (Buday and Jassim, 1984). There
are no surface features that can indicate the structur-
al phenomena, except the existence of the NW-SE
Tikrit subsurface anticline, along the western side of
the area. This subsurface structure affected the to-
pography, and there is also a fault intersecting the
Tikrit structure. This deep-seated fault has extended
from the Jurassic till Miocene rock (Al-Kadhimi et
al., 1996; Hamza et al., 1990; Al-Ani, 1997). It is
believed that there are many subsurface faults in the
region, which had a significant effect on the aquifer
properties because, they are changing from confine
to semi and unconfined types due to the hydraulic
connection resulting from the fracturing of faults.
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Fig. 2. Geological map of the study area

3. Materials and Methods

3.1. Data Acquisition

French Syscal R2 resistivity meter, IRIS, was
used to measure forty VES points with asymmetrical
Schlumberger arrangement. Those VES points are
distributed along with six profiles of 6-14 km length
(Fig.3). Fife of them are oriented NE-SW, perpen-
dicular to the subsurface anticline axis existing in
the area of NW-SE direction. At the same time, the
sixth geoelectric profile (H'-H) was directed to be
perpendicular to the other profiles (C'-C, D'-D, F'-F)
and parallel to the subsurface strike, to illustrate the
aquifers expansion in this direction. A significant
effect of the existing structures in the study area is
evident on the groundwater aquifers, which control
the hydraulic parameters (Al-Kadhimi et al., 1996;
Hamza et al., 1990).

The distance between the profiles is 4.6 km,
with a 2 km offset between two successive VES
points. The direction of electrode layout for the
measured VES points was oriented to be parallel to
beds strike (i.e., NW-SE) to illuminate the strata-dip
effect. GPS was also used to get the elevation and
attitude of the measured VES points.
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3.2. Vertical Electrical Soundings (VES)

The VES technique is generally used to deter-
mine the vertical variations in electrical resistivity. In
this technique, an electrical current was imposed on
the study area by a pair of electrodes A and B at va-
rying spacing, expanding symmetrically from a cen-
tral point while measuring the surface expression of
the resulting potential field with an additional pair of
electrodes M and N at the appropriate spacing. For a
given position A, B, M and N, the apparent resistivity
(pa) is expressed by the following equation:

_ 27 Av
G R R R R
AM BM AN BN

(1)

where | is the current introduced into the earth, and
AV is the potential measured between the potential
electrodes.

The apparent resistivity values "pa" are obtained
by increasing the electrode spacing about a fixed
point and plotted against half electrode separation
(AB/2) to establish field resistivity curve as shown
in Fig. 4.
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Fig. 4. Field VES sounding at point 3A

The curve matching technique using master
curves (Orellana and Mooney, 1966) is firstly used to
interpret the field resistivity curves to obtain the ini-
tial approximate model of thicknesses and resistivities
of corresponding layers. The parameters of the ap-
proximate model, after that, are accurately interpreted
with an inverse technique program until the goodness
of fit between the field resistivity curve and the theo-
retical regenerated curve was reached (Zohdy, 1989;
Zohdy and Bisdorf, 1990). The inversion software
IPI2win has been used to interpret the VES soundings
in terms of one dimension (1D) to get the final geoe-
lectrical models for the interpreted VES soundings
(Bobachev, 2002), as shown in Fig. 5.
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Fig. 5. The inversion model was obtained at VES point 3A

4. Results and Discussion

4.1. Geoelectrical and geological sections

The measured VES points are distributed along
with six profiles (A-A', B-B', C-C', D-D', F-F', and

H-H') (Fig.3). The description of those profiles are

as follows:

1- The geoelectrical section along A-A' profile:
This profile passes through four VES points
(Fig.6), and the VES sounding point (3A) was lo-
cated near observation well 4 (Ob. well 4).

The conjoint correlation of the interpreted VES
sounding points with the Ob. well 4 (Fig. 7) al-
lows to assess the ranges of both resistivity and
the equivalent thickness for the different follow-
ing observed zones:
a- The first zone:
This zone is represented by topsoil, divided
into two sub-zones; the first is the soil sub-
zone of a high resistivity ranging between
292-882.3 Q.m, its thickness ranges between
1.356-1.94 m. It is due to the soil moisture
differences and discrepancy of properties. The
second sub-zones have a low resistivity ran-
ging between 68.7-98.5 Q.m, and their thick-
ness ranges between 4.9-8.4 m. The total
thickness of the first zone therefore ranges be-
tween 6.33-9.76 m.
b- The second zone:
This zone consisting of coarse gravel deposits
is represented by river terraces belonging to
the Quaternary. Its resistivity ranges between
140-346 Q.m, while its thickness is between
7.41-14.74 m.
c- The third zone:
This zone represents the unconfined aquifer
due to the unseen existing confined layer
bounded by the aquifer from the top. There-
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fore, lowered resistivity values 19.3-52.9 Q.m
are noticed.

This zone is characterized by a relatively high
thickness ranging between 89.8 and 97.7 m. It
consists of coarse gravel at the top, represent-
ing the river terraces of 26 m thickness. This
was detected depending on the observation
well 4. The middle and lower parts of this
zone consist of sand, clay, and clay sandy de-
posits of the Injana formation.

The resistivity values increase at points 1A
and 4A due to the decrease of porosity water
salinity because the location of VES point 1A
is near the Tigris River. The VES point 4A is
characterized by high resistivity values due to
the percolation of rainwater through the val-
leys located near the VES point 4A, where
this point is approached from the recharge
area of the aquifer represented by the subsur-
face anticline located west of the profile.

d- The fourth zone:

This zone is the last one and represents the
lower boundary of the aquifer, and its resistiv-
ity values essentially decrease to reach an ave-
rage value of 6.6 Q.m.

This zone consists of claystone saturated with
saline water (AL-Minshid, 2001). The clay-
stone layer is not recognized in the drilled
well section in the area because of the limited
depth, while this same zone was observed at
the same depth in the Al-Minshid study, 2001.

SW

Geoelectrical section along (A'- A) traverse

2- The geoelectrical section along B-B' profile
The B-B' profile passes through six VES sound-
ing points (Fig. 8). A large similarity in terms of
the number of zones and the resistivity values are
found between this profile with that of profile A-
A

The geoelectrical section along C-C" profile:
The C-C' profile passes through seven VES
sounding points (Fig.9). A correlation process of
VES point interpretation made with the strati-
graphic section of observed well No.3 allows to
define the different ranges of both resistivity and
equivalent electrical zones.

The geoelectrical section along D-D" profile:
Fig.10 shows the location of seven VES points
distributed on this D-D' profile.

The correlation is made between the interpreted
VES point 7D and the stratigraphic section of ob-
served well No.2, allowing defining the different
ranges of both resistivity and equivalent electrical
zones.

The geoelectrical section along F-F' profile:
This profile passes through eight VES points
(Fig.11). The correlation of interpreted VES
point 5F with the stratigraphic section of the ob-
served well No.1 is carried out to define the dif-
ferent ranges of both resistivity and equivalent
electrical zones.
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6- The geoelectrical section along H-H' tra-
verse:
The H-H' profile is located perpendicularly on
the three previous C-C', D-D', and F-F' profiles
and passes through eight VES points (Fig.12).

The correlation of the interpreted VES points
(1H, 7H) with the stratigraphic section of ob-
served wells No. 1 and 3 are carried out to define
the different ranges of both resistivity and
equivalent electrical zones.

A regional fault plane passing through the study
area and crossing the H-H' profile between the
VES points 3H and 4H is located. This fault
plays the primary role in controlling the factors
of the aquifer parameter in the study area. The
study of this profile reveals the presence of five
different electrical zones, as shown in Fig.11.

4.2. Calculation of thickness and resistivity of
aquifer

The use of the final 1D interpretation of verti-

cal electrical sounding (VES) and the drilling wells
information in the study area allow the thickness
and resistivity values of the saturated aquifer to be
known for all studied VES points. The spatial vari-
ations of the saturated thickness and resistivity
maps of the aquifer are constructed as shown in
Fig.13 and Fig.14. It is noticed from Fig.13 that
aquifer saturated layer thickness is relatively con-
stant at most of the studied area, except the north-
west part, where an increased thickness towards the
northwest of the study area up to 138 m is observed.
This increment coincides well with the position of
displacement caused by the subsurface fault indica-
ted in the geoelectrical section along H-H' profile.
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Fig. 8. The geoelectrical section along B-B' profile
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The rest of the study area is characterized by a gradual-
ly gentle increase in the saturated zone thickness, start-
ing from the area of the subsurface fault, towards the
southeast of the area, the thickness of the zone is about

which in turn works to raise the values of the speci-
fic resistivity.

43°24'6.8"E 43°40"1.05"E

L L
50-95 m. The reason for such increase is due to the — @g 354100 360100 366000 37700 37600 g ¢
increase of gravel layer thickness of the Quaternary &3] N r&g
- . - . . . . . e o I
deposits in this direction, near the Tigris river, to reach % %
of about 40 m layer thick, which was considered in
some areas, as a part of the aquifer in the region. s e
o =]
B 00m’ B
0 0
W 4324'6.8"E 4F40M1.05"E @ ®
=] 354000 360000 366000 372000 378000 S%
g; §- 1 ' 1 1 1 -§ g;
3 8 N &3 g g
5 % 3- -3
o ] < <
o o
2 — e
0 —1som T8
E] i |8 § §
iﬂo 5 -
© -]
:120 © ©
o 110 o
§-' !100 _§ w w
3 e g &g St
o Heo |7 =g Legend S <
70 ;;_’§- —~ Fault -Es
5 oG @ Tigris river o3
o)
S %0 g +4= Tikrit subsurface anticline >
E' 'E Contour interval = § Q.m e s Kilometers
a -4 , . 9 25 5 10,
354000 360000 366000 372000 °378000
Legend 43°24'6.8"E 43°40"1.05"E
w w
g © Bore hole S, ) ) o o
= g/ @ Observation well R Fig. 14. Spatial variation map of the saturated layer resistivity in
9 & - Fault Zin the study area
© N . o
Ry Tigris river L
o i R - o~ ) )
“#+Tikrit subsurface anticline 4.3. The geoelectrical and hydraulic parame-
C i 1=5 - — il .
ontour interva m - o ilometers teI’S re|at|0ns

378000
43°40'11.05"E

354000 360000 366000 372000

43°24'6.8"E

Fig. 13. Spatial variation map of the saturated layer thickness in
the study area

The spatial variation map of the saturated layer
shows an increase in resistivity values corresponding
to the increase of the saturated zone thickness. The
presence of the fault led to the depletion of the saline
groundwater from lower aquifers, which in turn led
to a decrease in the resistivity values in the northern
region around the fault. However, the resistivity in-
creases on both sides from the north due to the re-
charge area towards the subsurface anticline and
from the right due to the interference of the freshwa-
ter of the Tigris River with the saline groundwater

The available geoelectrical and hydraulic pa-
rameters of four VES points (1D) curves interpreta-
tion, located about one km away from four observed
wells in the study area aquifer, are conjointly used to
get more precise empirical relations between them.
The transmissivity values shown in Table 1 were
obtained from the experiment pumping test results
using Jackob's method, carried out by (Al-Jobori,
2011), for the mentioned four wells.

The hydraulic conductivity values were calcu-
lated from the relation between the transmissivity
and the thickness of the aquifer.

Table shows the geoelectrical and hydraulic pa-
rameters for the aquifer for four VES points that we
use to find some specific empirical relationship bet-
ween them.

Aquifer Aquifer resis- Transmissivity Hydraul_lc_ Con- Profile resis- Longitudinal
VES | Well - L ductivity L

thickness tivity T (m*day) tivity conductance
No. | No. (m) o (ohm.m) K (m/day) pt (ohm.m?) S (ohm-1)

' Theis Jacob Theis Jacob )

3A Ob.4 93.7 25.9 881.9 838.2 16.64 15.82 2426.83 3.61
7D Ob.2 70 8.37 162.1 197.7 2.15 2.63 585.9 8.36
1H Ob.1 129 14.1 1092 820.9 13.24 9.95 1818.9 9.14
7H Ob.3 57.27 7.6 152.2 2333 2.34 3.58 435.25 7.53
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4.4. The relation of geoelectrical parameters

with transmissivity

The available data of four wells allow applying
the regression analysis to find some empirical rela-
tionships as:

o Relation of aquifer resistivity (p) with hydrau-

lic conductivity (K).
e Relation of transverse resistivity (pt) with
longitudinal electric conductivity (S).

o Relation of the transmissivity (T) with the

transverse resistivity (pt).

o Relation of the transmissivity (T) with the

longitudinal electric conductivity (S).

The coefficient regression between aquifer re-
sistivity and hydraulic conductivity is of R*= 0.94
with the use of equation shown in Fig.15.

The equation shown in Fig.15 is therefore used
to compute the hydraulic conductivity values at any
location within the studied area by getting the aqui-
fer resistivity at that location. The resulting hydrau-
lic conductivity map is shown in Fig.16.

The regression relation between the transverse
resistivity (pt) and the transmissivity is shown in
Fig. 17b and has R?*= 0.93. This means that the
transverse resistivity controls and dominates well the
study aquifer.

Equation: K = 0.708 (P} -1.816
_Ri=0.94

B
B

2
|

&
3
I

Hydraul lc conductivity (K] {mday]
E
|

0.00 T T T T T T
.00 1000 .00 3000
Resistivity (¢} {ohm.m}

Fig. 15. The regression relation of the resistivity and hydraulic
conductivity for the aquifer

The weak connection shown in Figs 17a, and
17c is due to the presence of clay ratio in the aquifer
that causes the distortion in the longitudinal electric
conductivity relation with both transverse resistivity
and transmissivity. The equation shown in Fig.17b is
therefore used to compute the transmissivity values
at any location within the study area by getting the
transverse resistivity at that location. The resulting
transmissivity map (Fig.18) is used to delineate the
high values, representing the locations of new sug-
gested wells of good production. The transmissivity

12

increases towards the south and southeast (Fig.18),
where this increasing coincides well with the active
porosity and thickness of the Quaternary gravel
within the aquifer.
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Fig. 16. Hydraulic conductivity map of the study area, according
to geoelectrical properties

5. Conclusions

Depending on the quantitative result interpreta-
tion of the VES points, on the geological-hydro-
geological information, and the suggested geophysi-
cal model, we can conclude as follows:
1- Two aquifers were detected in the region, these

are:

a- The primary main aquifer is represented by
the Injana formation (U-Miocene) (sand,
clay sand, and clay). This aquifer changes its
type from the confining aquifer one, in the
northern part of the region, to the semi-
confine aquifer in the mid- and south of the
region. This aquifer has a thickness ranging
of 50-128m, increasing in the northern part
due to the displacement of the regional fault.
On the other hand, the thickness of the aqui-
fer was relatively constant in the middle and
southern regions.
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Equation: In(S)=-0.00028 *(Pt) + 2.284
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Fig. 17. Three experimental relationships for the study aquifer between a: profile resistivity — longitudinal
conductance; b: transmissivity — profile resistivity; ¢: transmissivity — longitudinal conductance
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Fig. 18. Transmissivity map of the study area, according to geo-

electrical properties

b- Secondary unconfined aquifer that consists
of gravels of river terraces of the Quaternary
appears in the southern part of the region at
the Traverses A-A', B-B' only, and exists at
the top of the main aquifer with 5-25 m
thickness. Its resistivity changes from 39.8
to 346 Qm due to the existent lateral and
vertical changes of clay — secondary gypsum
ration.

2- The clay layer, as the lower boundary of the

main aquifer, has a very low resistivity ranging
between 1.28-8.3 Qm, which helps to delineate
the depth penetration of the survey. These low
resistivity layers could be saturated salted
groundwater (due to the concentration of the
current in this layer).

3- Groundwater table ranged between 87.97 to

130.87 m, above sea level, which increases in
the northern part of the region as approached
from the subsurface fold, while decreases in the
middle and southern part of the region, i.e., to-
wards the discharge area (River).

4- The computed transmissivity values of the aqui-

fer range between 200-2200 m?/day, while the
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values of hydraulic conductivity range between

2-36 m/day. These variations were due to the

following:

a- Increasing and decreasing of the saturated
thickness: profile resistivity was usually
proportional with thickness, hydraulic con-
ductivity, and transmissivity.

b- Lithological variety: Aquifer resistivity was
proportional to the profile resistivity and
changing active porosity, affecting the hy-
draulic conductivity.

c- Clay ratio: increasing the clay ratio leads to
a decrease in the profile resistivity value
and active porosity, which are both propor-
tional with the transmissivity and the hy-
draulic conductivity.

5- VES points along traverses A-A' and B-B' could
be considered as new locations for very high
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OHEHKA T'HJPOI'EO®U3NYECKUX TAPAMETPOB IIOPUCTOI'O BOJOHOCHOI'O TOPU30HTA
C ICTIOJIb30BAHUEM T'EOQJEKTPUUYECKOMW METOJAKA
HA IPUMEPE CYBBACCEMHA BAHKA-TUKPHAT, UPAK
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20moen npuxnadnoii zeonoeuu, Hayunwiii Konneowe, Yrusepcumem Tuxpuma, Tuxpum, Hpax: dr.muhana@tu.edu.ig (M.M.A),
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Pe3ztome. TlogzeMHBIC BOIBI SBISIIOTCS OAHUM U3 aJbTEPHATHBHBIX HCTOYHUKOB BOABI TSI KOMIICHCAIUH Ie(PHUINTA TIOBEPXHOCT-
HBIX BOJ], KOTOPBIl OOBIYHO HCCIIeAyeTcs Teopu3ndeckuMu Metogamu. B cyb6b6acceiine baitmxu-Tukpur, Upak mpoBeneHO Te03IeK-
TPUYECKOE MCCIICOBAaHNE C MIPUMEHEHHEM METOJla BEPTHKAIBEHOTO dJeKTpruueckoro 3oHaupoBanus (VES) st ompenenenns morm-
HOCTH, IPOCTUPAHMS U THAPABINYECKUX ITapaMeTPOB OCHOBHBIX BOJOHOCHBIX TOPH30HTOB. Bcero Obu10 BEIoHeHO 40 M3MepeHuit
BD3, pacrnpeneneHHbIX BIOJb IIECTH I'€O3ICKTPHUCCKUX Tpoduieii ¢ ucronb3oBanueM KoHpurypamuu "lllmromGepxe" ¢ Makcu-
MaJIbHBIM TIOJIOBUHHBIM HHTepBasioM B 400 M (AB/2 = 400 M), rne Gbuta TOCTUTHYTa ITyOnHa npoHukHOBeHus 151 M. Kpussie B33
00paboTaHbl U WHTEPIPETUPOBAHBl BPYUYHYIO METOZOM BCIIOMOTATEIbHBIX TOYEK M aBTOMATHUYECKH C MOMOIIBIO MPOrPaMMHOTO
obecneyenus IPI12win ¢ ucnonp30BaHHEM PyYHOTO MHBEPCHOTO MOAEIMPOBAHMS IJISI YMEHBLICHHUS OTHOLICHUS CPEIHEKBAAPAaTHY-
HBIX OMMOOK U MOBBIIICHUS TOYHOCTH MHTEPIpETAlii. B pe3ynbraTe HHBEpCHU OBUIO ONPENENICHO, YTO MOIIHOCTH OCHOBHOTO BO-
JIOHOCHOTO TOpu30HTa cocTtaBmseT 50-128 m. Mtorm mHTEpnpeTanuy ObUTH MCIIONB30BAaHBI IS TIOCTPOCHHUS IIECTH T€03IEKTpUIC-
CKHX pa3pe30B BIIOJb CHEMOYHOI'0 MapmIpyTa. Takke ObIJIO yCTAaHOBIIEHO, YTO OCHOBHOW BOJIOHOCHBIH TOPHU3OHT paifoHa COCTOUT M3
0CaI0YHBIX TTOPOJ (TIECOK, TIIMHHUCTHIA MECOK M TJIMHA), KOTOPBIE OTHOCATCS K (popmaruu MHmKaH, 1 MOXKET MEHATHCSI B palloHE OT
OTPAaHMYEHHOTO THIA K ITOIyOrpaHHYEHHOMY. MeXIy Te0IeKTPHIECKIMH U THAPABINYECKUMH TIapaMeTpaMy OBUTH yCTaHOBIICHEI
KOHKPETHbIE SMITUpHYECKUe cOoOoTHOIIeHHs 1. OHM NPUMEHSIOTCS U pacueTa ruapasindeckoil npoBogumoct (K) u mpomyckHoi
cniocoonoctu (T) cpemHero BOIOHOCHOTO TOPH30HTA B paiioHe mccienoBanus. [lomyuennsie 3HaueHus K u T ucmonms3yrores mms
OTCJICKHBAHUS UX MPOCTPAHCTBEHHBIX H3MEHEHUH C IETIbIO BBIIEJICHHS YYACTKOB, IPUTOIHBIX JJIS pa3MELICHUS HOBBIX CKBaYKHH.

Knrouesuvie cnosa. BI3, pyunoe obpammnoe mooenuposanue, uopo2eono2uteckue XapaKxmepucmuxu, nponyCcKHas choOCOOHOCMb,
cybbacceiin batioocu-Tuxkpum, Upax

IRAQ, BAYCI-TIKRIT SU HOVZOSi TODQIQATLARI UZR9 GEOELEKTRIK METODLARDAN iSTIFADD
ETMOKLO MOSAMOLI SU TOBOQOSININ HIDRO-GEOFiZiKi PARAMETRLORININ QiYMOTLONDIRILMOSI

Obdiilrazzag Z.T.1, @hmad M.M.2, Saleh S.A 2, Dsfahani J.3
1Rabits va slags idarasi, EIm va texnologiya nazirliyi, Bagdad, Iraq
10070, Iraq: zaidoon.taha@live.com
2Tathigi geologiya s6basi Elmi kollec, Tikrit Universiteti, Tikrit, Iraq:
dr.muhana@tu.edu.iq (M.M.A.), sabbar.saleh@tu.edu.iq (S.A.S)
3Geologiya sébasi, Atom enerjisi iizra komissiya, Damasq, Suriya
P.O.Box 6091: jasfahani@aec.org.sy

Xiilasa. Qrunt sular1 adoton geofiziki tisullarla todgiq olunan, sothdoki su ¢atigmazligini kompensasiya edan alternativ su monbo-
larindan biridir. Osas su toboagslorinin qalinligini, uzunlugunu vo hidravlik parametrlorini toyin etmok tigiin saquli elektrik zondunu
tothiq etmoklo, Bayci-Tikrit yarimhdvzosinds Iraqda geoelektrik todgigat: hoyata kegirilir. Sliimberq konfiqurasiyasindan istifado et-
mokla, darinliyi 151 metro ¢atmagla, maksimal 400 metr yarim intervalda (AB/2=400 m) alti geoelektrik profilo tizro paylanmis
umumilikds quirx SEZ yerino yetirilib. Orta kvadratli xota amsalini azaltmaq vo interpretasiya dogigliyini artirmag magsadilo inversi-
ya modellasmasindan istifads etmoklo olilo komokgi ndqte metodu vo avtomatik olaraq IPi2 programlari vasitasilo SEZ oyrilori emal
edilmisdir.

Inversiya noticolori gostordi Ki, asas su tobagasinin galinlig1 toxminon 50-128 metrdir. Miisahido kegidlori boyunca alt1 geoelekt-
rik kasilisi cokmok mogsadilo interpretasiya naticolarindan istifads olunub. Bu naticalor gostordi ki orazinin osas su tabagesi mohdud
noévden yarimohdud néva kegmoyo uygun olan Incana formasiyasina moxsus ¢ékiintiilorden (qum gilli qum ve qum) ibarotdir. Geoe-
lektrik va hidravlik parametrlor arasinda spesifik empirik (tocriibi) olagslorin asast qoyulub. Onlardan tadgiq olunan srazids asas su
tobagosinin hidravlik kegiriciliyini (K) va otiriciiliiyiini hesablamag mogsadils istifado olunub. K va T dayarlarinin naticalorindsn
yeni quyularin yerlori ti¢iin uygun orazilori mitoyyonlagdirmoklo mokan doyiskanliklorini izlomok mogsadils istifads olunub.

Acar sozlar: SEZ, oks modellik, hidro-geoloji xarakteristika, otiriiciiliik, BayCi-Tikrit yarimhoviasi, Iraq
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Summary. The fracturing of carbonate rocks of the Kashiro-Verey formation in the Volga-
Urals region is studied using X-ray tomography and electron microscopy methods. The lithological
and structural features of the formation consisting of four lithotypes are described. The lithotypes
differ markedly in the degree of clay material, the nature of the void space, and reservoir proper-
ties. Two lithotypes are weakly permeable. Experimental modeling of the effect of proppant hy-
draulic fracturing technology on core samples is applied.

It is established that loading affects the interlayers differently depending on their structure and
material composition, and the presence of clay and the nature of porosity have the greatest inf-
luence. The microcracks of hydraulic fracturing under loading of samples develop to the maximum
extent in the densest rocks, in which extended cracks with an opening of about 100 pm or more are
formed. In turn, in the permeable part of the lithotypes, extended, usually narrow (thickness less
than 20 um) rectilinear cracks are also formed, oriented in one direction and connecting neighbor-
ing microcaverns and pores. Their strict orientation in space reflects the direction of the load on

the samples, but may also be partly due to the hidden microlayering of the rocks.

The conclusion is made about the possibility of forming through oil migration channels in the
reservoir. The results of the experimental study will lead to increasing of the using efficiency of
the hydraulic fracturing technology in the operation of the Kashiro-Vereya productive reservoirs.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

In the last decade, one of the most promising in
increasing oil production of operational facilities in
the Volga-Urals oil and gas province are oil deposits
of Kashiro-Verey age. The most active development
of these operational facilities is observed in the terri-
tory of the Perm Region.

The initial recoverable reserves for the Kashiro-
Verey deposits of the Perm Region exceed 130 mil-
lion tons (as of 01.01.2022) with an average reserve
production of about 30%. The actual drilling capaci-
ty of facilities relative to the project fund is on aver-

age 50% with an average water content of 30% of
well production (the range from 5 to 74%). Thus,
Kashiro-Verey objects as a whole are characterized
by high residual oil reserves with the low water con-
tent of well production with the potential to increase
the well stock. The use of modern technologies for
this territory makes it possible to rapidly introduce
Kashiro-Verey deposits of "old" fields into active,
profitable development, up to a 10-fold increase in
oil production (BoeBoakun, AuToHOB, 2021).

The Kashiro-Verey deposits of the Volga-Urals
are an interlayer of mudstones and carbonate rocks,
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and the carbonate stratum is characterized by varying
degrees of clay material. The most clay-free interlayers
are distinguished as collectors, but the total thicknesses
of this type of rocks, as a rule, do not exceed 2-6 m. As
the clay material increases, the reservoir properties of
the layers naturally deteriorate, and significant difficul-
ties accompany the production of reserves from them.
They can be overcome with the use of various techno-
logies. However, the use of standard technologies such
as hydrochloric acid treatment (Novikov, Martyushev,
2020; Novikov, 2021) and radial opening of the reser-
voir (Chi et al., 2015; Galkin et al., 2019) is accompa-
nied by a rapid decline in oil production and is charac-
terized by low profitability.

The most effective technology for the develop-
ment of the above deposits for the territory of the Perm
Region in recent decades is considered to be proppant
hydraulic fracturing (Raspopov et al., 2019; Votinov et
al., 2021; I'anxwH u ap., 2021), as a result of which the
rock breaks along the planes of minimum strength.
This technology has long been used in world practice
in the development of hard-to-recover oil reserves
(Penny et al., 1985; Ycaues, 1986; Kanepckast, 1998).
In many countries of the world, including Russia, sig-
nificant efforts have been made to introduce new de-
velopments in this area (Economides, Nolte, 2006; Sal-
imov et al., 2013). In recent years the technology has
become increasingly widespread due to the depletion
of oil reserves in many oil-producing countries
(SIpkeera, Xasues, 2018; Wright, Muma, 2018). Re-
views of the application of hydraulic fracturing tech-
nology in individual oil fields are given in some works
(3monbHuK U fp., 2016; Toman u ap., 2018).

Hydraulic fracturing cracks are fixed after pres-
sure is removed by proppant and become reliable
and long-term oil conductors. The ability of the layer
to conduct liquid through the created crack and de-
liver it to the wellbore is determined by the concept
of dimensionless crack conductivity (Smith, Shlya-
pobersky, 2000). The geometry of hydraulic fractur-
ing cracks is determined by their half-length, height,
and width (Muther et al., 2020) and significantly
affects the effectiveness of this technology.

The effectiveness of propant hydraulic fractur-
ing technology largely depends on the characteristics
of cracks (the number of cracks, their extent, shape,
orientation in the rock, the degree of disclosure,
etc.). In turn, these parameters depend on the mate-
rial composition and structure of the rock. Of partic-
ular importance is the real idea of the natural fractu-
ring of rocks (HaceiOymma u ap., 2010). In addi-
tion, it is necessary to take into account the peculiar-
ities of the structure of the oil reservoir (Aliyeva,
Mustafayev, 2021; Gurbanov et al., 2019, 2021a,b).

However, methods for predicting hydraulic frac-
turing using the developed algorithms and computer
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programs have not yet been developed. Neverthe-
less, at this stage, such a problem can be solved with
the use of appropriate laboratory and field experi-
ments with core samples. Examples of such studies
are given in a number of papers (Laubach et al.,
2004; Fjaer, 2008; Ibatullin et al., 2009).

2. Object and methods of research

Fracturing, both natural and after hydraulic frac-
turing, can be primarily studied at the macrolevel.
Averaged data on the fracturing of the working per-
foration intervals (thickness — the first tens of me-
ters) can be obtained from the pressure recovery
curve (KVD). According to the Warren-Root model,
the presence of two parallel lines on the KVD and a
characteristic inflection between them are interpret-
ed as a manifestation of fracturing (Cherepanov,
2015; Martyushev et al., 2019; Martyushev, Yu-
rikov, 2021). In the paper (Votinov et al., 2021),
based on the processing of KVD for the Kashiro-
Verey object of the Moskudyinsky field, a scheme of
natural fracturing was constructed, while the crack
opening was estimated as low (less than 10 um).

Fracturing at the level of individual interlayers
(thickness from 0.2 to 3 m) can be studied according
to the data of geophysical studies of wells. The
complex of natural gamma (GC) and neutron-
neutron logging (NNA-t) is the main one for
Kashiro-Verey deposits in determining reservoir
properties. The GC method is characterized by the
clogging of layers with a clear separation of lime-
stone interlayers (Alg<0.3 d.e.) and mudstones
(Al>0.5 d.e.). The minimum values of NNA-t are
fixed on the most porous limestones, the maximum —
the densest ones in the carbonate section.

The analysis of the core material made it pos-
sible to identify four lithotypes of rocks for Kashira-
Verey limestones that differ in structural features
(Galkin et al., 2021). The intervals of limestone
without clay (Alg<0,03; Al <0,17) are treated to
porous-cavernous lithotype 1. Lithotype 2 is repre-
sented by alternating 2-10 cm porous and dense dif-
ferences of the rocks in the ratio 76% to 24% (Alg
from 0.07 to 0.08; Al from 0.24 to 0.26). The
dense layers are dominated (86%) in lithotype 3
(Alge from 0.07 to 0.19; Al from 0.30 to 0.37). Po-
rous areas in these rocks are represented as inclu-
sions, and the presence of fracturing has been estab-
lished for them. The increased Alg figures (0.17-
0.31) indicate the predominant clayey composition
of limestones for lithotype 4, and the range of Alnnk
(0.45-0.49) indicates their strong compaction. At the
same time, even for the densest lithotype 4, non-zero
porosity (Kp = 6%) is established according to the
core data, which shows the proximity of the intervals
without no signs of oil to the collectors.
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Fracturing at the microlevel can be assessed
based on the results of core studies. To solve this
problem, both standard core research methods and
special ones can be used. The objective of this work
is a detailed study of the processes of hydraulic frac-
turing using scanning electron microscopy methods
(Quattro-C, ThermoScientific, USA). The operating
regime for the microscope is the following: voltage
20 kV, the working distance is 10 mm, the current is
1 nA. At the same time, the entire surface of the
samples is scanned at magnifications from 100 to
30,000 times (the resolution of the microscope at the
last magnification is 0.1 um).

The electron microscopy results are supplement-
ed with data from X-ray tomography of the core,
which allow visualizing large pores and cracks with
relatively high disclosure in the sample volume
(Efimov et al., 2015; Pakzad et al., 2018). For this
task, a Nikon Metrology 125x180 XT scanning unit is
used, which makes it possible to visualize cracks with
an opening of 20-30 um or more on a standard core.

As shown above, Kashiro-Verey formations are
characterized by the presence of weakly fractured
zones, which in their natural state do not significantly
affect the processes of fluid filtration. At the same
time, when implementing hydraulic fracturing tech-
nology, microcrack systems can be significantly acti-
vated. To assess the scale of this process, cubic core
samples with a side of 40 mm are made for all four
lithotypes of rocks, and experiments on their multiax-
ial loading are carried out (Karev et al., 2016, 2017).

At the beginning of each experiment cycle, the
same pressure on the sample was created from all
sides. Compression in experiments for lithotypes 1,
2, and 3 was ranged from 10 to 20 MPa, and did not
exceed 10 MPa for lithotype 4. Taking into account
the assessment of the effective pressure in the for-
mation conditions of Kashiro-Verey deposits of the
order of 12 MPa, the pressure of extremely rigid

compression created in experiments is comparable to
real reservoir conditions. Then, with the support of
constant pressure along two axes (on four faces of
the cubic sample), loading along the third axis (on
the two remaining faces) was created up to the va-
lues of the maximum axial load.

The maximum values of the axial load on the sam-
ples in the experiments were, respectively, 40 MPa — for
lithotype 1; 80 MPa — for lithotype 2; 100 MPa — for
lithotype 3; 140 MPa — for lithotype 4. At the same time,
the limit of elastic deformation in the experiments was
not exceeded, but the samples could be re-compacted
relative to their natural state. In general, the experiments
carried out on the cores could be compared with the
conditions of hydraulic fracturing in the formation.

The analysis of the impact of the load on the
formation of fracturing are carried out by comparing
the state of the cores before and after exposure. In
this case, first of all, X-ray tomography data are
used. The method of X-ray tomography, in addition
to studying the pore space, allows you to visualize
the presence of relatively open cracks in the sample
volume. At the same time, the capacitive space on
the tomograms is highlighted in black, areas with
increased X-ray density are white.

X-ray tomography shows that as a result of ex-
periments in lithotypes 2, 3, and 4, intensive for-
mation of hydraulic fracturing cracks occur. Figures
1 and 2 show tomograms of cores for the most prob-
lematic lithotype 3 (before and after multiaxial loa-
ding). The tomogram of the sample before the multi-
axial loading shows a clear difference between the
dense and porous parts of the rock, while no exten-
ded cracks have been established. Only short non-
communicating cracks are visible on the cut in the
porous part of the sample (Fig. 1). Existing cracks
develop in the porous part, and intensive formation
of extended cracks with an opening of about 100 um
occurs in the dense part after loading (Fig. 2).

Fig. 1. Results of X-ray tomography in volume (a) and in section (b) before experiments on multiaxial loading of a lithotype 3 sample
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Fig. 2. Results of X-ray tomography in volume (a) and in section (b) after experiments on multiaxial loading of a lithotype 3 sample

3. Results of electron microscopy studies

Microcrackage in the initial samples, recorded
on electron microscopic images, is poorly developed
in lithotypes 1 and 2. Only short microcracks are
present between some microcaverns and pores in

them. Microcracks in lithotype 3 are more developed
and more diverse. However, these microcracks are
usually short (up to 5 um), and the thickness does
not exceed 0.5 pm. As to dense clayey lithotype 4
microcracking is practically absent (Fig. 3).

829 ym 500 x 20.00 kV 1.0 4.0 pA

Fig. 3. Typical microcracks in samples before loading: a, b — lithotypes 1 and 2 (respectively); c, d — lithotype 3
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After conducting experiments with samples of
lithotypes, electron microscopy shows the intensive
formation and a wide variety of hydraulic fracturing
microcracks. At the same time, the hydraulic fractur-
ing in lithotype 1 is mainly represented by three
types of microcracks:

1) a system of microcracks of few, relatively short
(length up to 0.3 mm), sometimes strictly parallel and
rectilinear, with a thickness of about 3-5 um;

2) a system of numerous extended microcracks,
about 10-20 pm microns thick, weakly branched,
connecting microcaverns and pores (Fig. 4);

3) single short (up to 0.2 um) cracks up to 50 um thick.

Each of the above systems is confined to certain
areas of the sample with a special structure of the
hollow-porous space. Thus, pairs of close parallel
microcracks are confined to zones of increased po-
rosity. They are usually located in the areas between
the converging microcaverns.

Systems of narrow extended microcracks with a
thickness of several tens of micrometers appear un-
der the influence of load in areas of reduced porosity
and function as connecting channels between mic-
ropores. They are oriented in space in a certain di-
rection sub-parallel to each other. Some of them
cross the entire experimental sample.

=

Single short cracks differ from the previous
ones with increased thickness (up to 50 pum) with
extensions in some areas. They existed in the sample
before loading, but were noticeably expanded and
somewhat deformed.

Thus, the result of the impact of the load on the
lithotype 1 rocks is mainly the formation of connec-
ting channels between microcaverns and thereby an
increase in the volume of contacting voids.

The result of the experiment for lithotype 2 is
the formation of several systems of hydraulic frac-
turing microcracks in zones with different permea-
bility. In particular, two systems of microcracks are
characteristic of dense impermeable interlayers: 1)
microcracks extended in space with a thickness of
up to 10-20 um, 2) deep wide (up to 50 um or more)
cracks with branches.

Microcracks of the first type in the sample
have a certain orientation (perpendicular to the
direction of the load). Cracks can branch in some
areas (Fig. 5). At the same time, cases have been
noted when a certain section of the microcrack is
healed by a newly formed carbonate substance.
This fact can be interpreted as follows: previously
existing microcracks were expanded and extended
under the influence of load.

Fig. 5. Extended microcracks in the lithotype 2
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Deep cracks with branching and local inflations
up to 0.5 mm thick are less frequent and probably fix
the areas of the most severely disturbed structure of
the sample under the influence of load (Fig. 6).

Porous permeable interlayers are characterized
by short or extended microcracks up to 10 pm wide,
which usually connect microcaverns and large pores
(as in lithotype 1). They have a certain orientation in
the sample, coinciding with the general direction of
cracks in dense interlayers, and probably reflect the
direction of the load (Fig. 7).

Lithotype 3 is characterized by a wide variety of
microcracks of different lengths, shapes and depths.
Scanning of the sample surface after loading shows
the presence of zones of increased cracking and the
existence of several generations of microcracks, of
which the subsequent ones intersect the earlier ones
in the time of formation.

The appearance of deep extended microcracks
with inflations up to 250 pum thick of different orien-
tations is noted in dense impermeable interlayers
(Fig. 8). The presence of three systems of hydraulic

Y mag HV pot curr
) PM 4.14 mm 100 x 20.00 kV 5.0 1.0 nA

fracturing microcracks is noted for porous zones: 1)
parallel narrow extended, 2) intersecting (Fig. 9),
and 3) short connecting "channels" between micro-
caverns and pores.

The load had the most significant impact on the
void space of the rock on lithotype 4, represented by
dense limestone. Extended microcracks (through the
entire experimental sample) were formed in them
after loading with a thickness of up to 100 um in
places, which are often grouped into parallel sys-
tems. An attention is drawn to the same orientation
in space of all microcracks in the sample of this
lithotype (perpendicular to the pressure) (Fig. 10).

4. Discussion of the results and conclusions

Experiments on multiaxial loading of samples,
simulating the conditions of the technology of prop-
pant hydraulic fracturing, have shown that complex
fracturing microcracks are intensively formed in
Kashiro-Verey rocks that are weakly fractured in
their natural state during loading.

O det 1/19/2022 HFW g0 H pot curr
&g’ ETD 2:58:17 PM 4.14 mm 100 x 20.00kV 5.0 1.0nA

Fig. 7. Extended microcracks in areas of reduced porosity

22



S.V.Galkin et al. /| ANAS Transactions, Earth Sciences 1 /2022, 17-27; DOI: 10.33677/ggianas20220100069

3 »
spot curr

@ det 1/19/2022 HFW  mago HV
P ETD 3:55:27 PM 4.14 mm 100 x 20.00kV 5.0 1.0nA

HiRes Gold on Carbon

100 x 30.00 kv 3.0 78

Fig. 10. Typical microcracks in lithotype 4

Combining the methods of X-ray tomography
and scanning electron microscopy of the core allows
us to establish the appearance of numerous systems
of hydraulic fracturing microcracks of various types
and lengths. At the same time, electron microscopy
makes it possible to study in detail the morphology,
orientation in the sample, thickness, frequency of
occurrence, and other characteristic parameters of
microcracks. The choice facilitates this for experi-
mental studies of various lithotypes of rocks of the

studied formation (from permeable to impermeable,
and intermediate variants with a different ratio of
those and other layers).

It is established that loading affects the interla-
yers differently depending on their structure and ma-
terial composition, and the presence of clay and the
nature of porosity have the greatest influence. The
microcracks of hydraulic fracturing under loading of
samples develop to the maximum extent in the den-
sest rocks, in which extended cracks with an opening
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of about 100 um or more are formed. In turn, in the
permeable part of the lithotypes, extended, usually
narrow (thickness less than 20 pm) rectilinear cracks
are also formed, oriented in one direction and con-
necting neighboring microcaverns and pores. Their
strict orientation in space reflects the direction of the
load on the samples, but may also be partly due to
the hidden microlayering of the rock.

The experiments have confirmed that hydraulic
fracturing technology contributes to the interconnec-
tion of permeable oil-saturated layers, thereby ensur-
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reservoir. The experimental results suggest a high
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raulic fracturing on Kashiro-Verey deposits with the
formation of extended channels for oil filtration.
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JETAJIBHOE U3YUEHHUE TPENIMHOBATOCTH T'HAPOPA3PHIBA KAIIIMPO-BEPEMCKNX IMTOPOJ]
METO/IOM JIEKTPOHHOW MUKPOCKOIIAH

I'ankun C.B.1, Capuuxkuii 10.B.1, Ocopenxnii 5.M.2, Kaszpivos K.I1.2,
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Pestome. MetonaMu peHTTEHOBCKOH TOMOrpauu KepHa M CKaHHUPYIOIIEH 3JIeKTPOHHOW MUKPOCKOIIMH H3y4eHa TPeIlInHOBa-
TOCTh KapOOHATHBIX MTOPOJ KaIIMpo-Bepeiickoi cBUTH Bonro-Ypanbsckoil HedTerazoHocHO# npoBrHIMY. B nipenenax HegTeHOCHOM
TOJIIM OIMCAHBI JINTOJIOTHYECKHE M CTPYKTYpPHbIE OCOOEHHOCTH TOPHBIX MOPOJ. BEIJeneHbl YeThpe TUTOTHIIA, KOTOPhIE pasiinya-
FOTCS 110 CTENEHH INIMHUCTOCTH MaTepuana, XapakTepy IIyCTOTHOTO IIPOCTPAHCTBA U KOJUIEKTOPCKUM cBoiicTBaM. [IpumeHeHo 3xcme-
PUMEHTaIbHOE MOJEIHPOBAHIE BO3AEHCTBHS TEXHOIOTHH MPOIIAHTHOTO THIPOPa3phIBa IUTacTa Ha 00pasisl KepHa. JleTansHo n3y-
YEHO W3MEHEHNE TPEIMHOBATOCTH TOPHBIX ITOPOJ MO ASHCTBHEM HArpy3KH Ha 00pa3Iibl, yCTAHOBIICHBI PA3ININs JaHHBIX ITPOIEC-
COB JUTS KaXK/IOTO M3 PACCMOTPEHHBIX JINTOTHUIIOB. Y CTAHOBIICHO, YTO HAarpy3Kka MO-pPa3HOMY BIHSET HA IMPOCIOHKH B 3aBUCHMOCTH OT
UX CTPYKTYpPHI M BEIIECTBEHHOTO COCTaBa, IPUIEM HaHOOIIbIIIee BIUSHNAE OKAa3bIBAaeT HAJWYUE TIIMHBI H XapaKTep MOPUCTOCTH. MUK-
POTPELIMHBI THAPOPa3phIBa NIPHU HArpyXeHHH 00pa3oB MaKCHMAJILHO Pa3BHBAIOTCS B HanOoJee IUIOTHBIX HOPOJax, B KOTOPBIX 00-
pa3yroTcsl POTSHKEHHBIE TPELIMHBI ¢ packpbiTHeM okono 100 MxM n Gonee. B cBoo ouepenp, B MPOHMIIAEMOH YacTH JUTOTUIIOB
TaKoke 00pa3yroTCsl MPOTSHKEHHBIE, OOBIYHO y3KHe (TONIMHON MeHee 20 MKM) NpsIMOJIMHENHbIE TPEIMHBI, OPUEHTHPOBAHHBIE B O
HOM HAIpaBJICHUU U COEAMHSIOIIUE COCeHUE MUKPOKaBEepHBI U Mophl. WX cTporast opueHTaIys B IPOCTPAHCTBE OTPaXkaeT HaIllpaBs-
JIEHUE Harpy3Ku Ha 00pasIbl, HO OTYACTH MOXKET OBITH OOYCIIOBIEHA M CKPBITOH MHKPOCIONCTOCTBIO OPOJIBL. B pesynsrare caeman
BBIBOJ] O (POPMHPOBAHHH B IIPOIIECCE THAPOPA3PHIBA JOTONHUTEIBHBIX CKBO3HBIX KaHAIOB (HIbTpanuy (GIronaoB B miacte. [Tomy-
YEeHHBIE PEe3yNITAaThl HKCIIEPIMEHTAILHOTO HCCIECOBAHMUS MO3BOJSIOT MOBBICHTH (P ()EKTHBHOCTH IIPUMEHEHHUS] TEXHOJIOTUH THAPO-
pa3pbIBa IIACTA TPH SKCILTyaTaI[MN KAMINPO-BEPEHCKHUX KCILTYaTAI[OHHBIX OOBEKTOB.

Knrouesvie cnosa: mpewunvt 2udpopaspuiéa, KapOOHAMHGLI KOIIEKMOP, KePH, PEeHM2eHOBCKAL MOMOSPApUs, dNeKMpPOHHAS
MUKPOCKORUS, NPONAHMHBII 2U0POPA3PLIE NIACMA

ELEKTRON MIiKROSKOP USULU iL9 KASIiR-VEREYA SUXURLARININ
HIiDRAVLIK PARCALANMASININ 9TRAFLI TODQIQi

Qalkin S.V.%, Savitskiy Y.V.%, Osovetski B.M.2, Kazimov K.P.?,
Qurbanov V.S.3, Hasanov 9.B.%, Abbasova Q.Q.%, Kazimov R.R.°
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44zorbaycan Doviat Neft va Sanaye Universiteti
AZ1010, Bak: sah.,Azadlig prosp., 20
SAzarbaycan MEA, Geologiya va Geofizika Institutu
AZ1143, Baki sah., H. Cavid pr. 119

Xiilasa. Volga-Ural neft-gaz vilayotinin Kasir-Vereya lay dostssinin karbonath siixurlarim qirilmalari kernlorin rentgen tomog-
rafiyasi va skaner elektron mikroskopiya tisullari ilo todqiq edilmigdir. Siixurlarin litoloji v struktur xiisusiyyotlori neftli laylar daxi-
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linda tosvir edilmisdir. Dérd litotip miioyyan edilmisdir ki, bunlar niimunalorin gilliliyin daracasine, mosamalarin tobistine vo kollek-
torlarin xtisusiyyatlorina gora forglonir. Proppant hidravlik par¢alanmanin se¢ilmis niimunalors tosirinin eksperimental modellosdiril-
mosi totbiq edilmisdir. Nimunolards yiikiin tosiri noticasinds qirilmalarin forgi strafli Gyronilmis, nazardon kegirilon litotiplorin hor
biri Tiglin bu proseslords xiisusiyyotlor miioyyan edilmigdir. Miioyyan edilmisdir ki, yiiklonmo ara gatlarinin strukturundan vo maddo
torkibindon asili olaraq miixtolif tasirlor gostarir, gilin olmas1 vo masamoliliyin xarakteri iso olavo tosir gostorir. Niimunslorin yiiklon-
moasi naticasinds hidravlik qirilma mikrogatlari, toxminon 100 mkm vo ya daha ¢ox agiligi olan uzanan ¢atlarin omalo goldiyi yiiksok
sixl1 siixurlarda maksimum inkisaf edir. Oz ndvbasinda, litotiplorin kegirici hissosinds davamli, adaton dar (qalinligi 20 mkm-don az)
diizxotli qirilmalar da amslo galir, onlar bir istigamate yonaldilir vo daxildoki mikrokavernalar: vo masamalari birlasdirirlor. Qirilma-
larin istigamatlonmis oriyentasiyasi tasir edon yiikiin istigamatini oks etdirir, lakin bu gisman stixurun gizli mikrotsbagoalonmasi ilo
olagodar ola bilor. Naticado belo gonasta gslindi ki, hidravlik par¢alanma zamani layda slave maye siiziilmo kanallari amola galir.
Eksperimental todgigatin sldo edilmis noticalori Kashiro-Vereya sonaye obyektlorinin istismarinda hidravlik par¢alanma texnologi-
yasinin tatbiginin somarsliliyini artirmaga imkan verir.

Acar sozlav: hidraviik parcalanma, karbonath kollektor, kern, rentgen tomoqrafiyasi, elektron mikroskopiya, proppant hidravlik
parcalanma
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Summary. The South Caspian Basin (SCB) covering a small area experienced intensive sub-
sidence in the lower Pliocene and was isolated from the world ocean. The structures of the Baku
Archipelago have one of the world’s most complex geological conditions for drilling, with rocks in
the near well-bore area squeezed into the wellbore (the so-called well filling) when drilling
through shales in the productive series, which account for as much as 90% of the Archipelago.
Well filling leads to problems and accidents and triggers drilling mud blowouts and water/gas
kicks, which often results in well abandonment.

The primary cause for well filling is abnormally high pore pressures in the cross-section of the
structures, with gradients close to geostatic pressure gradients; such pressures are typical of thick
shale strata. A study of shales found that shale porosity remained exceptionally high at great
depths due to delays in shale compaction, the shortage of de-stressed zones and high rates of sedi-
ment subsidence.

Based on the core studies and measurements while drilling, various parameters were analyzed,
including the density and porosity of shale samples taken in different years while drilling on the
Baku Archipelago, in particular on the Umid structure. The compaction curve was plotted, and a
potential zone of abnormally high pore pressures was delineated.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

It is known that the South Caspian Basin (SCB)
covering a small area experienced intensive subsi-
dence in the lower Pliocene and was isolated from
the world ocean. As in all isolated basins, the basin’s
substantial subsidence was compensated by inten-
sive sedimentation. Sediments were deposited from
eroded mountain structures and land mass surround-
ing the basin, as well as quartz-rich terrigenous
rocks from the Russian Platform inwashed by the
Paleo-Volga. As a result, a productive series (PS) 6
to 7 km thick was formed over a relatively short pe-
riod of time, approximately 4.2 million years. It
should be noted that, according to research data,
shales and sands account for 40 and 60% in the pro-
ductive series in the Absheron Archipelago and the
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Absheron Ridge respectively, whereas PS in the Ba-
ku Archipelago consists of 80% shale.

The thick shale sequence was the reason for ab-
normally high reservoir and pore pressures (AHPP),
which lead to numerous deep drilling problems.

Shale deposits and problems related to abnor-
mally high pressures in the productive series of the
South Caspian Basin have always been in the focus
of geoscientists, especially those who advocate the
hypothesis that hydrocarbons are of biogenic origin.
Shales were brought into a sharper focus when the
relationship between gas presence and shale volume
had been established. Due to the above factors, the
required analyses and predictions are difficult to
make, which renders it more important and relevant
to study the available data in depth, using state-of-
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the-art hardware, software, and mathematical tools
and their best application practices.

2. Overview of the geology of the South Cas-
pian Petroleum Basin and the nature of abnor-
mally high pore pressures

The comparison of geological sections of PS for
the Absheron Ridge, the Absheron Archipelago and
the Baku Archipelago comprising the South Caspian
Basin revealed that their lithofacies composition
were markedly different. Whereas shales and sands
account for 40 and 60% in the productive series in
the Absheron Archipelago and the Absheron Ridge
respectively, the productive series in the Baku Ar-
chipelago consists of 80% shale (Xamumos, banaes,
1981; Mextues, FOcudos, 1982).

Shale deposits in the productive series of the
South Caspian Basin have always been in the focus of
geoscientists, especially those who advocate the hy-
pothesis that hydrocarbons are of biogenic origin.
Shales were brought into a sharper focus when the
relationship between gas presence and shale volume
had been established. After many years of dedicated
research, it was found that the thickness of the shale
section and gas content increased in the direction of
regional subsidence of PS deposits, i.e. from north to
south and from west to east. At the same time, it was
found that the quality of reservoirs containing com-
mercial hydrocarbons deteriorated from north to south
and improved from west to east (Amexcauapos, 1987).

Based on these findings, exploration areas were
selected, which led to the discovery of major off-
shore gas condensate fields such as Bakhar, Khara
Zirya deniz, Shakhdeniz, Umid, Absheron, etc.

On the one hand, the thick shale sequence was
considered a positive factor for gas condensate ex-
ploration; on the other hand, it gave rise to abnor-
mally high reservoir and pore pressures, which led to
numerous problems during deep drilling (MexTues,
IOcudos, 1982; Anekcanapos, 1987).

A study of shales in the top section of the produc-
tive series (Surakhany, Sabunchu and Balakhany For-
mations) of the Baku Archipelago, which consists of a
shale sequence approx. 4,000 m thick with rare thin
sand/siltstone layers, revealed that shales had abnormal-
ly high porosity at great depths (see the table below).

Most researchers rightly believe that abnormally
high porosity of shales is a driving force behind ab-
normally high pore pressures, which in their turn are
the result of a substantial delay in shale compaction.

It is known that in the process of diagenesis and
catagenesis, sediments are compacted, their thick-
ness reduces and their density increases under in-
creasing pressure due to lower porosity. Experiments
have proved that shale sediments have the highest
compactibility.

In the South Caspian Basin in general and the
Baku Archipelago in particular, during PS sedi-
mentogenesis, especially in the Surakhany,
Sabunchu and Balakhany periods, the paleogeo-
graphic environment contributed to the accumulation
of thick shale strata given the shortage of zones for
fluid outflux, i.e. sand and siltstone. Under these
conditions, pore water saturating the shales was un-
der constantly increasing geostatic pressure equal to
the product of the overburden column height and
average overburden density. Fluids saturating the
shales took the pressure, and further shale subsi-
dence occurred with overburden and pore fluid pres-
sure being approximately equal. Despite the subsid-
ence to a depth of 5-6 km and increasing geostatic
pressure even at great depths, the porosity of the
shales remained high, given elastic compression of
fluids (Xamunos, bamaes, 1981). For example, the
highest shale porosity of 37.5% was recorded in
5,113-5,118 m interval in Well 4 drilled in the Umid
area, which, along with Khara-Zire deniz, has the
highest shale thickness (see the table below).

The nature of abnormally high pore pressure is
described in detail by N.Yu.Khalilov et al.; new data
on shales acquired in recent years due to the increase
in well depth and the discovery of new hydrocarbon
deposits confirmed the relationship between high
pore pressures and the exceptionally complex geolo-
gy of the Baku Archipelago.

The genetic nature of abnormally high pore
pressure is closely related to shale thickness and
lithology variations. Even within the same South
Caspian Basin, there are huge differences in abso-
lute pore pressure values and gradients in two ad-
jacent provinces, the Baku and Absheron Archi-
pelagos. While the structures in the Baku Archi-
pelago consist of 80% (and sometimes 90%)
shales and have pore pressure gradients close to
overburden gradients (JJoGpsinun, Cepebpskos,
1978), the Absheron Archipelago has much less
shale and a lot more sand reservoirs; shale porosi-
ty here is substantially lower, and pore pressure
gradients are rarely higher than conditional hydro-
static pressure gradients.

Another reason why shale porosity remains high
at great depths is a high rate of sediment subsidence
(Xammios, bamaes, 1981; Anexcanzapos, 1987) or SCB
bottom sagging rate. It is assumed that the rate of sed-
iment subsidence can be expressed as the quotient from
the division of sediment thickness by the duration of
epochs. Although recent studies have revised the age of
the productive series downwards, we used the maxi-
mum sedimentation time of million years to calculate
the subsidence rate for PS upper stratigraphic units,
as recommended by famous scientist F.l.Samedov.
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Table 1

The results of the analysis of shale rock samples taken from well sections of the Baku Archipelago

i Porosity, %
No. Area Vlillell Sh'ale sampling Shale volume, %
0. interval, m for the well average
1 4 2618-2622 12.5
2 28 3065-3069 11.8
3 Sangachaly deniz 4 3084-3087 13.3 12.6 70
4 4 3168-3171 13.5
5 28 3185-3187 12.1
6 60 2564-2568 13.2
7 24 2826-2829 11.9
8 Duvanny deniz 48 3122-3125 135 14.2 75
9 82 3795-3799 18.0
10 82 3916-3920 14.0
11 92 3813-3819 13.0
12 75 4,003-4005 12.6
13 Khara-Zire adasy 74 4142-4144 14.1 14.9 75
14 74 4738-4742 16.5
15 75 4051-4055 13.1
16 4 5113-5118 375
17 . 4 5455-5460 15.8
18 Umid 6 5527-5532 95 18.1 %0
19 4 5979-5984 9.7
20 16 3009-3013 19.1
g; Khara-Zire adasy ; gégggégl)i 1?8 18.2 90
23 30 6025-6026 18.0
24 7 4017-4021 13.6
25 Khamamdag 13 4444-4449 22.4 18.7 90
26 deniz 5 4585-4590 16.4 '
27 13 4860-4864 22.3
28 16 2806-2809 17.7
29 17 3770-3773 13.5
30 Sangi-Mugan 8 3908-3911 135 18.1 90
31 9 4392-4397 20.0
32 8 4595-4600 16.0

By our calculations, the subsidence rate for PS upper
formations in the Umid and Khara-Zire deniz areas
(more than 4,000 m thick) equals 0.2 m per 100
years, which is by an order of magnitude greater
than the theoretical sagging rate in geosyncline
zones calculated by famous scientist V.V.Belousov.
We believe that such a high rate could not be only
the result of the overburden sediment pressure. The
subsidence rate was definitely affected by endoge-
nous tectonic processes.

It is obvious that exceptionally high subsidence
rates of shale sediments that form the top of the pro-
ductive series, coupled with the lack of de-stressed
zones, have led to a substantial delay in compaction
and contributed to maintaining abnormally high
shale porosity on the structures of the Baku Archi-
pelago. The geologic cross-section for the Absheron
Archipelago and the Absheron Ridge features alter-
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nating sand and shale; sediment subsidence rates are
almost the same, but shale porosity is much lower
and close to the values from curves by J. Weller and
N.V. Vassoevich, which are typical of normal shale
compaction. This is why there are no extreme AHPP
shows in shales, and the conditions for deep drilling
are moderate.

The table shows shale porosities obtained du-
ring the laboratory analyses of cores from wells
drilled on the Baku Archipelago. As can be seen
from the table and Figure 1, shale porosity does not
decrease with depth, as it should in case of normal
compaction. In fact, it is quite the opposite: porosity
increases with the thickness of the shale section.
Thus, the maximum values of average porosity (18.1
to 18.7%) were found in the areas where the PS sec-
tion was shaled out most (90%) in the Khara-Zire
deniz, Khamamdag-deniz and Umid areas. The data
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in the table confirm the known trend of shale porosi-
ty increasing in the direction of regional subsidence
of PS deposits, i.e. from the northwest to the south-
east, from Sangachaly deniz (12.6%) to Umid
(18%). Another trend was also confirmed: shale po-
rosity increases from north to south, from San-
gachaly deniz (12.6%) to Sangi-Mugan (16.1%), as
can be seen in Figure 2 showing porosity distribu-
tion. This data is shown in Figure 1, which demon-
strates that PS shale porosities for the Baku Archi-
pelago are on the right side of the shale compaction
curves by J. Weller and N.V. Vassoevich. Actual
porosity values exceed theoretical ones at relevant
depths with normal shale compaction. It proves that

there is a significant delay in compaction and that
shale porosity remains abnormally high.

Notably, porosity in the thick shale sequence
of the productive series in the Baku Archipelago
does not decrease with depth; on the contrary, it
reaches a maximum in the shales 200-300 m before
the top of Horizon V (in the Garadag breakdown)
and then decreases. Thus, there is a limited possi-
bility for fluid release in Khara-Zire deniz, Umid
and Sangi-Mugan, where the top section of the pro-
ductive series contains shales 3000-4000 m thick,
because there are no sand reservoirs in the top sec-
tion that would receive the fluid released from the sha-
les or their number is limited and they are very thin.
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Fig. 1. Compaction vs. pore pressure curves:
1 — shale; 2 — sand, sandstone; 3 — limestone; 4 — evaporite; 5 — shale compaction curve by J. Weller;
6 — shale compaction curve by N.V. Vassoevich; 7 — actual shale compaction curve; 8 — AHPP gradi-
ents curve; 9 — shale porosity depths (from cores); 10 — zones of potential extreme AHPP shows
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A partial decrease in shale porosity before horizon V
can be attributed to a sand layer 20-30 m thick at the
top of the horizon; the pore fluid from the overlying
shales was released to the layer. Minimum porosity
values are typical of shales in contact with thick re-
servoirs, e.g. between horizons V and VII (Figure 1).
A delay in shale compaction in the top section of the
productive series has led to consistently high porosi-
ty; the fluid saturating the shales took the overbur-
den pressure (geostatic pressure), which resulted in
abnormally high pore pressures in the shales, with
maximums close to geostatic pressures. Abnormally
high reservoir pressures develop in thick shale se-
guences in rare thin sand/siltstone layers as a result
of fluids being released from shales; such pressures
have a “cumulative” effect, and their gradients are
also close to geostatic pressure gradients. Therefore,
if we combine all the key factors contributing to ab-
normally high shale porosity, we can draw a flow
diagram showing the sequence of AHPP develop-
ment in the shale section.

3. Methods used to predict abnormally high
pore pressures

Abnormally high pressure is inversely related to
shale thickness, i.e. the greater the shale thickness,
the higher the AHPP gradients and vice versa (Fi-
gure 1).

As can be seen from the compaction vs. pore
pressure curves (Figure 1), changes in porosity in the
geologic cross-section of the Baku Archipelago are
complex. For example, in 500-2000 m interval con-
sisting of Quaternary and partially Absheron depos-
its, where the section contains alternating sand and
shale, high shale porosity is observed. This confirms
that, due to low overburden pressure and tempera-
ture, the deposits are in the early catagenesis stage
and have not yet transformed into rock. Based on the
petrographic studies of N.Yu.Khalilov and E.S.Ba-
layev (1981), shale porosity in this interval varies
from 28.9 to 20.0%, which are close to theoretical
shale porosity values of 29.5 to 11.0% for the corre-
sponding depth interval determined by the compac-
tion curves of J.Weller and N.V.Vassoevich. In this
interval, pore fluid partially released from the shales
creates reservoir pressure in the sands, which is
higher than conditional hydrostatic pressure. The
section shales out with depth, and sand/siltstone la-
yers become very rare. Given an intensive subsid-
ence of thick shale strata, a quick increase in geo-
static pressure and the shortage of permeable for-
mations for pore fluid outflux, the shales are poorly
compacted and have consistently high porosity,
whereas the pore pressure of the compacted fluid
remains abnormally high. Curve 3 plotted from ac-
tual porosity data shows a substantial delay in pore
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fluid outflux from the shales under compaction. For
example, actual shale porosity in 2000-3500 m in-
terval is 20 to 16.7%, which is 2-3 times higher than
the porosity based on theoretical curves 1 and 2
(12.8-5.5%) at corresponding depths. In 3,500-
4,500 m depth interval actual porosity is already 4 to
5 times higher than the porosity based on compac-
tion curves 1 and 2. At depths of 4,500-5,500 m
where shale compaction ends according to the stu-
dies by J.Weller and N.V.Vassoevich, the shales of
the Baku Archipelago still remain highly porous
(Figure 1). The shales are compacted and the pore
pressure decreases substantially only in the PS inter-
vals with thick sand/siltstone horizons (horizons V,
VII, VIII, PK, etc.) and adequate conditions for pore
fluid outflux to permeable formations.

In 1978, works were carried out to predict pore
pressure and determine shale porosity using the
methodology of the All-Union Scientific Research
Institute of Drilling Technology, when drilling deep
wells in the Khara-Zire adasy and Khara-Zire deniz
areas. A substantial delay in shale compaction vs.
normal compaction values was observed in these
areas.

Thus, the comparison of shale porosity for the
Baku Archipelago with the theoretical shale com-
paction curves indicates that, despite the high geo-
static pressure, the process of shale consolidation in
6-8 km depth intervals is not completed yet, and the
main reason for that is the shortage and low thick-
ness of permeable formations in the shales. As there
are not enough zones for pore fluid release from the
shales, the fluid under high geostatic pressure stays
in shale pores and results in abnormally high pore
pressures.

As noted above, such pressures lead to nume-
rous problems during deep drilling on the Baku Ar-
chipelago. These problems are most often associated
with well filling, which manifest as tight holes/hole
restrictions and borehole collapses leading to drags
and sticking of drilling tools and casing. In extreme
cases, abnormally high pore pressures result in drill-
ing tools being pushed out by the rock from the hole.
In numerous cases, well filling provokes the occur-
rence of non-commercial water-bearing and gas-
bearing formations, which leads to prolonged acci-
dents, problems and often well abandonment. This
translates into years-long delays in the discovery and
development of new fields. It is therefore evident
how important it is to be able to predict AHPP inter-
vals prior to drilling.

To date, a variety of methods has been devel-
oped for predicting AHPP. Various schools have
appeared in this field, with the most notable works
by Khalilov and Balayev (1981), Buryakovsky et al.
(1986), Shykhaliyev et al. (2010), Mkpese (2018).
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With new developments in technology and enginee-
ring over the past few years, the quality of available
data and decisions has noticeably improved, as evi-
denced by recent studies (Shykhaliyev et al., 2010;
Mkpese, 2018). Results of the first pre-drill over-
pressure prediction in the South Caspian Basin
(SCB) on the basis of seismic data are presented in
the work by Shykhaliyev et al. (2010). The method
is based on the REZAYR software package, which
operates in Microsoft Windows. The analyzed time
section fragment in SCB was initially converted to
an impedance and then to a formation velocity sec-
tions. Three overpressure zones of different thick-
nesses and extents were established. The shallowest
overpressure zone reaches depths of less than 1 km.
The nature of this relatively thin zone can be associ-
ated with biochemical gas generation. The second
overpressure zone covers the depth interval of 1.5-
3.0km and is most likely the result of non-
equilibrium compaction (under compaction) because
of high sedimentation rates. The third overpressure
zone, the longest and thickest, is observed in the 6-
9 km depth interval and is most likely associated
with hydrocarbons generation. This deepest zone
poses the greatest risk for drilling. The seismic
method of direct overpressure prediction in SCB is
in agreement with theoretical and experimental es-
timates and is therefore recommended for use in
SCB (Xanunos, banaes, 1981; Mextues, HOcudos,
1982; Anekcanapos, 1987; HoOpbiaun, CepelOpsi-
koB, 1978), including the express method, which
was successfully used to predict potential problems
during deep drilling in Khara-Zire adasy, Khara-Zire
deniz, etc. Some authors suggest using methods
based on the identification of abnormally high shale
porosity. For example, Mkpese (2018) applied a po-
rosity-based model to predict overpressured zones in
an onshore environment of the Niger delta basin.
Zones with hard overpressures greater than a magni-
tude of 0.7 psi/ft are generally within 10000 ft
(3048 m) and below. Top of overpressures for stud-
ied wells ranges between 7000 and 10000 ft (2133-
3048 m). Porosities in shale are of typical values
ranging between 0.05 and 0.46. A robust concord-
ance between PPP and MPP profiles for each of the
wells validates the results here and confirms suitabil-
ity of the model to the studied area.

As in earlier studies, zones of abnormally high
pore pressures are identified using the normal com-
paction trend, which is a reflection of changes in
geological, geophysical, petrophysical and opera-
tional properties like sonic velocity, resistivity and
formation density values, and drilling parameters.
Lithologically identical rocks with equal values of
properties at different depths have the same effective
stress. The normal compaction trend depends on the

variation of rock properties with depth of burial at a
normal hydrostatic pressure. Particularly, the physi-
cal properties of shale depend primarily on the de-
gree of compaction. In nature, the density, resistivity
and/or porosity of normally compacted rocks and
burial depth have an exponential relationship
(Mkpese, 2018). According to a complex of various
features, by analyzing their measurements with
depth, it is possible to identify homogeneous inter-
vals, in which zones of abnormally high formation
pressures are clearly distinguished (Efendiyev et al.,
2019; Efendiyev et al., 2021). Plotting this relation-
ship gives a very smooth curve called the normal
compaction curve. Alternatively, the exponential
dependencies are shown by straight lines if they
were displayed on semi-logarithmic plots. Deviation
from the smooth curve or the straight line would
technically indicate an upper boundary called the top
of geopressure zone (BypsikoBckuii u ap., 1986;
Shykhaliyev et al., 2010; Mkpese, 2018). Figure 2
shows, as an example, a curve of shale density varia-
tion in cuttings with depth taken while drilling a well
at the Bulla-Deniz field, which clearly shows zones
of normal compaction and abnormally high pore
pressures.
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Fig. 2. Change in the density of clays with depth in the section
of the well of the Bulla-Deniz field

Having analyzed earlier works, we propose the
following approach for predicting AHPP. At the de-
sign estimates stage prior to drilling, shale porosity
is studied based on the analyses of drill cuttings
sampled from an adjacent well, and a prognostic
shale porosity curve is plotted to describe the degree
of shale consolidation (Figure 1). Then, a prognostic
pore pressure curve is plotted for an adjacent well
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based on pressure measurements (if any) or mud
weight. The area between these two curves plotted
together on the same diagram should be considered
as the area of extreme complications associated with
abnormally high pore pressures, with maximum pore
pressure gradients corresponding to maximum po-
rosity. In general, AHPP development can be repre-
sented as a flow diagram shown in Figure 3. Accord-
ing to the diagram, abnormally high pore pressure
depends on abnormally high shale porosity (2). In its
turn, abnormally high shale porosity is due to a de-
lay in shale compaction (3), which depends on three
factors: lithological description of the section, a high
sediment subsidence rate (5) and shale thickness (6).

4. Conclusion
1. The structures of the Baku Archipelago are
known to have some of the most complex geo-
logical and operating conditions for drilling, with
the so-called well filling that leads to various
problems during deep drilling.

2. Difficult drilling conditions are mostly due to
abnormally high pore pressures that developed
during intensive subsidence of thick shale strata,
given the shortage of zones for pore fluid release
from shales; these pressures cause a substantial
delay in shale compaction as compared to com-
paction in alternating sand and shale sections.

3. Because of the delay in compaction, shale porosi-
ty remains abnormally high and the pore fluid in
shales is compacted under pressure increasing to
overburden gradients.

4. The actual shale compaction curve plotted to-
gether with the AHPP gradient curve will make it
possible to identify the intervals where problems
may be expected during drilling through shale on
the Baku Archipelago.

The work was carried out within the framework
of a grant from the SOCAR Science Foundation for
2022.
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Fig. 3. Block diagram of the formation of abnormally high pore pressures
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AnexcanpoB b.JI. AHOMaJIbHO-BBICOKHE IIJIACTOBBIC JIABJICHUS B
HedTerazoHOCHBIX Oacceitnax. Henpa. Mockga, 1987, 216 c.

Bypsikosckuit JI.A., xeBanmmp P.J., Amuspos P.1O. I'eodu-
3MYECKHE METOIBl U3y4YCHHUS Teo(IIONIaNbHBIX TaBICHUI.
Omm. Baky, 1986, 148 c.

Jo6pemua B.M., CepebpsaxoB B.A. MeToabl mporHO3UpOBaHUs
aHOMAJIbHO BBICOKHX IJ1aCTOBBIX HaBHCHHﬁ. Heapa.
Mocksa, 1978, 232 c.

MexTtues ILI., FOcudpor M.I'. HekoTopbie 0COOEHHOCTH pac-
MNpeacJICHuA aHOMAJIbHO BBICOKHUX ITOPOBBIX Z[aBJ'IeHPIf?I Ha
mwiomaasx bakuHckoro apxumenara. ['eomorust HedTH U ra-
3a, No. 8, 1982, c. 51-53.

XamnoB H.}O., bamaes O.C. Brnusiaue ABIIJ] Ha mapaMeTpsl
KOJUJICKTOPOB U TJIMH Ha IUIOIIAIAX BakuHCKOTO apxuriena-
ra. ['a30Bas MPOMBIIIUICHHOCTh, SKCIIpecc-uH(pOpMaIus, ce-
pusi: OcBoeHHe pecypcoB He()TH M ra3a MOPCKHX MECTO-
poxnenuid, T. 6, 1981, c. 5-12.

XAPAKTEPHBIE OCOBEHHOCTH YIIVIOTHEHUS I'/IMH HA IINIOINA 151X
A3BEPBAUJKAHCKOI'O CEKTOPA IOKHO-KACIIMUCKOI'O BACCEMHA

Cyaeiimanos J.T.}, FOcudos M.X.%, Bynstos A.A.5, Memxxugosa A.H.*
YTpecm "Komnnexc 6ypoevix pabom" komnanuu SOCAR
Asepbaiioxcan, baky, yn.Azea Heimamynnei, 105: elnur.suleymanov@socar.az
2Uncmumym negpmu u 2aza HAH Asepbaiioxcana
AZ1000, Azepbaiioocan, baxy, yr.®.Amuposa, 9: yusifovmehman_1954@mail.ru
3 Bruoicnesocmounsiii mexnuueckuil ynueepcumem, kamnyc Ceeeprozo Kunpa,
99738 Kanxannwei, I'ozenviopm, TPCK: adnan.buny@gmail.com
4 Azepbatioscanckuii Tocydapemeennotii Yiusepcumem neghymus u npOMbIUIEHHOCHIU
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Pe3rome. 13BectHO, uTo HeOONbLION NO mtomanu KOxuo-Kacnuiickuit 6acceiin (FOKB), ucnpIThIBatomuii HHTEHCHBHOE MIOTPY-
JKEHUE B HIDKHEM IUIMOLIEHE, pa3BUBAJICS B OTpbIBe OT MupoBoro okeaHa. ComnocTaBlieHHE I'€0JIOTHYECKUX Pa3pe30B MPOAYKTUBHON
TOJIIK AOIIEPOHCKOTO mopora, AGIIepoOHCKOTO M bakMHCKOTO apXxumnenaros, seistronuxcst yactsMu KOKB, BBISIBUIO 3HAYUTEILHOE
pasinyue JUTONOro-(halualbHOr0 COCTaBa opo. 'eonornyeckue ycioBus OypeHusl CKBaXXHMH Ha CTPYKTypax bakuHckoro apxure-
Jn1ara, SIBJISIFOTCSI OMHMMH M3 CaMBIX CIIOKHBIX B Mupe. BeIpaxaioTcs OHM B CHIIBHBIX TTOPOAOTIPOSIBICHHSX, IPH OYypPEeHUH TIIMHACTBIX
nopox I1T, kotopele B pa3pes3e CTpYKTyp apxumenara cocTaBisiioT 10 90%. [lopomonposBieHns: MPUBOASAT K OCIOKHEHHSIM, aBapH-
SIM, IPOBOLUPYIOT BEIOPOCEI OypOBOTO PAacTBOPA M BOAOTA30-TIPOSIBICHHS, YTO YACTO IPUBOJNUT K JIMKBHIAINN CKBAKUH. BIcokas
aBapUIHOCTH 3aTSATHBACT HA JIOJITHE TOABI BBOJ B SKCIITyaTalllIo MEPCIICKTUBHBIX 3aIeXeH M MECTOPOKACHUIT yrIIeBOIOPOIOB.

OCHOBHO# IPUYNHOM MOPOIOPOSBICHNUH ABIsSETCSA MPUCYTCTBHE B Pa3pe3e CTPYKTYP aHOMAJIBHO BBICOKHX MOPOBBIX JaBICHHUMH,
XapaKTEePHBIX ISl MOIIHBIX TJIMHHCTBIX TOJII, IPaJUEHThl KOTOPHIX MPUOIMKAIOTCS K TPaJUEHTaM IeoCTaTUYECKOro IaBIICHUS.
W3ydeHne rIMHUCTBIX MOPOJA BBISBUIIO COXPAaHEHHE Ha OOJBIIMX TITyOMHAX MCKIIOUHTENbHO BBICOKMX 3HAUEHUH MOPUCTOCTHU IIIHH,
CBSI3aHHBIX C OTCTaBaHHEM YIUIOTHEHHS TJIMH, Ae(UIIUTOM 30H Pa3rpy3KH U BBICOKOH CKOPOCTBIO MOTPYKEHUS OCATKOB.
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[To pe3ynbraram ucciaeOBaHUI KEPHA U TE€OJIOT0-TEXHOJIOTHYECKUAX UCCIIEIOBAHUI B Tpoliecce OYpEHHS BHIOTHEH aHAIM3 pa3-
JINYHBIX XapaKTEPHUCTHK, B TOM YHCJIE IUIOTHOCTH, MOPUCTOCTH TIIMH, OTOOPAHHBIX B Pa3HbIC TOJBI IPH OyPEHUU CKBAKUH HA CTPYK-
Typax BakuHCKOro apxumenara, B TOM 4HCIe Ha CTPYKType YMHUA, IOCTPOEHA KpUBas YIUIOTHEHHS M BBIACICHA 30HA BO3MOXHBIX
MPOSIBJICHUH aHOMAJIbHO BBICOKHX IIOPOBBIX J[ABICHHH.

Knrwueswvie cnosa: Osxcno-Kacnuiickuii 6accetin, baxunckuil apxunenaez, npoOyKmueHas moawa, 21uHUCmyle OMa0#CeHUs, aHo-
MAIbHO 8bICOKASI NOPUCMOCb 2IUH, AHOMAILHO 8bICOKOE NOPOBOe 0dGIeHUe, YNIOMHeHUe 2lIUH, OCIONCHEeHUs 8 npoyecce OypeHus
CKBAJICUH
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Xiilasa. Baki arxipelaqi strukturlari quyularin gazilmasi baximindan geoloji soraito goro diinyada on miirokkeb strukturlardan bi-
ri hesab olunur. Bu ¢stinliklor Mahsuldar gatin 90%-ni toskil edon gilli suxurlari qazarken giiclii suxur axininin bag vermasi ilo ifado
olunur. Giiclii suxur axin1 quyularda miirokkoblogmolars, gozalara, quyudan buruq mohlulunun sigramasina, su-neft-qaz tozahiirlorine
sobab olur ki, bu da quyularin tez-tez logv olmasina gatirib ¢ixarir. Qozalar iso perspektivli yataglarin vo karbohidrogen ehtiyatlarinin
istismara verilmasini uzun illor longidir.

Quyudan siixur axmmin omolo golmasinin asas sobobi, qalin gil toboagalari tigiin xarakterik olan, gradiyentlori geostatik tazyiq
gradiyentlorino yaxinlagan anomal yiiksok masams tozyiqinin kasilisde olmasidir. Gil siixurlarinin 6yranilmasi naticasinds yiliksok
doarinlikds onlarin mosamoliyinin boyiik giymatlors malik oldugu gostarilmisdir, bu da onlarin sixilma prosesinds “longimo” bas ver-
diyi, bogalma zonasinda ¢atismazliglarin méveudlugu ils izah oluna bilor. Siixur niimunolori tizorinds aparilmis todgigatlar vo qazma
zaman aparilan geoloji-texnoloji todgigatlarin naticolorinin tohlili aparilmig, miixtolif vaxtlarda Baki arxipelaqinda qazilmig quyular-
dan ¢ixan gil glaminin sixligiim dorinlik tizro doyigsmosi aragdirilmigdir.

Qazma vaxt1 quyulardan gétiiriilmiis gil niimunalorinin tadqiqi gostordi ki, boytik darinliklards gilin sixilmasinin gecikmosi, kasi-
lisds bosalma gatigmazligi va ¢okiintiilorin boyiik darinliklora enmasi sobobindan gillards yiiksak mosamaliliyin gqorunub saxlanmasi-
na sabab olmasidir. Qazma zamani aparilan geoloji-texnoloji tadgigatlarin naticalorine asason, miixtolif xarakteristikalarin tohlili
Baki arxipelaqmnin strukturlarinda, o ciimlodon Umid strukturunda quyularm miixtelif illorde qazilmasi zamani gotiiriilmiis gil niimu-
nalarinin sixligmin tohlili aparilmis, ayrilor qurulmus vo anamal yiiksok mosams tozyiqinin miimkiin tozahiirlori zonas1 miioyyon
edilmisdir. Anomal yiiksok masamo tozyiginin formalagsmasi zamani bas veran proseslorin ardicilligi miivafiq sxem goklinds veril-
misdir.

Agar sozlar: Canub-Xozar hovzasi, Baki arxipelagi, mahsuldar qat, gil ¢okiintiilari, gillorin anomal yiiksok masamoaliliyi, anomal
yiiksak masama tazyiqi, Qilin sixilmasi, quyularin qazilmasit zamani miirakkablagmalor
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Summary. Today, due to the increase in the number of mature oil fields methods of in-situ
fluid diversion acquire special relevance. The presence of highly permeable zones or channels in
the reservoir, inevitably appearing during long-term reservoir development, in its turn reduces the
waterflood efficiency and creates areas that are practically unaffected by it. To solve this situation,
one has to decrease the permeability of high-permeability zones and redistribute filtration flows in-
to zones not affected by waterflooding. The most widespread working agents used for this purpose
are various gel compositions. In the presented work a colloidal-dispersed gel composition with the
addition of TiO2 nanoparticles was formulated. The rheological studies of the obtained composi-
tions were carried out, the thermal stability and zeta potential were studied. The obtained results
were confirmed by sandpack experiments. The addition of nanoparticles decreased the interfacial
tension and increased the rheological stability, zeta potential and RF/RRF values of colloidal dis-
persion gels. The critical concentration of nanoparticles in CDG was defined as 1000 ppm. Pseu-
doplastic behavior of the system, low thermochemical degradation and 47% decrease in surface
tension at the liquid/air interface were observed. The decrease in average particle size did not ex-
ceed 10%. The presence of nanoparticles increased the zeta potential of the colloidal system by
43% and its thermal stability. The RF/RRF values were 173% and 59% higher compared to the
reference composition. A kinetic gelation mechanism of colloidal dispersed gels in the presence of
TiOz2 nanoparticles was proposed.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Brenenmne

[IprmMeHeHre MOTUMEPHBIX PACTBOPOB IIPH JKC-
IUTyaTaluyd He(TEra3oBbIX MECTOPOXKICHUH SIBIISCTCS
IIUPOKO PACHPOCTPAHEHHOM MUPOBOU IIPAKTUKOU
(Fielding et al., 1994; Smith, 1995; Suleimanov et
al., 2020; Veliyev, 2021; Bemues, 2021a; Kamsipos
u 1p., 2022; Suleimanov et al., 2021). CoryacHo Me-
XaHU3MYy BO3ACHCTBUSI MOXHO BBIACIUTH JABA OC-
HOBHBIX HAaIIPaBJICHHS WX UCIIOJIb30BAHMUS:

e yBenn4eHrne Kod(p(UIMeHTa oxsara miacTta npu
3aBOJHEHUH,

® u3MeHeHHe (UIBTPAIMOHHBIX TOTOKOB B ILjIa-
cte (Spildo et al., 2009; Ncmaunos u Benues,

2021; Suleimanov et al., 2017; Wang et al.,

2008; Coste et al., 2000).

Ha cerognsmnuii 1eHs B CBSI3U C yBEIUUYCHUEM
(hoHIa CKBaXXMH, HAXOSIINXCS HA TO3IHEH CTaTuu
pa3paboTKu, 0COoOYI0 aKTyadhbHOCTH MPHOOPETAIOT
METOJ[bl OTKJIOHCHHsI (DUIBTPAIIMOHHBIX TIOTOKOB B
mnacte. Hamuune BBICOKONMPOHULIAEMBIX YYaCTKOB

WIH KaHAJIOB B TUIACTE, HEM30€)KHO BO3ZHUKAIOIIMX
MpH UIMTEIBHON OKCIUTyaTallud IUTacTa, B CBOKO
ouepellb CHIXKAET 3PPEKTUBHOCTh 3aBOJHCHUS U
CO3/1aeT YUYaCTKH IJIacTa, MPaKTUYSCKH HE 3aTPOHY-
Toie uM (Skauge et al., 2010; Pu et al., 2018; Zhao et
al., 2019; CymnetimanoB, 1997; Suleimanov et al.,
2019; Suleimanov et al., 2017a; Bemues, 20210).
PeuieHrieM B CHOXKUBIICHCS CHTYallUH SIBISIETCS
CHI)KCHHE TMPOHHMIIAEMOCTH BBICOKOIPOHHUIIAEMbIX
30H W Tepepacipeenenne QuiIbTPalMOHHBIX TOTO-
KOB B 30HBI, HC 3aTPOHYThIC 3aBojHEHHEeM. Hanbo-
Jiee pacmpoCTpaHEHHBIMH pabOYUMM  arcHTaMu,
MPUMEHSIEMBIMHA C 3TOH IICJIbIO, SIBJISIOTCS Pa3iny-
HBIC TEIIEBbIC COCTABHI, TAK KaK JIO 3aBEPIICHUS pe-
aKI[MK CIIUBAHUS OHU, TIO0 CYTH CBOCH, MMPECTABIIS-
0T co00# MMOJIMMEpHBIC PACTBOPHI M 00JIAAIOT XO-
pomuMH  (QUIBTPAIIMOHHBIMU ~ XapPaKTEPUCTUKAMH.
[TpokaunBaTh 0OPA30BABIIYIOCS TEICBYIO CHCTEMY B
TITyOMHHBIC 30HBI TIACTA MPAKTUYECKU HEBO3MOXK-
Has 3ajaya, TPeOyrolas KOJIOCCAILHOIO YBEIHYEe-
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HUS JaBJIeHUs 3aKadku. Takum oOpa3oM, peaxius
CIIMBAHMA U1 TaKUX CHCTEM HEMPEMEHHO IOJDKHA
MIPOTEKaTh B IIJIacTe, a BpeMsl reeo0pa3oBaHusl 103~
BOJIATH pa3MeIleHHe MOJMMEPHOTO PacTBOpa B IIe-
JeBoi 30HE 10 oOpa3oBanus rensd. OgHaKo Ha Tpak-
THUKE JIOCTATOYHO CIIOKHO PETYIUPOBATH BPEMs Te-
Jeo0pa3oBaHUs B CHITY psijia IPUYIHH, OCHOBHBIMHU U3
KOTOPBIX SIBJISIIOTCS: HEMOJIHOE CMEIINBAaHNE CIITHBA-
TeNs. U TOJIMMEPHOTO PacTBOpa B YCIOBUAX MOPH-
CTOW Cpefibl U CYIIECTBEHHOE CHIKEHHE d(PPEKTUB-
HOCTH Tee00pa3oBaHusl C yYBEIHMUYEHHEM MUHEpaIH-
3anuu miacToBbix Boj (Bjorsvik et al., 2007; Al-
Assi et al.,, 2009; Yadav and Mahto, 2013; Aalaie
and Rahmatpour, 2008).

Llenpio TpeACTaBICHHOTO HCCIIEOBAaHUS OBLIO
CO3/IaHUE€ TEJIEBON CHUCTEMBI, JUIICHHOMN BBIIICOMHU-
CaHHBIX HeJocTaTKoB. Hambonee mepcreKTHBHBIMU
pabourMy areHTaMu, MO3BOJSIOMIMMHU PEIIUTh IO-
CTaBJIIEHHYIO  3ajady, SBIAIOTCA  KOJIJIOWJHO-
muctiepcHsie renu (K/D). ITo cpaBHeHHio ¢ Tpaau-
[IMOHHO TPUMEHSEMBIMH TelleBBIMH CHUCTEMaMH B
KII' oTcyTcTBYeT HenpephIBHAS MEXMOJIEKYJIIIpHas
MOJIMMEpPHAsT CEeTh M3-32 HU3KOW KOHIIEHTPAILUU TI0-
aumepa B ee cocraBe (Veliyev and Aliyev, 2021;
Ranganathan et al., 1998; Spildo et al., 2010). B pe-
3yJbTare o0pasyercs He O0ObeMHas TejeBas CTPYK-
Typa, a HeOOJbIINE TeleBbIe KIacTePhl, HE CBS3aH-
HbIe MEXTy coOoi. [IpakTudeckn Ha aHATOTHUIHOM
MOJIX0/Ie OCHOBaH METO/]| YBeIHYeHUsI HedreoTaaun
[1acTa IMyTeM 3aKaykd MOJMMEPHBIX MHKpocdep.
OTCcyTCTBUE HENPEPBIBHOM CBSA3BIBAIOIICH LIEMHU CO-
3IaeT BO3MOXKHOCTH JJISl YIIPYToi nedopMariu re-
JEBBIX YAaCTHIl M WX JallbHEHIIed QUIbTpanuu
BIIIyOb IJIacTa.

Hecmotpst Ha TO, 94TO Ha CETOMHSIIHUN JIEHB
[IPUMEHSAEMbIE B MOTOKOOTKJIOHSIOIINX TEXHOJIOTH-
SIX KOJUIOMIHO-JIUCIIEPCHBIE T'eNH CYLIECTBEHHO OT-
JMYAIOTCS JPYT OT Jpyra XUMHYECKHM COCTaBOM U
OOJIBIIMHCTBO MOJOOHBIX CUCTEM JOCTATOYHO 3(-
(PEeKTHBHO B MIMPOKOM AMANa30HE IJIACTOBBIX YCIIO-
BHI — JTaHHAsI TEXHOJIOTHS BCE )K€ HE JINIIICHA HEJl0-
ctarkoB. K mpumMepy, Takue mapameTpsl, Kak TiryoH-
Ha TIPOHUKHOBEHUS W MPOYHOCTh 00Pa30BaBILIEIrOCs
reeBoro Oapeepa 10 CHUX IOp OCTAIOTCS BechbMa
CIOPHBIMHU M 0OJIE3HEHHBIMH BOIIPOCAMH TIPH BHE/I-
peHuu AaHHOW TexHoJoruu. OCHOBHOW MPUYMHON
SIBIISIETCS. OTCYTCTBUE CTaHAAPTHU3MPOBAHHBIX METO-

JIOB u3yueHus u uccnenosanus KJII', uto 3arpynHs-
€T CpPaBHEHME PAa3JIMYHBIX PE3YJILTATOB U BBIBOJOB
(Natarajan et al., 1999; Wang et al., 2008;
Vishnyakov et al., 2019).

JKCNepUMEeHTAILHAS YaCTh

IIpuroroBiieHne  KOJIJIOHIHO-IHCIIEPCHOIO
reas (KAI'). KomnouaHo-nucnepcHas reneBas cuc-
TeMa Obljla TIPUTOTOBJIEHA HIKCOIMCAHHBIM CIIOCO-
6om. IlepBoHauaJbHO HAHOYACTHILBI AWOKCHIA TH-
tana (TiO2) aucnepruposanu B 0.05% BomHOM pac-
TBOpPE aHUOHHO MMOBEPXHOCTHO-aKTHBHOTO BEIIECTBA
B yibTpa3BykoBoi BanHe (Tabmn. 1). OtnensHO npu-
TOTaBJIMBAJICS. PACTBOP MOHOMEpA, COCTOSIIMNA W3
rUApO(UIBHOTO aKpPHIIOBOTO MOHOMEpa Cyib(poHO-
Boil kuciaotel (AMPS) u akpuioBoil KHCIOTHI
(AAc), Tak, 9TOOBI 00IIIass KOHIICHTPAIIUSI MOHOMEpPA
B pactBope coctaBisa 0.01M. 3nauenns pH momy-
YEHHOT'O pacTBOpa JOBOAWIN MPHOIHU3UTENBHO 110 7
(£0.5) mytem nobasiieHus: THApPOKCUAa HaTpus. [la-
Jiee JUIA WHUIWANAHA PEaKIHH TTOJUMEPHU3aI J10-
6asmsun 0.005 M mHMnmaropa (abo3uc) u XJIOpPHUI
HaTpus Ans obecredeHns MOCTOSIHHON MOHHOHN CH-
JBI B X0l dKCIIEPUMEHTOB, TaK)Ke MPOU3BOAMIACH
MpoayBKa a3oToM B TedeHue 2 4. YUepes 24 dgaca
JUISL OCTAHOBKH PEaKIHU MOJIMMEpHU3alnu 100aBisi-
mu npuMepHo 1 mu 0.2 M pacTtBopa ruIpOXUHOHA.
Ha crnenyromem sTame mory4eHHBIH pacTBOpP CMe-
muBanu ¢ 0.014 M pacTBOpOM THIPOJIM30BAHHOTO
MOJMaKpUiIaMHuia U J00aBISIIM K HEMY CYCIEH3UIO
Hanodactunl TiO,. B xoHeuHbI# pacTBOp m00aBwiIN
BOJIHBIM PAcTBOp TpHaleTaTta XpoMa B KadyecTBe
CHIMBaTeNs M MEpeMEelIMBajl NpU TeMIeparype
resieo0pa3oBaHHs C MOMOIIBI0 MarHUTHOW Mellal-
KA B TeyeHue 24 yacoB misa oOecredeHus: CuInBa-
HUS pacTBOpa.

Peonornueckue wusmepenus. Ilocne mnomyuye-
HUS UCCIIEYEMBIX 00pa3IloB pacTBOpa MPOBOIUINCH
peosiorHuecKkne HM3MepeHus Ha peomerpe Physica
MCR 501 (Anton Paar, ABctpusi) ¢ reomerpuei
KOHIIEHTPUYECKOTO IMiMHApa. [ aHamm3a momy-
YeHHBIX pPe3yJbTaTOB WCIOIB30BAIIOCH IPOTPAM-
MHoe obecrieuenne RheoCompass. M3mepenust mpo-
BOJIMJINCH TIPH KOMHATHOW TeMIlepaType NpH 3Hade-
HusX ckopoctu cxasura 0-100 ¢, Kaxmoe m3mepe-
HHUE TIOBTOPAJIOCH HE MEHEE TPEeX pa3 ¢ IENbI0 U3y-
YUTH CTAOMIIBHOCTD TOYUYEHHBIX PE3yJIbTaTOB.

Tabnuuya 1
Csotictea Hanouactul Ti0O;
Yucrorta Pasmep n;z)ﬂezb:?o- Haceimmas H BI;I(()); ipﬂu BI;[((E)Z;.F i{p;;
vacruil (D50) Haa IUIOTHOCTD p P P
BEPXHOCTH CYIIIKE rOpeHHH
99+ % 20 aM 10-45 m/r? 0.46 /M 5.5-6.0 0.48% 0.99%
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H3mepeHusi TOBEPXHOCTHOIO HATSIKEHUS.
HccnenoBanust JaHHOTO mapamerpa ObUIM MpoBene-
Hbl METOAOM BHUCSYEH Kamikd Ha TEH3HOMETpE
DSA30 dupmer Kruss. CtekiasHHas ocyaa U 9acTh
npuOopa, KOHTaKTHpYyIOIHe ¢ oOpas3lamu, ObUIH
OYHILEHbl B COOTBETCTBHM CO CTaHAAPTHBIMU HPO-
nexypaMu, 4ToObl M30eXkaTh JI000TO 3arps3HCHUS.
[lepen xaxapIM M3MEPEHHEM OTCYTCTBHE 3arpsA3He-
HUU NPOBEPSUIOCH IIyTEM JUHAMUYECKUX U3MEPEHUI
MeX(a3HOro HaTsDKEHHS Ha I'paHHLAX BOAa/HEPTH
WM BOJa/BO3IyX. Bee skcrmepruMeHTh IpOBOIMINCH
npu Temnepatype 25°C.

HccnenoBanue crapenuss KAI' B miacToBbIx
ycjaoBusix. JlaHHas cepus 3KCIIEpUMEHTOB ObLia Ipo-
BeJIeHa myTeM crapenust oopasios KT npu 90°C B
tedenue 30 1Hel B repMEeTHYHOM KOHTeHHepe.

Pacnpenenenue yacTun mo pasmepam. JlaH-
Has cepusl IKCHEPUMEHTOB ObLIa MPOBEIEHA METO-
JIOM JTHHAMHUYECKOI'O CBETOPACCESHUS C IOMOIIBIO
npubopa Malvern NANOZS Zetasizer (Malvern
Instruments, AHTIHSA), KOTOPHIH ITO3BOJISET H3MeE-
pATh pasmepsl oT 0.3 HM (auamerp) 10 10 MKM ¢
HCTIONIb30BaHUEM  3alaTeHTOBAHHOH  TEXHOJIOTHH
NIBS (Non-Invasive Back Scatter).

Bce n3Mepenus mpoBOAMIIUCH IPH TEMITEPATYPe
250C, JUIMHE BOJIHBI A 532 HM U yrIjie UHTCHCUBHO-
ctu paccesaus 173°,

J3era-norennuan. [lorenmuan { KOIIOUITHBIX
JTUCTIEPCHBIX TeJei OIpeNesid ¢ MOMOUIBI0 MpH-
Oopa Zetasizer Nano ZSP (Malvern Instruments
Ltd.). IlpubGop ZSP ompexnensieT a3eTa-moTEHIHAI
METOJIOM 3JIEKTPO(OPETHIECKOTO PACCESTHUS CBETA.
Bce m3mepeHus mpoBOIWIIMCH NMPH TeMIepaType B
25°C.

JAuddepeHunalibHasi CKAHUPYIOLIAS KAaJI0-
pumerpusi (ACK). TepmocrabunbHble CBOHCTBa

o06pasnoB CDG ObUTH M3yUYEHBI C TIOMOIIIBIO arapa-
ta DSC 25 (TA Instruments). [Tocne reneodpa3zoa-
HUSl TIpU 60°C 10 mr oOpa3ia rens MmoMemani B
TEPMETUYHBIN KOHTEWHEp, NPOJyBaeMbli a30TOM
(50 cm®mum). TlycToif repMeTHUHBIH KOHTeiHEp
WCTIOJB30BAJICSA B Ka4eCTBE KOHTPOIHHOTO 00pasma.
Bce 06pasipl 6butH ypaBHOBenreHsl mpu 25°C B Te-
YeHUE 5 MUH. JUIS yAAICHUS NPEXKHEH TEPMUUECKOM
ucropu. CkopocTh HarpeBa cocTasisna 3°C/MuH.
JUTSL BCEX M3MEPEHUIA.

TepmorpaBumerpuueckuii anaau3 (TTA) u
audpdepenunaibHas trepmorpasumerpus (ATI).
TepMorpaBUMETpUYECKHN  aHAIU3  BBICYIICHHBIX
o6pasmoB KJII' ObUT IpoBeieH ¢ TOMOIIBIO TTprdopa
NETZSCH STA 449 F3 Jupiter. /Ilnanazon Harpesa
661 yeTaHOBIEH 0T 25 10 800°C, ckopocTs Harpesa
cocrapisuia 10°C/mun. Bee aHAMM3BI TPOBOIHIIHCH B
aTMocdepe azora.

CunTeTHyeckass mopckasi Boga. CoctaB cHH-
TETUYECKOH MOPCKOM BOJABI, MCIOIb30BAHHON B
JKCIIEpUMEHTaX, TpuBeAcH B Tadmuie 2. Konren-
TpalMd KAaTHOHOB M AHHOHOB OBLIM ONPEACICHBI
meropamu ICP-MS u ynbprpaduoneToBoii cnekTpo-
dhotomepun (UV-Vis) COOTBETCTBEHHO.

®DakTop conpoTuBJeHUs/PAKTOP OCTATOYHO-
ro conpoTuBJieHus. Bce sKCeprMEHThI ObLUTH MPO-
BeZieHbl Ha 10-METpOBBIX HACKHIMHBIX MOJIENAX ILIa-
cTa, coctosmmx u3 6 cexiuit (kaxkmas 152.4 cm) (puc.
1). MaHomeTpsl abCOMIOTHOTO JaBJICHUSI ObBUTH pas-
MEIIEHBl Ha CTBIKE MEXKIy COCIMHCHHSIMU KaXKIOU
CEeKITNH, a TAaK)Ke Ha BXO/Ie U BeIxoje Moenu. [lopuc-
TOCTh MOJZIETH OTpeNeisiylach BECOBBIM METOZOM Ha
OCHOBE pa3HUIIBI MEXIy MacCaMH CyXUX W Hachl-
LICHHBIX AUCTUIMPOBAHHOM BOAOHM CEKLMNA MOJEINH.
[lompobHas mMeTomuKa TPOBENEHHS SKCIIEPHMEHTOB
omucana B paborax (Veliyev and Aliyev, 2021).

Taonuua 2
CocraB cunTeTnueckoil Boasl Kacnmiickoro mops
CuHTeTHYeECKAS
CocraB BoabI Enunnna KACIUICKas MOpCKast Ccbuika
BOJA
pH 8.03
COz* MIH? 10.8 ASTM D 3875
HCOgs MiH? 212.3 ASTM D 3875
OH- MIH? 0 ASTM D 3875
CI MiH? 5642 1SO 9297
Ca* ma? 335.8 1SO 6058
Mg?* MiH? 743.4 1SO 6059
SO mia? 3494.2 1SO 9280
K*+Na* MITH? 3624.8 Paccuutano
TDS MITH? 14063.3
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Puc. 1. Cxema anmapara Jyis 3aTOIVICHUS TIECYaHON IOy IIKH

PesyabTaTel 1 00cyxIeHne

Peousioruyeckue usmepenusi. B teuenue 7 nueit
HaOMI0a7I0Ch HE3HAYMTENIbHOE CHIDKEHHE BSI3KOCTH
HCTIBITYEMBIX 00pas3IioB, a 10 UCTEUYEHUH 3TOT0 TIepH-
0J1a 3HAUCHUS BSI3KOCTH CTAOWIIM3UPOBAIUCH U OCTa-
BaJIMCh NOCTOsIHHBIMU. [lo Beeit BunmmocTu, HaOmo-
JTaeMblii ()eHOMEH CBSI3aH C BHYTPHUMOJEKYJISIPHON
CIIMBKOW IOJMMEPHBIX LENEH, MPOUCXOASIIEN MIPU
HU3KUX KOHIIEHTpAalMAX MOJMMEpa, Tak Kak Majoe

KOJIM4yecTBO nojimMepa B kommnosuuuu K™ Hegocra-
TOYHO JUIs 00pa30BaHUs TPEXMEPHOU CETH C MEKMO-
JIEKYJIAPHBIMU CIIMBAIOIUMH CBs3siMu. [lo mpore-
CcTBUM 7 JHEH 3aBepmaioch 0Opa3oBaHUE MOJMMEp-
HOﬁ cnnpann, YTO COOTBCTCTBCHHO HpI/IBOZII/IJIO K
cTabWIM3aIMu PeoJIOTMYeCKUX Mokazareneid. Crout
OTMETHTh, YTO JaHHas 3aKOHOMEPHOCTh Ha0JIro/a-
JIach JUTSI BCEX HMCCIIEMyEMBIX PAacTBOPOB BHE 3aBHCH-
MOCTH OT KOHIleHTpauuu HaHouactuil. (Natarajan et
al., 1999; Bjorsvik et al., 2007) (Puc.2).
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=0—1000 mnu-1HY

BaskocThb, Ma.c

={=2000 mnu-1HY

—@—500 mnu-1HY
=@=0mnH-1HY

0.01
0.01 0.1 1

CkopocTb caBura, 1/cek

10 100

Puc. 2. KpuBblie 3aBUCUMOCTH BSI3KOCTH OT CKOPOCTH caBura mpu 62°C st pa3invHbIX KOHIEHTPALMi J0OAaBOK HAHOYACTHII
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Peosornyeckune n3mepenus. [lanee O6puia mpo-
BEJicHA Cepusl AKCIEPUMEHTOB IJI U3YUYCHUS BIIKSA-
HUSl KOHLICHTPALUK CIIMBAIOLIEr0 areHTa Ha Peojio-
THYECKHE CBOWMCTBAa HCCIEAyeMBIX o00pasmoB. Kaxk
MOKa3ajgy TOJYYCHHBIC TaHHBIC, YBEIMYEHUE KOH-
LIEHTPAlUU CIIUBATENSl NMPUBOIUT K YMEHBIICHUIO
BSI3KOCTH, UTO TMPEIIIONIOKUTETFHO OO0YCIIOBIEHO
YMEHBIIICHUEM Pa3MepOB IUCTIEpCHOM (asbl (puc. 3).
[IpucyrctBre Hanouactunl B coctase K/I' mpuBoaut
K MEHBIIEMY CHIDKEHHIO BSI3KOCTH, YTO, IIO-
BHJIUMOMY, OOYCIIOBIIEHO T€M, YTO HAHOYACTHUIIGI JTH-
OKCHJA THUTAaHA JEHCTBYIOT KaK HEOPraHUYECKHM
WHULUATOP U CIIUBATENb.

CytmiecTBeHHOM TIpoOIeMOll TpPUMEHEHHUS II0-
nmuMepoB B MYH sBnseTcsi HEraTUBHOE BIIMSIHUE
MHUHEPAIH3AI[UU TJIACTOBOW BOMBI, MPHUBOIAIIEE K
BBIMIAJICHUI0 HEPACTBOPUMBIX OCAIKOB U PEIKOMY
CHIKCHHIO TpoHuIaeMoctd. C TENpI0 H3ydeHUS

3Toro QeHoMeHa ObLTa TPOBEICHA CEpHs DKCIEPH-
MEHTOB, HaIlpaBJICHHAs Ha PacCMOTPEHHE H3MEHe-
HUs peojorumyeckoro moseneHus pactsopa KT c
no6aBkoi HaHowacTun 1000 man™ mpu pasnmunoi
MUHEpali3alui OKpyKaromeil cpensl  (tadmn. 3). C
yYBEJIMYEHHEM MUHepalu3aluyd HaOJII01anoch CHU-
KEHHE BA3KOCTH BCEX MCCIIEAyeMBIX 00pa3moB. Oj-
Hako Jy1s1 pactBopa KJI', comepxkaniero HaHo4acTH-
Ibl, YMEHBIIEHUE BS3KOCTH OBLIO CYIIECTBEHHO HU-
JKe 110 CPaBHEHMIO ¢ 0Opa3namMu 0e3 HaHOYACTHIL BHE
3aBUCHMOCTH OT KOHIIEHTPAIIUYU CIIMBATENS. BBIOOD
KOHIICHTpAIlMM HAHOYACTHUI] ObLI OOYCIIOBJICH TEM,
YTO TPU JaTbHEHUIEM YBEIHMYEHUH HX KOHIIEHTpPA-
U HaOII0JaI0Ch (POPMUPOBAHHE TEIEBOM CHCTeE-
MBI, YTO, CKOpEe BCET0, CBSI3aHO C BO3MOXHOCTBHIO
HAaHOYACTHIl BBICTYNAaTh B KAa4eCTBE CIIMBAIOLIETO
aredra. OJHAaKO W3ydYeHHE MAHHOTO SIBJICHHUS He
BXOJIMJIO B 331291 MPOBOJIUMOTO HCCIICIOBAHHS.

|

BaskocTb, Ma.c

——12.5 MAH-1 ClmMeatens
== 5 MNH-1 Cluneatent
=—8— 50 MnH-1 Clumeatens
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HanpsaxkeHue cagura, Na

Puc. 3. KpHBbIe 3aBUCUMOCTH BA3KOCTHU OT CKOPOCTHU CABUIA NIPU PA3JINIHBIX KOHIEHTPALUAX CHIMBAIOIICIO areHra Ajs

pacteopa KT ¢ nanouactunamu 1000 muuat

Taonuuya 3

BiusiHMe MUHEpATU3aIMK IIacTOBOM BobI Ha BsiskocTh KJII ¢ coneprxanuem Hanouactuit 1000 mis  npu paznuy-
HBIX KOHIIEHTPALMAX CIIMBATENS (CKOPOCTh capura: 1 ¢l, uaaykimonHsIii nepuos coctapun 7 aueii npu 25°C)

Conenoctb Bosibl (MiHY)

KoHIeHTpanys CrimBaroIiero areHTa

Bszkocts (I1a.c)

(moa?)
0 0 0.251
0 25 mun*t 0.123
0 50 vt 0.0341
2000 0 0.203
2000 25 mia? 0.0172
2000 50 moa?! 0.0054
4000 0 0.0113
4000 25 moa?! 0.0067
4000 50 mua! 0.0038
8000 0 0.0022
8000 25 vt 0.0024
8000 50 vt 0.0017
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HccaenoBanue crapenus KII' B miacToBbIX
ycaoBusix. BTopbiM HeraTuBHBIM (aKTOPOM, BIIH-
SIFOIIIMM Ha CTaOWJIBHOCTH TOJIMMEPHBIX COCTaBOB U
WX CBOWCTBA B TUIACTOBBIX YCJIOBHUSX, SIBISETCS BBI-
COKasi TeMIlepaTypa OKpyskarouiei cpeasl. s uzy-
YeHHsI BIUSHUSI TDIACTOBBIX YCIOBUHM Ha peoliorHye-
CKOE TOBEJIEHUE UCCIeAYEeMbIX 00pa3IioB ObliIa Mpo-
BEIICHA TIOCIIEAYIONIAast CEPHs YKCIIEPUMEHTOB. bruto
MPUTOTOBJIEHO 2 rpymisl 00pa3noB pactBopa KT,
IpUYeM I TPUTOTOBJICHHUS OMHON TPYIIBI HC-
MIOJTH30BAIACHh AUCTHIIMPOBAHHAS BOJAA, & JUISI BTO-
poii — MopcKast Boja ¢ MuHepanmu3ammei 20000 MiuH™.
Janee oOpa3ipl mMOMENAINCh B TePMETHIHBIA KOH-
TeWHEp W BBILAEPKHUBAIUCH Ipu TeMmeparype 90°C B
tederue 30 mHEH.

Pe3ynbTaThl SKCIIEPUMEHTOB [MOKA3aJId, YTO BHE
3aBHCHMOCTH OT MHHEpAIU3allid BOABI TPUCYT-
ctBue B coctaBe K/II' HaHOYACTHI] YMEHBIIAET Je-
rpagammio K/I'. /loGaBieHrne HaHOYACTHII, BEPOSIT-
HO, TOBBIMIAET CTA0MILHOCT IOJIyYEHHOTO Teis 3a
c4eT oOpazoBaHUS Aapa BHYTPH MOIUMEPHBIX CITH-
paneil. Mexy TeM, B Cllydae UX OTCYTCTBMSI JIOTHY-
HBIM BBITIISIZCNIO OBl U TPEIOIOKEHHE 00 yMEHb-
IIEHUM TOJIUMEPHBIX crupaiieid. C 3TOM TOYKHU 3pe-
HUS, HAHOYACTHUIIEI UTPAIOT POJIH CBOETO poja '"3a-
MeJUIUTENA" B pEeaKIUy CIIUBAHUA U OTPAHUYUBAIOT
JalbHEHIIee yMEHBIICHHE pa3Mepa IOJIMMEPHBIX
cridpa’ei.

OObeMHEeHNE OTPUIIATENILHBIX 3aPsJIOB BJOJb
MOJIMMEPHOM 1ENU C TOJOXKHUTEIbHBIMU 3apsijiaMu
13 OKpYKaOIIEeH Cpellbl YacTO MPUBOAUT K BHITIAJE-
HHIO 0CaIKOB. Bo BCeX MpPOBEIECHHBIX DKCIIEPUMEH-

Tax JaHHOTO sBJieHUs He HaOmomanochk (Puc. 4 u 5)
(Mack and Smith, 1994; Spildo et al., 2009).

IHoBepxHocTHOE HaTsKeHHE. OCHOBBIBAsICH HA
MPEIBITYIUX TPOBEICHHBIX HCCIEOBAHMAX, KOTAa
00aBJICHUE HAHOYACTHI[ YMCHBIIAIO KOTC3HMOHHYIO
SHEPIrHI0 Ha TPaHUIE pasJieNa XKHUIKOCTh-BO3IYyX U
COOTBETCTBEHHO BBI3BIBATIO CHIDKEHHE 3HAYCHUH
IOBEPXHOCTHOT'O HATAXKCHUA, ObLIH IMPOBCACHBLI UC-
CJIeIOBaHMS JIAaHHOTO TapamMeTpa METOJIOM BHUCSUEH
Kari. beuio oOHapyxeHo, 4ro mo0aBka HaHOYA-
CTUIl CHMXKACT IMOBCPXHOCTHOC HATAKCHUEC Ha rpa-
HUIIE pasjieNia XKUJIKOCTh-BO3IyX, Onaromaps Ooiee
HU3KOMY YPOBHIO 00Ied CBOOOJHON 3HEpPruu Ha
rparuie pasgena (Suleimanov et al., 2017b). IIpu
HU3KUX KOHICHTpaAUOUAX IMNOJHUMEPBI TAKXKE ACMOH-
CTPUPYIOT TOBEJCHUE IOBEPXHOCTHO-aKTHBHOTO
BelecTBa, OOBsACHAeMOoe TeM ke 3 dexTom (T.e.
YMEHBIIICHUEM MeX(a3Hoi 3Hepruu). BeposrtHo,
Ha0JII0JJaeMOe CHUKCHHE TTOBEPXHOCTHOTO HATSIKE-
HUSl BBI3BAHO CHHEPTUYECKUM 3(P(HEKTOM JBYX BBI-
MIEONMMCAaHHBIX (hakTopoB (Tabmuma 4). OpHako
CICOAYyE€T OTMCTUTDH, UYTO NPECBLINICHUEC HEKOH KpUTHU-
4yeckoi KoHIeHTpanmu HaHouactur] (1000ppm)
MIPOU3BOANUT TIPOTHUBOMOJOXKHEIN 3 (deKT, cBs3aH-
HbIH C BOSHUKHOBEHHUEM MOJIEKYJISIPHBIX cuil Baanb-
ca-JIOHI0HA ¥ AJIEKTPOCTATHYECKUX CHJI OTTAJIKUBA-
Hus. [lepedpasupys mnpexnpiayiiee yTBEpKICHHE,
MOXHO IPEATIIOJIONXUTE, YTO MEKMOJICKYJIAPHBIC CHU-
JIbI IPUTSKCHHUS HAHOYACTHUIL TIPe00IaIaloT HaJl CH-
JIaMH OTTaJKWUBaHUS, YTO MPUBOJUT K UX arjioMepa-
MU W, KaK CIIEJICTBHE, HEPABHOMEPHOMY pacripejie-
JICHUIO Ha IOBEPXHOCTH.

10
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Puc. 4. Biusiaue TEPMUYCCKOI'0 CTapCHUSA Ha BA3KOCTH 06pa3u013 KHF, IIPUTOTOBJICHHBIX C MIPUMEHCHUEM JUCTUIIIIUPO-

BaHHOM BOJIBI
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Puc. 5. BiusiHre TepMHYIECKOTO CTAPEHUS Ha BSI3KOCTH 00pasnoB K/II', MPUTOTOBIICHHBIX ¢ IPUMEHEHHEM MOPCKOU BOJIBI

Tabnuua 4

3HaueHHs MOBEPXHOCTHOIO HaTshkeHUs pacTBopa K/I' B 3aBUCMMOCTH OT KOHLIEHTPAIIMH HAHOYACTHII

KOHLICHTpaHI/IH HaHOYaCTHII, MJ'[H_l

IToBepxHOCTHOE HaTsDKeHUE, MH/M

0
500
1000
2000

40.74
29.67
19.34
26.12

d3era-morenuman. Jlng onpeneneHus cra-
OWJIBHOCTH TTOTYYEHHBIX KOJUTOUIHBIX CHCTEM OBLITH
MIPOBEICHEI M3MEPCHUS 3HAYCHUI J3era-
MOTCHIHMAIA. 3HAYSHMS J3C€Ta-IIOTCHIIMANIA BEIIIC
+30 MB sBAsIOTCS XOpOLIMMH MOKa3aTeIsIMU CTa-
OmwibHOCTH Koyutonaa. M3 nmByX (yHKITMOHAIBHBIX
TPYIIIT MOJIEKYJ TUAPOIM30BAHHOTO MOJIMAKPUIIAMU-
na (T.e. aMUAHONH W KapOOKCHIIBHOW) IMPOIEHTHOE
cogepxkanue kapookcmibHbIX (-COO-) rpynm sBis-
€TCSl OCHOBHBIM (haKTOPOM, BIIUSIIOIIMM Ha AHHUOH-
HOCTb, TO €CTh VYBEIMYECHHE KOJWYECTBA Kap-
OOKCHJIBHBIX TPYIIT B CTPYKTYpe MOJMMepa MPHBO-
JUT K YBEJIMYCHUIO aHMOHHOCTH. Kak BUIHO U3 Ta0-
munel 5, Bce kommnosuuuu KT nmemoHCTpupyroT
XOpOIIyI0 CcTabMIBHOCTh. J{0OaBieHne HaHOYACTHIL
YBEJIMYHMBACT aHHOHHOCTHh KOJUIOHIA 3a CUET OTPH-
LaTeNILHOrO 3apsina Hanoudactuil Ti0,. Hanouactu-
LIbI, BEPOSITHO, arperupyloT Ha FPAHUIIC Pa3Aeiia Mmo-
JAMEpHas CIUpPalb/IUCTIEPCUOHHAs cpefa, a IpH
MIPEBBINICHUHA WX KOHIeHTpanuu Boimie 1000 MITH
OHH HE UMEIOT KOHTAKTA C MOJUMEPHON CIIUPAIBIO U
arperupyoT Ha MOBEPXHOCTH MPEIbIAYIIEr0 CJ0A
HaHOYACTHII. AHHOHHOCTBH CHIDKACTCS B pe3yJIbTaTe
TG Gy3UOHHOM YCAIKU CIOS M HU3KOTO AJICKTpUYe-
CKOro MOTEHIMaNa MONUMEPHBIX criupaneil. Ckopee

BCEro, HAaHOYACTHUIIBl CIIMBAIOTCS B CTPYKType IIO-
JUMEPHOW CTIMpalv, 9TO JOJDKHO MPUBECTH H K yBe-
JMYCHHUIO Pa3MEpoB JTUcrepcHol ¢a3bl. Takum 00-
pasoM, ONTHMasibHasi KOHIEHTPALMs HAHOYACTHIL
SBIISIETCS HanbOoliee BaXXHBIM (DaKTOpOM TpU BEIOOpE
coctasa Haro-K/II" (Puc. 6).

Pacnipenenenne yactum mo pasmepam. s
MPOBEPKHU BHIMIEU3IOKEHHOTO YTBEPXKISHUs ObLIH
MIPOBEJICHBl M3MEPEHHS PACIPEeICHUsI YacTHIl T10
pa3MepaM MOJIY4YeHHBIX KOJUIOMJIHBIX cuUCTeM. Pe-
3yJbTaThl MPOBEACHHBIX TECTOB IOKa3ald, 4YTO B
oTcyTCcTBHE HaHodacTull B coctaBe K/II' Habmroma-
J0Ch yMeHbIeHue pasmepon vactuil KA no 25% ¢
TEYEHHEM BPEMEHM, YTO BO3MOXKHO CBSI3aHO C He-
MPEPBIBHBIM ~ BHYTPUMOJIEKYIISIPHBIM ~ CIIMBAHHUEM,
MPUBOSIIEM K YMEHBIICHHIO Pa3MEpPOB MOJIUMEP-
HOW CHHpany M3-3a YBEIMYEHHsS KOJIMYECTBA TOYEK
cumBanus (Tadn. 6). IlogoOHas 3aKOHOMEPHOCTH
HaOII0aIack M MPU KOHIIEHTPAUK HAHOYACTHIl B
1000 Maa™, HO ymMeHbIIeHHE pazMepoB yacTui KT
pu 3ToM cocTasisuio MmeHee 10%. Hanportus, nans-
Helllllee yBennueHe KOHIIEHTPAUA HAHOYACTHIL 10
2000 MaE’ TPHBOAMIO K YBETHUYEHHIO CPEIHETrO
pa3mepa yactun KJI' u MeHsbIeit ycaake pazmMepos
4acTUI[ CO BpeMeHeM. BeposTHo, Mexda3Hoe oca-
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KACHUC HAHOYACTUIl OTrpaHUYMBACT YCAaIKy II0JIU-
MepHo# crimpanu. Kpome Toro, Bo3MoxHoe o0paso-
BaHME THIPOJIHM3YEMBIX KOBAJICHTHBIX CIIMBOK MEXK-
ny HanowacturiaMu Ti02 W THAPOIH30BAHHOTO IIO-
JMUaKpUIIaMHJIA YCHITUBAJIO CBSI3b MEKAY TOJIUMEp-
HBIMU CHHPAJISIMH U TPUBOJIWIO K YBEIUYEHHUIO HX
pa3mepoB. [IpearnonoxnuTeasHo, TPU KOHIEHTPALHN
HIDKE KPUTHYECKOW HAHOYACTHUIIEI aICOpOUPYIOTCS
Ha ruapodoOHON Ienn monuMmepa u3-3a oOpa3oBa-
HUSL BOAOPOIHBIX CBSA3eH MEXAYy KapOOHMIBHBIMH
rpynmnaMyd THAPOJIN30BAHHOI'O IIOJIMaKpuWiaMuia Hu
Hanovactuuamu T10,. Takum oOpa3om, cBOOOAHBIE
(He cBs3aHHBIE C TOJIMMEPHOW CNUpPaibi0) HaHOYA-
crutpl TiO2, M0 Bceil BUAMMOCTH, HE MPUCYTCTBYIOT

0% |7 ’ﬁg _,:' o
N 2] o

fo) o]

(A) (B)

B PAacTBOpE NpM KOHIEHTpauuu Hike 1000 mua™.

OgHako TpU KOHIICHTPAIIMM HAHOYACTHI] BHIIIEC
NIAaHHOTO 3HA4YeHHS, CBOOOJHBIE HAHOYACTHUIIBI
TiO2 MOTYT BBHIIOTHATH (PYHKIMIO CBOErO poja
«MOCTa» (TMEepeMBIYKH) MEXAY Pa3IHYHBIMU I10-
JUMEPHBIMHU CIUPANIIMH, KaK MMOKa3aHO Ha PUCYH-
ke 7. B momoJIHEHUH K BBHITIEH3IOKEHHON HHDOP-
Maluu MOXHO HPEAINOJIOXKHUTL, UYTO CBO6OIIHLI€
HaHOYAaCTHUIIbI MOTYT arjioMEpupoOBaThLCA U COCAU-
HATBCS APYT C IPYrOM mocpeactBoM cBszei Ti-O-
Ti. B 1menoM, Moy4eHHBIE PE3yIbTAThl B JaHHOMN
CepHH DKCIIEPUMEHTOB MOATBEPKAaloT 00a BhIIIE-
YIOMSIHYTBIX YTBEPKIACHUS.
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Puc. 6. Cxemarmueckoe n300pakeHHe arperaniy HAHOYACTHIl Ha MOJMMEPHBIX cnupaix. (A) — nobasnenue Hanowactun, (B) —
arperanys HaHOYaCTHIl Ha NMOJMMepHOH crimpaiy, (B) — arperamyst HaHOYAaCTHI] Ha OJMMEPHOH CITHPAIH MY MPEBBIIICHUN KPUTH-

YECKOM KOHIICHTPALUU

Tabnuua 5
3HaueHus A3eTa-noTeHnuana pacteopos K/I' npu mobaBke HaHOUACTHIT U O€3 HUX
J3era-norenuunaj, mB
CranpapTHoe
Onucanue
l-e 2 3-e Cpenree OTKJIOHEHHE
-¢ U3BMEPEHUE
H3MEpCHHE HM3MEpCHUE 3HAYCHUE

CDG 6e3 HU -31.6 -324 -34.1 -32.7 1.276

CDG ¢ 1000 v HY -48.7 -46.4 -46.1 -47.06 1.422

CDG ¢ 2000 man* HY -27.1 -24.8 -23.5 -25.13 1.823

A G
— —

Puc. 7. Cxemartuueckoe m3obpaxenue ancopbuuu HaHodactui 1102 Ha moiumep-
HBIX crupaisix: (A) HAHOYACTHIBI aCOPOUPYIOTCS Ha TMOJMMEPHBIX crimpasx; (B)
HACBILICHUE JOCTUTHYTO, YACTHIIBI ATTIOMHUPUPYIOTCS U COCIUHSIOTCS B CETh.
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Tabnuua 6
Cpennue 3HaueHus pazmepa yactuil i coctaBoB KJIIT
Konnenrpauus CpenHuii pa3Mep 9acTHII, HM
No HAHOYaCTHI]
) 1 nens 3 mHA 7 nHEeH 10 guei

1 - 1258 1130 946 940
2 1000 1452 1320 1310 1308
3 2000 1846 1782 1645 1633

TepmorpaBumerpuueckuii anaau3 (TT'A) u
auddepenunanbuaa tepmorpapumerpus (ATT).
Hanee ObUIO M3ydeHO BIMSHHE HAHOYACTHL HA Tep-
MHYECKHe CBONCTBa IONY4YeHHBIX oOpasmos. Ilep-
BOHauYaJIbHO ObLIA IIPOBEJEHA CEPHsI DKCIIEPUMEHTOB
C IpUMEHEeHHueM MeTojaa aud¢epeHnrnanbHOl CKa-
Hupyromeit kamopumerpun (JICK) ¢ momomrsio ar-
napara DSC 25 (TA Instruments). Bo Bpemst kaxxgo-
ro u3mMepeHus oxkono 10 Mr obpasua resst moMenanm
B T€PMETHUYHYIO KaMepy CO CKOPOCTBIO HPOIYBKH
azorom 50 cm®/mun. IlycTas repMeTHdHas Kamepa
HCTIOJIb30BAJIACh B KAYECTBE KOHTPOJILHOT'O 00pasia.
Bce o6pasiel ObUTH TTepBOHAYAIBLHO HATrPETHI [0
25°C, naHHas TemmepaTypa yaepXKHBaIach B Tede-
uue 5 munyT. CKopocTh HarpeBa cocTasisna 3°C
/MUH U1 BCEX U3MEPEHUI.

O06a uccnenoBaHHBIX 00pa3la MOKa3add CXO-
JKHE Pe3yibTaThl C OJHHM THKOM TIPH WU3MEPEHUH
JCK. TemnoBoil MOTOK yBEeIMUYUBAJICA 10 TOUKHU TIe-
peruba (puc. 8). Ilocie 3Toro Ha KalopuMeTpude-
CKOHM KPUBOHM HAOJIOIANIOCH PE3KOE CHIDKEHUE B pe-
3yJbTaTe MOTEPH BOJBI U MOCIEAYIOIIETO pa3pylie-
Hus 00pasnoB. OnHako oopasen KJI' ¢ HaHOUacTH-
namu mokasan Ha 19% 06oree BBICOKYIO TEPMOCTOM-
KOCTh, YTO KOCBEHHO CBHJIETEICTBYET O Pa3nuyHON
CTPYKType HCcielyeMbIXx 00pasuoB. B mporuBHOM
cilyyae HaOJrofaeMble pe3yJbTaThl JOJDKHBI ObUIH
Obl OBITH MACHTWYHBIMHU. llo-BuamMomy, Hammune

KAl 6e3 HY

Tennootpada, mBr/mr

06
04

02

150 200 250 300
Temneparypa, pag C

QY

HaHodacturl B cocraBe KJII' dopmupyer mommmep-
HYIO CTPYKTYpY ¢ 0oJiee BHICOKUMHU TEPMOCTAOUIIb-
HBIMH CBOMCTBAMH.

Janee mpoBOAMINCH TEPMOTPABUMETPHICCKHII
anamm3 (TTA) u nuddepeHnnanbHas TepMOTpaBH-
metpust (ITT) nuccnemyembix oOpa3mnos.

[Tonyuennsie kpubbie TT'A u JTI ycnoBHO
MOXXHO pa3IeNuTh Ha TPU Y4acTKa, MPEACTaBIIAIO-
e TIOTEPI0 Beca MCCIENyeMbIX 0OpaslioB B 3aBH-
CHMOCTH OT TeMIepatypsl (puc. 9). dopma KpUBBIX
OCTaBaIach CXOXKEU UISI 00OMX MCCIIETyEeMBIX 00-
pasloB.

[TepBblii y4acTOK MOXKHO BBIACIUTH MIPU TEMIIE-
patype HarpeBa 1o 180°C, uro, BEposSTHO, CBSI3aHO C
ucnapeHueM Bojbl. IloTepst Beca B 3TOM oOnactu
coctaBuna 6 % mis K/I' 6e3 100aBOK HAHOYACTHI] U
4 % s KJI' ¢ 1o6aBKkoii HaHOYACTHII.

Bropoil yuacTOok oOXBaThIBAJI TEMIIEpaTypPHBII
nuana3oH ot 230 mo 410°C u ObLI CBSI3aH C TEPMHU-
YECKUM DPAa3JIOKEHUEM aMUIHBIX TPYII THIPOIH30-
BAaHHOTO TONHaKpwiaMuaa. Iloteps Beca Ha ATOM
stane cocraBmia 37% mist KT 6e3 1o6aBok HaHO-
gactui 1 30% ms KT ¢ no6aBKoi HAaHOYACTHIL.

Tpernil ydacTOK OXBaTbhIBal TeMIIEPATYpPHBINA
nuanaszon ot 410 mo 700°C. Ilorepst Beca 00pa3ios
Ha 3TOM JTare Obla CBs3aHA CO CTOPAHHEM pa3iio-
KHUBIIIETOCS TIPOIYKTA.

: KAr ¢ 1000 man-1 HY

Tennooraaya, MBT/mr

Temneparypa, rpaa, C

(B)

Puc. 8. Kpusie JICK ans obpasios KJII': (A) 6e3 no6aBok Hanouactuly, (b) ¢ KJI' ¢ n06aBkoii HaHOYACTHI

npu KoHuenTpanun 1000 MiaH 1
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Puc. 9. Kpusbie TTA u JITT mmst oopasuos KJI': (A) 6e3 nodaBok Hanowactul, (b) ¢ K/I' ¢ 106aBkoii HaHOYACTHII TIPU

xonuentpauu1000 mun *

DaKTOp CONPOTUBJIEHUS/(PAKTOP 0CTATOUYHO-
ro comnporusjenus (RF)/RRF). Mna wusyueHus
BO3MOXKHOCTH TPUMEHEHHS TOJXy4eHHOro oOpasia
KIAI' ¢ noGaBkoit HaHOYACTHIT OBLTH IPOBEICHBI
9KCHEPUMEHTHl II0 ONpEAeIeHUI0 Kod(dHuureHTa
COIIPOTHBIICHUS U KOA(DUIMEHTA OCTATOYHOTO CO-
nporusicHus (puc. 10). OCHOBHOH HENTbIO 3aKaYKH
KT siBnsieTcs co3aHue HEMPOHUIIAEMOTO MIIU MaJlo
MIPOHMIIAEMOTO 0apbepa B BBICOKOIIPOHHIIAEMbBIX
y4acTKax WM KaHajax IUIacTa ¢ IelbI0 Tiepepacipe-
JeNeHusT (PIIIBTPAIMOHHBIX TTOTOKOB B InIacte. B
3TON CBSI3M BaXKHBIM (DAKTOPOM SIBJIETCS CIOCO0-
HOCTh PabOYyero areHra K MPOHUKHOBEHUIO B IIIy-
OWHHBIE 30HBI IIACTA, TTOCKOJBKY T'EIIEBBIA SKPaH,
pa3MeIICHHBIT B TpHU3a0OHON 30HE CKBa)KHUHBI,
MPaKTU4eCKU He 3(PQeKTuBeH A JAaHHOW 3a7aud.
OKCIIEpUMEHTHI 110  OTIPEENICHHIO TPOHUKAIOIEH
CIOCOOHOCTH pa3pabOTaHHBIX COCTABOB, KaK yIIOMH-
HaJOCh paHee, MpoBoawiauch Ha 10-merpoBoit
HACBIITHON MOJENM TUIACTa C IMPOHHUIIAEMOCTHIO B
1000 m/I, cocrosmieii u3 6 ceknuii. K/II' 3akaunBai-
Csl B BUJIC OTOPOYKH OOBEMOM, PaBHBIM OOBEMY OJI-

HOH CCKIMU MOJCIN WKW — OT IOPOBOIO o0BeMa

Bcell Mogenu. 1o ncreyeHnn MHAYKIMOHHOTO NIEpH-
ona B 48 4acoB 3akaurBaiachk MOpPCKasi BoJa B 00be-
M€, TaKKe paBHbIM 00beMy OJTHOHM ceKIuu, IUis pe-
ructpauny AupepeHInaIbHOro TaBieHus, Heoo-
XOAUMOT0, YTOOB! IPOTOJIKHYTH OTOPOUKY B IIOCIIE-
Iyrouyo cexiuro. Ilepuon 3akauku MOPCKON BOJBI
KOppeNupoBajil ¢ U3MEHEHHEM BSA3KOCTH 3aKauuBae-
MBIX XuAKocTeil. s coOmroneHnst TaHHOTO YCIo-
BUS 00pa3ibl KAXKIOT0 U3 IBYX HCCIELYyEMbIX COCTa-
BOB XPaHWJINCh B TEPMOCTATUUECKON BOASHOU OaHe
1 3HAYEHHMS BSA3KOCTH OMpEIeIUINCh Kaxble 24 va-
ca. Kaxxnoe yBenndenue Bsskoctd Ha 50% npuHH-
MaJIOCh 3a HAyaJlo HOBOTO 3Tala 3aKauku OTOPOUKH
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MOPCKOH BOJBL. Pe3ynbTaTbl HCIBITAaHUN MOKa3aId
yBenu4YeHue IUQQepeHMaILHOTO JaBIeHHs Ha
410% mpu koHUEeHTpauuu Hanovyactul B 1000 MITH Y,
HecMOTps Ha Oompmmuii pasmep dactury KA mpu
KoHIIeHTparmu HanodacTur] B 2000 wiIH ! HaGIOMA-
emble 3HaueHus auddepeHInanTsHOro qaBieHus Obl-
JU HIKE, 9eM OXKUAaI0ch. [IpemmonokuTebHo mpe-
BBIIIICHUE KPUTHYECKOW KOHIICHTpAIIMH HAHOYACTHII
NPUBOIUT K OOpa30BaHUIO CJIA0OTO IMOJIMMEPHOTO
Oapbepa B MOPUCTOM cpelie, MPUYKMHA MTOJJO0HOTO SB-
JIEHUST MOXKET 3aKJII0YaThCS B TOM, YTO KOJUIOUIBI C
HU3KAM 3HAYCHUEM JI3€Ta-TIOTEHIMAIa TEPSIOT CBOIO
CTaOHWJIBHOCTD U PA3PYIIAIOTCS ITOJT IABJICHUEM.
3nayeHnst (HaKTOPOB OCTATOYHOTO COTMPOTHB-
JIieHUs1 OBUTH W3MEPEHBI MOCJIC BBHITECHEHUS HCCIIe-
JlyeMbIX 00pa3ioB u3 Moxeiu. llojaydeHHble pe-
3yJbTAThl UCIIBITAHUI COTIIACYIOTCS C TPEIbIIYITH-
MU SKCIIEPUMEHTaMU | MpeCTaBIeHBI B Tabmuiie 7.

BbIBObI

o JloGaBnenne Hanowactuil 1102 mpuBeno K mo-
BBIICHUIO PEOJIOTHUECKON CTAOMIBHOCTH, CHU-
KCHHIO MEX(a3HOr0 HATSHKCHUS, YBEIHMUCHHUIO
J3eTa-NOTCHIMAIA W YBEIMUYCHHIO 3HAYCHUH
RF/RRF kosutonHO- AMCIIEPCHOHHBIX TeJIeH.

e Kpurtuueckass KOHICHTpalMsi HAaHOYACTHI[ B
KJI' 6bina onpenenena kak 1000 mun™. ITpu
3TOM HaOJII0JANOCh NCEBAOIUIACTHYHOE TOBEe-
HUE CHCTEMBbI, HH3Kas TEePMOXHUMHUECKas Jie-
ctpykuuss U 47% CHUXKEHHE MOBEPXHOCTHOTO
HATSDKCHUS Ha TPaHUIlC pasJiena KUIAKOCTh/BO3-
JyX, & YMCHBIIICHUE CPEIHEr0 pa3Mepa YacTHUI]
He npesbimano 10%. IlpucyrcrBue HaHOYACTHI
YBEIMYMBACT J3€Ta-MOTCHIUMAT KOJUIOWJa Ha
43% wu ero TEepMOCTaOWIBHOCTh. 3HAUCHUS
RF/RRF 6pimm ma 173% u 59% OGonblue, 10
CPaBHEHHIO C STAIOHHBIM COCTABOM.
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Puc. 10. Vzmenenus nuddepeHnuaibHoro AaBaeHUs B 3aBUCHMOCTH OT KOHLIEHTPALMU HAHOYACTHIT

Tabnuua 7

JuHamMuka m3MeHeHUs K03 UIMEeHTa OCTaTOYHOTO CONPOTUBIICHNUS IpH 3akauke K/
B 3aBUCHMOCTH OT KOHIIEHTPALUX HAHOYACTHII

Konuenrpaus EaHOqaCTHH’ DaKTOp OCTATOYHOTO COMPOTHBICHHS
(miE™)
0 524
1000 835
2000 629

o [IpennoxeH KMHETUYECKHUI MEXaHU3M Teeo0pa-
30BaHMs KOJUIOUTHBIX TUCIIEPCHBIX rejieil B Mpu-
cyrctBun Hanodactur 1102, MexdasHoe oca-
KIACHUC HAHOYaACTHUIL YMCHI)HIaCT KOFG?,I/IOHHYIO
SHEPIrUI0 Ha TPAaHMIIE pa3zeiia KUIKOCTb-BO3AYX,
YTO MPUBOAUT K CHUKEHUIO MOBEPXHOCTHOIO
HATSIKCHUS. MC)KJ];y TEM MECXKXBHUTKOBOC OCaAXIC-
HUE HAHOYACTHUI[ OTPAHUYMBACT YCAIKY IOJH-
MEpPHOH CIMpainy, 4To HaOIIOAajIoCch MpU H3Me-
peHuu pasMepa 4YacTHIl B TEYEHHE BPEMEHH.
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AHUOHHOCTh KOJUIOWJA YMEHBIIANACh B PE3YJib-

TaTe ycaaku Iup(y3MOHHOTO CIIOSI M HHU3KOTO
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NNPUMEHEHUE HAHOYACTHUIL 1JIS1 CTABWIN3ALIMU KOJIJIONJHO-JUCIIEPCHBIX CUCTEM

BeaueB D.®, AineB A.A.
HUIIU «Hegpmezaz», SOCAR,
AZ1122, Azepbaiioxcan, Baxy, ya.I".3apoabu, 884: elchinf.veliyev@socar.az

Pe3tome. Ha ceropHsmHuil JeHb B CBSI3H C yBeIM4eHHEM (OHIA CKBaXKUH, HaXO/IIUXCS Ha TO3/IHeH CTaIuu pa3paboTKH, 0CO-
Oyi0 aKTyaJdbHOCTh HPHOOPETAIOT METOABI OTKIOHEHWs (HIbTPAIMOHHBIX MOTOKOB B INIacTe. Hammume BBICOKOIMPOHHIIAEMBIX
YYaCcTKOB MITM KaHAJIOB B IUIACTE, HEN30€KHO BOHMKAIOMNX MPH JUINTENBbHOH SKCIUTyaTalluy IJ1acTa, B CBOIO OYepeb CHIDKAET (-
(heKTUBHOCTH 3aBOJIHEHHMS M CO3AeT yUAaCTKH IUIACTA, IIPAKTHUECKH HE 3aTPOHYTHIE UM. PelreHneM B CIIOXKUBIIECHCS CUTYaIHN SIBIISI-
eTCsl CHIDKEHHE TIPOHHIIAEMOCTH BBICOKOIPOHHIIAEMBIX 30H H IIepepacipe/ie/ieHne GpUIbTPaiHoOHHBIX IOTOKOB B 30HBI, HE 3aTPOHY-
ThIe 3aBOJHeHHMeM. Hambosiee pacrpocTpaHEHHBIMH PaOOYMMH areHTaMy, MPUMEHSEMBIMH C 3TOM LEINbo, SBISIIOTCS Pa3InYHbIe
rejeBble cocTaBbl. B mpexacraBneHHON pabore pa3paboTaH KOJUIOMIHO-IHUCIIEPCHBIH T'eleBBIH COCTaB ¢ JOOABJICHHEM HAHOYACTHI]
TiO2. TIpoBeseHBI PEOIOTHYECKHE WCCICAOBAHUS MONYYEHHBIX COCTABOB, M3y4Y€Hbl HMX TEPMHYECKas CTaOWIBHOCTh M J[3eTa-
NOTCHIIMAJ. HonyquHble PE3yIbTaThI OBLTH MOATBEPKACHBI UCCIIEAOBAHUAMU HAa HACBIITHBIX MOJCIIAX IJ1acTa. )106a131<a HAaHOYaCTHIL
MpUBETa K MOBBIMICHUIO PEOJOTHUECKOH CTAaOMIBHOCTH, CHI)KEHHMIO MEXK(Aa3HOTO HATSHKEHHUS, YBEIHMUCHHIO J3€Ta-TIOTeHIHamNa, a
takke yBenmueHunto 3HaueHnit RF/RRF komnonnHo-ancnepcnonnsix reneif. beia onpenenena kputndeckas KOHIEHTPALUS HaHOYA-
CTHII B KOJUIOUHO-TECTIEPHBIX TeNisix, cocTapumas 1000 ML, TIpu 5ToM HABIIOANOCH TICEBIOTIIACTHYHOE MOBEIEHHE CHCTEMBI,
HU3Kasg TePMOXMUMHUYECKask NeCTPYKIus n 47% CHIDKEHHE IMOBEPXHOCTHOTO HATSDKEHWSI HA TpaHUIE pasfela XUIAKOCTH/BO3MYX, a
YMEHBILIEHHE CPEJHEro pa3Mepa yactull He npesblmano 10%. IlpucyTcTBue HaHOYACTHL YBEIUYMIO A3€Ta-IOTEHIUAN KOJJIOUAHON
cuctemsl Ha 43% u ero TepmoctabmiabHOCTE. 3HaueHHs1 RF/RRF 66t Ha 173% 1 59% Gonbliie O CpaBHEHUIO € 3TAJIOHHBIM COCTa-
BoM. [IpeytoxeH KHHETHUYECKUH MEXaHU3M rejieo0pa3oBaHus KOJUIOWAHBIX TUCIIEPCHBIX Tellel B MpUCyTCTBUU HaHOYacThI T102.

Knwouesvie cnosa: 0zema nomenyuan, koanouoHo-ouchepcHule 2enu, NOGePXHOCMHOe HAMsAxceHue, Gakmop ocmamouHozo co-
NPOMUBLEHUS, MECIMOPONHCOEHUS, HAXOOAWUECA HA NO3OHEl CIAaduu paspabomxu
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KOLLOID DiSPERS SiSTEMLORIN STABILLOSDIRILMOSi UCUN NANOHIiSSOCIKLORIN TOTBIiQi

Valiyev E.F., Oliyev O.A.
Neftgazelmitadqgiqatlayiha Institutu, SOCAR, Baki Azarbaycan
AZ1122, Azarbaycan, Baki, H.Zardabi kiig., 884 elchinf.veliyev@socar.az

Xiilasa. Bu giin iglonmanin son moarholasinds olan neft yataglarinin saymin artmasi ilo olagodar layda maye axinlarinin
istigamotinin doyisdirilmoasi tisullart xiisusi aktualliq kosb edir. Kollektorda yiiksok kegiricilikli zonalarin méveud olmast su ilo
sixigdirtlmanin somaraliliyini azaldir vo praktiki olaraq sixigdirilmamis neftli zona yaradir. Bunun qarsisint almaq tgiin yiiksok
kegiricilik zonalarinim kegiriciliyini azaltmaq vs filtrasiya axinlarini sixigdirilmadan tosirlonmayon zonalara yonlondirmok lazimdir.
Bu moagsadlo istifado edilon on genis yayilmis is¢i agentlor miixtolif gel kompozisiyalaridir. Toqdim olunan isde TiO2
nanohissaciklorinin slavo edilmasi ilo kolloid-dispers gel (KDG) torkibi islonilmisdir. Alinmig kompozisiyalarin reoloji todgiqatlar
aparilmig, termiki stabilliyi vo zeta potensiali Gyronilmisdir. Alinan noticalor lay modeli tocriibolori ilo tosdiq edilmisdir.
Nanohissaciklorin olave edilmosi fazalararasi sothi gorginliyi azaldib ve Kolloid dispersiya gellorinin reoloji sabitliyini, zeta
potensialin1 vo RF/RRF giymatlorini artirmigdir. KDG-da nanohissaciklorin kritik konsentrasiyasi 1000 mln* olaraq toyin edilmisdir.
Sistemin psevdoplastik davranigi, asagi termokimysvi deqradasiya vo maye/hava sorhodindo sothi gorilmonin 47% azalmasi
miisahids edilmisdir. Hissaciklorin orta 6l¢iisiiniin azalmasi 10%-don ¢ox olmamigdir. Nanohissaciklorin olmasi kolloid sistemin zeta
potensialini vo onun termiki stabilliyini 43% artirib. RF/RRF doyorlori baza torkib ilo miigayisado 173% vo 59% yiiksok olmusdur.
TiO2 nanohissaciklorinin istiraki ilo kolloid dispers gellorin kinetik gel amslo galmo mexanizmi toklif edilmigdir.

Acar sozlar: zeta potensiali, kolloid dispers gellar, sathi garginlik, galiq miiqavimat amsali, Islonmanin son marhalasinda olan
yataglar
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GEOGRAPHY AND SCALE OF GREENHOUSE GAS DEGASATION IN AZERBAIJAN
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Summary. The paper considers the conditions and scale of degassing in the territory of Azer-

Keywords: Azerbaijan, Earth
degassing, long-lived green-
house gases, carbon dioxide,
nitrogen oxide, anthropogenic
gas emissions, deep, crustal
geofluidodynamic systems

baijan. The structure of greenhouse gas emissions and the dynamics of emissions of carbon diox-
ide CO2, methane CHa4 and nitrogen oxide N20 generated from stationary sources in the territory of
Azerbaijan are shown. Based on the research, the geography of greenhouse gas degassing and the
volume of emissions of pollutants into the atmosphere by components in the territory of Azerbai-
jan were determined. It is analyzed that anthropogenic greenhouse gas emissions generated by sta-
tionary sources in Azerbaijan are formed as a result of the production activities of a number of in-
dustries, such as mining; provision of electricity, gas and steam; air conditioning; manufacturing
industries; water supply; cleaning of drains; construction industry; agriculture and forestry;
transport, storage and communication; repair of vehicles and motorcycles and other activities. The
share of enterprises in the fuel and energy complex that emit greenhouse gases and pollute the at-
mosphere is about 60%. Recent studies show that in the territory of Azerbaijan, along with anthro-

pogenic degassing, the deep and crustal degassing of the Earth also plays an active role.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenne

[IprauHOit BEIOPOCOB Ta30B B aTMOC(Epy SBIACT-
Csl pe3yJIbTaT aHTPOIIOTEHOBOM JEeSITEIbHOCTH YeJI0Be-
Ka W MPUPOJIHBIX SIBJICHUH — Nerazanun 3emin. M3me-
HEHHE KIIMMaTa CBS3aHO C YBEIIMYeHHWEM KOHIIEHTpa-
[IUH TTAPHUKOBBIX Ta30B B aTrMocdepe, B 9UCI0 KOTO-
peix BxonsaT metan CHy, muokcua yriepoaa COz, ok-
cun azora N0, rexcadropun cepsl SFs, mepdTopyr-
nepogsl (IIOY) u rumpodropyrieponst (I'DY) (broia-
nererb BMO no nmapHUKOBBIM razam, 2015).

B Tabmn.1 mpencramiieHbl MOKa3aTell BHIOPOCOB
yraekucioro raza CO, mo cTpaHaM Mupa 10 JaHHBIM
Beemupnoro 6anka (Bb). CamMpiMu KpymHBIMH 3MU-
tertamu CO» sBistrorcss Kuraih u CHIA. Tomsko Ha

3TH JIBe CTpaHbl BMecTe mpuxoautcs Ooiee 40% o6-
neMupoBbIx BeIOpocoB CO,. [Ipyrum mokazatenem
sisiercst smuccusi CO; Ha ylry HacelleHusl, KOTOPBIA
UCIIONB3YEeTCsl B KIIMMATOJIOTHH M SKOJIOTHH ISl OLCH-
K{ YPOBHS BBIOpOCa MapHUKOBBIX Ta30B (M. Tabm. 1).
B cBsi3ke ¢ BaJIOBBIM HAIIMOHATBHBIM TPOJIYKTOM JIaH-
HBIIl MOKa3aTellb XapaKTepH3yeT SHEPreTHYECKYIo 3a-
BHUCHMOCTh CTPaHbI OT yriieBogopoaoB. C npyroi cTo-
POHBI, TIpEIEIFHO HU3KHE 3HAYEHUS] IMUCCHUU CBHIIE-
TENBCTBYIOT 00 MHAYCTPHAIBHOM oTcTamocTd. C TOUKH
3peHHs] KIMMATOJIOTUM BBICOKHE 3HAYEHHUS! SMUCCUH
COg,, Beaymme K pocTy CONEpKaHUs MAapHUKOBBIX T'a-
30B B arMocepe 3eMiH, SBISFOTCSI OCHOBHOM NPHYH-
HOH T7100aTbHOTO MOTETUICHHSL.
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Taonuua 1
IMTokazatenu BeIOpocoB yriiekucioro raza COz no crpanaM mupa 1o janasiM Bb
Joas B % ot o6uux BeigpocoB CO; Omuccuu COz Ha AylIy HaceJIeHus]
Ne Crpana 2018, 2018, % Ne Crpana 2018, %
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Puc. 1. PagnaninoHHOe BO3JEHCTBIE AOJTOXUBYIINX MMAPHUKOBHIX ra3oB Ha atMocdepy 3a 2018 1. oTHOCH-

tenapHO 1979 r. (Butler, Montzka, 2018)
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Wudpopmaius o coaepxkanud B arMmocdepe
BOKHEHUIIIUX JIOJITOXKHUBYIIUX IMAPHUKOBBIX Ta30B
(I1IT) (CO2, CH4 m 3akucu azota NO, XDV-12 u
X®VY-11), cocrapnstommx 96%, 1 0 paguarmoHHOM
BO3JICHCTBUH, OOYCIIOBJICGHHOM JIOJITOKUBYIIUMHU
MapHUKOBBEIMH Ta3aMH, a TAKKe O TEeMIIaX H3MEHe-
HHS WX cofiepkaHus mpuBomuTcs Ha puc. 1 (Butler,
Montzka, 2018).

Brknan ouokcuoa yenepooa CO; B yBelnu4YeHUE
PaAMalMOHHOTO BO3JCHCTBUS JIOJNTOXUBYIIUX Iap-
HUKOBBIX T'a30B 3a MOCJENHEe AECATUIETHE COCTaB-
asier npumepHo 82%, a 3a MocieaHHe MATh JeT —
nopsinka 81%. I'mobGanbHO ycpenHeHHass MOJsIpHAs
nons CO, B 2018 . cocrasuna 407.8+0.1 v, *. U3
BCEro o0BEMa BEIOPOCOB B pPe3yJIbTAaTe UeIOBEUE-
CKoH gestenbHOCTH B mepuon ¢ 2009 mo 2018 rr.
okono 44% akkymynupoBaiock B atmocdepe, 23%
— B okeaHe u 29% — Ha cylIie; He COOTHECEHHBIH HU
c yeM ocrtarok OamaHca coctaBisier 4%
(Friedlingstein, Jones, 2019).

I'moGanmeHO yepennennass monss memana CHa,
paccuMTaHHas Ha OCHOBaHWUMW HaOJIOACHUH in situ,
pocturia B 2018 r. HOBOro MakcuMyma, COCTaBHUB-
mero 1869+2 mupxa., 9To sABIAETCS yBEIMUCHHEM
Ha 10 MyIpa. ' IO OTHOMIEHHIO K MpeBIAyIIeMy To-
Iy. OTOT POCT MpEBBIIIAET YBEIUUYEHUE B pazMepe 7
anz[fl B iepuoa ¢ 2016 mo 2017 rr., a Takxke cpea-
HEroZI0BOE YBEJIIMYCHHE 3a TOCIEIHEe ACCATUIIETHE
(The energy report..., 2011).

I'mobanbHO ycpeaHeHHAss MOJIIPHAS OIS OKCU-
oa azoma N-O B 2018 1. mocturma 331.1+0.1
mipa. Y, uto Ha 1.2 wmupa. ! Bl Mokasarens
npenbirymero roga u Ha 123% Oounblie JOWHIY-
cTpuaneHOro ypoBHs (270 Mupa. ). BeposTHble
MPUYKHBI yBeIHueHUs KoHueHtpauuu N2O B atmo-
cdepe 3aKIT0YAIOTCS B PACIIMPEHUN UCTIONB30BaHMUS
YAOOpEHUI B CEIBCKOM XO3SHUCTBE M YBEIMYCHHUU
obrema N>O, BBHICBOOOKIAIONMIETOCS U3 TOYB M3-3a
H30BITOYHOTO OCaXJIEHHsI aTMOC(EpHOrO a3oTa B
CBSI3M C 3arpsizHeHHeM Bo3ayxa (Sutton et al., 2013).

Conepxanue B atMocdepe HEKOTOPBIX 2UOpo-
Xnopgmopyenepooos u uopoghmopyeiepooos pac-
TET OTHOCUTEJIHHO BBICOKMMH TEMIIAMHU JIaXKe MpHU
TOM, YTO CTENeHb MX KOHIIEHTPAI[MM HAXOJWTCS Ha
HHU3KOM YPOBHE — Tan._l.

Anmponozennaa oezazauyusn 00J120HCUBYULUX
RAPDHUKOBBLIX 2a308 Ha meppumopuu Azepoaii-
Orcana

Juoxcuo yenepooa CQO, siBnsieTcs HamOojee
B)KHBIM aHTPOIOTEHHBIM TAPHUKOBBIM Ta30M B
aTMocdepe, 0y KOTOPOTO B PagUallMOHHOM BO3-
IEHCTBUHU COCTaBIsAET NMPUOIM3UTENsHO 66%. o
BbIOpocoB CO2 B pe3ynbTare CHKUTaHHUS HCKOMae-
MOTO TOIUIMBa, KOTOpas ocTaeTcs B arMmocdepe
(atMocdepHas (pakius), U3MEHAETCS KaKIBIH TOIT

BCJICJICTBUE 3HAYUTEIBHON E€CTECTBEHHOM W3MEH-
yuBocTH noraotuteneit CO,. IIpoxyKThl CKUTaHUS
HCKOTaeMOT0 TOIUIMBA OT MPUPOAHBIX UCTOUHUKOB
CO2 MOXHO OTIMYaTh, BOCIOJIB30BABLINCH H3MeE-
peHHEeM KOHIEHTPAINH PaAHOAKTUBHOTO Yriepojaa
(**C) B cocraBe aTMOC(epHOro yIJIEKHCIOro rasa
CO,. Uzmepenne nzoromHoro cocraa CO, B aTMO-
chepe momoraer HACHTHOUIUPOBATH M KOJUYE-
CTBEHHO OIPENENATh €r0 HCTOUHUKU M MOTJIOTHTE-
mu. B mpuponHBIX cHcTeMax MPHUCYTCTBYIOT TpHU
u3otomna yriepoxa: >C (~99% Bcero o6bema yrie-
poma), *C (~1%) u **C (~1 4acTh Ha TpHILIHOH).
Bce wm3oTombl yriepona KMBYT Ha MHPOTSDKEHUH
BCEro YIVIEPOAHOTO LIMKJIA, OAHAKO OTHOCUTENbHAs
JIOJISL KKJIOTO M30TOMA B PA3IMYHBIX HAKOTIMTEISX
yriepoia BapbUpyeTCs, cCO3[aBas yHHKAIbHBIC
«OTHeYaTKu» Uil Kaxkaoro Haxomutens. KoHueH-
tpamus “C sBIseTcs BaKHBIM MOKa3aTelneM i
obnapyxenuss CO2 B pe3yibTaTe CKUTAHUS HCKO-
MaeMOr0 TOIIJIMBA U B HACTOSAIIEE BPEMS BHICTyIaeT
B KauecTBE OCHOBHOI'O METO/a OLICHKH BHIOPOCOB
CO; B pe3ynbrare CXKUTaHHS UCKOMAEMOTrO TOIUIH-
Ba IpPHU NPOU3BOJACTBE H3MEPEHUI B arMmocdepe
(Metmt 1 1p., 2005). OmHOBpEeMEHHBIE HAOIOACHUS
3a CO; u *C CBHJICTEIIECTBYIOT O CHIDKCHHH CO-
nepxanus *C B armocheprom CO;, BBI3BAaHHOM
BBIOpOCOM B aTtMocdepy OOMOJHUTENBHBIX 00be-
MoB CO; B pe3ynbrare COKHTaHUS HCKOMAEMOTO
TorMBa. Hanmpumep, MOJeNn pacroyioKeHUsI MeCT
¢ BbICOKO# koHUeHTpanueid CO2 B pe3ynbTare CxKu-
raHus MCKONAeMOro TOIJIMBa ObUIM ONpeAeseHbl B
OOJBIIMHCTBE CTpaH MHUpa Omaromaps mpoOam aTt-
Mocheproro “C, B3ATHIM HENOCPECTBEHHO B BO3-
nyxe u pactutenbHoM Martepuane (Hsueh et al.,
2007; Shibata et al., 2005).

Wudopmanyst o AuHAMHKE BBIOPOCOB AHOKCHIA
yIiiepoaa, TeHEPUPYEMBIX U3 CTAIIMOHAPHBIX HCTOY-
HHUKOB Ha TeppuTopuu AsepOaiijxkaHa, IoKa3aHa Ha
pucynke 2a. Ilo BeiOpocam CO; AsepOaiimkan
Haxoautcs Ha 70-om, a mo smuccun CO; Ha gyury
HaceneHus: — Ha 95-om mecte (cM. Tabm. 1). Beiopo-
CBHI yTJIeKHCIoro raza B Asepbaimkane B 2020 r.
COKpaTuiInch Ha 5.5% 1o cpaBHenuro ¢ 2019 r.

lons memana CHs B paldalluOHHOM BO3ZEH-
creun JIII" coctaBmster mpumepro 17%. Ilpubnn-
surenbHO 40% MeTaHa moctynaer B arMocdepy u3
€CTECTBEHHBIX HCTOYHHMKOB (HampuMmep, IIyOuH-
HBIA METaH, BOJHO-00JOTHBIE YIOJbsi U TEPMUTHU-
KH) U 0K0Ji0 60% — M3 aHTPONOTEHHBIX (Hampumep,
WCTOJB30BAaHUE HCKOMAEMOro TOIUIMBA, 3aXOpOHe-
HUE OTXOJOB M CXKUTaHHE OHMOMacchl, pa3BelcHHE
CKOTa, BeIpaliuBaHue puca u ap.) (Saunois et al.,
2019). Uudpopmarusi 0 AUHAMUKE BBIOPOCOB METa-
Ha CH4 Ha Teppuropum AsepOaiimxaHa mokazaHa
Ha puc. 20.
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Puc. 2. Jlunamuka Beiopocos auokcuza yriepona COz (a) u merana CHy (6) B ThIC. T, FEHEPHUPYEMBIX U3 CTALMOHAPHBIX HCTOYHHKOB
Ha Tepputopuu Azepbaiimxana (I'ocygapcTBeHHBIN cTaTHCTHYECKHI KOMUTET A3epOaiikanckoit PecyOnuky, 2022)

Hons oxcuda azoma N-O B pamualiiOHHOM BO3-
neiicteun 11" cocraBnser mpumepno 6%. Tak,
N20O mocrymaet B atMoc(epy Kak M3 €CTeCTBEHHBIX
(okomno 60%), Tak ¥ U3 AaHTPOTIOTCHHBIX UCTOYHUKOB
(mpubnuznTensHo 40%), BKJIIOYas OKEaHBI, ITOYBY,
C)KMTaHue OMOMAaccChl, UCIIONBb30BaHNE YIOOpeHUH U
pa3nu4Hble MPOMBIIUIEHHBIE mpouecchl. MHdopma-
ousl 0 JUHAMHKE BBIOPOCOB okchpaa azora N0, re-
HEPUPYEMBIX W3 CTAIlMOHAPHBIX WCTOYHUKOB Ha
TeppuTopun AsepbaiipkaHa, Moka3aHa Ha puc. 3a. B
nenom crpykrypa BeiOpocoB T Ha Tepputopun
AzepbaiikaHa oka3aHa Ha pUCyHKe 30.

a
30 7
259
"._7
25 -
s -
158
m
”;
10,8 g
10 8,7 8,6
70 ml [
50047 1 ‘
5 =1 - 33 I
| N
! ‘ \
el el el el =
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hons oxcuda azoma N,O B panualiioHHOM BO3-
neiicteum I cocraBnser mpumepno 6%. Tak,
N20O moctymaet B atMoc(epy Kak U3 €CTeCTBEHHBIX
(okomo 60%), Tak ¥ U3 AHTPOTIOTCHHBIX UCTOYHHKOB
(mpubnuzutensHo 40%), BKIIOYas OKEaHBI, MOYBY,
CKUTaHHe OMOMAaCCHI, UCTIOIB30BaHNUE yIOOPEHHUNA U
pa3iuyHbIe MPOMBINUICHHBIE Mpouecchl. MHpopma-
usl 0 AWHAMUKe BBIOpOCcOB okcupa azora N2O, re-
HEPUPYEMBIX W3 CTAllMOHAPHBIX WCTOYHUKOB Ha
TeppuTOpuM AzepOaiikaHa, moka3aHa Ha puc. 3a. B
nenoM crpykrypa BeiOpocoB I Ha Teppuropun
AzepbaiikaHa Toka3aHa Ha pUCyHKe 30.

6

OKCH[ A30TA 14,2 METAH (CH4)
(N20) 8,6 g —

16457,5 - 99.9%
[ANOKCHT YITIEPOJA (CO2)

Puc. 3. lunamuka BbIOpocoB okcuza azora N20 (a) u ctpykrypa Boibpocos JIIT (6) Ha Teppuropun Asepbaiimkana (Focynap-
CTBEHHBIH CTATUCTHYECKUI KoMuTeT A3epOaiimxaHckoi PeciryOmunku, 2022)
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W3 npounx MapHUKOBBIX T'a30B BKIaJ XJI0pHTO-
PYIJIEpOIOB, pa3pylIaOMIUX CcTpaTtoc(epHblid 030-
HOBBIH CJIOH, BMECTe ¢ MEHEe 3HaYMMBIMU Tajore-
HUPOBAHHBIMU Ta3aMH B paJUallMOHHOE BO3Eii-
ctue JIII" cocraBmser ~11%. Conepxamiuecs B
atMocdepe ruapoxIopPTOPYIIepoasl U ruApodTo-
PYIJIEpOIbl TAKXKe SBIAIOTCS AKTUBHBIMHM IAPHHUKO-
BBIMH Ta3amu. | ekcadropun cepsr SFe, cogepxanne
KOTOpPOTO B aTMocdepe HaxOIUTCS Ha TaKOM IKe
HU3KOM YPOBHE, SBISETCS YPE3BbIYAHO aKTHBHBIM
AIII'. OH npou3BOAUTCS XUMHUYECKON TMPOMBIIIIECH-
HOCTBIO TJIaBHBIM 00Pa3oM B KauecTBE IIEKTPOU30-
JSILMOHHOTO MaTepuana B 00OpyAOBaHUHU Ui pac-
IpeneneHns: 3IeKTpodHepruu. B Hacrosimee Bpems
ero MoJjsipHast joiisi Oojiee 4eM B JiBa pa3a IMpEeBbI-
mIaeT ypoBeHb, KOTOPBIH HaOJIOHancs B cepeluHe
1990-x rr.

[IpoBeneHHbIE HUCCIIETOBAHUS TTO3BOJIWIN OIpe-
JeUTh 00BeM BEIOPOCOB 3arpsA3HSIONINX BEIIECTB B
atMocdepy B AsepOaiipkaHe O KOMIIOHEHTaM
(puc. 4, Tabmn. 2) u reorpaduro Aera3anuy MapHAKO-
BBIX I'a30B Ha TeppuTopun Azepbaiimxkana (puc. 5).

TBEPAbIE YACTULIbI
38-1%

Yrneeogorogbl
92,0-33%

(NO2) OKCHAb!
A30TA 21,0-8%

17,3 - 6% (CO) 1,1-0,01% (SO2) ’,f:'ago' OsszJHbIE
oKcug YrnerPOgA i AHIrUAP
" A CERHHCTRE iPHA U KWUIKVE BELECTBA

Puc. 4. O6beMbI BEIOPOCOB 3arps3HSIIOIIMX BEIECTB B aTMOchepy
B AsepOaiimkane mo xomrnoHeHTaM (I'ocymapcTBEHHBIH CTaTUCTH-
YecKnid KoMuTeT AzepOaiimkanckoid Pecrryomikm, 2022)

Ilo BMAaM SKOHOMHUYECKOM AEATEIBHOCTH aH-
TPOTIOTEHHBIE BBHIOPOCH! MApHHUKOBBIX Ta30B, 3arps3-
HSIOMUX aTMocdepy, TeHEpUPyeMbIX U3 CTallHOHAp-
HBIX HCTOYHHKOB B A3sepOaiimkane, oOpa3yroTcs B
pe3ysbTaTe MPOM3BOACTBEHHON NEATENBHOCTH psia
orpacneit (tabm. 3). Ilpu sToM nmonst mpenupusTHii
TOITUBHO-DHEPTETUIECKOTO KOMIUIeKca (puc. 6),
BBIOPACHIBAIOMIMX TTAPHUKOBBIE Ta3bl U 3arps3HSIO-
mux atMocdepy, coctasisieT okoo 60 %.
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Puc. 5. Kapra nerasanuun Ha Teppuropun AsepOaiimkana (aprop: B.JO. Keprmog)
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Tabauuya 2
BBIOpOCHI 3arps3HSIIONIMX BEIIECTB B aTMOC(EPY, FTeHEPUPYEMBIX TAPHUKOBBIMH T'a3aMH
U3 CTAIMOHAPHBIX HCTOYHUKOB, THIC. T
3arpazusompue 2006 2007 2008 2009 2010 2011 2012 2013
BeLIeCTBA
Jnokcun
yraepoa CO; 176644 | 14828.8 | 16013.3 | 15293.1 | 14399.6 | 13809.4 |12471.4 151358
ﬁfg‘ﬂ asora 0.8 17 6.4 104 11.8 25.9 15.8 5.0
Meran CHy 16.6 24.3 495 24.2 18.3 298.3 385.2 248.8
IIpomvluunennvie
2azwl ¢ bonvuiuM
nepuoOOM HCUIHU
Linpo- 0.6 0.5 0.2 7.0 6.8 0.0 6.4 3.9
(dhTopyriepo bl
I'ekcadropun
cepet SFo 0.1 0.1 0.2 0.6 03 0.7 0.6
(cmotixuti napnuxo-
bl 2a3) 0.2
IepdropupoBaHHbIE
OpraHUYecKHue 0.9 0.6 0.3 6.4 5.6 0.1 5.6
COEIUHEHNS 2.4
2014 2015 2016 2017 2018 2019 2020
Huokcrn 16091.9 | 13980.8 | 14911.2 | 16482.5 | 18494.1 | 15864.3 | 16 457.5
yraepoga CO;
Metan CHy 95.7 34.1 41.0 34.6 18.2 175 14.2
Ipomvrlunennsie
2azwl ¢ bonvuiuM
nepUOOOM HCUIHU
Linzpo- 1.8 07 0.8 0.8 0.6 0.6 05
¢dTOpyTIEpO B!
I'ekcadropun
cepii SFe 0.1 0.0 0.0 0.0 0.0 0.0 0.0
(cTOMKHI MapHUKO-
BBIH Ta3)
IepdropupoBanHbe
OpraHUYecKHue 0.0 0.01 0.01 0.01 0.01 0.02 0.01
COEMHEHNUS]

Jlecazauus npupoousix 2a3o06 Ha meppumopuu
A3epbaiiosncana

Kak cBuaeTensCTBYIOT pe3ysbTaThl HCCIIEN0Ba-
HUH, Ha TeppuTopun A3epOaiimkaHa HapsSAy C TIy-
OMHHOI nerazanueii 3eMiid aKTUBHAS POJIb MIPUHAJI-
JIEXUT KOPOBOM Jiera3alyy, CONpsKEHHOI C cocTo-
STHIEM W (PYHKIIHOHHUPOBAHUEM TeO(IIFOH 10 TMHAMH-
YECKMX CHUCTEM, KOTOPBIE CBSI3aHBI C HANPSKEHHBIM
COCTOSIHHEM HEJp, BBICOKON M pa3sHOOOpa3HOU reo-
TUHAMHYECKOW aKTUBHOCTBHIO, SIPKUM MPOSBICHUEM
CEHCMUYHOCTH, TPSI3€BBIM BYJIKAHHU3MOM W TEOXHU-
mugeckumu Tiporieccamu (I'ynues, Kepumos, 2018;
I'yaues u np., 2018). ®opmupoBaHue U 3BOIOLUSA
reo(IIOUI0AMHAMUYECKIX CUCTEM B HEApax 3eMiln

56

MIPOUCXOIUT I10J BIIMAHUEM I'€OANMHAMUYCCKUX IIPO-
IIECCOB IIPU aKTUBHOM BO3I[€I>'ICTBHI/I réeacpanuu, Mu-
rpalyy 1 akKKyMYJISIIAA METaHa, BOJIOPOJIA U IPYTHX
ra3oB, KOTOpbIE NMPOTEKAIOT BO BCeM oOBeMe oca-
JOYHOTI'O BBIIIOJIHEHHA U HA BCEX dOTallaX 3BOJIIOLIMHU
OacceliHa Npy BOBHUKHOBEHHH 04YaroB (pa3oBbIX Iie-
pPEX0/I0B MEeTaHa W BOJOPOJIa M3 PACTBOPEHHOTO B
MOJ3EMHBIX BoAax B cBobomHoe cocrosuue (Keri-
mov et al., 2018). Meran sBuseTcs npeodianaro-
M KOMIIOHEHTOM B COCTaBe YTJIEBOJOPOIHBIX Ta-
30BBIX 3aliexkeid. [IpeBanupyeT OH U B cocTaBe ras3o-
BBIX IDAIOK, U B PACTBOPCHHOM I'a3€ HU3KOILJIOTHBIX,
MaJIOBSI3KUX He(Tel W MpeACTaBICH B BBIICICHHSIX
TPSI3EBBIX BYJIKAHOB B MOMEHT MX u3BepxkeHus. Co-
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OTBETCTBEHHO, (POPMHPOBAHNE MECTOPOKICHHUNA Ta-
3a ¥ He(PTU U IpA3CBON BYJIKAHHW3M CBSI3aHBI C pas-
BUTHEM MOJICH KOHIICHTPAIMH 3TOr0 KOMITOHCHTA B
MPUPOHBIX CpellaX, & UMEHHO — C MPOIIECCAMHU €ro
0o0pa3oBaHus, pacTpelieNeHus] W MOTpeOJIeHus B
€CTECTBEHHBIX IHKJIaX 3BOMONUH 3TuX cpen (Kepu-
MoB u Jip., 2014; Kerimov et al., 2019). ITostomy u
00pa3oBaHuE YTICBOJOPOJIOB, H TPSI3EBbIE U3BEPIKE-
HUS €CTECTBCHHO pPacCMaTpPUBaTh KaK COCTABIISIO-
e oOIIero sIBICHHS, B OCHOBE KOTOPOTO JIeKar
(hazoBble TIEpexoaBl, OOYCIIOBICHHBIC pPa3BUTHEM
moJisi MetaHa. TakuMm o0pa3oM, MpoIecc COBpeMEH-
HOW pasrpy3kd razo00pa3HbIX (GIIOHIOB CBA3aH C
HU3MEHEHHUEM DHEPreTHYECKOTO COCTOSHUS Te0dITio-
NIOANHAMHUYCCKUX CUCTEM U LEJIBIM PAIOM (1)I/I3I/IKO-

XUMUYECKUX H (DIIOUI0AMHAMHYECKIX (HaKTOPOB
(Lloroes, 1969; Yenunze, 1983).

[IposiBnerre cBOOOTHOTO BOJOPOJAa B TIOPOIAx
He()TETra30HOCHBIX PallOHOB HATAJIKHBAET Ha BHIBO/I,
YTO BOAOPOJ TaKKe€ XapaKTepeH AJIs ra3oB BMeIa-
romux nopon. B 1971 r. B.A.CokonoB oTMeTUN sIB-
HYIO TEHJISHIINIO YBEITMYEeHHUS KOJIMYEeCTBa BOJOPOIA
B rasax, IpHypOUYEHHBIX K Oojiee NPEBHUM OTIOXKe-
HUSAM. YKa3aHHbIE 3aKOHOMEPHOCTH HE TO3BOJISIOT
cuyuTaTh He(Th WM TOPIOYMI Ta3 JOHOPaMHU BOJO-
po/a W CBS3BIBATH €T0 MPUCYTCTBUE B ra3zax C IPoO-
neccaMu MeTamopdu3zMa HETH WM YIIIeBOAOPOI-
HBIX Ta30B. Ckopee, HA000POT, HEPTH BBHICTYIIAET B
Ka4decTBe aKIIeNnTopa BOIOPOAa, MOOWIN3YS €ro M3
MPHUIIEKALTIX TOPO/I.

Taonuua 3
BBIOPOCHI 3arpSI3HAIONIMX BEMIECTB B aTMOC(EPY OT CTAIIMOHAPHBIX HCTOUYHHKOB
110 BHJaM DKOHOMHUYECKOMH AeATENHLHOCTH M KoMmoHeHTaM B 2020 T., TBIC. T
BrI6poch Bretroas
3arpss-
Haromux Be- | Teep- | ['azoo0Opasnbie | Cepructhiid | Oxcup o v _
Bugst IIECTB B aTMO- IibIE M KUJIKHUE aHTHApUL, | yriaepona KCHI [7IeBO
OKOHOMHHYECKOH | c(hepy, BCETO |uacTHIlbl| — BemiecTa SO, CO ORI
JIESITEILHOCTH
BCEI'O 146.7 3.8 142.9 1.1 17.3 21.0 92.0
Cenbckoe, JecHoe
XO3HCTBO, OXOTa, 0.2 0.0 0.2 0.0 0.1 0.0 0.0
PBIOOJIOBCTBO U ' ' ' ' ' ' '
PBIOOBOICTBO
JloGLrua nostesHeIx 60.5 2.7 57.8 0.2 6.6 95 41.0
HCKOMAEeMBIX
Obpadarisatonne 25.1 0.9 24.2 0.8 2.2 2.7 8.8
MPOM3BOJICTBA
Ob6ecrieueHue
INEKTPUUYECKOI
JHCPIHCH, Ta30M 1 24.5 - 245 0.0 7.3 8.2 8.4
napom;
KOHIUIIMOHUPO-
BaHHE BO3IyXa
Bopocua0xenue,
OYHCTKA CTOYHBIX 04 0.0 04 0.0 0.1 0.3 0.0
BOJ
Crpoutenbias 12 0.2 1.0 0.1 0.3 0.1 0.1
HWHIYCTpPHUs
Po3nuunas u onro-
Bast TOPTOBIIS, Pe-
MOHT aBTOTpaHC- 0.6 0.0 0.6 0.0 0.0 0.0 0.5
MOPTHBIX CPEJICTB U
MOTOILIMKJIOB
Tpancropruposxa, 34.2 0.0 34.2 0.0 0.7 0.2 33.2
XpaHEHHUE U CBSI3b
[penocrasnenue
MIPOYUX BUJOB 0.0 0.0 0.0 0.0 0.0 0.0 0.0
yCayr
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Puc. 6. TormmBHO-3HEpreTHUeCKHil KoMIUIeKe A3zepOaiimkana (asrop: B.FO. Kepumon)
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[puponusie Ta3el Ha TeppuTOpUK A3epOaiipKaHa
XapaKTepU3yIoTCs PasHOOOpasHBIM XHMHYECKUM CO-
craBoM. OCHOBHBIMH KOMITOHEHTaMH HPUPOJTHBIX Ta30B
SIBILTIOTCSI METaH, YIJICKUCIIBINA Ta3 M a30T C COAep KaHH-
em Oomee 50%. OcrabHble KOMIIOHEHTBI, TaKHE Kak
9TaH, NpomnaH, OyTaH, aproH | Jp., SBISIOTCS PUMECs-
MH, COIEpKaHHE KOTOPBIX HE MPEBBIIIACT ESIUHHUIIBI
MIPOLICHTOB, a TaKue, KaK CepOBOJOPOI, TeNHi, HEOH U
Ip., COAEPKaTCsl B MUKPOKOHIIGHTPAIHAX, B AOJAX OJI-
Horo nporieHTa (Kepumos u 1p., 2015; 2017).

Ha stamne oporeHesa ropasix cucteM Ha bosb-
moM u Manom KaBkasze oTmedaercsi MHTCHCHBHAsS
BYyJIKQHUYECKasl JESATENbHOCTh, (hymMapojbHas CTa-

AT KOTOPOM CErofHs MpUBeNia K BBIICICHUIO Map-
HUKOBBIX Ta30B — METaHa, YIJIEKUCIOTO raza u Jp.
Ha Bomemiom KaBka3ze ¢ MHOTOYHCIIEHHBIMHA TEKTO-
HUYECKHMH pa3jioMaMH CBSI3aHBl KaHAIBl TIIyOWH-
HO¥ nerazanuu (puc. 7).

CTpyKTypHO-MOP(OJIOTHYECKHEe OCOOCHHOCTH

CTPOEHHUS TOPHBIX coopykeHnil KaBka3za KOHTposu-
pYeT ra3oBasi 30HQJIbHOCTh MUHEPAJIbHBIX BOJ B pe-
ruone (JlaBpymmH, 2012), raoe BcTpewaroTcsl MOYTH
BCE M3BECTHBIC TUIBI MHHEPAIBHBIX BOA, paszinya-
omuecs 1mo razoBoMmy cocraBy (MBanos, ['ymiues,
2002): MeTaHOBBIE, a30THBIE, CEPOBOJOPOIHBIE H
yriekucele (puc. 8).

YepHoe mope

30HbI razos:

mMarmaTuveckme
BynKaHb!

rpsizesbie
BynKaHbl

272 — IAHUA

reonoruyeckoro
paspesa

[BERA) n.rem,

[F27] n.+co,

3NMUeHTPBI
3eMneTpsiceHUn
TeKToHMueckne

pasnombi

Kacnuiickoe mope

=)

KYPUHCKMUI MEXIOPHbIA
OPOTEH MANIOIO KABKA3A NPOrUB

OPOTEH BOJIbLWIOIro KABKA3A

Actenocdepa

CEBEPO- = o
KABKA3CKHA TEPCKO-KACMUUCKWUA NPOrUB
®OPNAHA.

Al

Puc. 7. Cxemaruueckas kapTa (a) ¥ reoyormdeckuil paspes (0) gerasanuu npupoAHbIX ra3oB KaBkasza (cocraBui
B.1O. Keprmos o marepuanam byaunnze, Mxeunze, 1989; Msanosa, ['ynuesa, 2002; Senin et al., 2021 u ap.)
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B ocesoii wactu bonwsmoro Kakaza BcTpe-
YaroTCsl BOJbI, B Ta3aX KOTOPBIX JTOMHHHUPYET yrie-
kucnora. O0IacTh pa3BUTHUS YIIEKUCIBIX BOJ MPO-
TATUBAETCA Y3KOM IMOJOCOW BJOJIb OcH bosbiioro
KaBkaza. B mnpenropselx paioHax pacroJiaraeTcs
00J1acTh pa3BUTHS IJIACTOBBIX METAHOBBIX BOJ (pHC.
8). B 0CHOBHOM OHM XapaKTEpHBI JIJIs1 XOPOIIIO CTpa-
TI/I(l)I/II_[I/IpOBaHHLIX BOJOHOCHBIX KOMIIJICKCOB IIPEI-
TOPHBIX U MCKTOPHBIX BHIAaAWH, I'IC OHU ACCOLHMU-
pYIOTCS ¢ MecTOpoXAeHHsIMU HeTH 1 rasa (Senin et
al., 2021; Kerimov et al., 2020a). C ymanenueMm ot
oceBoil 30HBI [TaBHOTO XpeOTa YIIeKHCIbIE BOIBI
CMEHSIOTCS a30THO-METaHOBBIMH T€PMaMH, KOTOPBIE
(hopMupyroTcsi B 00JacTSIX WHTEHCHUBHBIX OpPOTEH-
HBIX nBkeHul (borossnenckuit u ap., 2020).

VYriekuciable BOOB Ha TeppUTOpUM A3sepOaii-
JDKaHa TIPEACTaBISAIOT COOOH TeTepOTreHHYI0 CHCTe-
My, KOMIIOHEHTBI KOTOPOH MMEIOT pa3Hbli I'E€HE3UC.
ITo wm3oronHOMy coctaBy renus u yriaepoaa CO»
ra3pl MHUHEPAJIBHBIX BOJ OJM3KH K ra3aM BepXHen
MaHTHH, OJIHAKO, CyIs MO BBICOKAM 3HAYECHUSIM
CO2/He, nons meramopdorennoit CO, 3HaUUTEITHHO
MpeBbIIaeT MarMatoreHHyw. [lpuMech MmeraHa B
razax MMeeT KOpPOBOE MPOWCXOXKIEHHE, U €ro IIo-
BBIIICHHBIC KOHICHTPAIIU MapKUPYIOT HAIBUT'OBYIO
cTpyKTypy [naBHOTO XpeOra. B muTaHuM MCTOYHU-
KOB JIOMUHHpPYET aTMOT€HHAas COCTaBisfomas. B
H30TOIMHOM COCTaB€ BOJBI BUIHBI CJIEABI BHICOTHOU
30HAJIbHOCTH, TUIAYHOM AJi1 COBPEMCHHBIX aTMO-
cdepubix ocaakos (JlaBpymmH, [Tonsik, 1997).

VYTrieKucisie BOABI PACIpOCTPAHEHBI B TOPHBIX
paifonax Bboneimoro u Manoro Kaskasza, BBIXOABI KO-
TOPBHIX B OCHOBHOM IIPEACTABICHBI €CTECTBEHHBIMH
HMCTOYHUKaMU. MeETaH B YIJIEKHUCIIBIX BOJAX TPHCYT-
CTBYeT B KOHIEHTparmsx ot 6-10° 1o 15%° % 06. Ha
nepuQepur TOPHOTO COOPYKEHUS, TaM, TAe (HopMHUpPO-
BaHME YTIIEKUCIBIX BOJ TPOHCXOAUT B BOJOHOCHBIX
KOMIUIEKCaX ME3030HCKOT0 BO3PACTa, €r0 COMIEPIKAHNE
B CIIOHTAHHBIX ra3axX, KaK MpPaBUIIO, YBEIUYHUBACTCA.
OnHaKo ero BbIcoKHe KoHmeHTparmu (10 0.5% % 06.)
BCTPEYAIOTCS TAKXKE U B Ta3aX HEKOTOPHIX HCTOYHUKOB
I'maBHOTO XpeOTa. B TO e Bpems oOpariaer Ha ceOs
BHUMaHHE TOT (haKT, 4YTO OOJACTH BBHICOKHX KOHIICH-
Tpaluuil MeTaHa B ra3ax JIMHEWHO BBITSHYTA BIOJb OCH
I'maBHOTO XpeOTa. ITO MOKET OBITH MPUZHAKOM CYIIIE-
CTBOBAHUS 3/1€Ch TIOKPOBHBIX CTPYKTYp, HIMPOKO Pa3-
BHUTBHIX Ha CKJIOHaxX bomemoro Kaskaza (Ilanrtenees,
1963). Jlokanmm3amus yTIIEKUCIIBIX BOJ B paiioHax MoO-
JIOJIOTO BYJIKAHW3Ma TO3BOJISIET MPEAIOJiaraTh, 4To B
(hopMUpOBaHUM WX Ta30BOH (ha3pl MPUHUMAIOT ydYa-
cTHe JleTydre (MarMaTroreHHble WM MarMaTOreHHO-
MeTaMOp(OreHHbIE) Ta3bl, BHIICIUBIIMECS HETIOCPEI-
CTBEHHO M3 MarMaTH4YeCKOTO paciiiaBa W/WIM BO3-
HUKIIAE TIPH €T0 B3aMMOACHCTBHH C BMEIIAIOIIIMH
nopogamu. Hapsiy ¢ 3TUM B ra3zax TakKe MOTYT TIPH-
CYTCTBOBaTh KOMIIOHEHTHI, 00pa3yrolyecs B 0Cal04-
HBIX IOPOAAX, HAIIpUMEp, MPH Pa3I0KEHUN OpraHuye-
CKOTO BEIIECTBA, WM Ta3bl aTMOCHEPHOTO TPOUCKOXK-
JICHHSI, TTOCTYTIAIOINE B BOJOHOCHBIE TOPU30HTHI BME-
cre ¢ uH(UIbTparmoHHbIME Bojgamu (XaH, 2010;
Bogoyavlensky et al., 2021).

YepHoe mope

N

- MeTaHOBbI€ BOAbI NPEAropPHbIX
W MEXropHBIX Nporuéos

MeTaHOBO-YyIMeKucnbieé BoAbl
m pafioHOB rpA3eBOro ByNKaHUIma
D YIMeKncsble BoAbl NIOPHbIX paﬁDHDB
A30THbI® U a30THO-MeTaHOBbIe

TepManbHble UCTOYHUKK

marmaTu4eckne
BYNKaHb!

rpAsesbie ByNnkaHbl

* ¥ O

TeKTOHWUYecKue
pasnombl

Kacnuickoe

Puc. 8. Cxema ra3oBoi 30HaJTBHOCTH MHHEpAJIBHEIX Box KaBkasckoro pernona (cocrasun B.JO. Kepumo nmo ma-
tepuanam byaunmze, Mxennze, 1989; Jlapymuna, 2012; [{oroesa, 1969)
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KomnuectBo CO; B razax ByJnkaHOB A3sepOaii-
JoKaHa HaxoauTcs oobraHO B mpenenax 0.01-8.6%, B
cpenqnem coctaBnsas 3.0%. I'a3er Bynkanos Illa-
Maxbl-[ 00yCTaHCKOTO  paifioHa XapaKTePHU3YIOTCS
ooapmumMu 3HadenussMu CO2— 1o 10%. Konnyectso
azota coctasnseT 0.06-11.7%. ConepxaHue nHepT-
HBIX KOMIIOHEHTOB HE3HA4YHTEIhHO, JOCTHTas B
cpenaem 0.012% (ITpuxacmuiicko-1'yOumHCKUH paii-
oH). B HEOOJIBIIIOM KOJTMYECTBE MPUCYTCTBYET U BO-
nopon Hp, cocraBnss B cpemgnem 0.006% (bakun-
ckmii apxunenar) (AmmeB u np., 2015; 'eomorus
Azep0Oaiimkana, 2008).

OnpenenuTs poiib KaXKIO0T0 UCTOYHHKA MOXKHO,
WCTIONB3YSl HM30TONHBIE XapaKTEPHCTUKHA Ta30B.
Hawnbomee Hame)XHBIM HHAUKATOPOM TPUCYTCTBHS
MAaHTUHAHON KOMIIOHEHTHI B MOA3EMHBIX razax, Kak
W3BECTHO, SBJSIETCS OTHOIIEHHWE KOHIIEHTPAIni
n3otomnoB renus 3He/4He=R (KnyGkoB u ap., 2021;
VYcnenckuii, 2021). B npupoaHbsIx razax 3To OTHO-
[ICHUE BaphUPYET B IpEJIeNiaX TPeX MOPSIKOB — OT -
1-10® B mpeBHeit KoHTHHEHTANBHOI Kope 10 1.2-10°
B BepxHeil maHThu. COOTBETCTBEHHO, TPOMEKYTOU-
Hble 3Hauenus *He/*He B Tazax yKasbIBalOT Ha CMe-
[IeHHe MaHTHUIHBIX U KOPOBBIX KOMIOHEHTOB. JlaH-
Hble 00 M30TOITHOM COCTaBE TEIHs M €ro KOHIICH-
Tpaluy B ra3e MOMOTaloT YTOYHUTH T'€HE3UC yTIie-
KHCIIOTHI ¥ METaHa.

OCHOBHBIM KOMITOHEHTOM Ta3a TPS3EBBIX BYJIKa-
HOB A3epOaiipkaHa SBIISIETCSl METaH, COACpKaHUE
koToporo usmensiercst ot 70 1o 99 % 00. (Anues u
ap., 2015; Kerimov et al, 2020b). MeranoBbie ra3si
TPS3EBBIX BYJIKAHOB IPEICTABISIOT COOOM TOMOTEH-
HYyIO CHUCTEMY, BCE KOMIIOHEHTHI KOTOpOi (Ta3, Boaa,
coJieBasi Harpy3ka) HMMEIOT KOPOBBIH HWCTOYHUK W
(hopMHUpPYIOTCS B €IMTHOM pE3epBYyape B BEPXHHUX dTa-
’)ax 0cafoyHOU Toimu. GOpMUPOBAHUE U30TOIHOTO

cOCTaBa BOJIBI TPA3EBBIX BYJIKAHOB XapaKTepHU3yeTcs
OCHOBHBIMHM HM30TOIHO-XMMHYECKHMH CBONCTBAMHU
ra30BOJIHBIX (IIIOUIOB (XUMHUYECKUM COCTABOM BOJIBI
u BermmunHamu OB u 8C(CHj), 4T0 nOKa3bIBacT
JNIM3NOHHBIA TEHE3UC TPA3EBYIKAHUUECKUX CHUCTEM
(T'ynues, 1978; borosiBnenckuii u ap., 2016).

IloBrBITIIEHHBIE KOHIIEHTPAIMd METaHa HaOI0-
JTAIOTCS B Ta3aX MCTOYHHMKOB M3 MANE030MCKUX KpH-
cTaJulndeckux mopoj ['nmaBHoro xpedTa. Bricokue
KOHIICHTpAIlMH, MPUYPOUYCHHBIE K BBIXOJaM KpH-
CTAJTMYECKUX TIOPOJ, a TAK)KE OTCYTCTBHE BUIMMOMN
CBSA3M C OCAJ0YHBIMHU MOPOAAMHU MO3BOJISIOT BBICKA-
3aTh IMPENAIOJIOKEHUE, YTO METaH 3]IeCh T'eHEeTHYe-
CKH He CBA3aH C KOMITJIEKCAMH OCaJIOYHBIX TIOPOI U
MOXXET MMETh a0MOreHHOe (HE O0CagO0YHOE) TPOHC-
xoxnaenue (JlaBpymun, 2012; Jlagames, 1970; Ha-
nmamieB u ap., 1980; Jlamames, ['ynues, 1984).

Mertan u3 rps3eBbIX ByJIKaHOB B CpeqHeKypHH-
ckoM Tiporu6e 1o BennuuHe d°C HIeHTHYEH MEeTaHy
yrieBogopoanbix 3anexeil (I'emn u ap., 1970; Ba-
nsieB 1 1p., 1985). B rpsazeBnIx BynkaHax A3epOaii-
mxaHa (B [Ipukacnum) oTMevancs Auamas3oH 3Hade-
auil s 8°C (COy) ot -36.9 1o +24.0%0 npu cpen-
Hell BemmumHe +2.4%0. Kak wm3BectHO (I'anmmmos,
1968; 1973 wu 1p.), HaUMEHBIIWE 3HAYCHUS
3BC(CHs) =-70%0 mpuCyIM OHOT€HHOMY METaHy
(OomoTHBIN Ta3 W T.I.), TOTAA Kak 0ojee BBICOKHE
XapaKTepHbI JUISI TEPMOTEHHOTO METaHa.

MeTtaH sBIS€TCSI OCHOBHBIM KOMIIOHEHTOM YT-
JIEBOAOPOIHBIX Ta30B HEQTIHBIX MECTOPOKACHHUM
azepOaiipkanckoro cekropa OxxHo-Kacmmiickoit
Branuubl (FOKB), u ero comepxanue B peaKuX CIIy-
yasx cHmwxkaetcs 10 50% (Kanupos, Cadapos, 2013;
BaiipamoBa u np., 2021). Cpennee comepkaHue OT-
JIEbHBIX KOMITOHEHTOB B Pa3IMYHBIX OTIIOKEHHSIX
MpHUBeIeHO B TabI. 4.

Tabnuua 4

Cozlepn(am/le OCHOBHBIX KOMIIOHCHTOB ITPUPOJHBIX I'a30B B J'lI/ITOJ'lOFO-CTpaTI/Il“pa(bI/IlleCKI/IX KOMIIJICKCaxX
azepOaiimxanckoro cekropa FOKB

=
£ t o !
Bospacr o E § § CE E E 8
BMEIIAIOIINX = S g z 5 5 © »x | Meran/Tsxensie
nopost & = - = ol N
=
AOIIIEPOHCKHI PYC 95.28 1.57 0.8 0.37 2.74 0.8 35
IIponyxTuBHas
ToMma 90.92 0.64 0.60 0.60 1.84 6.2 49
Yoxkpakckuit
TOPH3OHT 94.50 1.58 1.25 0.77 3.60 1.6 26
Maiikorickas cepust 88.66 3.90 2.65 1.63 8.18 3.1 10
®dopamuHHDEPOBHIE
cron 84.61 5.50 6.22 2.96 14.68 0.7 5
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Takum ob6pazom, Hanboyee MHUPOKUM PaCIIpPO-
CTPAaHEHHEM IMOJIB3YIOTCS METAaHOBBIE Ta3bl, KOTO-
pBIe IpUypoUYeHBl B OCHOBHOM K bompmomy Kaka-
3y wu llpukactimiicko-I'yOuHCKONW  HaI0XKEHHOM
mynbae, Oxno-Kacnuiickoit u Kypunckoit Bmamu-
nam (Lapidus et al., 2018). Yraekucnbie ra3sl 3a-
HUMaloT TeppuToputo Manoro KaBkasa u 3amainyro
gacTh Tampima. A30THBIE Ta3bl HEOONBIIMMH IIO
IJIOMIAM 30HAMH MPHUCYTCTBYIOT Ha bonbiiom
KaBkaze, Tanbime u ceBepo-BocToke Ilpmkacmmii-
cko-1'yOMHCKOM HanoXeHHOW MyInbae. B mpemenmax
Tanplma TPUCYTCTBHE 30H BCEX TPEX OCHOBHBIX
ra3oBbIX KOMITOHEHTOB IT03BOJIIET TOBOPUTH O HE-
3aKOHYEHHOCTH pPaHee HadaBIINXCS T€0JIOTHUIECKIX
mporieccoB (KepumoB u ap., 2016; JlaBpymmH,
2012; Mustaev et al., 2016).

Ha xocmmuecknx cHEMKax (puc. 9a) oTdeTu-
BO BH/IHBI TIOCTYIIJICHHSI OTPOMHBIX MacC XKHIKHX U
ra3oo0pasHbix (urougoB B akBatopuu Kacmuiicko-
ro MoOpsi, OTOOPa3UBIINXCSA HAa PaIUOIOKAIIMOHHON
rHGOPMAIUH U ABISIOUINXCS PE3yIETATOM aKTHBH-
3allid T€OJMHAMUYECKHX W Teo(Ioua0MHaAMUYe-
ckux mporeccoB (Gurbanov et al., 2019; Javadova,
2021). Jlamable 00 WCTOPHUYECKHX H3BEPIKEHUIX
MOKa3bIBAIOT, YTO 32 HOBEHIINI Mepro AeSTEIbHO-
CTH CTpPaTO- W IPSA3EBBIX BYJIKAHOB B atMochepy B
MIPOIECCEe U3BEPIKEHUH OBLTO BHIOPOIIEHO HECKOIb-
KHUX JIECATKOB TPHJUTHOHOB KyOOMETPOB rasa, B TOM
YUCJIE YTIIEKUCIIOTOo Tra3a (Tadi. 5).

B cBsi3u ¢ W3MEHEHWEM KiIMMaTa Tra3orHIpaThl,
SIBISIFOIITECS] METACTaOWMIbHBIME HCTOYHUKAMH, MO-
TYT pa3liaraThCs C BBIIEICHHUEM TUTAaHTCKIX 00BEMOB
YIJIEKUCIIOTo ra3a. ['maparkl CTaOUIBHO CYIISCTBYIOT
IIpA  OTpENIENICHHBIX TEPMOOAPHIECKUX YCIIOBHSX
(puc. 9, 6), HO IO BO3/ICHCTBHEM HEOTCKTOHHMUICCKHIX
TIPOIIECCOB ITH YCIOBHUS MOTYT U3MEHSTHCS.

[Ipu 3TOM Macca ra3oruapaToB MOXKET paclia-
JAThCS C BBIJCIICEHUEM YTJIEBOJOPOAHBIX Ta30B.
Xapakrep pacraja MOXKeT ObITh JHOO MOCTENEH-
HBIM, JTHOO B3PBIBHBIM — B 3aBHCHUMOCTH OT CKOPO-
CTH W3MEHEHHMs JABJICHUS WA TeMIiepaTypsl. [ 'um-
paTHl B3pBIBOOIIACHBI, 0COOCHHO B TITyOOKOBOIHBIX
YCIIOBHSIX.

3akiouenue

[IpoBenennpie  uMccinemoBaHUs — HO3BOJIMIN
OTIpeNIeNnTh MacmTaObl U Teorpaduro Jera3anuu
MapHUKOBBIX Ta30B, 00BEM BBEIOPOCOB 3arps3HSIO-
HIMX BEIIECTB B arMocdepy M0 KOMIIOHEHTaM Ha
TeppuTopun A3epOaiilkaHa, CTPyKTypy BHIOPOCOB
MApHUKOBBIX Ta30B W JHMHAMHKY BBEIOPOCOB JHOK-
cuga yraepona COz, metana CHs n okcuaa azora
N0, reHepupyembix U3 CTAllMOHAPHBIX UCTOYHHU-
KOB Ha Tepputopun AsepOaiimxana. Ilo Bumam
9KOHOMHUYECKOH JIeSTENIbHOCTH aHTPOIIOT'CHHBIC
BBIOPOCHI MAapHHUKOBBIX Ta30B, 3arps3HSIONIMX aT-
Mocdepy, TeHepUpyeMbIX M3 CTalHOHAPHBIX HC-
TOYHHUKOB B A3zepOaifmkane, o0Opa3yloTcs B pe-
3yJbTATe MPOU3BOJCTBCHHON JIESITENHLHOCTH psijia
oTpacieil: 1o0bIYa MOJIe3HBIX MCKOMAaeMbIX, o0ec-
MeYeHue SIECKTPUUYECKON SHeprueu, razoM W Ima-
pOM, KOHIUITMOHHUPOBAHUE BO3IyXa, oOpabaThiBa-
IOLIMe TMPOU3BOJCTBA, BOJOCHAOKEHHE, OYHCTKA
CTOYHBIX BOJ, CTPOMUTEIbHAS HHIAYCTPHS, CEIbCKOE
W JIECHOE XO34HWCTBO, TPaHCIIOPT, XpaHEHHE W
CBsI3b, PEMOHT aBTOTPAHCIOPTHBIX CPEACTB U MO-
TOLIMKIIOB, @ TaKXe APYTHe BUABI ACATECIBHOCTH.
Jlons mnpeanpusATHil TOITMBHO-YHEPreTUYECKOro
KOMILIEKCa, BHIOPACHIBAIOIINX MApHUKOBBIE Ta3bl,
KOTOpBIE 3arps3HSIOT arMocdepy, COCTaBiIseT
okoio 60%. Ilokasana cTpyKTypa BBIOpOCOB map-
HUKOBBIX T'a30B M JMHAMHUKA BHIOPOCOB JIMOKCHUJIA
yraepona CO», merana CHs u okcuaa azora NO,
TEHEPUPYEMBIX M3 CTAllMOHAPHBIX UCTOYHHMKOB Ha
Teppuropun AzepOaiikaHa.

UccnenoBanust CBUICTENBCTBYIOT, YTO Ha Tep-
putopun AzepOaiikaHa Hapsily ¢ aHTPOIIOT'€HOBOI
Jlera3anyell akTHBHAs POJb MPHHAIUICKHUT TIIyOHH-
HOW 1 KOpoBO# ferazanuu 3emin. KopoBas geraza-
IHsI, CBSA3aHA C COCTOSIHUEM M (YHKIMOHUPOBAHU-
eM Treo(IIoNI0IMHAMUYECKUX CUCTEM, (OPMHUPO-
BaHUE U BOJIONHS KOTOPBIX MPOUCXOIUT ITOJT BIIH-
SHUEM TCOJMHAMHYECKHX MpPOLECCOB IMpPHU aKTHUB-
HOM BJIMSTHUM TEHEpallu, MUTPAaLlUU U aKKyMyJisi-
UM METaHa, BOJIOPOJa W JPYTHUX Ta30B, KOTOPHIE
MPOTEKAIOT BO BCEM 00BEME OCaI0OYHOTO BBITIOTHE-
HUSI M Ha BCEX dTalax dBOJIONNH OacceiHa.

Tabauua 5

OO0BbeMBbI BBIJIETISIEMOTO Ta3a Ha TPSA3EBIX ByJIKaHAX Ha TeppuTOpun AsepOaiikaHa

I'psizeBbIe Toawl O6bem

BYJIKAHBI H3Bep:KeHuii BblIeJeHHOI0 ra3a
gzg;%z;;;zﬁza}m Ha TepprTopHHu 3a nepuox 1,81 mutH. et (kBapTep) =~ 178-10% mupa. M®
250 rpsi3eBbIX BYJIKAaHOB 3a nepuon 1810-1997 rr. =~ 250 vy, M°
BiK. bonbmioi Mapasa 1902 r. 120 man. M3
Bik. Toparaii 1946 1. = 500 man. M®
B1K. OcTpoB JlyBaHHEI 1961 r. = 65 man. M°
BJK. Jlamruib 2001 r. 40 TBIC. M°/1IEHB
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Puc. 9. OtobpaxkeHne He(TSIHBIX MATEH Ha IMMOBEPXHOCTH (a) co cimyTHHKa Envisat (ImymoB u 1p., 2004) 1 30HBI pacHpOCTpaHEHUS
razoruzparos (6) B akBaropun Kacrmiickoro mopst (Guliyev et al., 2021)

Jns mMonuTOopuHTa BBIOPOCOB B atMmochepy
MAPHUKOBBIX T'a30B B Pe3yJbTaTe MPHUPOIHBIX SBIIE-
HAU (merazanuu 3eMIIM) B aHTPOIIOTCHHOHN eATelhb-
HOCTH, PEKOMEH/YETCs BHEAPEHUE TPEXYPOBHEBOM
CHUCTEMBl MOHHMTOPHMHIA, JHarHo3a W MPOTHO3a,
BKJIIOYAIOIIE:

1. Kocmuuecknit MOHUTOPHHT:

A) MOHUTOpUHT B atMocdepe KOHIEHTpalui
HIII" MeTaHa B pa3iUyYHbIX JUaNa30Hax;

b) MOHUTOpPHHT eCTeCTBEHHBIX Ta3oHedTempo-
SIBJICHMM Ha Cylle U Mope. MOHUTOPUHI KOHILIECH-
Tpauuii MeTaHa, YIJIEKHCIOro rasa M BOJOpOJa B
atMoc(epe MO3BOJISCT OKOHTYPUBATh II00AIbHBIC
00JIACTH MHTEHCHUBHOTO CTOKa STHX Ta30B C IMOCe-
JyIoUIel IPUBS3KOM K UX UICTOUHHKAM.

JUTEPATYPA

AmueB A.A., I'ymues WN.C., lapames ®.I'., Paxmanos P.P. Atnac
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Baiipamosa ILI.II., TarueBa E.H., ba6asame A.[. Mukpomna-
JICOHTOJIOTUYECKHAE UCCIEAOBAHMS OTIOKECHUA MAMKOTICKOM
CepUH IOT0-BOCTOYHOTO OKOHYaHWs bombimoro Kakasza
(Azep0Oaiimxan). M3sectuss HAH Aszep6aitmkana, Hayku o
3emie, No. 1, 2021, c. 56-74.

2. MOHHMTOPHUHT C UCIOJIb30BAHUEM OECIUIIOT-
HBIX JIETATeIbHBIX aNMapaToB.

3. MOHHUTOPUHT TIOI3EMHOU TEOJOTHICCKOU
cpelibl OyZeT OCYIIECTBIIATLCSA Ha 0aze reodusnue-
CKOIl oOcepBaTopuM B peallbHOM MacliuTabe Bpeme-
HHU.

4. TI'eoOXMMHUYECKHE HCCIICAOBAHUS IT03BOJISIOT
MOJYYHUTh OMOJHUTENBbHYI0 UH(pOpMAaIHio 006 oua-
rax TeHepald M HCTOYHHKAX COBPEMEHHOW pas-
TPY3KH Ta3oB.

5. MOHUTOpPUHT KOHLEHTpAlMU ra3oB C MOMO-
IIbIO JIa3€PHON abCOPOIIMOHHOW CIIEKTPOCKOIIUU U
TEXHOJIOTHH PACHpE/CICHHBIX CEHCOPHBIX CEeTel
MO3BOJIIET B PSKUME OHJIAHH OOHAPYXHUBATH C BBI-
COKOM TOYHOCTBIO CJICIIbl BPEIHBIX Ta30B.
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TEOTPA®US U MACIITABHI IETASAIIMA HAPHAKOBEIX T'A30B B ASEPBAWIVKAHE

Kepumos B.10.}?, A6ayanaesa B.K.2
Unemumym negpmu u 2aza Hayuonanvnoii akademuu nayx Azepbaiiodcana
AZ1000, baky, Azepbaiioscan, yi. . Amuposa, o. 9: vagif.kerimov@mail.ru
2Poccutickuii 2ocyoapcmeennbiil 2eonozopassedounniii yuusepcumem um. Cepeo Oposconuxuose,
117997, Mockea, Poccus, yn. Muknyxo-Maxnaas, o. 23
34zepbatiosicanckuil ynusepcumem Hegmu u npOMbIUTECHHOCTU
AZ1010, baxy, Azepbatioxcan, npocn. Azaonvie, 16/21

Pe3tome. B craThe pacCMOTPEHBI YCIOBUS M MacIITa0Bbl Jera3alun Ha Tepputopun AsepOaiimkana. [lokazaHa cTpykTypa BEIOPO-
COB MAPHUKOBBIX Tra30B M JAWHAMHUKA BHIOpOCcOB muokcuna yriepoaa CO2z, merana CHa u okcuaa azora N2O reHepupyeMbIX U3 CTa-
LMOHAPHBIX UCTOYHUKOB. [IpOBe/ICHHBIC NCCIICTIOBAHUS TTO3BOJIIIN OMPECIUTh Teorpaduio Aera3alun MapHUKOBBIX a30B U 00beM
BBIOPOCOB 3arpsI3HSIOIINX BEIIECTB B aTMoc(epy 1o KommoHeHTaMm. [IpoaHann3upoBaHo, 4TO aHTPOIOTCHHBIE BEIOPOCH! MAapHHUKO-
BBIX Ta30B, T€HEPUPYEMbIC CTALMOHAPHBIMHM HCTOYHHMKaMU B A3sepOaiijukaHe, oOpa3yloTcsi B pe3ysibTaTe MPOU3BOICTBEHHON mesi-
TENBHOCTH Psiia OTpAcieil, TaKMX Kak J00bIYa IMOJIE3HBIX MCKOMAeMBIX; 00SCICUCHHE IEKTPHIECKON DHEPrueil, ra3oM U MapoM;
KOHIHMI[MOHUPOBAaHKUE BO31yxa; 0OpabarhiBarolre MPOM3BOJACTBA; BOJOCHAOKCHHE;, OYMCTKA CTOYHBIX BOJ; CTPOUTEIbHAS HHIY-
CTPUSI; CEIBCKOE U JIECHOE XO3SIMCTBO; TPAHCIIOPT, XPAHEHHUE U CBSI3b; PEMOHT aBTOTPAHCIIOPTHBIX CPEICTB M MOTOLUKIIOB U IPyTHe
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BUJIBI J€SATEIBHOCTH. J{OJIsl peIPHUSTHI TOILTMBHO-YHEPTETHUECKOTO KOMILIEKCa, BRIOPACHIBAIOIINX TAPHUKOBBIC Ta3bl M 3arPsI3Hsi-
oimx armMocdepy, cocrasisier okoso 60 %. ITocnenHue HMCCIen0BaHUsS CBUACTENBCTBYIOT, YTO Ha TEppUTOpUH A3sepbaiimxana
Hapsly ¢ aHTPOIIOI€HHOM Jiera3aleil akTUBHAS POJIb IPUHAIJIEKHUT TAKXKE MIYOUHHOW U KOPOBOH Jaerasanuu 3emiu. J{jist MOHUTO-
puHra BEIOPOCOB B arMoc(epy MapHUKOBBIX Ta30B B Pe3yJibTarTe MPUPOIHBIX ABJICHHHN (era3aluy 3eMin) U aHTPOIIOTEHHOM Jesi-
TEJIBHOCTH, PEKOMEH/IyETCsl BHEPEHHE TPEXYPOBHEBOM CHCTEMbl MOHHTOPUHI', THArHO3a U MPOTHO3a BKITIOYAOIICH: KOCMHUYECKHI
MOHUTOPHHT, MOHHTOPHHT €CTECTBEHHBIX Ta30HE(TEIPOABICHUI Ha CYIIE U MOPE; MOHHTOPHHT C HUCIOJB30BAHMEM OECIHMIIOTHBIX
JIeTaTesbHBIX aIapaToB; MOHUTOPUHI TOJ3€MHON T€OJIOTHYECKON Cpeibl; TEOXUMHUYECKHE HCCIICIOBAHKA; MOHUTOPHUHT KOHIICH-
TpAIMH Ia30B C MOMOIIBIO JTa3epHON a0COPOIIMOHHOM CIIEKTPOCKOIINH U TEXHOJIOTUH PACTIPE/IETIEHHBIX CEHCOPHBIX CETEH.

Knrouesvie cnoea: Azepbatioscan, decazayus 3emau, 001204cusyujue NapHUKosble 2azvl, OUOKCUO Yerepood, OKCUo azomd, aH-
MPONO2eHOBbie 8bLOPOCHL 2a3a, 2YOUHHAS, KOPOSble 2e0(I0UO0OUHAMULECKUE CUCTEMbL

AZORBAYCANDA ISTIXANA QAZLARININ COGRAFIYASI VO MIQYASI

Karimov V.Y.12, Abdullayeva V.K.2
tAzarbaycan Milli Elmlor Akademiyasinin (AMEA)Neft va Qaz institutu,
AZ 1000, Baki, Azarbaycan, F.Omirov kii¢asi, ev 9: vagif.kerimov@mail.ru
2Serqo Orconikidze adina Rusiya déviat geoloji-Kasfiyyat universiteti,
(MGKU), 117997, Moskva, Rusiya, Mikluxo-maklay kiig. Ev. 23.
3Azorbaycan Doviat Neft va Sanaye Universiteti
AZ1010, Azorbaycan, Baki soh.,Azadliq prosp., 16/21

Xiilasa. Mogalods Azarbaycan orazisinds degazasiyanin soraitlori vo migyast mosslalorine baxilmigdir. Parnik gazlarinin atilma
strukturu vo CO2 — karbon dioksidin, CHs4 - metan vo azot oksidinin - N2O Azorbaycan orazisinds daimi manbslordan generasiya
olunan atilma dinamikas: gostorilmisdir. Aparilmis todgigatlar Azarbaycan srazisinds parnik gazlarinin yayilma cografiyasini vo at-
mosfero komponentloar tizro ¢irklondirici maddolarin atilma hacmini toyin etmoys imkan vermisdir. Tohlil edilmisdir ki, Azarbaycan-
da daimi monbslordon generasiya olunan parnik gazlarinin antropogen atilmalar — faydali gazintilarin ¢ixarilmasi, elektrik enerjisi,
gaz vo buxarla tominat; havanin kondisiyalasdiriimasi, emal miasissalori, su tachizati; ¢irkab sularin tamizlonmasi; tikinti sonayesi;
kand vo meso tosarriifati; nagliyyat, saxlaniima vs rabits, avtonagliyyat vasitalori vo motosikllarin tomiri va diger foaliyyat novlari bir
sira saholorin sonaye iglonilmosi naticasinds amolo gslir. Parnik gazlarini tullayan vo atmosferi ¢irklondiron yanacag-enerji kompleksi
miiassisalorinin pay1 60%-o barabordir. Son todgiqgatlar gostorir ki, Azarbaycan orazisinde antropogen degazasiya ils yanasi, dorinlik
Vo yer gabigi deqazasiyaya aktiv rol moaxsusdur.

Agar sozlar: Azorbaycan, Yerin deqazasiyasi, uzunémiirlii parnik gazlari, karbon dioksidi, qazin antropogen atilmalari, darinlik,
qabiq geofliiid-dinamiki sistemlar

67


mailto:vagif.kerimov@mail.ru

A.A.Feyzullayev et al. /| ANAS Transactions, Earth Sciences 1 /2022, 68-80; DOI: 10.33677/ggianas20220100073

ANAS Transactions Earth Sciences 1/2022

http://www journalesgia.com

M3O0TOITHBIN COCTAB IIPOAYKTOB AESITEABHOCTU I'PSI3EBBIX BY1KAHOB
FO>KHO-KACIIMMCKOI'O BACCEMHA B CBSI3N C HE®@TETA3SOHOCHOCTBIO
I'A1YBOKOITIOI'PYKEHHBIX OTAOXKEHUN

®Densyaaaes A.A.'2, I'ycevinos A.A.}, Panmiaos T.M.!
Mrcmumym zeorozuu u zeopusuku HAHA
AZ1143, 2. baxy, npocn. I' Axasuda, 119: fakper@gmail.com
2Unemumym nepmu u 2asa HAH Asepbaiidxara
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ISOTOPIC COMPOSITION OF THE PRODUCTS OF THE MUD VOLCANOES ACTIVITY IN THE SOUTH-CASPIAN
BASIN IN CONNECTION WITH PETROLEUM POTENTIAL OF THE DEEPLY BURRIED SEDIMENTS

Feyzullayev A.A.12, Huseynov D.A.%, , Rashidov T.M.!
nstitute of Geology and Geophysics, Azerbaijan National Academy of Sciences
119, H.Javid Ave., Baku, Azerbaijan, AZ1143: fakper@gmail.com

2Institute of Oil and Gas of Azerbaijan National Academy of Sciences
9, F.Amirov str., Baku, Azerbaijan, AZ 1000

Keywords: South-Caspian
basin, mud volcanoes,
rocks-ejects, fluids, isotopic
composition, great depths,
forecast of petroleum
potential

Summary. Currently the most effective way to find hydrocarbons is their prospecting in deeply
buried sediments of the operated oil-producing provinces that, in its turn, is related with definite
engineer and financial risks. So, the mud volcanoes of the South-Caspian Basin (SCB) can play a
role of the natural deep wells and carry value information regarding the processes occurring at
great depths.

The paper summarized the results of the previous and new studies of the isotopic composition
of products of activity (rocks-ejects, gas, oil, water) of the mud volcanoes in the SCB with purpose
to forecast the petroleum potential and phase state of HC at the depths inaccessible for drilling and
minimize the economic and technological risks of expensive deep wells drilling. It is shown that
the position of petroleum charges of mud volcanoes and fields in the section corresponds to the
generally accepted vertical zoning of oil-and-gas generation and has a single genetic source. The
increase of rocks thickness is observed from onshore towards the central deep part of the SCB and
the maturity of oil and gas increases as well accompanying by the change of phase state of the HC
from oil to oil-gas and gas-condensate ones. Only gas-condensate accumulations are forecasted in
the deep part of the SCB. The lower limit of their generation temperature is approximately as-

sessed as 300°C, and corresponded to the depth range of about 8 to 16 km.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenne

PazButne MupoBOl He(TEra3oBoil IMPOMBIII-
JICHHOCTH OCHOBBIBA€TCS B HACTOSIEE BpeMs Ha
HECKOJIBKMX CTpaTerusix. [lepsas — 3T0 MOBBILIEHNE
3¢ GEKTUBHOCTH H3BJIIEUCHHS YIIIeBoJopoaoB (YB)
U3 yXe pa3padaTblBaeMbIX MECTOPOXKICHHUH, U3 KO-
TOPBIX, KaK MpaBHJIO, H3BIeKaeTcsi Toubko 30-40%
HepTH. Bmopas — 3TO NpOBEAEHUE MOUCKOBBIX pa-
00T Ha HOBBIX €Ill¢ HEPa3BEAAHHBIX TEPPUTOPHUSX.
OTta cTparerds HalpaBjicHa TJaBHBIM 00pa3oM Ha
OCBOGHME VYB 1mOTeHIHana KOHTHHEHTAJIbHOTO
menbda apkTUdeckux Mopeil. U, HakoHen, mpemuost
cTparerus 3akjitodaercsi B nmouckax YB B rayGoko-
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MOTPY>KEHHBIX OTJIOKEHUSAX CTaphIX HedrerazoHoc-
HBIX OacceitHoB.

OCHOBHBIE TPHUPOCTHl MHUPOBBIX 3amacoB YB
CBA3BIBAIOTCSL C OCYIIECTBIEHHWEM JBYX IOCIEIHHUX
cTparteruil pasButusi HedprerazoBoii orpacnu. [lpu-
4eM B HacTodlee BpeMs Hanboiee 3(h(HeKTUBHBIM U
pEHTA0ENbHBIM HAIMPABJICHUEM CUUTAIOTCS TOWCKH
VB B riryOOKOMOTPY>KEHHBIX OTJIOXKECHHUSX CTAPBIX
HedTenoOpBatoIMX paiioHoB. Hawamo storo Han-
paBiICHUA ITOMCKOB OBUIO CTUMYJIMPOBAHO Pa3BUTHU-
€M HH)XCHEPHOW TEXHOJOTUH, IMO3BOJsIONmEei Oy-
PHUTH TpU TIyOMHAX MOpPS 00 3 KM, U OTKPBITUEM B
MekcukaHCKOM 3anuBe Ha TayOmHax 8-10 kM TH-
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TaHTCKUX MECTOpOXIeHui HedTu. B Hacrosmee
Bpems Ha riyOmHax Oonee 4500 M MPOMBINUICHHAS
He()TEera30HOCHOCTh YCTAaHOBIIEHA MPAKTHUYECKU 0O-
nmee 9yeM B 50 HedTerasoHOCHBIX 00yacTsax mupa. B
TO K€ BpeMs CKBaXUHBI Tiyoke 6000 M mpoOypeHsI
He Oonee yeMm B 20% HedTerazoHOCHBIX OaccelHOB
(HI'b). Ho, HecMoTpst Ha Takyl HHU3KYIO B IIEJIOM
cTeneHb rinobansHol n3yuennoctu HI'b, B uaTepBa-
ne riyoun 4500-8100 M yxe pa3pabareiBaercs 00-
aee 1000 mecTopoxxaeHnii HeTH U raza, IpuUYeM UX
HavyaJbHBIE CyMMapHBIE H3BIIEKaeMbI€ 3amachl CO-
CTaBJIAIOT COOTBETCTBEHHO 7% OT MUPOBBIX 3a11acoB
Heptn U 25% ot 3amacoB rasza (Kepumor u mp.,
2015).

[IpomblnuleHHBIE  MeCTOpOXACHUS YB Ha
OonbmKX ryonHax (10 7 KM) BBISIBJICHHI U B I1y00-
KoBogHOW akBatopuu FOkHO-Kacmuiickoro Oacceii-
Ha (FOKbB), xapaxrepusyromeiics Hambonee Omnaro-
MPUATHBIMHA YCIIOBHSAMHU 751 (POPMHUPOBAHUS U CO-
XpaHEHHUS KPYIHBIX Ta30KOHJEHCATHBIX MECTOPOXK-
JIEHWA B YCIIOBUSIX BBICOKMX TEPMOOAPHUYECKUX TIa-
pametrpoB Hexap. CeiicMuueckuMHu paboTaMu 31€Ch
BBISIBJICHO TIOpS/Ka 25 TMEPCIEeKTHBHBIX CTPYKTYP,
HEKOTOPBIE M3 KOTOPBIX MOATOTOBIEHBI CelicMOopas-
Benkoi 3]1 K pa3BenKe M BBEIIEHBI B TNIYOOKOE IO C-
KoBoe Oypenue. B pesyibraTe ObUIO OTKPBITO KPYII-
Helliee Tra30KoHACHcaTHOe MecTopoxaeHue [llax-
JIeHH3 ¢ 3amacaMy rasa 1.2 TpimH. M3, a TaKKe raso-
KOHJICHCATHBIE MECTOPOXKIeHUsT AOIIepoH u YMHJ ¢
3amacamu raza 200-300 mH. M,

B HacTosiiee Bpemst B azepOaiikaHCKOM CEeK-
tope lOxnoro Kacrmms obmuit (HoHA JTOKATHHBIX
NOAHATHM cocTaBisieT 149, B uncie KOTOPBIX OIMO-
WMCKOBaHHBIX M Pa3BelIaHHBIX TUIOMIAEH — 68 (B TOM
gucie 28 OTKPBITBIX MECTOPOXKIACHUN Pa3INIHOTO
($a30BOTO COCTOSIHUS), & HEONOUCKOBAHHBIX CTPYK-
Typ — 81. Bennuuna ko3¢ ¢punmenTa pazBegaHHOCTH
[TyOOKOBOJTHOM YacTH aKBaTOPUH COCTABIISIET MEHEE
0.2, B TO BpeMs KaK B OCTaJbHOH €€ 4acTh OHa JI0-
cturaet nmouru 0.5 (Kepumos u np., 2015).

Baxxno oTMeTHTh, UTO TOMCK 3ajieked YB Ha
OONMBIMMX TIIYOMHAX JOCTaTOYHO PHCKOBAHHOE W
JIOPOTO€ TPEANPUATHE, MOCKOIBKY CTOMMOCTH OJ-
HOH TIyOOKOBOJHOIM TOWMCKOBO-pa3BEIOYHON CKBa-
KUHBI gocturaeT 90 MIH. JotapoB u OoJbIe
(Amado, 2013), uTo Ha HECKOJILKO MOPSAKOB 00JIb-
1€, YeM CTOMMOCTh TUIIMYHOW CKBA)KMHBI Ha CYIIIE.
Tem He MeHee, NONUTHYECKas M SKOHOMHYECKAs
JNEHCTBUTENBHOCTD (BBICOKHI YPOBEHB LIEH U POCT
notpebyieHust HepTH) AenaeT ryOOKOBOIHBIE TIOUC-
KH KOMMEPUYECKH JKU3HECITOCOOHOH 3a/1a4eil.

Jns onenku YB moTeHnMalia BhICOKOTEPCIEK-
TUBHOW TiTyOOKOBOAHOH akBaTopuu FHOxHoro Kac-
MUl U TPOTHO3a €€ He(TEera30HOCHOCTH Ha TIyOu-
Hax Ooiee 7 KM Ha CETOIHSIIHUN NeHb HET oOIIe-
MNPUHATOM TEXHOJIOTMM. B pelleHnn NaHHOM mpo-

OneMbl BecbMa MH(OPMATUBHBIMH MOTYT OBITh IIH-
poxo pazButele B IOKbB rps3eBsle BylKaHbI, KOTO-
pBle paccMaTpUBAIOTCSl KaK aHAJOIM TIIyOOKUX H
CBEPXIIIyOOKMX CKBA)XUH M SBISIIOTCS HOCHUTEISIMU
LeHHelmel nHpopmManuu o mporeccax, MPOUCXO-
ISIIMX B HEBCKPHITOM OypeHHeM HIKHEH 4YacTH
0CaZOYHOro KOMILIEeKca. M30TOMHO-Te0XMMUYecKoe
M3y4YeHHE MPOJAYKTOB HX IESATENBHOCTH (TIOPOJIBI-
BBIOPOCHI, Ta3, He)Th M BOJAA) TO3BOJISET MOTYUYHTh
JOMOJTHUTENIFHYI0O MH(QOPMALHMI0O O IOTEHIHAaJe
cBepxriryOokux YB cuctem, o TepmMobapudecKux
YCJIOBUSIX U CTENCHU €ro peaiu3aiuu, 00 0Xujaac-
MoM (azoBoM coctossHUM Y B, uTo HeoOXxoaumo s
pelIeHns] NPaKTHYECKUX 3ahad OLEHKH Hedreraso-
HOCHOCTH OOJIBIINX TTyOHH.

Bce BrlleykazaHHOE ompesienseT akTyaabHOCTh
IaHHOM CTaThH, HANpaBIICHHONH Ha 0000IICHHWE W
aHaM3 KaK paHee BHINIOJHEHHBIX, TaK U COBPEMEH-
HBIX MCCJEIOBaHUNH H30TOMHOIO COCTaBa IMOPOA U
¢monnoB rpszeBeix BynkaHoB IOKB kak nHanbomee
MH(POPMATHBHOTO T'€HETHYECKOr0 MHIMKATOpa Ipo-
UCXOJSIIMX B HeApax IMpOLeccOB. JTO IMO3BOJIUT
MOBBICUTE  OOBEKTHBHOCTH  HPOTHO3MPOBAHHS
He(Tera3oHOCHOCTH M (ha30BOrO COCTOSHUA YB Ha
00BIIUX TITyOMHAX, a TAaK)Ke MHHUMHU3HPOBAThH KO-
HOMHUYECKUI W TEXHOJIOTHUECKHH pUCK OypeHHs
JOPOTOCTOSIIMX TTTYOOKHUX CKBaXKHH.

KpaTtkas xapakrepucTuka 00beKTa

HCCJIeI0BAHMI

IOKb — kpynHBId TEKTOHUYECKUN 3JIEMEHT
36MHOH KOPBI M BBICOKOIIEPCIEKTUBHBINA 0CaJOYHBII
0acceliH B IICHTPAJILHOM CErMEHTE AJIBITHICKO-
['imanaiickoro MOABHXKHOIO MO5CA, BKIHOYAOIIMI
HanOoJIee TIIyOOKOIIOTPYKEHHYIO TCTIPECCUI0 3EMITH
— IOxno-Kacnuiickyto Bnaguny (FOKB). FOKbB 06-
pamJiieH TOpHBIMU Coopy>keHusiMu bomsinoro u Ma-
noro KaBkaza, Konernara, Taneima 1 Ons0ypcea, ¢
KOTOPBIX C y9aCTUEM pPa3IUYHBIX PEUYHBIX CHUCTEM
(Bomnra, Kypa, Amy-apes u ap.) B 6acceitH q1ocTaB-
nsics Oonbmiod 00beM 0CaIOYHOTO MaTepualia ¢
BBICOKUMHU CKOPOCTSIMU TIOTPYXKEHHUS M CEeTUMCHTA-
uuu. B pesynabrare 3mech Obuta chopMupoBaHa
MoOTIITHAs (710 25 KM) TOJIIA OCAIKOB.

C To3uIM KOHIIEMIUH TEKTOHUKH JIUTOChEp-
Heix mut FOKB paccmaTtprBaercss Kak pemuKT
BonpiiexkaBka3ckoro OKpauHHOIO MOpSA, KOTOpOe
CYIIECTBOBAJI0O B FOPCKO-30IIEHOBYIO 310Xy Ha aK-
THBHOW OKpauHe okeaHa Me30TeTHC, COBpEMEHHas
CTPYKTYpa KOTOPOTO OIMPEACISCTCS CTOJIKHOBECHHEM
Apaswmiickoit 1 Epasmiickoit tumt (Philip et al.,
1989; Axen et al., 2001; Jackson et al., 2002;
Kazmin, Verzhbitskii, 2011).

Hedts u ra3 goosiBatorcs B FOKB B ocHOBHOM 13
BCKPBITHIX CKBOXXMHaMU CBUT [IpoaykTuBHOM —
Kpacnousernoit Tommu (IIT — KT, HmwkHHN 1HO-
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IIeH), 3ajieraromieii Ha rryoune 1-3 kM Ha cymie u 4-
7 XM B Mope. MHOTIOJIETHUMHU MOMCKOBO-Pa3BEN0Y-
HBIMH Pa0OTaMH BBISBIEHO COCPEIOTOYCHHUE OCHOB-
HBIX 3aI1acoB ¥ Hanboliee KPYIMHBIX MECTOPOKACHUN
YB B ceBepnoii wactu KOKB, oxBatbiBatomeii Tep-
PHUTOpHIO IBYX NPOTHOOB C MX CEBEPHBIMU M IOXK-
HBIMH TPUOOPTOBBIMH YacTsAIMHU. OTo JIkelpaHked-
mecckuii mporu6 (I'oOycranckuii HedTEra30HOCHBIH
paiion /HI'P/) Ha cyme u, sBIfomuiics ero mpo-
nobkeHueM B Mope, HOxHo-AOmepoHCKui mporud
(HI'P AGmepoHckoro m-oBa W AOIIEPOHCKOTO ap-
xurenara Ha ceBepHoMm Oopty u HI'P Bakunckoro
apxurernara Ha ¥0kHOM OopTy) (puc. 1).

Jlxeiipankeume3—HOxHO-AOGIIEPOHCKUH  TTIpO-
rub sBIseTcs HamboJiee KPYIMHON TeoIMHAMHYE-
ckoit enununert FOKB, k xoTopoit npuypodeHo 60-
nee 90% pecypcos YB 0accelina, u rae oTMedaercs
MaKCHUMaJIbHasg IUIOTHOCTh Pa3BUTHS T'PSI3EBBIX
BynkaHoB. [losTomy HamOonblIMe MEPCICKTHBBI
oOHapy>KeHUs! HOBBIX CKOIIEHHH Y B cBs3bIBaOTCS
B OCHOBHOM C TIyOOKOBOIHOHW wyacThio HOxHO-
AO1mepoHCcKOro nmporuda U ero [KHOW mpudopTo-
BOM 4acThbIO.

O0BbeM 1 MeTObI HCCIeT0OBAHNH

BpInoMHEHHBIA B 3TOM HCCIIEIOBAHUM MPOTHO3
ocobenHoctedl YB cucteMpl riry0OKOBOAHOW 4YacTu
IOKB OCHOBaH Ha aHaJIN3e HA30TOITHO-
TCOXUMUYECKON XapaKTePUCTUKUA TPOIYKTOB [esi-

TeIbHOCTH I'B M uX KOppemsiuu ¢ MeCTOPOXKIEHU-
AMU He()TH U Tasza.

KonuuecTBeHHast M Ka4eCTBEHHAs! OLICHKA T'eHe-
PaLMoOHHOTO [OTEHIIHaNa opoJ Me30-
KaitHO30tcKkoro komruiekca FOKB ocymecteinena Ha
OCHOBAaHMH pe3yJbTaTOB NHPOJIHM3a 00pa3LoB Mo-
POA-BEIOPOCOB C 22 TPsI3eBBIX BYJIKaHOB AOIIEpOH-
ckoro moiyoctpoBa, Illamaxsi-I'00ycTaHnckoro u
Hwuxuexypunckoro HI'P.

[Muponu3 mopox OB BBHIMOJHEH Ha yCTAaHOBKE
Rock-Eval, 4To mo3BosnIO ONMpEAEIuTh CHEKTp Ma-
paMeTpoB, OTpaKaIOIIMX KayeCTBEHHBIC W KOJUYe-
cTBeHHBIE XapakTtepucTiku OB mopon, B ToM yucie:
obmero opranndeckoro yraepoaa (TOC), peanmso-
BaHHOTO (S1) ¥ OCTaTOYHOTO TE€HEPAIMOHHOTO TIO-
TeHIMa a mopobl (S2), KHCIOPOIHOTO U BOAOPO-
Horo mHmekcoB (Ol m HI), TemmepaTypsl Makcu-
MaJIFHOTO BBIXOJIa YTJIEBOJIOPOJOB B IHPOJIH3E
(Tmax) ¥ Ipyrux mapameTpos.

[ u3ydeHus: M30TOMHO-TEOXMMHUYECKOH Xa-
pakTepucTUku HedTeld W Ta30B ObBUTM OTOOpPAHBI
npoObl HePTU ¥ ra3a ¢ 16 IpsA3eBBIX BYJIKAHOB.

[ ompeneneHus: M30TONMHBIX COOTHOLICHHUH
d1C/*2C (B mpommine (%o0) OTHOCHTEIBHO CTAHAAPTA
— V-PDBV-PDB) B keporene (dKcTpakTe mopoj) u
yrIeBosioposiax, a takxke oD, 8*%0 B Bojgax (B mpo-
MHWJUIE OTHOCHTENBbHO cTaHmgapta V-SMOW) wuc-
noJb30BaIMCh Macc-criekTpomerpbl: DELTA  Plus
XP, CJS Sigma u Finnigan 4000.

KACHIMACKOE  §

MOPrE

N s AHTHKIHHANBHE2 JOHE

(> MopcKMe CTPYKTYPH 0 35

Puc. 1. Cxembl pactpocTpaHeHuUs TPSI3EBIX BYJIKAHOB (@), He()TEra3oBbIX U MEPCIEKTUBHBIX CTPYKTYp (0) U MOPCKOTO MpooiDKe-
HUS CyOIIMPOTHBIX aHTHKJIMHAIBHBIX 30H ['o0ycTana (mo Anues, baiipamos, 2007 ¢ nexkotopeiMu pononHerusmu) B FOKbB. I-111
paitonsr: I —Abmeponckuii; |1 — I'oOycranckuii; 111 — Huxaexkypunckuit
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Xpomaro-Macc-ClieKTpPOMETPHYECKUI  aHaJi3
HedTel M IKCTpaKTa MOPOA BBHIIIOJHEH Ha XpOMaTo-
Mmacc-crekrpomerpe GC/MS Clarus SQ8 MS.

[IpsiMble OIEHKHM 3penocTH He(TH W raza me-
CTOpOX/AeHu U Tps3eBbix BynkaHoB FOKb mposo-
JUJINCh Ha OCHOBAaHMM AKBUBAJCHTHBIX 3HAUYECHHUH
oTpakaTelIbHOH crocobHocTH BuTpuHUTA (RO), pac-
CUUTAHHBIX COOTBETCTBEHHO IO OHOMapKepHOMY
napameTpy — MeTWI-(QeHaHTPEHOBOMY HWHJIEKCY
(MPI) (Peters, Moldovan, 1993) u u3oronHsIii co-
craB yraepoaa (UCVY) srana (Faber, 1987).

WnTepnperanust JaHHBIX U UX KOPPEJSILUS BBI-
MIOJTHEHBI C MPUBJICYCHUEM PaHee MPOBEIACHHBIX HC-
CJIEIOBAHUH MOPOA U (PIFOMIOB TPA3EBBIX BYJIKAHOB
(Hamames u ap., 1982; Banses u ap., 1985; JlaBpy-
muH u Ap., 2015; Kuksamze, 2016), pe3ynsTaToB
W3Y4YeHHs TEeHEepaliOHHOTO TIOTeHIMaja Me30-
KaiHO30MCKUX MOPOJ] M3 €CTECTBEHHBIX OOHAKCHHI
u ckBaxuH (Guliyev et al., 1997; Feyzullayev et al.,
2001 u gp.), a takxke MUCY Hedreit u razoB Mecro-
poxnenunit (Guliyev, Feyzullayev, 1996; Katz et al.,
2000; Guliyev et al., 2001; Giirgey, 2003).

OO6paboTka aHATUTUYECKUX NAHHBIX U rpadu-
YecKHe MOCTPOSHUS BBHITIOIHEHBI C MUCIIOIh30BAHUEM
CTaHJAPTHBIX KOMIIBIOTEPHBIX TPOTPaAMM.

PesyabTaThl HcciieqoBaHMI M HX 00CY:KIeHHe

YB nomenyuan u UCY opeanuuecrkozo geuye-
cmea nopoo

PesynbraTel Oonbmoro obGbemMa MUPOIUTH-
YECKUX HCCIENOBAaHUN 00pa3oB MOPOJ 0OcCanod-
Horo komriekca FOKbB (moponsl ¢ ectecTBEHHBIX
OoOHaXeHUH M KEepH M3 CKBAXXMH) MOKa3ajlH, YTO
OJINTOIIEH-MUOIIEHOBbIE  OTJIOXKEHHUS  00JamaroT
Ny4NIMMHA HeTeMaTepUHCKUMU CBOWCTBaMH, Kak
10 cofiepKaHuio opranndeckoro Bemiectsa (OB) u
€ro KauyecTBY, TaK W MO TEMIIEpaTypHBIM YCIO-
BHSAM, HEOOXOIHMMBIM JJIsi €ro TMpeoOpa3oBaHUs
(Bailey et al., 1996; Wavrek et al., 1996; Guliyev
et al., 1997; Feyzullayev et al., 2001). Dto 3akito-
YeHUWE MOJTBEPUIN U PEe3yNbTaThl MUPOJIU3A TIO-
poxa-Beidpocos I'B (I'ynues u ap., 2005; MycTaes,
2013) (puc. 2).

[To m3oTonHOMYy coctaBy yraepoga (UCY) OB
B IOKDB otyeTnuBo BBIAEISIOTCS IBa UCTOYHHKA YB
(source rocks): mmaToMOBBIE M JIO-THATOMOBBIi
(men-umxuemuonienosbiit)  (Feyzullayev et al.,
2001). OB nuaToMOBBIX TOPOJ XapaKTEPU3YIOTCS
oTHOCUTENBHO Ooiee TsuxenbsM UCY (puc. 3).

JuatomoBasg cBHTa OTHOCHTCA K CpeIHe-
BEPXHEMHUOLIEHOBOMY CTpaTUrpauueckoMy HHTEp-
BaJly ¥ BKJIIOYaeT 4 TOPU30HTA: KOHK, KaparaH, cap-
MaT, MEOTHC. JTa CBUTA OTJINYAETCS BBICOKHM CO-
nepxxanuem Copr (B cpenneM 4.35 mac.%) ¢ Kepo-
rergom tuna II-1 (HI no 770 mr YB/r Copr). [Toten-
WAl y JMAaTOMOBBIX Mopox Bbime (~3 T. YB/M?),

yeM y mopoj Maiikorckoi cepun (Aghayeva et al.,
2021).

%‘ 700 ¢ Ilnuonen
= A Yompaw
g 600 ¢ Juatom
5 = B Mafiron
= 500 0O ZolueH
0
% 400
= 300"
= L]
ag
E 200 ", ]
o
a

g-' 100 4 A a
';[ [
m 0 T T

0 100 200 300

Kucnoponnslii Hanekc (Mr CO2/r OB)

Puc. 2. I'papuk 3aBucumoctd Mexay BogoponseMm (HI) u kuc-
nopogubiM (Ol) wHIEKcamMu 1O JaHHBIM THPOJIM3A HOPOJ-
BBIOpOCOB rpsizeBbIX BynkaHoB FOKDB, oTpaxarommuii kauecTBo
(tun) OB

JTHATOM " P
MATKOII R

MEJ ——

IOPA it

HUCY keporena, %o

Puc. 3. FOKB. JIuana3ous! u cpeasue 3HadeHns 8-C
B KEpOTeHE Pa3HOBO3PACTHBIX HOPO.T

UCY Hedhmu epszesvix 8yaKanos

[Ipenensr m3meHeHUs U cpenuue 3HaueHuss UCY
He()TH M3YYCHHBIX TpsizeBbIX BynkaHoB IOKB mpu-
BeJIeHbI B Ta0wme 1.
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Tabnuua 1

HCY nedrtu rpsazesrix BynkaHoB pasnmnunsix HI'P FOKB

313C nedrn,
KosnuuecTBo %0 PDB
Paiion HCCJIeI0OBAHHBIX
BYJIKAaHOB IIpeneast Cpensin
H3MEHEeHUsI
1 2 3 4
[Mamaxer-— 13 -25.0...-282 | -27.1
T'obycmanckui
Huoicnexypunckuii 4 -25.0...-27.1 | -26.3

CorynacHo maHHbIM TaOuuibl 1, HedTH Tps3e-
BbIX ByJKkaHOB Aomeponckoro u lllamaxsi-I'o0yc-
tanckoro HI'P xapaktepusyrorcs cxoxum NCY,
KOTOpBI OTHOCHUTEIHHO OoJiee JEerKuil B cpaBHe-
HUU C TPA3EBBIMU ByJKaHaMH HIDKHEKYPHUHCKOTO
HI'P.

Hedtn, ssnsommecs npousBonusiMu OB wma-
TEPUHCKHUX TMOpOJ, yHACIEeAyIOT WX TE€HeTHYeCKHe
CBOHCTBa M, B YAaCTHOCTH, XapaKTEpHBIA IJsI HUX
HCY. D10 moaTBepkmaeT BHIOJHEHHAS KOPpEems-
uus He@Tb-HedTh Mo UCY (puc.4), koTopas moka-
3aja, 4T0 He)TM B JOIUIMOLIEHOBHIX pe3epByapax
OTIIMYAIOTCS OTHOCUTENbHO Oonee nerkmm HCY,
XapaKTepHBIM I To-auatomoBoro OB.

Comnocrasienue paccuntanHbix (mo MPI) 3Ha-
YeHHIA 3pENIOCTH HePTei MECTOPOXKICHUN W Tps3e-
BBIX BYJKaHOB IMOKa3aJI0 HA WX B IIEJIOM XOPOIIYIO
CXOAMMOCTH (pUC. 5) U B TO XK€ BpeMs IO3BOJIHIO
OPUATH K 3aKII0YEHHUIO, YTO HE(TH TpA3EBBIX BYII-
KaHOB, HauOoJyiee BEPOSITHO, SIBISIOTCS NMPOIYKTOM
paspylieHus Kak HWKHETJIHMOILEHOBBIX, TaK WU JO-
IUTMOLIEHOBBIX PE3epBYapoB MPH HEKOTOPOM MpeoO-
JaJaHWU BKJIAJa HOCIEIHUX.

Ycranosneno (Feyzullayev, Aliyeva, 2003), ato
B peruoHaibHoM 1wiaHe MCY Hedrelt mecTopoxie-
HUM yTsDKeNsieTcs B HampaBlICHHU PErHOHaJIbHOTO
MIOTPYXEHHUST OCAJOYHBIX CJOEB, B CTOPOHY IICH-
TpansHOH yacTu lOxHoro Kacmusa. OTo ykaswiBaeT
Ha yBenuueHue B 3anexax [IT B 3ToM HanpaBieHNH
1011 HeTH, FeHepUPOBAaHHOM JHUAaTOMOBBIM HHTEP-
BaJIOM paspesa.

HCY ecazo06

B uccriefoBaHHBIX TPSA3EBBIX BYJIKAaHAX BEIU-
upHa 8°C MeTana u3MeHsercs B npenenax -61.6 ...
-36.6 %o, coctaBuss B cpeaHeM -48.5%o. [Ipenens
u3MeHeHHs BenmumHBl 0°C JTaHA HAXOJATCS B
nHTepBane -29.6 no -23.3%o (Cpeanee — -26.9%o)
(tabm. 2).
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Puc. 4. T'ucrorpammer pacnpenenenus 3Hadenuit UCY nedreit
MECTOPOXIECHHH B HIDKHEIUTHOLEHOBBIX (1) M HO-TIHOLIEHOBBIX
(2) pesepByapax u rps3eBbIX ByJIKaHOB (3) AzepOaiimkana

o 40 - 1
q
¥ 20+
¥
LI —
03 0.6 0.7 0.8 0.9 1.0
3penocts HedTH, (Req.%0)
e 40 2
q
¥ 20+
g
" o
0.5 0.6 0.7 0.8 0.9 1.0
3penocts HedTH, (Req.%)

Puc. 5. 3penocts HedTelt MecTopoxaeHuUi (1) U rpsA3eBHIX BYII-
kaHoB (2) B Req.(%), paccuntannas o MPI



A.A.Feyzullayev et al. /| ANAS Transactions, Earth Sciences 1 /2022, 68-80; DOI: 10.33677/ggianas20220100073

Tabnuua 2
W3oTOomnHBI cocTaB yriepoja ra3oB rps3eBbix ByiakaHoB FOKbB
KosnuecTso 83C, %0 PDB
Paiion/mapameTpbl UCCJIeIOBAHHBIX CH. CaHs CO»
BYJIKAHOB
1 2 3 4
Abweponcruii
ﬁ6bgee;;C;:§eHeHHg Ucy 8 -39.5...-56.7 -25.4...-284 -0.5... 1.8
e -47.8 -26.4 -0.35
Cpennsisi
WananreloOyemanciuy | 48 36.6...-58.4 233..-296 | -369..23.4
penebl U3MEHEHUs -49.6 272 415
Cpennsisi
Huocnerypunciu -44.2...-61.6 -21.9...19.6
[penensl uzmenenus UCY 23 HE OTrIp.
-49.8 -0.03
Cpennss

I'ucrorpamma pacnpenenenus: 3HaueHur MCY
MeraHa Tpsa3eBbix ByikaHoB FOKB ummeer Oumo-
JAJIbHBINA XapakTep (puc. 6), oTpaxas HalIU4Yue IMpe-
MMYIIECTBEHHO KaTareHetmdeckoro (-35...-50%o0),
a TaKXKe CMEIIAaHHOTO KaTar€HeTHYeCKOr0-0HOXUMHU-
yeckoro metana (-50...-65 %o0).

B pacmpeneneHnun B IpOCTpaHCTBE 3HAYEHUU
NCY merana rps3eBbIX BYJIKaHOB HAOIOJaeTCs OT-
yeTiMBas 30HAIBHOCTH (puc. 7). Hambomee wuzo-
TOIHO-TSDKENbIe, a CleJoBaTelIbHO, KaTareHeTHude-
CKHU Ooiee 3penble ra3bl XapakTepHbI AT TPA3EBBIX
BynkaHoB lllamaxsi-I'o0ycranckoro u AOmepon-
ckoro HI'P.

Hactocts, %o
(]
L
L
N

[
|

| | | | | |
-65 -60 -55 -50 -45 -40 -33

HCV merada, Yoo

Puc. 6. I'ucrorpamma pacnpeneneaus UCY Mertana rpss3eBbIxX
ByJIKaHOB A3epOaiimKaHa.

| — Meran kararenernueckuii; I — metan cMmemanHbli (6nOXH-
MHYECKUH + KaTareHeTHIeCKUii)

Ananu3z usmenenus B npocrpanctse UCVY razon
MECTOPOXKICHHUH TIOKa3al, YTO OT CYIIH K MOPIO OT-
MeuaeTcsi oTHocuTenbHoe yrsokenenune MCY (puc.
8). YuuteiBas, uto BemuumHa & >Ccug pacTer C yBe-
JUYCHUEM TUIACTOBOW TeMIiepaTyphbl (TJITyOHHBI)
(TTpaconos, Jlobkos, 1977; Jlamames u ap., 1986),
MOXKHO 3aKJIIOYHTh, YTO B 3TOM HAIPaBIEHUH OT
CymIi K MOPIO YBEIMYMBAETCS KaTareHeTHYecKas
3peNoCTh ra3oB. DTO MOATBEPKIAIOT PACCUUTAHHBIC
(mo UCY s1aHa) 3HaU€HUs 3pEIOCTH Ta30B, KOTOPHIE
JUTSL Ta30B MOPCKHX MECTOPOXKIEHUH COCTaBISIOT B
cpenaem okoio 1.53% RokB, B TO Bpemst Kak ais
MECTOPOKACHHUH CYIIM 3TO 3HAYEHUE 3aMETHO HUXKE
(1.32% RokB).

Kacnulckoe

5"C, meraH, %o

B 43..-35
-50...-40

(T -e0...-50

» [pnasesble BynKaHbl

Puc. 7. Cxema pacnpenenenus 3Hadenuil ICY merana B rpsze-
BbIx ByjikaHax IOKbB (danames u ap., 1986). HeprerazonocHsie
paiionsr: | — Abeponckuii; 11 — Hlamaxsi-I'o6ycranckuii; 111 —
HwuxuaexypuHCKHit
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Puc. 8. IOKbB. I'uctorpammer pacnpenenenus 3naueHuin UCY
yTiIepojia MeTaHa MecTopoxenui cymm (1) u Mops (2)

3penocth YB ra3oB rpsi3eBbIX BYJIKAaHOB HU3MeE-
Haerca B npegenax 1.30-2.10% Roks, a rasos razo-
THIPATOB, OTOOPaHHBIX W3 Kepia 4-X TMOIBOIHBIX
TPsI3E€BBIX BYJIKAHOB B TUIyOOKOBOJHOW udacTu FOx-
Horo Kacrus — B mpenenax 1.47-1.94% Roks (Deii-
3ymraeB, Tarues, 2008). DTo B mEIOM XOPOIIO CO-
rJacyeTcsi co 3pesocTbio Y B razoB MecTopoXaeHuiH,
yKa3biBasi Ha OOIIHOCTh UX TEHETHYECKOTO0 HCTOY-
HUKAa, YTO HAaXOJIUT YOETUTEIHHOE MOJTBEPKICHUC
Ha Tpaduke 3aBucuMoct Mexay MCY merana u
stana (puc. 9). Hekoropoe paznuune 00yciIoBIEHO
HaJIMYUeM OMOXMMHYECKUX YB ra3o B Herimy0oko
3aJIeTalolX pe3epByapax.

45

HCYV 3t1aHa, %00

-13 T T T T T |
-35 -40 45 -50 -55 -60 -63
HCYV meraHa, %00

Puc. 9. IOKbB. I'paduk 3aBucumoctn mexxny MCY merana u
9TaHa MEeCTOpOKAeHUH (1) U Tpsi3eBhIX ByIKaHOB (2):
| — VB ra3 kararenernyeckuii; || — VB ra3z OmoxuMudeckuii

HUCY yenexucnoeo 2aza

B rpsesbix Bynkanax IOKB HMCY (8%2C) CO;
U3MEHSIETCS B LIMPOKHMX Mpenenax: ot -36.9 no
+23.4%o0 (cM. Tabm. 2, puc. 10), moutu 60% u3 KOTO-
PBIX UMEIOT MOJIOKUTENbHBIC 3HAYCHUS], & Y OKOJIO
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Puc. 10. Tuctorpammsl pacnpeaenenns 3adenuii $13C CO2

(B %0) TPA3EBBIX BYJIKAHOB.

1 u 2 — rps3eBble BYJKaHBI, XapaKTEPU3YIOIIHECS COOTBET-
CTBEHHO HAJMYHEM ¥ OTCYTCTBHEM He(TeIIpOsBICHHI

[Mpupona HeoObruHOTO cBepxTsKENOro HCY
CO> npexncrapnsieT HAaMOONBIINKA UHTEPEC U JOJITOE
BpeMs OblIa MpeaMETOM MUCKyccHuid. TONBKO Tmocie
myuenuss ICY CO, mecTopoxaeHuit 3Ta mpodiaema
Hallljla cBoe pelleHue. bblio ycTaHOBIIEHO, YTO BCe
no3uTtuBHbIE 3HaueHus MCY CO; xapakTepHbl A
3anekel, TIyOMHa KOTOPBIX HE IMPEBBIIIACT IPH-
MEpPHO 2 KM HE3aBHCHUMO OT CTpaTurpauyeckoil ux
npuypodeHHoctH (puc. 11). DtoT dakr, a Takxe To,
YTO M30TOMHO-cBepxTshkenas CO; xapakTepHa mpe-
MMYIIECTBEHHO JUISI TPSA3EBBIX BYJIKAHOB C HeTe-
MPOSIBJIICHUSIMHU, ITO3BOJIMJIM BBICKA3aTh IPEIIONO-
xeHne 00 o0pa3oBaHMU WX B OJHM3MOBEPXHOCTHBIX
YCIIOBUSIX, B pe3ynbraTe (pepMeHTaTUBHOW AECTPYK-
1y HeTh Oe3 ydacTHsi TeMIepaTypHOro ¢akropa
(DetizymnaeB, MoscymoBa, 1995, 2010). Drot mpo-
IIECC COMPOBOXKIACTCS YBEIMUEHHEM B Ta3e KOHIICH-
tparuu CO; (puc. 12).

O6oramerne UCY CO, aerkum uzotomnom “2C,
HaOII0JaeMoe C YBEIHYEHHEM TITyOWHBI 3aJieTaHus
3amexeit (cM. puc. 11), aBisercs HoKa3aTeIbCTBOM
o0OpazoBaHHsl ee B pe3yJbTaTe TEPMOKATAIUTHYE-
ckux mporeccoB meramopduzanuu OB. B cBsizu ¢
3THM Ba)XXHO OTMETHTH, YTO MECTOPOXKIECHHUS MOpPS
XapaKkTepHU3YIOTCsl B CpPeJHEM OTHOCHTEIBHO OoJiee
nerkuM UCY CO2 (1.72%o) B cpaBHEHUU € razaMu
cymu (2.55%o). OTO moATBEp)KAAET yBEIMUYCHHE B
CTOPOHY MOps MacuITabOB TEPMOKaTAIUTHYECKOTO
npeobpazoBanus OB.

Hzomonuwiti cocmae unepmuvix 2azos (He, Ar)

N3mepeHHble 3HAUEHUS OTHOIIECHUS *He/*He n
“OAr/°Ar B razax rpssesbix BynkanoB FOKB u3mens-
FOTCS COOTBeTCTBEHHO B mpexaenax 2.8-30.0 (Amues,
Kabymogra, 1980) n 300-885 (/Ixadapos, 1985), yka-
3pIBasi Ha UX OCa0YHOe Tponucxoxaenue (JlappymmH
u 1p., 1996). Oto moaTBEep)KIaeT MO3UTUBHAS KOppe-
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JISAIMST MEXKTy M30TOITHBIM COCTAaBOM TeJIisl M pacueT-
HOH 3peJIOCTBIO T'a30B IPsA3EBBIX BYJIKaHOB (Tabi. 3),
a Takxe npsMmas 3aBucuMoctb Mexny MCY CHs u
coziepyKaHeM B Ta3ax pajamoreHHoro aproa (‘CAr),
OTpa’karoIlasi yBEJIMYEeHHE 3pPESIOCTH ra3a ¢ yBelnude-
HHEM Bo3pacTta nopof (puc. 13).

u +11.2%0 cootBercTBeHHO (Kepumos u ap., 2015)
(puc. 14).

Taoauya 3

3aBHCHMOCTb Mexy 3HaueHusMu *He/*He u pacueTHoit
3PENIOCTBIO Ta30B B IPA3EBbIX ByJKaHax AsepOaiimkana

§1co % 3penocts,
25 20 15 10 S 0 s 10 15 20 25 *He/*He, 108 RakB o UCY staHa,
o ' ' ' ' ' ! ' : - I'psizeBble %
1 .® 407 % BYJIKQHbI
1000 ‘ . ¢ Vo % 00: 0@0 e Ipenens (Cpeansis| Hpenenst | Cpeansist
\ / o
\ o 2 1 2pynna (enasnas) | 2.8 - 9.7 6.0 |[147-171| 159
o ® °e? 11 2pynna 15-23 | 190 |1.72-1.77| 1.74
I 111 epynna 26 - 30 27.7 [1.92-2.04 2.02
g 3000 - o
4 [}
é o/ 0 v =0204x% - 54,307 .
¢ - ;
E 4000 g 47— m R2=107432
° o E
1% S 44— N
5000 - o T g
g 2
g 46— "
&
6000 - %
= 48
7000 A )
_D[}_ ’ Teonormueckoe BPEBJ.H
Puc. 11. U3menenue ¢ rnyounoit UICY CO2 B HedTerasoBbix ~ * —
sanexax FOKbB: -2 T T T |
20 30 40 30 a0

(1a): CO2, obpa3oBaBmmiics B pe3yinbTaTe TepMOKaTaTHTHUE-
ckoro npeobpazosanus OB; (16): CO2 — murpannoHHbIH; (2):
CO2 — npoxyKT (epMEHTATHBHOI JeCTPYKIHN HePTH B OIU3IIO-
BEPXHOCTHBIX YCJIOBHUSIX

’
’
-
2 ¥ =52785In(x) + 31452
. RZ=0,6184
1
o}
O
S
[ @]
=
-20 | | | | T | 1
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Copepsxarme B raze CO; , %

Puc. 12. 3aBucumocts Mexxay MCY CO2 u ero KoHIEHTpanuei
B razax IOKb

HUCY 600 epszesvix 8y1kanos

M3oTonHbIM cocTaB BOJOPOJA U KUCIOPOAa BOJI
rpsazeBbix BynkaHoB FOKDB Bapeupyer B mmpokom
nuanasone (820: ot -0.6 10 +10.4%o, a 5D: ot -32
0o -12%o) (I'ynueB u nmp., 2004). B cpaBHeHHMHu c
IUTACTOBBIMHA BOJAaMH He(TEra3oBBIX MECTOPOXKIe-
HUH BOJIBI TPS3EBBIX BYJIKAHOB XapaKTEPU3YHOTCS
oboramieHHOCTEI0 Nieiitepuem (0D) u 80 10 +3%0

AIPEJI- (B uacTAi Ha MITH.)

Puc. 13. 3aBucumocts Mexay MCY meraHa u copepxaHueM
pammorennoro aprona (“°Ar) B rasax rpssessix Bynkanos IOKB

Puc. 14. 3aBucUMOCTb MEX/y H30TOIHBIM COCTABOM KHCIOpOJa
W BOZOpOAA BOA TIPS3eBBIX BYJNKAHOB (1) M IUIACTOBBIX BOJ
HedrerasoBbix Mectopoxaenuit (2) FOKB. 3 — nunus meteop-
HBIX BOJL

OTH BOABI MPEICTABISAIOT COO0# CIIOKHBIE CMe-
CH TIyOMHHBIX BOJ (CJIa0OCOJICHBIX, B OCHOBHOM
MIEIOYHBIX W TIPECHBIX KOHJEHCATHBIX BOJ) U OTHO-
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CUTENFHO HETIyOOKO 3aJIeralolluX BOJHBIX pacco-
70B (IIPEUMYIIECTBEHHO XJIOPUIHBIX) WK METEOp-
weix BoJ (Feyzullayev, 2012; KukBanze, 2016). Oto
MTOATBEPXKIAIOT Pe3yNbTaThl HCCIENOBAaHUHA Tps3e-
BBIX BYJIKAHOB U JPYTUX OCAJ0YHBIX 0ACCEHHOB MU-
pa (Planke et al., 2003; Hovland et al., 2006;
Mazzini, 2009; Nakada et al., 2011).

HccnenoBannsi W30TOIMHOTO cocTaBa OWkapOo-
HaToB Boj (HCO3") HEKOTOPBIX I'psA3EBHIX BYJIKaHOB
IOKbB o6Hapyxuiau HEOOBIYHO TSKENIBIA N30TOMHBIH
COCTaB HX yIJIepOJa, KOTOPHIl U3MEHSIETCS B Mpejie-
nax ot -0.8 1o +19.8%o (cpennee 3nauenue+10.7%o)
(DetizymnaeB, MoBcymoBa, 2010) (Tabm. 4).

Tabauua 4

M3oTomHbIi cocTaB yriaepoaa OnkapOOHATOB BOJ
rpsszeBsix BynkanoB FOKbB

I'psizeBbie BYJKAHbI 0"Chicos, %o
Yaiikypbanuu +9.1
Lemupuu +3.1
Atipanmexan +10.0
Uletimanyo +17.7
Conaxati +16.0
baxap +11.9
Tepexuwxionw +19.8
Jicazupru (FOoicnvtil) +7.0
Tomypoae -0.8
Yeunoae (3anaomnwiii) +13.0

BrisiBiIeHHasT OCTaTOYHO YeTKas KOPPEIIus
mexnay MCY OukapbonaroB m CO» rps3eBBIX BYII-
kaHoB (puc. 15) eiie pa3 nmoaTBEpKIAACT, YTO OUKAP-
6onatel 1 CO: ¢ TspxensiM MCY SBISIOTCS TPOIyK-
TaMHU €JIMHOTO TpoIlecca OKUCIHUTENBHON JeCTpyK-
uud YB. DTo MOATBEPKIAI0T U IPYTHUE UCCIEI0BA-
tenu (Carothers and Kharaka, 1980).

3akioueHune

O00011IeHIe paHee BHIMOJIHEHHBIX U HOBBIX HC-
cienoannii UCY OB mopox u ¢Guron1oB rps3eBbIX
BYJIKaHOB W He(TEra3oBBIX 3aJIeKeH, a TakkKe WX
KOppeIsIUsS TMOATBEPKIAAIOT CYIIECTBYIOIINE OC-
HOBHBIE TpeICcTaBiieHUus: 00 ocoOeHHOCTIX YB cu-
crem FOKbB. Ouaru reHepanuu >KUAKHUX B Ta3000-
pa3HbIX YB, X0Ts B IOJJHOM COOTBETCTBUU C BEPTHU-
KallbHOW  30HAJILHOCTHIO  HedTerazoo0pa3oBaHuUs
TUIICOMETPUYECKH CMEIICHBl OTHOCHUTENBHO JAPYT
JIpyTa, UMEIOT €IUHBIN TeHETHYECKU NCTOYHHUK.

B HampaBneHWUU TOTPYKEHHS OCaIOYHBIX OT-
JTOXKEHUH, T.e. OT CYIIH B CTOPOHY IIEHTPaIbHOU
rirybokoBoaHo# yactn FOKB oTmewaeTcst mocmemno-
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BaTEIIPHOE YBEIIMUCHHUE TUTICOMETPUIECKOM U CTpa-
TUrpaQUIECKON MOIHOCTH TIOPOJI, BOBJICUECHHBIX B
obpazoBanne YB, compoBoxaamIeecs poOCTOM
3pENIOCTH M CMEHOM mX ()a30BOTO COCTOSHHS (OT
HEe(TSAHBIX K He()TEra30BbIM M Ia30KOHCHCATHBIM ).
DTO MO3BOJSET 3aKJIKOYUTh, YTO B TIIYOOKOBOHOM
yactu FOKB cienyeTr 0XujgaTb OTKPBITHS HCKIIO-
YUTEIBHO Ta30KOHAeHCATHRIX ckormiennii (Feyzul-

layev, Lerche, 2020).
25
20F oo @

15

10| @

5 HCO;, %o

_5 I I I I
~10 0 10 620 30
513C0,, %o

Puc. 15. 3aBucumocts UCY mexnay UCY yraekucioro rasza u
OnkapOOHATOB BOJ rpszeBbIX BynkaHoB FOKbB

CornacHo BBHINOJHEHHBIM pacdyéraMm, HHTEpBaI
o0pa3oBaHMs Ta3a U PACTBOPEHHOTO B HEM KOHJIEH-
caTta OXBaThIBaeT IIyOHWHEI OT 8 10 16 kM (puc. 16).
Wx obpazoBanme cBsA3aHO, Kak C MO3IHEH cTaanei
TemreparypHoro mnpeobpasoBanus OB, Tak u ¢ kpe-
KUHIOM paHee 00pa30BaHHBIX KUAKHX YB.

50

D1 |:|2

40

30

20

Yacrocts, %

10 H

10.0-12,0 | 12,0-14.0
Tnybuner, kv

8.0-10.0 14.0-16.0

Puc. 16. IOKB. T'ucrorpammsl pacrnpeneieHus riyOHH UCTOY-
HHUKa Ta30B MecTopoxaeHUi (1) U rps3eBbIX ByJIKaHOB (2), pac-
cuntanHbIX o UCY
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IIpu TemnepaTypHOM I'paJueHTE B LICHTPAIbHOU
rmy6okoBoaHoi yactn FOKB mpumepno B 18°C/km
Temnepartypa Ha TiyOuHe 16 kM Oyaer paBHa TpH-
MepHo 290°C. DTO XOpOoIIO COrjiacyercsi ¢ OIEeHKa-
MU, BbIONHEHHBIME 10 MICY metaHa miist Ipyrux
0caouHBIX OacceitHoB Mupa. CorinacHo 3TUM OLEH-
kam (IIpaconoB, 1990) MakcUMaJIbHOMY IIpeaeihb-
HoMmy 3HaueHuio MICY meraHa ocaJio9HOTO T€HE3H-
ca, paBHOMY -35%o, COOTBETCTBYET TeMIIEparypa
Heap B 300°C. B IOKb makcumanbHOe 3HaueHHE

JUTEPATYPA

Anue An.A., baiipamoB A.A. 3aKOHOMEPHOCTH IPOCTpaH-
CTBEHHO-BPEMEHHOI'O PACIpENIeNICHUs] TPSI3EBBIX BYJIKaHOB
IOxno0-Kacnuiickoil BHaguHbl B CBETe HOBOW TEKTOHUYE-
ckoii koHuenuuu. Tpynst Uu-Ta reon. HAHA, No. 35, 2007,
C. 25-45.

AnmeB An.A., Kabymnosa A.S. 30Tombl renust B Ta3aX TPA3EBBIX
BysnkaHOB AsepOaiimkana. JIAH Azep6aiimkana, T. 36, No.
3, 1980, c. 52-56.

Bansie b.M., I'punuenko F0.U., Epoxun B.E., IIpoxopos B.C.,
Tutkor I'.A. M30TomHBIN 00IMK Ta30B TPSA3CBBIX BYJIKAHOB.
JIuronorus u nonesusie uckonaemele, NO.1, 1985, c. 72-87.

I'ynues U., ®eiizynnaes A., Anues A., MoBcymosa Y. Coctas
Ta30B M OPraHUYECKOTO BEILIECTBA MOPOI-BBIOPOCOB Ipsi3e-
BBIX ByJIKaHOB A3epOaiimxana. ['eomorus vedtu u raza, No.
3, 2005, c. 27-30.

I'ymues U., @etizymnaes A., I'yceiinos [l I'eoxummaeckre ocobeH-
HOCTH W HWCTOYHHMKH (DIIIOMTOB Tps3eBBIX ByJKaHOB HOkHO-
Kacnmiickoro ocagounoro 6acceliHa B CBETe HOBBIX JIaHHBIX 110
usorormu C, H, n O. I'eoxumus, No. 7, 2004, c. 792-800.

Hanames A.A., 3opbkut JI.M., biioxuna I'.I'. HoBbie naHHbIC
00 M30TOITHOM COCTaBe yIJIepoja MeTaHa NMPHUPOJHBIX Ta30B
rps3eBBIX ByJNKaHOB A3sepOaiimkana. doxmagst AH CCCP,
T. 262, No. 2, 1982, c. 399-401.

Hanames A.A., ®eiizymmaeB A.A., I'ymues U.C. BeprukansHas
30HATBHOCTE He(Tera3000pa3oBaHus MO JaHHBIM H30TOI-
HOTO COCTaBa yIiiepofia METaHa I'PS3EBBIX BYIKAHOB U Me-
cTOpoKIeHU# Asepbaiimkana. Hedrerasosas reomorust u
reodusuka, No. 6, 1986, c. 24-28.

Ixadapos C.A. lHepTHBIE KOMIOHEHTHI (T€IHiA, a30T, H30TOIIBI
aproHa) ra3oB IPSA3EBBIX BYJIKaHOB AzepOaiikaHa B CBS3U C
TIePCTIEKTHBAMU Ta30HOCHOCTH TTyOOKO3aJerarolix OTIIO-
JKeHUH. ABTopedepar IuccepTalvi Ha COMCKaHUE YUEHOM
cTeneHn Kaui.T.-M.H. MHcTHTYT Teonorun AH A3zep6.CCP,
baky, 1985.

Kepumos B.1O., I'ynues U.C., I'yceitnos [[.A., Jlapenosa E.A.,
MycraeB P.H., Ocunos A.B., CepukoBa Y.C. IIporaosupo-
BaHME HE(TEra30HOCHOCTH B PETHOHAX CO CIIOXKHBIM T'€0JI0-
rugecknM crpoerneM. OO0 «M3natensckuit tom Hempay.
Mocksa, 2015, 404 c.

Kuksamze O.E. T'eoxumus rps3eBynkanndeckux ¢iuronnos Kas-
Ka3CKoro peruoHa. Jluccepramus Ha COMCKaHHE y4. CT.
KaHA. reol.-MuH. Hayk. ['eomormueckuii unctutyt PAH,
Mocksa, 2016, 183 c.

Jlaspymmn B.IO., I'ymueB U.C., Kuksagze O.E., AnueB AnA.,
IToxposckuit B.I'., Tlomsx Bb.I. Boapl Tps3eBbIX ByJKaHOB
AszepOaiimkana: H30TOMHO-XUMUYECKHE OCOOCHHOCTH M yCIIO-
Bus1 popmupoBanwst. JIuTonorus u nonesHble nekoraemble, NO.
1, 2015, c. 3-29, DOI: 10.7868/S0024497X15010036

Jlagpymmn B.IO., Tlonsx B.I'., IlpaconoB 2.M., Kamenckuii
W.JI. McToyHuKH BemecTBa B NMPOIYKTax IPsI3EBOrO BYJIKa-
HHU3Ma (10 M30TOMHBIM, THAPOXHMMHUYECKUM H TeOJOTHue-
CKUM JaHHbIM). JIuTonorus m mosesHele HCKomaemble, No.
6, 1996, c. 625-647.

HNCY merana paBHO — 34.5%o, 9TO MO3BOJSET CUU-
TaTh HUKHIOK TPAaHUIy TEMIIEPATyPhbl €ro UCTOYHH-
ka B 300°C 00BbEKTUBHOIA.

Baaronapuoctu

Jannas paboTa BbIIONHEHA NPU (PUHAHCOBOM
nojaepxke @onga Pazsutus Hayku npu [pesuaen-
Te Asepbaiimkanckoii Peciy6nuxu — I'pant Ne EiF-
BGM-4-RFTF-1/2017.

REFERENCES

Aghayeva V., Sachsenhofer R.F., van Baak C.G.C., Bechtel A.,
Hoyle T.M., Selby D., Shiyanova N., Vincent S.J. New geo-
chemical insights into Cenozoic source rocks in Azerbaijan:
implications for petroleum systems in the South Caspian re-
gion. Journal of Petroleum Geology, Vol. 44, No. 3, 2021,
pp. 349-384.

Aliyev Ad.A., Bayramov A.A. Regularities of spatial-time dis-
tribution of mud volcanoes in the South Caspian Basin in
the light of new tectonic conception. Proceedings of Geolo-
gy Institute of Azerbaijan National Academy of Sciences,
No. 35, 2007, pp. 25-45 (in Russian).

Aliyev Ad.A., Kabulova A.Ya. Helium isotopes in gases of the mud
volcanoes of Azerbaijan. Proceedings of the Azerbaijan Acad-
emy of Sciences, Vol. 36, No. 3, 1980, c. 52-56 (in Russian).

Amado L. Reservoir exploration and appraisal || field case eval-
uations. Gulf Professional Publishing. 2013, pp. 53-156,
ISBN 9781856178532, https://DOl.org/10.1016/B978-1-
85617-853-2.00012-0

Axen G.J., Lam P.S., Grove M., Stockli D.F. Exhumation of the
West-Central Alborz mountains, Iran, Caspian subsidence,
and collision-related tectonics. Geology, Vol. 29, No. 6,
2001, pp. 559-562.

Bailey N.J.L., Guliyev 1.S., Feyzullayev A.A. Source rocks in
the South Caspian. AAPG/ASPG research symposium 'Oil
and gas petroleum systems in rapidly-subsiding basins'.
Book of abstracts. Baku, Azerbaijan, October 6-9 1996.

Carothers W.W., Kharaka Y.F. Stable carbon isotopes of
HCOs" in oil-field waters —implications for the origin of
CO2. Geochimica et Cosmochimica Acta, Vol. 44, No. 2,
1980, pp. 323-332.

Dadashev A.A., Feyzullayev A.A., Guliyev I.S. Vertical zoning
of oil and gas forming by data of the isotopic composition of
methane carbon of the mud volcanoes and fields in Azerbai-
jan. Oil and gas geology and geophysics, No. 6, 1986, pp.
24-28 (in Russian).

Dadashev A.A., Zorkin L.M., Blokhina G.G. New data about
the isotopic composition of methane carbon of the natural
gases of the mud volcanoes in Azerbaijan. Akademiia Nauk
SSSR, Doklady, Vol. 262, No. 2, 1982, c. 399-401, DOI:
10.7868/S0024497X15010036 (in Russian).

Faber E. Zur isotopengeochemie gasformiger Kohlenwasserstof-
fe. Erdol, Erdgas, Kohle, Vol. 103, No. 5, 1987, pp. 210-218
(in German).

Feyzullayev A., Aliyeva Es.A. Estimation of the various source
rocks contribution in oil pools formation. EAGE 65 Confer-
ence and Exhibition, Stavanger, The Norway, 2-5 June
2003. Extended Abstracts on CD, P 026, 4 p.

Feyzullayev A., Guliyev I., Tagiyev M. Source potential of the
Mesozoic-Cenozoic rocks in the South Caspian Basin and their
role in forming the oil accumulations in the Lower Pliocene res-
ervoirs. Petroleum Geoscience, Vol. 7, No. 4, 2001, pp. 409-417.

Feyzullayev A., Movsumova U. The nature of the isotopically
heavy carbon of carbon dioxide and bicarbonates in the wa-

77



A.A.Feyzullayev et al. /| ANAS Transactions, Earth Sciences 1 /2022, 68-80; DOI: 10.33677/ggianas20220100073

Mycraes P.H. YcnoBust popmupoBanns 1 nporHo3 Hereraso-
HOCHOCTH 3amajuHoro 6opta FOxHo-Kacnuiickoii BraauHbL.
Jluc. Ha couCKaHUe y4.CTell. KaHA. reoll.-MuHep. Hayk. PI'Y
Hedtu 1 raza uMm. 1.M.I'y6kxuna, Mocksa, 2013,123 c.

[IpaconoB 3.M. M3oTonHas reoXuMus U MPOUCXOXKACHUE IPU-
ponsbix ra3os. Henpa. Jlenunrpaa, 1990, 283 c.

[Ipaconos D.M., Jlo6koB B.A. O0 ycnoBusx oOpa3oBaHHA H
MUTpalnuy MeTaHa (10 HM30TOMHOMY COCTaBy YIJIepoja).
T'eoxumus, No. 1, 1977, ¢.122-135.

@eizymnaes A., Tarue M. dopmupoBanue 3anexeid HepTH U
rasza B npoaykrtuBHoi Tomuie HOxxno-Kacnuiickoro Gacceii-
Ha: HOBBbIE TMOAXOABI U pe3ynbTaThl. A3epb. Hedt. Xossii-
ctBo, No. 3, 2008, c. 7-18.

OeitzymiaeB A., MoBcymoBa VY. Ilpupoaa M30TOMHO-TSKEIOTO
yriaepoaa YrieKuciaoro ra3a u 6I/IKap6OHaTOB BOJ I'pA3EBBIX
BYJIKaHOB AsepOaiimkana. ['eoxumus, No. 5, 2010, c. 1-6.

Oeiizymnaes A.A., MoscymoBa VY.A. Ilpupona u3oTomHo-
TSAXKEJIOro yriiepoza YIrj€KuUcCJIOro rasa rpsa3eBbixX BYJIKAHOB
Asepbaitmkana. Matepuansl [II MexayHnapoaHoit koHbe-
peHuun AsepOaiikaHCKOro oOIIecTBa reonoroB HeTIHU-
koB. Baky,1995, c. 38-39.

Aghayeva V., Sachsenhofer R.F., van Baak C.G.C., Bechtel A.,
Hoyle T.M., Selby D., Shiyanova N., Vincent S.J. New geo-
chemical insights into Cenozoic source rocks in Azerbaijan:
implications for petroleum systems in the South Caspian re-
gion. Journal of Petroleum Geology, Vol. 44, No. 3, 2021,
pp. 349-384.

Amado L. Reservoir exploration and appraisal || field case eval-
uations. Gulf Professional Publishing. 2013, pp. 53-156,
ISBN 9781856178532, https://DOI.org/10.1016/B978-1-
85617-853-2.00012-0

Axen G.J., Lam P.S., Grove M., Stockli D.F. Exhumation of the
West-Central Alborz mountains, Iran, Caspian subsidence,
and collision-related tectonics. Geology, Vol. 29, No. 6,
2001, pp. 559-562.

Bailey N.J.L., Guliyev I.S., Feyzullayev A.A. Source rocks in
the South Caspian. AAPG/ASPG research symposium 'Oil
and gas petroleum systems in rapidly-subsiding basins'.
Book of abstracts. Baku, Azerbaijan, October 6-9 1996.

Carothers W.W., Kharaka Y.F. Stable carbon isotopes of HCOs™ in
oil-field waters —implications for the origin of CO2. Geochimica
et Cosmochimica Acta, Vol. 44, No. 2, 1980, pp. 323-332.

Faber E. Zur isotopengeochemie gasformiger Kohlenwasserstoffe.
Erdol, Erdgas, Kohle, Vol. 103, No. 5, 1987, pp. 210-218.

Feyzullayev A., Aliyeva Es.A. Estimation of the various source
rocks contribution in oil pools formation. EAGE 65 Confer-
ence and Exhibition, Stavanger, The Norway, 2-5 June.
2003. Extended Abstracts on CD, P 026, 4 p.

Feyzullayev A., Guliyev 1., Tagiyev M. Source potential of the
Mesozoic-Cenozoic rocks in the South Caspian Basin and
their role in forming the oil accumulations in the Lower Pli-
ocene reservoirs. Petroleum Geoscience, Vol. 7, No. 4,
2001, pp. 409-417.

Feyzullayev A.A. Mud volcanoes in the South Caspian basin:
nature and estimated depth of its products. Natural Science,
Vol. 4, No.7, 2012, pp. 445-453.

Feyzullayev A.A., Lerche I. Temperature-depth control of petro-
leum occurrence in the sedimentary section of the South
Caspian basin. Petroleum Research, Vol. 5, No. 1, 2020, pp.
70-76, https://doi.org/10.1016/j.ptlrs.2019.10.003

Guliyev 1., Feyzullayev A. Geochemistry of hydrocarbon seep-
ages in Azerbaijan. In: (D.Shumacher and M.Abrams, eds.)
Hydrocarbon migration and its near-surface expression.
AAPG Memoir, Vol. 66, 1996, pp. 63-70.

Guliyev I., Feyzullayev A., Tagiyev M. Isotope-geochemical
characteristics of hydrocarbons in the South Caspian Basin.
Energy, Exploration and Exploitation, Vol. 15, No. 4/5,
1997, pp. 311-368.

78

ters of mud volcanoes in Azerbaijan. Geochemistry, No. 5,
2010, pp. 1-6 (in Russian).

Feyzullayev A., Tagiyev M. Forming of oil and gas deposits in
the Productive Series of the South-Caspian basin: new ap-
proaches and results. Azerbaijan Oil Industry, No. 3, 2008,
pp. 7-18 (in Russian).

Feyzullayev A.A. Mud volcanoes in the South Caspian basin:
nature and estimated depth of its products. Natural Science,
Vol. 4, No.7, 2012, pp. 445-453.

Feyzullayev A.A., Lerche |. Temperature-depth control of petro-
leum occurrence in the sedimentary section of the South
Caspian basin. Petroleum Research, Vol. 5, No. 1, 2020, pp.
70-76, https://doi.org/10.1016/j.ptlrs.2019.10.003

Feyzullayev A.A., Movsumova U.A. The nature of the isotopi-
cally heavy carbon of the carbon-dioxide gas of the mud
volcanoes in Azerbaijan. Proceedings of the 111 International
conference of Azerbaijan Society of Petroleum Geologists,
Baku, 1995, pp. 38-39 (in Russian).

Guliyev 1., Feyzullayev A. Geochemistry of hydrocarbon seep-
ages in Azerbaijan. In: (D.Shumacher and M.Abrams, eds.)
Hydrocarbon migration and its near-surface expression.
AAPG Memoir, Vol. 66, 1996, pp. 63-70.

Guliyev I., Feyzullayev A., Aliyev A., Movsumova U. Compo-
sition of gases and organic matter of rocks-ejections of mud
volcanoes of Azerbaijan. Oil and gas geology, No. 3, 2005,
pp. 27-30 (in Russian).

Guliyev 1., Feyzullayev A., Huseynov D. Fluids of mud volca-
noes in the Southern Caspian sedimentary basin: geochemis-
try and sources in light of new data on the carbon, hydrogen,
and oxygen isotopic compositions. Geochemistry, No. 7,
2004, pp. 792-800 (in Russian).

Guliyev 1., Feyzullayev A., Tagiyev M. Isotope-geochemical
characteristics of hydrocarbons in the South Caspian Basin.
Energy, Exploration and Exploitation, Vol. 15, No. 4/5,
1997, pp. 311-368.

Guliyev I.S., Feyzullayev A.A., Guseynov D.A. Carbon isotopic
composition of the hydrocarbon fluids of the South Caspian
Megadepression. Geochemistry International, Vol. 39, No.
3, 2001, pp. 237-243.

Giirgey K. Correlation, alteration, and origin of hydrocarbons in the
GCA, Bahar, and Gum Adasi fields, western South Caspian Ba-
sin: geochemical and multivariate statistical assessments. Marine
and Petroleum Geology, Vol. 20, No. 10, 2003, pp. 1119-1139.

Hovland M., Ruesletten H., Lithseth H., Fichler C., Johnsen H.
Mud volcanoes — A result of supercritical water formation at
depth? Proceedings of AAPG/GSTT Hedberg Conference
“Mobile Shale Basins — Genesis, Evolution and Hydrocar-
bon Systems”, Trinidad and Tobago, 4-7 June 2006.

Jackson J., Priestley K., Allen M.B., Berberian M. Active tec-
tonics of the South Caspian Basin. Geophys. J. Intern., Vol.
148, No. 2, 2002, pp. 214-245.

Jafarov S.A. Inert components (helium, nitrogen, argon iso-
topes) of gases of the mud volcanoes in Azerbaijan in con-
nection with prospects of gas content and deep sediments.
Abstract of the PhD dissertation, Institute of Geology of
Azerbaijan Academy of Sciences, Baku, 1985 (in Russian).

Katz K.J., Richards D., Long D., Lawrence W. A new look at
the components of the petroleum system of the South Caspi-
an Basin. Journal of Petroleum Science and Engineering,
Vol. 28, No. 4, 2000, pp. 161-182.

Kazmin V.G., Verzhbitskii E.V. Age and origin of the South Cas-
pian Basin, Oceanology, Vol. 51, No. 1, 2011, pp. 131-140.
Kerimov V.Yu., Guliyev LS., Huseynov D.A., Lavrenova E.A,,
Mustayev R.N., Osipov A.V., Serikova U.S. Forecast of the oil
and gas content in regions with complex geological structure.
Publishing House “Nedra”. Moscow, 2015, 404 p. (in Russian).

Kikvadze O.E. Geochemistry of the mud volcanic fluids of the Cau-
casian region. PhD thesis, Moscow, 2016, 183 p. (in Russian).


https://doi.org/10.1016/j.ptlrs.2019.10.003
https://doi.org/10.1016/j.ptlrs.2019.10.003

A.A.Feyzullayev et al. /| ANAS Transactions, Earth Sciences 1 /2022, 68-80; DOI: 10.33677/ggianas20220100073

Guliyev L.S., Feyzullayev A.A., Guseynov D.A. Carbon isotopic
composition of the hydrocarbon fluids of the South Caspian
Megadepression. Geochemistry International, Vol. 39, No.
3, 2001, pp. 237-243.

Giirgey K. Correlation, alteration, and origin of hydrocarbons in
the GCA, Bahar, and Gum Adasi fields, western South Cas-
pian Basin: geochemical and multivariate statistical assess-
ments. Marine and Petroleum Geology, Vol. 20, No. 10,
2003, pp. 1119-1139.

Hovland M., Ruesletten H., Lifhseth H., Fichler C., Johnsen H.
Mud volcanoes — A result of supercritical water formation at
depth? Proceedings of AAPG/GSTT Hedberg Conference
“Mobile Shale Basins — Genesis, Evolution and Hydrocar-
bon Systems”, Trinidad and Tobago, 4-7 June 2006.

Jackson J., Priestley K., Allen M.B., Berberian M. Active tec-
tonics of the South Caspian Basin. Geophys. J. Intern., Vol.
148, No. 2, 2002, pp. 214-245.

Katz K.J., Richards D., Long D., Lawrence W. A new look at
the components of the petroleum system of the South Caspi-
an Basin. Journal of Petroleum Science and Engineering,
Vol. 28, No. 4, 2000, pp. 161-182.

Kazmin V.G., Verzhbitskii E.V. Age and origin of the South Cas-
pian Basin, Oceanology, Vol. 51, No. 1, 2011, pp. 131-140.
Mazzini A. Mud volcanism: processes and implications. Marine
and Petroleum Geology, Vol. 26, No. 9, 2009, pp. 1677-

1680, DOI:10.1016/j.marpetgeo.2009.05.003

Nakada R., Takahashi Y., Tsunogai U., Zheng G., Shimizu H. Hat-
tori K. A geochemical study on mud volcanoes in the Junggar
Basin, China. Applied Geochemistry, Vol. 26, No. 7, 2011, pp.
1065-1076, DOI:10.1016/j.apgeochem.2011.03.011

Peters K.E. and Moldowan J.M. The Biomarker guide. Interpret-
ing molecular fossils in petroleum and ancient sediments.
Prentice Hall, Englewood Cliffs, New Jersey, 1993, 363 p.

Philip H., Cisternas A., Gvishiani A., Gorshkov A. The Cauca-
sus: an actual example of the initial stages of continental
collision. Tectonophysics, Vol. 161, 1989, pp. 1-21.

Planke S., Svensen H., Hovland M., Banks D.A., Jamtveit B.
Mud and fluid migration in active mud volcanoes in Azer-
baijan. Geo-Marine Letters, Vol. 23, 2003, pp. 258-268,
DOI:10.1007/s00367-003-0152-z

Wavrek D., Collister J., Curtiss D., Quick J., Guliyev 1.,
Feyzullayev A. Novel application of geochemical inversion to
derive generation/expulsion kinetic parameters for the South
Caspian petroleum system (Azerbaijan). AAPG/ASPG Re-
search Symposium “Oil and gas petroleum Systems in rapidly
subsiding basins”. October 6-9 1996. Baku, Azerbaijan.

Lavrushin V.Yu., Guliyev L.S., Kikvadze O.E., Aliyev Ad.A.,
Pokrovskiy B.G., Polyak B.G. Waters from mud volcanoes
of Azerbaijan: isotopic-geochemical properties and genera-
tion environments. Lithology and Mineral Resources, No. 1,
2015, pp. 3-29 (in Russian).

Lavrushin V.Yu., Polyak B.G., Prasolov E.M., Kamenskiy I.L.
Sources of matter in the mud volcanism products (by isotop-
ic, hydrochemical and geological data). Lithology and Min-
eral Resources, No. 6, 1996, pp. 625-647 (in Russian).

Mazzini A. Mud volcanism: processes and implications. Marine
and Petroleum Geology, Vol. 26, No. 9, 2009, pp. 1677-
1680, DOI:10.1016/j.marpetgeo.2009.05.003

Mustayev R.N. Conditions of forming and forecast of oil and
gas content of the western side of the South-Caspian depres-
sion. PhD thesis. Gubkin Russian State University of Oil
and Gas, Moscow, 2013, 123 p. (in Russian).

Nakada R., Takahashi Y., Tsunogai U., Zheng G., Shimizu H. Hat-
tori K. A geochemical study on mud volcanoes in the Junggar
Basin, China. Applied Geochemistry, Vol. 26, No. 7, 2011, pp.
1065-1076, DOI:10.1016/j.apgeochem.2011.03.011

Peters K.E. and Moldowan J.M. The Biomarker guide. Interpret-
ing molecular fossils in petroleum and ancient sediments.
Prentice Hall, Englewood Cliffs, New Jersey, 1993, 363 p.

Philip H., Cisternas A., Gvishiani A., Gorshkov A. The Cauca-
sus: an actual example of the initial stages of continental
collision. Tectonophysics, Vol. 161, 1989, pp. 1-21.

Planke S., Svensen H., Hovland M., Banks D.A., Jamtveit B.
Mud and fluid migration in active mud volcanoes in Azer-
baijan. Geo-Marine Letters, Vol. 23, 2003, pp. 258-268,
DOI:10.1007/s00367-003-0152-z

Prasolov E.M. Isotopic geochemistry and origin of the natural
gases. Nedra. Leningrad, 1990, 283 p. (in Russian).

Prasolov E.M., Lobkov V.A. Regarding the conditions of for-
mation and migration of the methane (by isotopic composi-
tion of the carbon). Geochemistry, No. 1, 1977, pp. 122-135
(in Russian).

Valyaev B.M., Grinchenko Yu.l., Erokhin V.E., Prokhorov
V.S., Titkov G.A. Isotopic appearance of gases of the mud
volcanoes. Lithology and Mineral Resources, No. 1, 1985,
pp. 72-87 (in Russian).

Wavrek D., Collister J., Curtiss D., Quick J., Guliyev I.,
Feyzullayev A. Novel application of geochemical inversion to
derive generation/expulsion kinetic parameters for the South
Caspian petroleum system (Azerbaijan). AAPG/ASPG Re-
search Symposium “Oil and gas petroleum Systems in rapidly
subsiding basins”. October 6-9 1996. Baku, Azerbaijan.

M30TONHBIA COCTAB MIPOAYKTOB JAEATEJIBHOCTH I'PA3EBBIX BYJKAHOB IOKHO-KACIUICKOI'O
BACCEMHA B CBSI3U C HEOTET'A3OHOCHOCTBIO I'TYBOKONOI'PYKEHHBIX OTJIOKEHUI

Deiizynaes A.A.12 Tyceiinos JI.A.L, Pamugos T.M.!
YUnemumym 2eonocuu u 2eogpusuxu HAHA
AZ1143, 2. Baky, npocn. I []ncasuda, 119: fakper@gmail.com
2Uncmumym negpmu u 2aza HAH Azepbaiioscana
AZ 1000, baxky, AzepbaiioscaH, yr. @.Amuposa,9

Pestome. B HacTosmiee BpeMsi OCHOBHBIE MUPOBBIE TIPHPOCTHI yriieBonopooB (YB) cBsizaHBl ¢ 5 (EKTUBHOCTHIO U3BICUCHUS
VB u3 pazpabarsIBaeMbIX MECTOPOXKICHMI M MOMCKOBBEIMU paboTaMM Ha HOBBIX TeppuTopusx. [Ipu sTom Hanbonee >3dexTHBHBIM
SIBJISICTCS] TOUCK YB B MIyGOKOMOTpyKeHHBIX OTIIOKEHHUSIX IKCIUTyaTHPyeMbIX HedTe00bIBaIONNX PAailoHOB, YTO, B CBOIO OYEpPE/ib,
CBSI3aHO C OIpPENENICHHBIMA HMH)XEHEPHBIMM M (HHAHCOBBIMH puckamMu. C 3TOH TOUKH 3peHHs Tps3eBble ByiKaHbel OxHO-
Kacnmiickoro 6acceifHa MOTYT CBITPaTh POJb €CTECTBCHHBIX IIyOOKHX CKBaXHH M HOCHUTEJEH IEHHOW MH(OpPMALUH O Mpoleccax,
MPOUCXOASIINX HA OOJBIINX TTyOUHAX.

B nannoif craThe 000OIIEHBI Pe3yIbTaThl PaHee BHIOJIHEHHBIX M HOBBIX HCCIEIOBAHMH M30TOITHOTO COCTaBa NPOJIYKTOB Jes-
TEIBHOCTH (IOPOIBI-BBIOPOCHI, ra3, HedTh, Boma) rps3eBbix BynkaHoB FOKB ¢ menbio mporrosa HedTera3oHOCHOCTH U (ha30BOTO
cocTtossHus YB Ha HemocTymHBIX OypeHHeM IiyOuHax, a Takke MHHUMHU3ALUN YKOHOMHUYECKOTO M TEXHOJIOTHYECKOro pHcKa Oype-
HUSL JOPOTOCTOSIINX TITyOOKNX CKBaXKHMH. BBUIM MCIONB30BaHbI CIIEAYIOLINE METOIBI: IIPOJIU3 MOPOJI, MAaCcC-CIIEKTPOMETPHYECKUI 1
XpOMaTo-Macc-CIEKTPOMETPHYECKUH aHanu3 opranudeckoro semectsa (OB), nedreit u razos. Ilokas3aHo, 4TO MONOXKEHUE B pa3pese
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04aroB reHepanuy HeTH U ra3a Ips3eBBIX BYJIKAHOB H MECTOPOXKCHUI COOTBETCTBYET OOLIECTIPUHATON BEPTHKAIEHOH 30HAIBHOCTH
HedTera3oo0pa3oBaHus U UMEET €IMHBIA FeHeTHYeCKUi HcTOYHUK. OT CylIM B CTOPOHY LEHTpaJIbHOW riry6okoBoaHoi yactu FOKB
OTMEYaeTCsl yBEJIMUCHNUE MOLHOCTH HOPOJ, IIPU 3TOM 3peJIOCTh He(Tel U ra30B yBEINYMBACTCS, CONPOBOXKAASCH CMEHOH (ha3oBOro
cocTosHUA YB 0T HeTAHBIX, K HEeTera3oBsIM U ra3okoHaeHcaTHbIM. B riybokxoBoanoit yacti KOKB nporrosupyrorcs uckiodu-
TENBHO T'a30KOHJIEHCATHBIE CKomIeHHs. HinkHui npenen TeMnepaTypsl UX reHepanuu oreHuBaeTcst mpuMepHo B 300°C, uto coot-
BETCTBYET HHTEPBAIY INIyOHH OT 8 10 16 kM.

Knruesvie cnosa: IOxcuo-Kacnuiickuil 6acceiin, epssegvie 8YIKAHbI, NOPOObI-8bIOPOCHL, toUdbl, USOMONHBIL COCA8, DOb-
wie 2nyOuHbl, NPOSHO3 HehMme2a3OHOCHOCMU

DORIN COKUNTULORIN NEFT-QAZLILIGI iLO OLAQODAR CONUBI X0Z9R HOVZOSININ
PALCIQ VULKANLARININ FOALIiYYOT MOHSULLARININ iZOTOP TORKIiBi

Feyzullayev A.A.12, Hiiseynov D.A.}, Rasidov T.M.!
LAMEA-nn Geologiya va Geofizika Institutu
AZ1143, Baki sah., H.Cavid prosp., 119: fakper@gmail.com
2AMEA-nn Neft vo Gaz Institutu
AZ1000, Baki soh., F.Omirov kiic., 9

Xiilasa. Hal-hazirda diinya tizro karbohidrogenin (KH) asas artimi istismar yataqlarindan KH effektiv ¢ixarilmasindan vo yeni
orazilords axtaris islorinin aparilmasindan asihidi. On effektiv KH axtarigi istismarda olan neft hasilat rayonlarinin darinliklords olur,
bu da 6z névbasinds mithondislik vo maliyys risklori ilo baglidir. Bu baximdan Conubi-Xazor hovzasinin (CXH) pal¢iq vulkanlari
(PV) dorin tobii quyularin vo boyiik darinliklords bag veran prosseslor hagqinda giymatli malumat dasiyicisi rolunu oynaya bilar.

Magalods Conubi-Xozor hovzesinin  palgiq vulkanlarmm foaliyyst mohsullarinin (siixur-tullantilar, qaz, neft, su) izotop
torkibinin avvallor aparilmis vo yeni todqiqatlarin naticalori timumilosdirilmigdir. Magsaed — olgatmaz dorinliklords neftin vo gazin
torkibini va karbohidrogenlorin faza voziyyatini, habelo bahali dorin quyularin qazilmasinin iqgtisadi vo texnoloji riskini minimuma
endirmok (asagidaki tisullardan: siixurlarin pirolizi, orqanik madds, neft vo gaz mass-spektrometrik vo xromato-mass-spektrometrik
tohlildan istifado olunub). Miisyyan edilmisdir ki, PV-in vo yataqlarinin neftin vo qazin generasiyasinin monbalorinin Kasilisdo
timumi gabul edilmis KH-in saquli amolo golma zonalligina uygundur vo vahid genetik monboys malikdir. Qurudan CXH -nin
markazi dorinsulu hissasine torof siixurlarin galinlii geyd olunur vo bununla yanasi neft va gazlarin yetkinliyi artir, KH-in faza hali
neftdan, neft-qaza vo gaz-kondensatina doyismasi ilo miisayist olunur. CXH -nin darinsulu hissssinds yalniz qaz kondensatinin
yigilmalari prognozlagdirilir. Onlarin amals goalmasi iigiin asagi temperatur haddi toxminon 300 °C saviyyasinds giymatlondirilir ki,
bu da taxminan 8-don 16 km godar dorinliys uygundur.

Agar sézlor: Conubi Xozor hovzasi, pal¢iq vulkanlari, siixur-tullantilar, fliidlor, izotop torkibi, boyiik doarinliklor, neft-gazliigin
prognozu
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MECTOPOK AEHVSIMU B FOKHO-KACIIMMCKOMU BITA AVHE

1Ocy60B H.II.

Mremumym nepmu u 2asa HAHA, Baxy, Asepbaiidxan

AZ1000, 2. baxy, ya. D.Amupoea, 9

MUD VOLCANISM RELATIONSHIP WITH OIL AND GAS DEPOSITS IN THE SOUTH CASPIAN BASIN

Yusubov N.P.

Institute of Oil and Gas of ANAS, Azerbaijan

9, F.Amirov str., Baku, AZ1000

Keywords: mud volcanism,
non-Newtonian fluid, river
systems, oil and gas fields,
clay diapirs, sedimentation
load, reservoir

Summary. The South Caspian Basin (SCB) is the world's largest area of mud volcanism. In the
Oligocene — Lower Miocene and in the Miocene-Quaternary period, thermodynamic conditions for
the transformation of organic substances into hydrocarbons were created here. The Maykop clay
formations, having the properties of a non-Newtonian fluid and buried under a multilayer geologi-
cal system, as a result of the gravitational instability of the system (the Rayleigh-Taylor phenome-
na), have formed intrusions in the overlying environment and eruptive channels of mud volcanoes.
These vertical (sub-vertical) structures played the role of channels that provide the migration of
hydrocarbon and mud mixture formed inside the Maykop strata into the upper levels of the multi-
layer geological environment, in the body of which, as a result of the activity of river systems, re-
servoirs with high-quality filtration-capacity properties were formed. The processes of formation
and development of eruptive channels of mud volcanoes and the migration of hydrocarbon fluids
began from the end of the Oligocene (at the beginning of the Miocene) and continue to the present
day. The results of the work performed on the basis of seismic data confirm that in the area under
consideration, the only connecting link of the source stratum with the reservoirs located on the up-

per levels of the layered geological environment is the eruptive channels of mud volcanoes.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

BBenenne

['eonormueckue CHUCTEMBI, COCTOSINNAE W3 Yepe-
JIYIOLIUXCS CJIOEB C HU3KOM U BBICOKOMU IJIOTHOCTSIMHU,
HEYCTONYMBEI B TPABUTALIMOHHOM 10je 3emiu. B Hux
M3-332 IUIABYYECTH MAaTEPHANIOB C HU3KOW TIIOTHO-
CThI0, TIOrPEOCHHBIX TI0J] CIIOMCTOWM T'€0JIOTHUYSCKON
cpenoi, ciokeHHOH 13 OoJiee MIOTHBIX mopos, Gop-
MUPYIOTCS BOJIHOOOpa3Hble (pHc.l) CTPyKTypbl —
TUATIPOBBIE  CKIAAKH  (JlmammpoBeie  CKIIAIKH. ..,
2017). B Takux cucremax AWaNMp HAYMHAET PACTH,
KOTJ]a TIePEeKPHIBAIONIAN CIIOW, CIOKEHHBIA U3 -
(hepeHIIMPOBAHHO-TIIIOTHOTO (IO BEPTHUKATM M JiaTe-
pan) 0caJOYHOTO MaTepHala, JOCTUTaeT MOIITHOCTH,
MO/ TSKECTBIO KOTOPOU TTIMHUCTBIN CIIOM CTAHOBUTCS
mwraByanM. [lo manueM Jlunmepa, (1986) ramHsHBIC
KyIojia B TaKUX CHCTEMax MOTYT IOJHUMAThCS Ha
MMOBEPXHOCTh ¢ TyOuHbI mopsaka 150 m. Passuthe
TIIMHSHBIX KYTIOJIOB PUBOIUT K 0Opa30BaHUIO aHTH-
KJIMHAJIEH U CUHKJIMHAJIEW B epEeKPhIBAIOIIEH TOJIIIE.
Takoil BBIBOJ NMPOTUBOPEUYUT CIIOKUBIIEMYCS MHE-
HUIO O (POPMUPOBAHHU AHTUKIMHAIBGHBIX CTPYKTYD

O] BO3JICHCTBUEM TEKTOHHYECKUX CHII CHKATHS, HO
HE OTPHIIAET UX YJacTHs B mporecce popMupoBaHus
TEeKTOHHYECKUX auciokanuii. Cka3aHHOE MOATBEp-
JKAAeTCsl M pe3ysbTaTaMH CEHCMOpPa3BEIKH, BBIIOJ-
HenHol Ha FOxHO-Kacnmiickoit Bnaaunae (FOKB), roe
MHOTHE HE(PTSIHBIE MECTOPOXKACHHUS MPUYPOUCHEI
MMEHHO K TaKUM I'€0JIOTHYECKUM CTPYKTYpaM.

Ilo mHeHWIO WccnenoBareneld, BOJHOOOpa3Has
(hopma TIOBEpXHOCTH COJITHOTO CJIOS M TUAITPOB, 00pa-
30BaBLINXCS HA PaHHHUX CTAAUAX (HOPMHUPOBAHUS KYIIO-
JIOB, TIPOSIBIISIET 3aKOHOMEPHOCTh, KOTOpasi XapaKTepH-
3yeTcsl AOMHMHUpYIOLEH JUMHOM BoiHbl. Hampumep,
COJIIHBIE KyTloJia Ha 1moOepekbe MeKCHKaHCKOTO 3aJlu-
Ba MMEIOT JOMUHHPYIOLIYIO JUIMHY BOJIHBI OKojo 10
kM. MiHOTa ATy 3aKOHOMEPHOCTh OTHOCAT W K TUIOIIA-
IIIM  Pa3BUTHS TUANUPOBLIX CKiIanok (Jlumep, 1986;
I'ynue 1 Kamupos, 2000). OxHako, Kak MOKa3bIBacT
HAlll OTIBIT, STOT BBIBOJ HE TIOATBEPIKIAETCS peabHbI-
MH Te0JIOro-Teo(pr3NIecKnMA JaHHBIMH. Kak BUIHO U3
pHC. 2, pacCTOSHHS MEXITy TI'ps3€BBIMH BYJIKaHAMU He
SIBJIAIOTCS 9KBUMCTAaHTHBIMU.

81


http://www.journalesgia.com/

82

N.P.Yusubov /| ANAS Transactions, Earth Sciences 1 /2022, 81-89; DOI: 10.33677/ggianas20220100074

0!03

Puc. 1. Ceiicmoreonorunueckuii npoduns. C mpaBoil cTOpoHsI Mpoduiist OTMEUeHa cTpaTturpaduyeckas NpuypoueH-
HOCTb TOPU30HTOB: Q — COBpEMEHHBIE OCaJKH, COCTOSIIIE U3 IUIACTOB IIMH M IeckoB; Qiab — AbiepoHckue oTi0-
JKEHHsI, TEPPUTEHHBIE OCAJIKM U M3BECTHSAKM; N2%aK — OTIIOMkEHHS aKYarblia, cepble TIMHBI U BYJIKAHUYECKUE METUIBL;
N2 — OTJI0’KEeHHs IPOAYKTHUBHOM TOJIIN, YEPEAOBAHUS ILIACTOB, COCTOSAIINX M3 NECKOB, IIECYaHUKOB, aJEBPUTOB U
;N1 — DIMHECTO-TIecUaHble MUOIEHOBBIE oTnoxkeruss; (Ps+Ni)mK — rmHuCTEE OTIOKEHUS Malikoma, 06ora-
IIeHHbIE OPraHUYeCKIMH BemecTBaMy; K — kapOOHATHBIE U BYJIKaHOTCHHBIE MEIOBEIEC OTIOXKEHHS; J — KapOOHATHBIE
OTJIOXKEHUSI FOPCKOTO HEepHOa.

1 — muanupoBBIe CTPYKTYPHI M TPSI3EBBIE BYJIKAHBI, 2 — TPAaHMIIBI pa3jiea 0CaJOUHBIX CIOEB.

=1

Puc. 2. [Tnouans pacnpocTpaHeHHs IPA3EBHIX BYJIKAHOB Ha CyIIE U B MOPCKOi aKBa-
Topun Asepbaiijkana: | — rps3eBble ByJKaHbl M aHTHKJIMHAJIbHbBIE CKIaIKH; 2 — Oe-
peroBas nuHus Kacrnuiickoro Mops; 3 — KOHTYp IUIOIIAJM Pa3BUTHS T'PA3EBOrO BYJI-
KaHM3Ma; 4 — MaJeopeyHble CUCTEMBbI, Y4aCTBOBABIIHE B ()OPMUPOBAHHMH IAJICOTCH-
YETBEPTUYHOTO MHTEPBAJIa 0CaJOYHOTO KOMIUIEKCA OTIOKCHUI.
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W3 puc.1 u 3 BUAHO, YTO aMIUIMTY/Ibl IOJHITUI
YBEJIIMYMBAIOTCS CHU3Y BBEpPX. AHAJIOTHYHAs BOJI-
HOBasl KapTUHA HAOJIONAeTCs U Ha BPEMEHHOM pas-
pese (puc. 40), pacCYNTaHHOM TI0 MOJETH, TIOKa3aH-
HOHM Ha puc. 4a. IIpu 3TOM, Kak BuAHO U3 pHcC.40,
BOJIHOBOM (PPOHT OTpakeHHHl OT MOBEPXHOCTH HU-
KeNeKalluX cJI0eB (OTpaXeHUs] OT IOBEPXHOCTH
[JIACTOB, XapaKTePU3YIOIINXCsT CKOpocTsMu 4.0 kM/c
u 4.3 KkM/c), pa3pbiBaeTcs Ha J1B€ yacTu. Takas BOJI-
HOBasi KapTWHa HaOJII0JaeTcsl IOBCEMECTHO Ha Bpe-
MEHHBIX pPa3pe3aX, IOCTPOEHHBIX IO pe3yjbTaTaM

ceficMopa3BeIKH, TPOBEACHHON METOIOM OOIei
TIIyOMHHOM TOYKM B HCCIEIYEMOM pPETHOHE. OTO
MPOUCXOAUT HU3-3a TPEIOMIICHUS U PacCEUBAHMS
SHEPIHH OTPaXEHHBIX BOJH B IIPUCYTCTBUH B pa3pe-
3e spynTuBHOro kanaia I'B. Otmerum, uyTo mMozens
ANNpPOKCUMHUPYET MOJABIAIONIee OOJBIIMHCTBO pe-
aNbHBIX reosiorudeckux paspe3oB FOKB u mpuiera-
oKX pailoHoB. Ha TeopeTuiyeckoM cericMUYecKkoM
BPEMEHHOM pa3pe3e OTYETIMBO BHUIHBI YaCTHUHO-
KpaTHBIE OTPAKEHHBIE BOJHBI, OCJIOXKHSIIOIINE
(POHTHI OTHOKPATHO OTPAKEHHBIX BOJIH.
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CTpyKTypa MaKONCKUX OTJIOKEHUIT B

apeaJjie pa3BUTHUSI IPSI3€BOT0 BYJKAHU3MA

[lo pesymbTaram KapTorpaguuecKux ChEMOK H
WHTEPIPETAUN JaHHBIX CEHCMOpa3BeNKH C/eIaH
BeIBOA (FOcy6oB, I'ynues, 2018) o Tom, uTo Tpsi3eBoOit
BYJIKAHU3M Ha TEPPUTOpUHU A3epOaiipkaHa CBS3aH C
MalKOIICKUM OCa/IOYHBIM Tale00acceifHOM IUTOIIa-
mp10 57 000 KM%, 3aIONHEHHBIM B pe3yibTaTe Jes-
TEJIFHOCTH PEYHBIX apTepuil (puc.2), MPUBHOCUBIINX
B HEe MNIMHKCTBIA MaTepuall C TPeX HalpaBlIeHUN — C
cerepo-3anana ([laneoxypa u [laneonmupcarar), cese-
pa (ITameoBonra) m ceBepo-BocToka (Ilameoamyp).
PacdeTsl OKa3bIBalOT, YTO B pe3yJIbTaTe JEATEIBHO-
CTH JTHX TaJleopeK W OIyCKaHWs IHa OacceiiHa Ha
ATOU TEPPUTOPHHU CO3AABAIUCEH YCIIOBHUS I HAKOII-
JeHUsI CO CKOpOCThio ~110 M/MJH. JeT OrpOMHOTO
o6bema (6.84x10* kv®) rmuHucToro Marepuana. bo-
raras OpraHM4YecKuM MarepuaioM (Anu-3ame u 1p.,
1975) cpemHss TOJNIMHA MANKOIICKUX TJIMHUCTBIX
OTJIOKEHUI JOCTUTAET 311eCh Ooiiee 1.2 KM.

B omuwromen — HwKHEM MHOIEHE (MaiKore)
MIPOUCXOANIIA aKTUBU3ALNS TEKTOHHYECKUX TPOIIec-
cOB — Bo3abIMaHue Ha bonbimom u Manom Kakaze
n morpyxenne IlpmkaBkaszckoii Bmamuabel (Cama-
eB,1981). B atoT mepuoxa B maiikormckoM OacceiiHe
HaOJII0JAJIMCh YacThle KOJeOaHus YPOBHS MOpSI, YTO
MpUBENO0 K (QIYKTyalusaM TOJOXEeHHs OeperoBoi
JIMHAW ¥ HaKOIUICHUIO B OKPAWHHBIX YacCTSIX KOHTH-
HEHTaJbHBIX M  TEPEXOJHO-MOPCKUX  OCAJKOB
(Munbkos, I'Bo3aenkuii, 1976).

[To manueM 2D/3D ceficMopa3BeKy MOITHOCTh
MaKWKOIICKUX OTJIOXKeHUH Kojebmercst oT 20 M B Kpa-
eBbIX 710 2300 M B LIEHTPAJIbHBIX, UHBIMU CIIOBAMH, B
Hauboyiee MOTPYyXeHHbIX dYacTsax FOxHo-Kacmwmii-
CKOM BIIQAWHEL. TOJIIIMHA MaWKOIICKUX OTJIOXKEHUH
B Illamaxsi-I'00ycTanckoM mporu0e, Ha IUIOMIAIU
lapapgar mocturaer 1400 m. IOxnHee AOmepoH-
[IpubanaxaHckoil 30HBI TIOJHATHII MOIITHOCTH Maii-
KOTICKUX OTJIOKCHUH PE3KO YBEIUUUBAIOTCS U CO-
ctaBisiioT 1900 M.

B Illpukacrmiicko-I'youackom HI'P  maxcu-
MaJlbHasi TOJIIIMHA MaMKOICKUX OTJIOXKEHWH ycTa-
HoBneHa OypeHueM u jpocturaetr 1200 m (. Tana-
ou u ap.). B Cpenne-Kacnmiickom paiioHe mo maH-
HBIM TJIyOOKOTO OypeHHs TOJIIMHA MaHKOIICKIX
OTJIOXKEeHUH 1oXoauT 10 30 M B palioHE CTPYKTYpbI
Snama-nenus. B 1oro—1oro-BoCTOUHOM HapaBlICHUU
OT 3TOH IUIOIAAM TONIIMHA MANKOIICKHX OTIIOXKE-
HUW TIOCTETICHHO YBEIWYUBACTCS M COCTABIISIET OKO-
a0 2300 m B paiione CeBepo-AOLIEpPOHCKOW CHH-
KJIMHanu. 31ech mo JaHHeIM 2D ceiicmopasBenku
o0IIast TONIIMHA TaJleOTeH-MHOIIEHOBBIX OTJIOXKE-
Huii goxoaut a0 3300 M. B aTom mHTEpBane reoyo-
THYECKOT0 pa3pe3a TONIIMHBI OTJIOXKEHUH pacrpe-
JEJSIOTCS B CIIEAYIOUIeH MOCIeI0BaTeIbHOCTH: TIa-
neoreH — 700 m, matikorm — 2300 m, muorneH — 300 m.
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Pe3ynbraTel MHTEpIIpETAlUU  T'€O(PU3NIECCKUX
JIAaHHBIX IOKa3bIBAIOT, YTO B IPOLIECCE SBOIIOLUU
OacceifHa HE3aBUCUMO OT TEKTOHHYECKHX IPOIIeC-
coB (OITyCKaHMe, TTOAbEM, HAKIIOHCHUE, HHBEPCHS U
T.1.), 00YCIaBIMBAIONINX TPAHCTPECCHIO U perpec-
CHI0O MOPCKOW OeperoBoil JHHHM, B OJHIOIICH-
yeTBepTUYHbIN niepuoa pazsutus IOKB peunsie cu-
CTEMBI 3aHUMAaJIM OJHU M Te K€ IUIOIIAaM HaJ Maii-
KOTICKUM 0acCEeHOM OCaJIKOHaKOIUIeHUsI. B pe3yiib-
TaTe 3/ech (OopMHUpOBanIach TeOJIOTUYECKasl CUCTE-
Ma, COCTOSIIAs U3 YePEAYIONMUXCS CIIOEB C HU3KOU U
BBICOKOH IUIOTHOCTAMHU. Kak HM3BECTHO, Takue Ireo-
JIOTMYECKHE CHUCTEMBI OTIMYAIOTCS BBICOKHM Kade-
CTBOM (DMIBTPANIMOHHO-EMKOCTHBIX CBOUCTB.

B muenom, wnHTeHCcHMBHOE morpyxenune HOKB
HA4aJloCh C OJIUIOllEHA C HAKOIUICHHEM IIeCYaHO-
TITAHUCTBHIX OCAJIKOB MOIIMHOCTHIO cBBIIIE 10 kM. B
IUTHOIICHE TIpollecc Tporubanus OacceifHa pesko
YCKOPHJICA U B pe3yjbTaTe 3a 5 MIH. et B FOxHo-
Kacnuiickoil BmagumHe U pacKphIBalOIIMXCA B HEH
Hmxue-Kypurackoir u  I'oOycTaHo-AOIIepoHCKOM
JIETIPECCUsIX MaWKOICKUE OTJIOKEHHsS ObUIM IMOorpe-
OCHBI TI0J] MHOTOCJIOHHON CUCTEMOH YepenyIoInXCs
M€CYaHO-TVIMHUCTBIX IUIACTOB OOIEHl MOIIHOCTEHIO
6ouee 8.0 kM.

MexaHu3m o0pa3oBaHusi TPA3€BOT0

BYJIKAHU3MA

B ycnoBusx, xorjga nerkas (MeHee IIJIOTHAS)
JKHJIKOCTh HAXOJIUTCS HIDKe Oosiee Tsokenoi (Oojee
TUIOTHOM) CO3/1aeTCsl TPaBUTAIIMOHHO-HEYCTOMYNBas
cpela, B KOTOPOH IPOMCXOAMT BHEIpEeHHE Ooiiee
JIETKOW KHUJAKOCTH B Ooliee TUIOTHYIO cpeny. MHade
TOBOpS, CKOTUIEHHBIE B HEIpax 3eMJIHM TJIMHUCTHIE
MOPOJIbI MPU BCECTOPOHHEM CIKATHH IO TSHKECTHIO
BEPXHEro KOMILJICKCA MOPOJ BEAyT ceOs Kak Iuia-
cruunbie Tena (Jlupmep, 1986; IOcy6os, ['ynues,
2018; I'ynues u ap., 2020) u mproOpETAOT KyMHOJI0-
BuaHYyt0 (Gopmy. [lpu Oosiee UIMTENBHOM HEMpe-
PBIBHOM JIaBIICHHH TJIMHUCTAs Macca (HaXOJsAInascs
B dA1pe), oOnajmaronias CBONCTBAMH HEHBIOTOHOB-
CKOH KMIKOCTH, T€YET KaK CMOJIa U YCUJIMBAET MPO-
1ecc u3rubaHus CIIOeB Haj auanupom. BernepcrBue
3TOTO TPOoIIecca B BBIMIENEKANUX IUIACTaX HAJ JHa-
MUPOM 00Pa3yOTCs TPEIIMHBI PaCTSHKEHHS, M0 KO-
TOPBIM JKUJKOCTh MPOHUKAET B BEPXHEE MOJYIMPO-
CTpaHCTBO. B pe3ynbraTe 3TOr0 reoAMHaMU4ecKOro
SIBIICHUS, HA3bIBAEMOTO HEYCTOWYHMBOCTHIO Pares—
Telinopa, B TOJIIE OMIOKEHUH, JEKAMUX MPSIMO
HaJ CBOJAOM WHTPY3UH, O0pa3yrOTCs TPEIIUHBI U
pasphIBHBIE HapyIeHWs. BHenpeHWro WHTpY3UH B
BEpPXHEE TOJIYNPOCTPAHCTBO CIIOCOOCTBYET U TOT
(dakTop, YTO KHMIKOCTh HE MOXET NPOHUKATH B
HU)KHEE TMOJyIIPOCTPAHCTBO U3-3a  MOCTEIEHHO
YMEHBIIAIOIETOCS B BEPXHEM HAIIPaBJICHUH OOIIETO
naBjieHus. [IMHsIHAs Macca, BEDKUMaeMasi B Harpas-
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JIEHUM JHEBHOH MOBEPXHOCTH, CO3JAET dPYNTUBHBIN
KaHau rps3eBoro Byikana (FOcy6os, ['ynues, 2018;
I'ynues u ap., 2020).

PesynbTarhl ceicMOpa3BeKU TaKKe MOKa3bl-
BalOT, YTO Mpouecc GOPMUPOBAHHUS IPYNTHBHBIX
kaHamoB B KOKB Bo3HHMK B Hauaje MUOLEHA U
pojaoJkaeTcss B Hacrosimee Bpems. Hamo orme-
THUTb, YTO B OOJACTSAX PACIPOCTPAHEHUS TPA3EBBIX
BYJKAHOB MOIIHOCTb OTJIOXKEHUH HEOTreH-aHTpO-
MIOr€HOBOW YacTH OCAJOYHOTO KOMIUIEKCa HEO.l-
HOKpPAaTHO IMPEBHIIIAeT MOIIHOCTDh OTJIOXEHUH
malkonckon cepuu. Ilo mepe yBennyeHus MoOIl-
HOCTH OCaJIOYHOTO 4YeXJia TPA3EBbIE BYJIKAHEI T1e-
PUOAMYECKH AaKTHBU3HPOBAIUCH, M TPOUCKOIUI
POCT MX 3pYyNTUBHBIX KaHAJIOB.

Ha monenu, mokazanHo# Ha puc.3a, mocienosa-
TENBHOCTh (DOPMUPOBaHWS SPYNTUBHOTO KaHajda U
KpaTepa TpsA3eBOr0 ByJKaHa M300pajkeHa cerMeHTa-
Mu Kpyra. MccnenoBanus mokaspIBaloT, YTO CO Bpe-
MeHU (OpMHPOBaHUS oOdYara SPYNTHBHOTO KaHala
MIPOIIECC BBDKUMAHUS TPA3EBON MAcChl, a TaKKe Ta-
30BOJIOHE(TSIHON Macchl, 00Janaroieil CBOHCTBOM
HEHBIOTOHOBCKOM JKHIKOCTH, TPOJOJDKAETCS H I10
ceil meHb, U ITOT MpOoIlecC CIOCOOCTBYET yBeIHde-
HUIO OCaJKOHAKOIUIeHHs B OacceifHe. CorocTaBisis
puc.3a u puc.36, MOXHO CHeNaTh BBIBOJ, YTO IMPO-
LIECC M3BEPXKEHUS TPS3EBOr0 BYJIKaHA MMENI MECTO
BO BCEX CTpaTurpaduuecKux WHTEpBajax pa3BHTHS
OacceifHa. DTOT BBIBOJ| OTHOCHTCSI KO BCEM Tpsi3e-
BBIM BYJIKAHaM, 3apETUCTPUPOBAHHBIM B HCCIEAye-
MOM pETrHoHe.

BeprukanpHoe cedeHne >pYNTUBHOTO KaHaja
rps3eBOTO BylkaHa HaxuybiBaH MpH COMOCTABICHUU
C TEOPEeTUYECKON MOJENbI0 (POPMUPOBAHUS IPYII-
THBHOTO KaHalla I'PsI3€BOTO BYJIKaHA, PACIOJIOKEH-
voro B FOKB, o ganHbIM TpexMepHOI ceiicMopas-
BEIIKM OXBaTBIBAET CTpaTUTrpadUUIECKUil MHTEPBa
OT I0pHI 710 aHTpornoreHa. Kymon rpsa3eBoro ByJka-
Ha pPa3MBIT MOJBOAHBIMU TEUEHHUSMH, UTO CBHJIE-
TEJIBCTBYET O 3aBEPIIEHUHU IPOIecca M3BEPIKEHUS
(mmm cokpameHnn 00beMa BBHIHOCHMOW Ha JIHEB-
HYIO TIOBEPXHOCTh TPA3EBOM OpeKkdnr) BYyJKaHA.
BunHo, 4TO KOpHHU Tps3€BOr0 BYJIKaHA HAXOMASTCS
Ha YPOBHE 3PO3HOHHOW TTOBEPXHOCTH ME3030MCKUX
otnoxxeHndd. Cremyer OTMETHTh, YTO 30HA, TJe
HapylaeTcsl HENPEepPBIBHOCTh TPU  KOPPEISIUH
CHUH(]a3HBIX 0CEH BOJIH, OTPAXKEHHBIX OT IMOBEPXHO-
CTH TUIACTOB ME3030MCKOTO BO3pacTra, (B JaHHOM
ciIy4ae, OT 3pO3HMOHHOI MOBEPXHOCTH ME3030MCKUX
OTJIOKECHUN), CBSA3aHA C HMCKAXKAIOIIUM BIUSHUACM
SPYITUBHOTO KaHalla TPsA3eBOr0 BYJKAaHA HA KHUHE-
MaTHYecKrie W JUHAMHYECKHe ImapaMeTpsl CeHcMHu-
YECKOTO BOJIHOBOTO TIOJISI.

Camble pasHble (QOPMBI pa3BUTHS 3TOTO MPO-
mecca (TIPOAOIDKAIOIIMECS W 10 HACTOSIIEE BPEeMs)
3ameyariieHsl Ha BPEMEHHBIX pa3pes3ax, IOCTPOeH-

HBIX TI0 gaHHbIM 2D u 3D ceiicMopa3BeIku, BBIIOJ-
HeHHOM B npenenax FOxuo-Kacnuiickoi BliaguHbL.

DopMHUPOBaAHNE MECTOPOKIECHUMH

[Mpoueccrl reHepanuyu HeTH U Taza U3 Mare-
PHHCKUX HOPOA OOYCIIOBICHBI CEANMEHTAIOHHBIM
U MOCTCEJUMEHTALMOHHBIM (B OCHOBHOM TIpaBHTa-
[MOHHBIM) YIUIOTHEHHEM OTJIOKEHHUH, COMpPOBOX-
JIAIOMIMMCSA POCTOM IUIACTOBOTO JABJIEHUS U TeMIIe-
patypel TIpU COXPAaHEHWH BOCCTAHOBUTEIBHBIX
YCIIOBHIl Cpefpl, a TaKKe U YBEITMYEHHUEM BHYTPEH-
HEll TOTeHIWaNbHON HHepruM HedrerazomarepuH-
ckux mopoxn (Jlumep, 1986). OOpa3zoBaHue KUAKUX
YIIIeBOJOPOIOB HaunHaercs mpu  65°C u 3akaHum-
BaeTcs B WHTepBane Temmeparyp 135-150°C. Dro
TaK Ha3bIBAEMOE «KHJIKOE OKHO» OTBEYAET CPEAHUM
nryonHaM 3.0 KM Ha IUIOIIAIIX ¢ HOPMaIbHBIM I'eo-
TepMUdIecKuM TpamueHToM. OOpa3zoBaHUE TPUPOJI-
HOT'O Ta3a MPOUCXOJUT MpU Oojiee BBICOKHX TeMIIe-
patypax — B uaTepsane 120-200°C.

ITpouecc murpanuu ¢uUIONI0B U3 MAaTEPUHCKHUX
ruH (B FOKB wmaiikornckue oTinoxeHus) B Hampas-
JICHUW CHIKCHUS! THAPABIMYECKUX HAIMOPOB HAYH-
HaeTCs TIPH MOTPYKEHUH 0CaIKOB Ha TITyOHHY 0ojiee
1.0 kM, maBinenun 150-200 Kr/CM? ¥ TUIACTOBOM TEM-
neparype Bbie 50°C (Tucco, Benbsre, 1981). Ilpu
3TOM HavajbHas (as3a HmepeMelieHusl YrieBOoAOopo-
JIOB TIPOMCXOJUT B OCHOBHOM TOJ ACHCTBHEM AH(]-
(epeHIaNbHBIX CHJ HaNpsDKEHHS, BO3ZHUKAFOIIMX
NpY YIUIOTHEHUH OCAJKOB BHYTPH IIIacTa MX oOpa-
30BaHus, T.€. B IPOLIECCE IEPBUYHON MUIPALMH.

OO0pazoBanue 3aJeXKH MOXKET TMPOUCXOIUTH B
pe3yJbTaTe NepeMeleHnss MUKpOHe(TH B MaTepHH-
CKUX IOpoAax, a 3areM MHKpOoHe(TH-HedTH, CcO-
OpaBmieiics B TJIO0ynBl HE(TAHOW OSMYyNbCHH, H
"mHypka" HeTH B KOJUIEKTOpax J0 TeX MOop, IMOoKa
OHHU He TmonaxyT B JoBYWKY. [locneanue mMoryt 00-
pas3oBaThCS M B MATEPUHCKOI ToJIIIE 3a cYeT npuoo-
pEeTeHHs MOPOAAMHU KOJUIEKTOPCKUX CBOMCTB Ha Ka-
KOM-TO ONpe/eIeHHOM yvacTke. Takue 3ajexu o0-
HapykeHbl B A3zepOaiijkaHe Ha MECTOPOXXICHUSX
l'azanOynar B CpennexypuHcKoi BmaguHe u CHa-
3aHbCKOM  MOHOKJIMHanu B IIpukacnuiicko-
I'ybunckoM HedTera3oHOCHOM paiioHe.

MecTopoxaenns (GOpMHUPYIOTCS TPH HATWIHH
KaHAJIOB MHTPAllH, COCIUHSIOUIMX oyar HedTera-
3000pa30BaHusl C BBILIEPACIIONOKEHHONW Te0JIOrHye-
CKOM Cpemoil, rae IOKHBI OBITh KOJUIEKTOPBI H
¢dnronnoynopsl. Kak nokazano B padore (FOcyOos,
I'ynues, 2018), 60onpMIMHCTBO OOHAPYKEHHBIX Me-
CTOPOXKICHUH B paiioHe, 0XBaY€HHOM HACTOSIIUMHU
HCCIIEIOBAHUAMH, IIPUYPOUYECHO K KOJUIEKTOpaM, CO3-
JTAHHBIM aJIEOPEYHBIMH aPTEPHSIMH.

B ognoit 3 nocneanux padot (IlpoxykruBHas
Tomma...., 2018) ykazaHo: «...M[30TOITHO-TeOXUMH-
yeckas koppemsiuua HedTei [1T u xeporena us pasz-
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JIUYHBIX WHTEPBAJOB IaJeoreHa-MHUOILIeHA TOKa3bl-
BaeT, YTO OHM SIBIISIIOTCS CMEChIO HedTel, mocTy-
MaMUX U3 JOIUIMOLEHOBBIX OTJIOKEHHH...». [Ipn
3TOM aBTOPBI MPUXOIAT K MHEHHIO, YTO Copr OTIIO-
JKEHUH MalKoIla U AMaTOMOBOU CBHUTHI JOMUHUPY-
10T B hopmupoBanumn Hedteil pesepByapos IIT. B
pabote (IIpomyktuBHas Ttomma...., 2018) mpuBo-
IATCS TakXKe pe3yJbTaThl HCCIENIOBAHUS BOMpOca
MUIpallyd U MEXaHU3Ma 3amoJHeHus jnoByuek 11T,
I7Ie OCHOBHYIO pOJIb Hrpaer (UIbTpaluOHHAS
dhopma maccomepeHoca (CyOBepTHKaIbHAS MHUTpa-
Ousl MO TIIyOMHHBIM pa3lioMaM, TEKTOHHYECKHUM
HapylIEeHUsAM, KaHajgaM TIps3€BBIX BYJKaHOB).
IIpencraBngercs, 4TO TONIIHMHA W, CIEAOBATEIBHO,
o0muii 00BeM TUAaTOMOBON YacTH paspesa He I03-
BOJISIIOT TOBOPUTH O KAKUX-TO BBICOKHX MOTEHIIHA-
JaxX MX y4acTHs B 3allOJJHEHUU pe3epBYyapoB, OOHa-
pyxennbix B IIT. B paiioHax pasButus oOHapy-
JKEHHBIX MECTOPOXAEHUW TOJIUWHA JAUATOMOBOM
cBUTHI He mpeBbimaeT 400 M.

IIpenmonoskeHust 0 MHUTpalUM YIJIEBOAOPOAOB
o CyOBEepPTUKAJIBHBIM IITyOWHHBIM Pa3ioMaM U TeK-
TOHMYECKUM HapyLIEHHAM HE HaxXOAAT MOITBEp-
KACHUS IO pPe3yiabTaTaM HHTEPIpPETalud AAHHBIX
cetricmopazseaku (FOcy6os, 2017, 2020). Jlemo B
TOM, uTO B mpenenax FOxuo-Kacnuiickoro 6acceiina
OOJIBIIMHCTBO PAa3IOMOB, OOPa30BAHHBIX B PE3YJib-
TaTe AJIBIUKMCKOM CKJIaJ4aTOCTH, HE HAXOOSIT CBOE-
ro OTOOpaKCHUs HA KAHO30HCKOM 3TaXKe I'eOJIOrH-
YECKUX pPa3pe30B; 30HBI HApYLIEHHs CIUIOIIHOCTHU
IJIACTOB Ha KallHO30MCKOM HHTEpBaJIE paccpenoTo-
YeHbl B OCHOBHOM BOJM3M JPYNTHBHBIX KaHAJIOB
IpA3EBBIX BYJIKAHOB, TOYHEE IIOCJIE CEPEIUHBI Ca-
OyHnumHCcKO# cButhI [1T.

O0cy:xkneHue pe3yJibTATOB

HeszaBucuMo OT TOYKHM 3pEHHSI Ha MPOUCXOKAEC-
HUE He(PTH TEONOTU-HEPTSIHUKH OTMEYAIOT MPsSMOe
y4acThe TU3bIOHKTHBHBIX JIBUKEHUH B (POPMHUPOBa-
HUM 30H HE(TEra3oHaKOIUIEHHS U MECTOPOKIACHUH.
OToT BOMpoc HanOoJee MOITHO OCBEIICH B MOHOTPa-
¢usax  (Kyapssues, 1963), (Tucco, Benpre, 1981)
W gap. 3aMETHBI BKJaJd B HCCIICAOBAaHHUE 3TOTO
HampaBJieHHUs] BHECIH Hay4YHO-TIpakTudeckas (1994)
n Mexnynapomgaas (1999) koudepennun «bioko-
BO€ CTPOEHHE 3€MHOHM KOpPHI U HE(PTETa30HOCHOCTHY
(bnokoBoe crpoenue....,1994, 1999). B pabote
(KepumoB u 1p., 2012) momdyepkuBaercss HEOOXOIH-
MOCTh M3Y4eHHS TEKTOHMUYECKHX pazioMoB B FOKB
U UX 3HAYUMOCTH IIPHU OLEHKE HEPTEra3oHOCHOCTH
HeZ[p B IEJIOM M MECTOPOXKICHHI B YacTHOCTH. B
paborax (Tumcco, Bempre, 1981; IlpomykTuBHas
Tonma...., 2018) pa3memieHsl TaK)Xe pe3yNbTaThl
HCCIIEIOBaHUsl BONPOCAa MUTPAllMd M MEXaHHU3M 3a-
nonHeHus joByiek IIT, rae ocHOBHast poiib MpH-
HQ/IJISKUT QUIBTpAMOHHON PopMe MaccorepeHoca
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(cyOBepTHUKANBEHOW MHUTpalWK MO TIIyOWHHBIM pa3-
JIOMaM, TEKTOHWYECKUM HapyLIEHUsIM, KaHajaM rpsi-
3€BBIX BYJIKAHOB).

OpHako, Kak MOKa3ajd Pe3yJbTaThl BBIIOIHEH-
HOU 3a mocnennue 10 jeT MHTEpHpEeTali AaHHBIX
ceiicmopassenku, B FOKB Het paznomos (FOcy0Oos,
2020), coeTMHSIONMMIX MaTepHHCKHE MOPOILI ¢ IIIa-
cramu nponykruBHod Tommu (I1T), rme oOHApyxe-
HBl OCHOBHBIE He(TEra3oBble MecTOpOXIeHHI. B
HCCIIEyEMOM PETHMOHE €IUHCTBEHHBIM 3BEHOM, CO-
EAMHSIONNM MAaTEPHUHCKYIO TOJIIIY C pe3epByapamMu
IIT, sBnsroTcs HpynTUBHBIE KaHais! [ B.

ITocne popmupoBanus HePTH W Ta3a B MaTe-
PUHCKON MOpPOJE HEKOTOpas 4acTh UX BBIIABIMBA-
€TCsl M3 HENMPOHUIIAEMOTO CIIAHIA. YTJIEBOIOPOIBI
nepeMeIaTcss B BOAHON cpeae Moj JAelcTBHEM
nuddepeHInanbHbIX CHJT HaIpsOKEHUS, BO3HHKA-
IOIUX TP YIUIOTHEHWH oOcaakoB. Hamparienwe
JIBUYKEHUS YTIIEBOJOPOJOB OTpeEeseTcsd B OCHOB-
HOM HaIpaBJICHHEM J[BIKEHUS MOTOKA BJOJb JIO-
KaJIbHBIX MW PETHOHAIBHBIX TPAAWCHTOB [aBle-
HUS: BO3MOXKHA UX MUTpalLlid BBEpX, BHU3 U B CTO-
POHBI B 3aBHCHMOCTH OT KOHKPETHBIX YCIOBUH.
IIponecc OyneT mpoaomKaTHCs 10 TEX MOp, IOKa He
IpEeKpaTUTCs ACHUCTBHE ABMXKYIIMX cuil. Hekoto-
pPBIMHM HCCJIEIOBATENIIMU YCTAHOBJIEHA MUTpaIus
YIIIEBOJOPOJIOB HAa COTHHM KHJIOMETPOB U Oolee
(Tucco, Bempre, 1981; Xaitn, 2010). DTomy cmo-
CcOOCTBYIOT HU3Kasl BA3KOCTb TOpsiuei chIpoii HehTH
Y HaJIM4Yue Ta30B B pacTBOPE.

3anexxu o0pa3yloTcsi B pe3yJbTare IepeMelne-
HUSI MEKpPOHE()TH B MaTepHUHCKUX MOPOJaX, a 3aTeM
MUKpoHe(TH-HEePTH, coOpaBuieiics B TI00YIIBI
HEQTAHONW 5MYJIbCHH, B KOJJIEKTOpax IO TeX IOp,
MOKa OHM HE TOMaAyT B JOByHKy. I[locmennume mo-
*eT o0pa3oBaTbCs M B MAaTEPUHCKOM TOJIIIE 32 CUET
NproOpeTeHNsT MOPOJaMH KOJUIEKTOPCKUX CBOMCTB
Ha KakOM-TO OIpENEIeHHOM ydacTke. OfHako, Kak
BUHO Ha puC. 2, 00HapyKEHHbIC MECTOPOKICHHUS B
paiioHe, OXBAaUE€HHOM HACTOSILUMHU HCCIEIO0BaHUSI-
MH, MPUYPOYEHBbI K KOJIJIEKTOpaM, CO3JaHHBIM Ia-
JICOPEYHBIMHA APTEPHSIMA OKOJIOCBOJOBBIX IIIOMIA-
JIed TPSI3EBBIX BYJIKAHOB.

Kak mnokasplBalOT pe3ynbTaThl Te€0JOTHYeCKON
WHTEPIPETaui JaHHBIX CEHCMOpa3BeAKH, B CO3/1a-
HUU 3aJeKed M 3PYNTUBHBIX KaHAJOB TP3€BBIX
BYJIKAHOB Y4YacTBYET IJIMHUCTBIA MaTepHal, BbDKH-
MaeMbIi U3 TuIomaan paguycom 10 km u Ooiee, 4To
co31aeT ONaronpusATHbIE YCIOBHUA HJsI TOPHU30H-
TaNbHOU (B Hadane) U BEPTUKAILHONW MHUTPALlH yT-
neBogoponos (puc.5). Ilpu Takux MexaHuzMax Mu-
rpalyy yIJIEBOAOPOJ MOXET MHTPHUPOBATh TaKkKe K
KpasiM OcaJlo4Horo OacceiiHa u 00pa3oBBIBAaTH Ce-
puto 3anexen. IIpu 3TOM paguyc TrOpU3OHTAIBHON
MHUTpaly YIJIEBOAOPOAOB MOXKET JOCTHraTh COTEH
kusomeTpoB (Xaiix, 2010).
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W3 cxa3aHHOTO BBITEKAET, YTO IPSA3EBOM BYJIKa-
Hu3M B FOKB sBisieTcss OCHOBHBIM MEXaHU3MOM, CO-
3[AI0IIUM  TPOLECC MWIPALUU YIIEBOAOPOJIOB B
TpEXMEpHOU reoyoruyeckoit cpene. [pu sTom KaHa-
JIaMU MHTPAIAN CITY>KaT PYNTHBHEIC KaHAIBI Tpsi3e-
BBIX BYJIKAHOB U TPEIIMHBI PACTSKEHUS, CO3JaHHbIC
mporieccoM (HOPMHUPOBAHUS THAMUPOBBIX CTPYKTYP.
Ha puc. 5 cTpenkamu OoTMEuUEHBI HaIpaBJICHUS MU-
rpanuy yriieBOAOPOJOB U3 HePTEeMaTepUHCKOH TOJI-
my B KoJulekTopel. Ha nmannoit mmomamu FOKB
He(TEMaTepUHCKOW TOMIIEH SBISIOTCS MaWKOIICKHE
[JIMHUCTBIE OTIIOKEHUS, a KOJUIEKTOpaMH — TiecyaHble
IUTACTHI: HU3BI TPOMYKTHBHOW TONIM (TAIUHCKUM,
MOATBIPMAKUHCKUM, THIPMAaKMHCKHUM, HaITbIPMaKHUH-
CKMil TlecuaHble IIIaCThI), CBUTAa TMepepbiBa (31ech
BBIJICJISIFOTCS. TPU IIECUAHBIX TOPU3OHTA) U HU3BI-?
Oamaxanckoit cButhl (X, IX u VIII ropuzontsr). Ha
HEKOTOPBIX y4acTKaxX 3TON TEPPUTOPUU B INIMHUCTOH
HA/ICBIPMaKUHCKOW CBUTE 00OHAPYIKCHBI HACBIIIICHHBIC
HE(THIO U TA30M JIMH30BHUIHBIE OObEKTHI.

W3 Monenu, COCTaBIEHHON HAa OCHOBE PEAJIbHBIX
JaHHBIX ceficMOpa3BeAKH, METOJOM O0LIeH TTyOuH-
HOW TOYKH ONPEAETICHO, YTO Ha 3TOW TEPPUTOPHH
HET pa3joMOB, COCAMHSIOUIMX He(TeMaTepUHCKYIO
TOJILly C IUIACTaMU KOJUIEKTOPOB, 110 BCEH BUIUMO-
CTH, 3Ty (YHKLHIO BBIIOJHSIIOT 3pPyNTUBHBIE KaHa-
JIBI TPSI3€BBIX BYJIKAHOB.

BoiBoabI

1. T'pszeBoil ByIKaHWU3M SIBISIETCS OCHOBHBIM
MEXaHHM3MOM IIPOLIECCa MUTPAINH YTJIEBOAOPOIOB B
TpexMmepHoil reonorudeckoit cpeae FOKB. I1pu stom
OyTSIMA MUTPALUUA  CIY>KaT SPYNTHUBHBIE KaHAIbI
IPSI3EBBIX BYJIKAHOB M TPEUIMHBI PACTSDKEHHSI, CO-
3aHHBIE TPOLIECCOM (OPMHUPOBAHHSA JUATTUPOBBIX
CTPYKTYP.

2. OCHOBHBIMH TIpoIleccaMd  (HOPMHPOBAHUS
TPSA3EBOTO BYJIKAHW3MA SABISIOTCS (ha30BBIE MIEPEXO-
JIbl B OCAJIOYHBIX TOJINAX, MPUBOJSIINE K HEYCTOM-
yuBoctH Panes—Teitnopa.

—

i

I‘pa‘:.ﬁgg BYJIKaH

o
—oly

v

DpynTHE KaHwy
|

A
‘A

Puc. 5. Mozenb yrieBofopoJHOI U IpsA3eBOBYJIKAHUUECKOH cHCTEM: J — OTIOXKEHHS IOPCKOro Mepuoa,
K — otnoxenus menosoro nepuona, P3+Nimkp — otnoxenus (HedTemaTepuHCcKIe) MAHKOTICKOTO 3Taxa,
N1 — oTnoxenus: (HepremaTeprHCKue) NOHTHYECKOro dTaxka, QalD — mecyaHO-TIIMHUCTBIE OTIIOKEHHUS
ranuackoid cButhl [1T, QD — oTI0XeHUS THIPMaKHHCKO# CBUTHI (MOATBIPMAKUHCKAs! IECUYaHUCTAsE C TJIU-

HHUCTBIMH NPOCIOIKaMH,

HaATbIpMaKMHCKasd MNECYHaHHUCTasd W HaATbIpMaKWHCKasg TIJIMHUCTAsA l'la'-lKl/I),

N2'B2'f — oTnoxkenus «cBUTH TepepbiBa» GanaxaHckoro spyca IIT (37ech IeNUTCs HA TPH YCIOBHBIE
MECYAHHUCTHIE TTAYKA ¢ TIMHUCTBIMEA npocioiikamu), N2'Bzth — X, IX u VIII paspenenssie rimHACTHIMEA
MPOCTIOWKAaMK TECUaHbIE TOPU3OHTHI Ganaxanckoit cBUTEI, N2'B2? —rnununcras caGynuunckas ceuta I1T,
N2'B2® —rnumucTas cypaxanckas cura [T, N2?ak —ak4arsuibCKuii TIMHUCTEI TOPH3OHT MUIHOIEHOBOH
snoxu, Qiab — abruepoHCKHi Tax MIEHCTOIEHOBON 310XH, Qv — MOCTaOIIEPOHCKHE OTIIOKEHUS TIEH-

CTOLICHOBOM DITOXH.
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CBsI3b I'PABEBOI'O BYJIKAHU3MA C HEOTEI'A30BbIMU MECTOPOXIEHUAMHU
B IO KHO-KACITMUCKOU BONAJJUHE

HOcy6oB H.II.
Hnemumym nepmu u 2aza HAHA
AZ1000, Azepbaiioxncan, 2. baky, ya. @.Amuposa, 9

Pesrome. HOxno-Kacnmiickast Brnaguna (FOKB) sBisercst kpynHeiimei B Mupe 00JIacTbiO Pa3BUTHUS IPSA3EBOTO ByJIKaHU3Ma. B
OJIUTOLICHE — HMKHEM MHUOLICHE, B OCHOBHOM B MaMKOIICKOE BpeMs, 3/1eCh HAKaIUIMBajlach MOIIHAs [NIMHKCTas Toiwma. B mMuonen-
YETBEPTUYHOM IIE€PUOJIC, HaJ ITUM IIJIACTOM, COCTABJICHHBIM M3 JKUIKON I'psA3eBON MacChl, B pe3yjbTaTe AEATEIbHOCTU PEUHBIX CH-
creM (hOpPMHPOBAIACH TEOJIOTMYECKAsk CUCTEMa, COCTOAIAs U3 YePEIyIOIIUXCs CII0EB ¢ HU3KOM M BBICOKOH IUIOTHOCTAMM. DTH IIpO-
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neccsl cosnaBainy B FOKB n packpeiBatomuxcs B Helt — AGmepono-I'00ycTaHckoM IepuKInHaNsHOM U HrokHekypHHCKOM nporubax
OJIaronpHsATHBIC YCIOBUS ULl OrpeOeHuss OOraThlX OPraHNYECKUMH BELIECTBAMHM MalKOICKHX OTJIOXKEHUH Ha IiyOunHy Oosee 3.5
kM. CreoBaTenbHO, 371ech ObLIM CO31aHbl TEPMOJAMHAMUYECKUE YCIOBUS Ul IPeoOpa3oBaHUsl OPraHUYECKUX BELIECTB B YIIJICBO-
nopoasl. Obnafgaromue cBOCTBaMH HEHbIOTOHOBCKOM JKHIKOCTH MalKOICKHE TNIHHUCTBIE 00pa30BaHusl, MOrpeOeHHbIE 110 MHOTO-
CJIOMHOW Te0JIOTMYECKOM CUCTEMOI B pe3ysbTaTe IpaBUTAllMOHHONW HEYyCTOWYMBOCTH CHUCTEMBI (siBiIeHus Panes-Telinopa) chopmu-
POBaIIM UHTPY3HH B BBIIIEIEXKAIIEH CPefe, a TAKKe PYNTHUBHBIC KaHATBI TPSI3EBBIX BYJIKAHOB. DTH BEPTHKAIBHBIC (CyOBEPTHKAIb-
HBI€) TIOCTPOHKH CHITPATH POJIb KaHAJIOB, 00ECIICUNBAIOIINX MHUTPAIMIO 00pa30BaHHONW BHYTPH MAHKOICKOH TOJIIH yTJICBOAOPOA-
HOMW M IpsI3€BOM CMECH B BEpXHHE 3TaXKU MHOT'OCJIOMHON Ie0JI0rn4ecKoi cpesipl, B Telle KOTOPOH B pe3yibTaTe AEATEIbHOCTU ped-
HBIX CHCTEM 00pa30BaJHCh Pe3epByaphl C BHICOKOKAUECTBEHHBIMU (PHIIBTPAlMOHHO-€MKOCTHEIMHU cBOWCTBaMH. [Iporecch popmupo-
BaHUS M PA3BHUTHS SPYNTUBHBIX KAHAJIOB IPA3EBBIX BYJIKAHOB U MUTPALIMHU YTIICBOJOPOAHBIX (DIIIOMIOB HAYMHAIUCEH C KOHIIA OJIMTOLICHA
(B Hayaje MHOLICHA) U TIPOJIOJDKAIOTCS MO HACTOsIIIEe BpeMsl. Pe3ynbTaThl BBIOIHEHHON paboThl HA OCHOBE JIAHHBIX CeiicMOpa3BeIKH
MOATBEPKIAIOT, YTO B PaCCMAaTPUBAEMOH 00JIACTH €IMHCTBEHHBIM CBS3YIOIIMM 3B€HOM MATEPUHCKOH TOMIIM C pe3epByapaMu, pasMe-
IIEHHBIMU Ha BEPXHHX 3Ta)aX CIOUCTOH Ie€0IOTHUECKOH Cpeibl, IBISIIOTCS SPYNTHBHBIE KaHANBI TPSI3EBBIX BYJIKAHOB.

Kniouesvie cnosa: zpazesoil 8yIKaHU3M, HEHLIOWOHOBCKAS JHCUOKOCMb, peuHble CUCHeMbl, Hegme2asosble MeCHOpONCOeHUs,
2NUHANBIE OUANUPYL, CeOUMEHHMAYUOHHAS HASPY3KA, pe3epayap

PALCIQ VULKANIZMININ CONUBI X9Z0R COKOKLIYINDOKI
NEFT-QAZ YATAQLARI iLO OLAQOSI

Yusubov N.P.
AMEA Neft va Qaz Institutu
AZ1000, Azarbaycan, Baki sahari, F.Omirov kiigaSi, 9

Xiilasa. Conubi Xozar ¢okakliyi (CXC) diinyada palgiq vulkanizminin inkisaf etdiyi iri migyasli hovzslordon biridir. Oligosen-alt
Miosendas, osason Maykop dévriinda, burada boyiik galinligla tomsil olunan gillorden ibarst ¢okiintiilor toplanmigdir. Miosen-dor-
diincii dovr orzindo maye-gil garisigindan ibarat bu kiitls tizorinds, ¢ay sistemlorinin foaliyyati noticasindo, asag1 va yiiksoksixligl
stixurlardan ibarat, nvbologon lay sistemi yaranmisdir. Bu proseslarin naticasinde CXC-ds va ona bitisik Abseron-Qobustan vo Asa-
&1 Kiir ¢okokliklorinds izvi maddolorls zangin Maykop cokiintiilorinin 3.5 km-don dorino gomiilmasi tigiin slverisli sorait yaranmig-
dir. Noticoado burada tizvi maddolorin karbohidrogenlora generasiyasini sortlondiron vo tomin edon termobarik sorait yaranmisdir.
Qravitasiya geyri-dayanigliligi (Reley-Teylor slamsti) ila saciyyalonan bu geoloji sistemds coxlayli geoloji kasilisin altina gémiilmiis
geyri-nyiiton maye xiisusiyystine malik Maykop ¢okiintiilarinin yuxari tabagolors dégru intruziyas: tigiin olverisli miihit yaranmis va
palgiq vulkanlarinin eruptiv kanallari emalo golmisdir. Bu saquli (subsaquli) obyektlor Maykopdaxili miihitds amslo golmis karbo-
hidrogenlarin iist qatda yerlason laylar daxilindski yiiksok keyfiyyatli siiziim-tutum xasssli rezervuarlara migrasiyasini tomin etmis-
dir. Eruptiv kanallarin yaranma vs inkisaf etmo, eyni zamanda Maykopdaxili miihitds yaranmig karbohidrogenlorin migrasiyast pro-
seslori Oligosenin sonu vo Miosenin avvoalindon etibaron baglanmigdir vo miiasir dvrdo do davam etmokdadir. Yerino yetirilmis islo-
rin naticolori asasinda aparilan todgigat sahasinds ana stixurlari onlarin iizorinds yerlogon layli miihitls slagalondiron yegans birlogdi-
rici cisimlorin pal¢iq vulkanlarinin eruptiv kanallarinin oldugu tesdiglonmigdir.

Acgar sozlar: pal¢ig vulkanizmi, geyri-nyiiton maye, ¢ay sistemlori, neft-qaz yatag:, palciq diapirlari, sedimentasiya yiikii, rezervuar
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Summary. The submitted paper studies published data and summarizes contemporary views
concerning classification of tight oil reserves and evaluation of their quality. In recent years there
has been an increase in the production of tight oil reserves, which are difficult to extract because of
their anomalous properties, as well as because of difficult geological conditions, which makes it
important and necessary to study the qualitative properties of tight oil. The paper offers results of
the analysis and systematization of indicators of the properties of oil samples collected at various
Kazakhstani fields and their classification prepared using fuzzy cluster analysis algorithm. Three
groups of signs were considered as classification attributes of various types of tight oil reserves:

1) signs characterizing the composition, this is the content of sulfur, chlorides; 2) properties, this
group includes oil density and viscosity, 3) mode of occurrence, i.e. in-situ permeability. Prelimi-
nary analysis was completed to determine current status of the issue of tight oil reserves classifica-
tion and quality evaluation. A review of classification results of tight oil reserves demonstrated the
need to break down the entire data set (assemblage) into uniform groups using a series of classifi-
cation attributes, for which fuzzy cluster analysis is the most appropriate solution. A parameter
characterizing oil quality was offered, too. Three clusters have been obtained, each of which char-
acterizes the difficulty of extraction, linguistic rules of conformity of a lot of oil characteristics and

total quality factor have been formulated.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

In recent years production of tight oil reserves
has been observed to be growing, which causes a
host of process technology and economical chal-
lenges in various stages of crude oil production,
shipping and processing. While putting on stream
tight oil reserves characterized by high density and
viscosity, high content of sulfur, paraffins, tars and
heavy metals degrades chemical properties of pet-
roleum feedstock and associated process technolo-
gy indicators, it also amplifies environmental im-
pact thus increasing environmental costs incurred
by such territories, which ultimately affects tech-
nical and economic performance of development
projects. Recent years an expansion in the pro-
cessing of these types of crude have seen that are
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hard to produce due to their anomalous properties
as well as due to complex geological settings,
which makes it important and essential to study
qualitative properties of tight oil. Some specific
features of physical and chemical properties of
tight oils and their modes of occurrence were re-
viewed in papers (MakcyToB u ap., 2005; SAmenko
u Ilomumyxk, 2016). However qualitative parame-
ters of such crudes and in particular of the oils
found in Kazakhstan have not been studied in suffi-
cient detail thus making it more difficult to solve
challenges in oil production and shipping as well as
process issues in petrochemistry and petroleum re-
fining in the context of increasing production of
tight oil over the recent years. The above men-
tioned problems are particularly relevant for Ka-
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zakhstan. Hence, this paper presents the results of
the analysis of properties and composition of vari-
ous types of tight oil collected at Kazakhstani fields
using a classification on the basis of attributes that
define their quality. A review of classification re-
sults of tight oil reserves was performed, and it
demonstrated the need to break down the entire
data set (assemblage) into uniform groups using a
series of classification attributes, for the purpose
whereof cluster analysis is the most appropriate
solution (Akhmetov et al., 2018). In this connection
and in order to provide substantiation to the select-
ed method, this paper reviews the essence of cluster
analysis, the results of its application, the eva-
luation of the level of oil production complexity
and the effect of this complexity on the perfor-
mance indicator.

2. A brief review of the study and classifica-
tion of tight oils

It follows from the review of various research
papers that oil properties have been studied in vari-
ous aspects. This is connected to the fact that oil is
a fairly complex natural object. Thus, for example,
various papers study the genesis of oil and for-
mation of oil deposits, the issues of oil field pro-
specting and exploration, studying chemical com-
position of crudes, modes of their occurrence and
designing methods of refining.

Solving all of these and related matters is fea-
sible if a practical and integral classification is
available that enables a sufficiently full and clear
characterization of crude oil from both science and
practice points of view. This will help select a valid
method of reservoir stimulation. Along with this,
creating a classification of this kind is a fairly diffi-
cult task that according to many researchers has not
received a satisfactory solution (MakcytoB u ap.,
2005; Amenxo u [Momumyk, 2016; Akhmetov et al.,
2018; JIucorckuit u Xanumos, 2009).

Many papers have been dedicated to oil classifi-
cation attempts. Experts believe that the classifica-
tions reviewed are rather notional because oil pro-
perties are related to its composition and to geologi-
cal features of deposits (Kmaccupukauus nedreit,
https://studfiles.net/preview/1772355/page:2/). “Un-
usual oil” (as Santos et al. call it (2014)) is primari-
ly heavy and extra-heavy crude oils and bitumens,
which account for a significant potion of total glo-
bal oil reserves. These resources that generally fea-
ture high-viscosity crudes require additional efforts
during production and when shipping to various
destinations. A review provided in (Santos et al.,
2014) describes the principal properties of high-
viscosity crude oil and compares traditional and
latest methods for its production and shipping. The

main parameters of viscous crudes are discussed so
as to identify their properties that affect ability of
such oil to flow when it is produced from reservoir
and shipping by pipeline. Chemical composition is
one of the main properties and it has a significant
effect on other parameters including density and
viscosity. Presented further in the review are en-
hanced oil recovery (EOR) methods followed by a
discussion of shipping methods and pipeline con-
struction methods.

Paul J.Nardone (2009) compared the distribu-
tion of heavy oil and bitumen with the distribution
of organic folding and tectonic disturbances of the
mesozoic and neozoic sediments.

Slmenko u IMommmryk (2016) reviewed and
summarized published data and offered a typifica-
tion of tight oils and their classification on the basis
of the criterion that they proposed and named quali-
ty index. They point out that expansion of tight oil
exploration and development activities occurring in
recent years dictates the need for a study of qualita-
tive properties of such crudes. Publication (Maxk-
cytoB u jp., 2005) analyzed the physical and chem-
ical properties of tight oils and their occurrence
conditions. One of the reasons why studies in this
domain have not been sufficient is the broad variety
of existing crudes in terms of their composition and
properties, and this in turn makes it more difficult
to solve challenges in oil production and in trans-
portation of hydrocarbon feedstock, as well as pro-
cess issues in petrochemistry and oil refining. This
explains the interest of researchers in this problem.
Thus, relevant studies were completed in (Suenxo
u [Monumyk, 2016) in order to develop a classifica-
tion of crude oils in terms of their quality and for
the purpose of applying this classification when
analyzing qualitative parameters of various types of
tight oil reserves.

Authors of this paper indicate that on the basis
of the definition of tight oil reserves proposed in
(JTucoBckmit m Xamumon, 2009) they defined the
key identification principles and criteria used to
rate reserves as tight oil. After analyzing and sum-
marizing these proposals and proposals offered in
various publications by other experts, authors of
(Amenko u IMomumryk, 2016) presented for consi-
deration a list of the main types of tight oil and
listed their properties and mode of occurrence,
which are used to identify crudes as tight oil re-
serves. These parameters include a series of attri-
butes such as depth of occurrence, water cut, oil
properties, in-situ permeability, etc.

It is worth noting that various publications of-
fer different definitions of tight oil reserves, hence
the challenges of classifying these.
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Thus for example, in most cases such as those
indicated in (Slmenko u Iomumyk, 2016; Jlucos-
ckuii 1 Xamumos, 2009; Inypor u mp., 2014)
“...tight oil reserves include oil reserves composed
of low-mobility oil (including high-viscosity or
high-density crude with high content of solid paraf-
fins), oils featuring high or low gas-oil ratio (over
500 md/t or under 200 m3/t respectively) or oils that
contain aggressive components (hydrogen sulfide,
carbon dioxide) in dissolved gas and/or in free gas
in such amounts that require using specialized
equipment in well drilling operations and in pro-
duction of crude oil”. Crudes included in this group
are called oils with anomalous physical and chemi-
cal properties (Smenko u IMonumyk, 2016). Publi-
cation (Smenko u [Monumyk, 2016) also puts in this
group the crudes characterized by high content of
metals (primarily vanadium and nickel), which are
classified as heavy metals as they increase envi-
ronmental risks.

According to available publications, the second
group of tight oil reserves are the crudes that occur
in complex settings (found in formations and de-
posits with complex geology, in oil-water and gas-
oil zones, in low-permeability and low-porosity
reservoirs, with abnormally high or abnormally low
reservoir temperature, etc.) as well as oil reserves
occurring in permafrost areas and offshore
(IOmypos u ap., 2014). Having summarized the
criteria used to classify oil reserves as tight oil,
publication (Smenko u IMonumyk, 2016) provides a
table that lists the main types of tight oil and that
was put together on the basis of the studies presen-
ted in a large number of scientific publications
(AAmenko wu Ilomumyk, 2016; JlucoBckuiét u
Xanmumos, 2009; Inypos u np., 2014). According
to (Anronnamu u Casenok, 2013), oil reserves are
classified as tight oil on the basis of quality criteria:
heavy oil (density over 0.92 g/cm?); high-viscosity
oil (over 30 mPa's at standard conditions) and
mode of occurrence: very low reservoir permeabi-
lity (below 0.05 um?).

It was proposed in (Smenko wu Ilomummyk,
2016) to use integral indicator for evaluation of
quality parameters of crudes in oil fields and oil
basins. This approach was used by the authors of
(Kpunkast u Ymxk, 2013; Kiybkos, 2015) when
evaluating and analyzing trends in spatial changes
of oil quality indicators in oil-bearing territories of
various regions, countries and continents. The oil
quality index introduced in (EnuceeBa u JIyKbsiHOB,
2014) is determined as the inverse value of the
above mentioned indicator and it turned out to be
sufficiently convenient for the analysis of specific
quality features of various types of tight oil re-
serves (Smenko m ITonmmmyk, 2016). Here, larger
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values of oil quality index correspond to higher
quality of oil and vice versa, which is convenient
when comparing various types of tight oil in terms
of quality.

Publication (Paynos u ap., 2014) lists the re-
sults of studies of optical properties of oil. This
work analyzed results of laboratory tests of density,
viscosity, optical density and light absorption indi-
ces of oil samples collected in various oil provinces
of Russia. A brief description of photocolorimetric
oil sample analysis method is provided, too.

The publication describes international and
Russian classifications of oil indicating that common
crudes feature increased viscosity and medium den-
sity. It classifies crudes by types using approxima-
tion behavior of density and light absorption coef-
ficient RMS value and identifies 3 classes of oil
with sufficiently high approximation reliability as
follows: light oil (density p < 870 kg/m®), medium
(density 870 < p < 920 kg/md), and heavy oil (densi-
ty p > 920 kg/m®). There are 3 classes of oil identi-
fied in the paper using viscosity approximation be-
havior, too: low-viscosity oil (1 < u <5 mPa-s), ele-
vated-viscosity oil (5 < u < 30 mPa-s), and high-
viscosity oil (u > 30 mPa-s) (Paymos u np., 2014).

The authors proposed a solution for the en-
hancement of optical oil tests and for the monitor-
ing of oil field development. Results of the com-
pleted studies help improve accuracy and reliability
of production geology monitoring of oil field de-
velopment and help to obtain reliable production
geology data in real time using appropriate tech-
niques (Paymos u mp., 2014).

At the same time, one can say definitively that
none of the physical or chemical crude classifica-
tions can be recognized as universal. Besides, clas-
sification has to take into account oil occurrence
mode, too. All of the above mentioned considera-
tions create uncertainty in classification criteria and
dictate the need to take this factor into account
when tackling classification tasks.

These questions are on the agenda of discus-
sions and conversations at various events such as
conferences, seminars, etc. For example, at the XI
World Petroleum Congress held in Houston in
1987, a classification was proposed that divides
hydrocarbons in oil and bitumen (for convenience
referred to as “classification 1” (PaynoB u np.,
2014). It was proposed to classify as bitumens
those hydrocarbons that have in-situ density ex-
ceeding 1000 kg/m® and dynamic viscosity over
10000 mPa-s. while crude oils were divided in four
classes: light, medium, heavy, and extra-heavy oil
(PaymoB m gp., 2014). Certain publications have
been dedicated to the evaluation and analysis of
patterns in the changes of qualitative indicators of
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crude oil from various regions. For example, publi-
cation (Slmenko u IMomummiyk, 2016) makes refer-
ences to similar works and discusses the possibility
of applying an integral oil quality indicator. This
indicator enables comparative evaluation of oil
quality. A similar parameter is calculated by sum-
marizing all properties of oil under consideration
using the formula proposed in (Karazhanova et al.,
2019). Apparently, there have been very many pub-
lications issued to date on various issues of tight oil
reserves, and it is not possible to cover this great
variety in one brief study.

The analysis of the structure of tight oil re-
serves and trends in oil growth rates that was per-
formed in the reviewed publications indicates
that tight oil fields are characterized by low and
unstable well production rates, and operation of
these wells requires designing and implementing
modern and expensive technology solutions
(Slmenko u Tlommmyk, 2016; Akhmetov et al.,
2018; Antonnanu u Casenok, 2013; Karazhano-
va et al., 2019).

3. Cluster analysis and evaluation of tight oil
guality using a series of attributes

Relevant publications give evidence of a large
number of studies that have proposed over one
hundred various clustering algorithms including
hierarchical and non-hierarchical cluster analysis
methods and fuzzy clustering (Akhmetov et al.,
2018; Efendiyev et al., 2016; Efendiyev et al.,
2018; Aliev and Guirimov, 2014; Turksen, 2013).

In recent years, these methods have been
broadly applied in various spheres. Publications on
clustering methods outline operating principles
used in algorithms of “conventional cluster analysis
methods” and their difference from unconventional
i.e. fuzzy clustering methods. These works demon-
strate the advantages of fuzzy clustering (Akhme-
tov et al., 2018).

With the aim of classifying tight oil reserves,
publication (Akhmetov et al., 2018) performed
clustering based on a fuzzy cluster analysis algo-
rithm. For this purpose, data concerning oil viscosi-
ty, density and in-situ permeability were collected
from a large number of petroleum fields in Kazakh-
stan. The following three indicators were selected
for our cluster analysis: oil viscosity, oil density,
and reservoir permeability. Completing a program
of fuzzy cluster analysis produced four classes, and
each of them characterizes the level of complexity
of oil production (Akhmetov et al., 2018).

Bearing in mind that crude oil from various
fields differs in composition too, this article adds
the attributes that characterize oil composition in

addition to the above mentioned indicators. This
cluster analysis was performed using test results of
Kazakhstani crudes. Thus, sulfur and chloride con-
tents were added to the list of parameters.

The analysis in question was performed for the
following five parameters: concentrations of sulfur
and chlorides, density, viscosity and in-situ per-
meability. Using the fuzzy cluster analysis algo-
rithm for the fields under review helps to identify
three groups that are uniform in terms of composi-
tion, properties and mode of oil occurrence. Results
of these calculations are provided in (Karazhanova
et al., 2019). On the basis of these results the pre-
sent paper offers results of the study of the mem-
bership function changes for each of the highlight-
ed indicators together with the parameter that for
the purpose of convenience was named “oil quality
indicator”. Behavior graphs for the specified mem-
bership functions are displayed in Fig. (a to e).
These diagrams help to estimate limit values of the
attributes within each of the clusters produced. It
follows from the data analysis that the data under
review contain the attributes whose values vary in a
broad range.

It was mentioned earlier that the data concer-
ning oil properties, composition and modes of oc-
currence were divided in three uniform groups as
the result of cluster analysis.

The Table specifies limit values of the attrib-
utes within each cluster. This analysis also helps to
determine correlation of qualitative assessments of
these attributes with the values of oil quality indi-
cator by means of fuzzy rules, which can be de-
fined using the results listed in the Table .

It was mentioned earlier that the data concern-
ing oil properties, composition and modes of occur-
rence were divided in three uniform groups as the
result of cluster analysis.

The Table specifies limit values of the attrib-
utes within each cluster. This analysis also helps to
determine correlation of qualitative assessments of
these attributes with the values of oil quality indi-
cator by means of fuzzy rules, which can be de-
fined using the results listed in the Table.

The above mentioned fuzzy rules based on the
“if ... then ...” principle help to evaluate oil quality
using a set of attributes that characterize its compo-
sition, properties and mode of occurrence.

Using this indicator is quite convenient in the
analysis of qualitative properties of various types of
tight oil reserves. Here, larger values of oil quality
index correspond to higher quality of oil and vice
versa, which is logical and convenient when com-
paring quality of various types of tight oil that rep-
resent different fields.
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Fig. Membership functions for different clusters of: a) chlorides concentration, b) converted sulfur concentration in
oil, ¢) converted viscosity, d) oil to water density ratio, €) corresponding values of oil quality index
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4. Conclusion

The paper lists results of the studies that were
presented in various research articles, together with
the results of the review that was performed on the
basis of these publications in order to analyze me-
thods and principles of various classifications of
tight oil reserves, which can be articulated as fol-
lows:

ea summary was prepared of methods, method-
ology concepts and scholarly views concerning
requirements towards classification of tight oil
reserves and evaluation of the level of oil pro-
duction complexity; a substantiation was pro-
vided for the fundamentals of designing and
practical implementation of classification
methodology for fields of different types (oil,
oil and gas, gas fields) using a set of attributes
that enable evaluating the level of complexity
of producing certain reserves;

o2 classification of tight oil fields was proposed
by analyzing and summarizing information
about a set of attributes that characterize com-
position, properties and modes of occurrence of
crude oil in certain Kazakhstani fields using a
fuzzy cluster analysis algorithm;

ea parameter was proposed that describes the level
of complexity of producing oil reserves, which
includes such parameters as composition, pro-
perties and oil occurrence modes, and fuzzy
rules were defined that enable evaluation of oil
production complexity under uncertainty condi-
tions;
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AHAJIA3 BJIASIHUS COCTABA M CBOMCTB HE®TH HA UX KAYECTBO
HA OCHOBE HEYETKOW KJIACTEPU3ALIAA

Ddennues I''M., Kapaxanosa M.K.2, XKerexona JI.B.2, A66acosa C.M.3

Unemumym Hegpmu u 'aza Hayuonanvhoii Akademuu nayx Asepbaiiodcana
AZ1000, Azepbatioocan, Baxy, yr.@.Amuposa, 9: galib_2000@yahoo.com;
2Kacnuiicxuti Tocyoapemeennwiti Texnonozuueckuti u Hroicenepnuiii Viusepcumem umenu Il Ecenosa
130003, Pecnybauka Kazaxcman, Maneucmayckas obracme,
20po0 Axmay, 32 muxpopaiion: mikado_70@inbox.ru; zhetekova8l@mail.ru;
3 Asepbationcanckuii locyoapcmeennviii Ynusepcumem Hegpmu u Ipomviunennocmu
AZ1010, Azepbaiioncan, baxy, npocn. Azadneie, 20: abbasovasamira@mail.ru

Pe3tome. B mipecTaBIeHHON CTAaThe HCCISAYIOTCS OMYOJIMKOBAaHHBIE TaHHBIE M 0000IIAIOTCS COBPEMEHHBIE B3IJISbI HA KJIACCH-
(HKaIMIO 3a11acoB TPYJHOM3BIEKAaeMOi HepTH M Ha OIEHKY MX KadecTBa. B mocneqane roasl HabI0qaeTCs POCT JOOBIIH TPYAHOU3-
BJIEKAaEMBIX 3aracoB HE()TH W pacHIMpeHHe MepepaboTKM 3THX TUIOB He()TH, KOTOpPHIE TPYAHO NOOBIBATh M3-3a MX AHOMAJIBHBIX
CBOJCTB, a TaKKe M3-3a CJIOXKHBIX I'€OJIOTHIECKHX YCIOBHH, UYTO AeNaeT KpaifHe BayKHBIM M HEOOXOIWMBIM H3YUCHHE KadeCTBEHHBIX
CBOMCTB TpyJIHOM3BIEKaeMOH (Tspkenoif) HehTHn. B craThe mpeacTaBIeHBI pe3yibTaThl aHAM3a M CHCTEMaTH3allUH IOoKa3aTelel
CBOWCTB Mpo0 HedTH, OTOOPAHHBIX HA PA3IMYHBIX MECTOPOKIACHUIX KasaxcTaHa, M X KiIacCH(UKAIIMHU, IIOATOTOBICHHOM C UCITOJb-
30BaHUEM AJITOPHTMA HEYETKOTO KIACTEPHOrO aHaiu3a. B kauyecTBe KiIacCH()UKALMOHHBIX MPU3HAKOB PA3JIMYHBIX TUIIOB 3aIIacoB
TpyIHOM3BIEKaeMOH He(TH paccMaTPHBAINCh TPH TPYIMIIB MPU3HAKOB: 1) MPHU3HAKH, XapaKTEPHU3YIOLIHE COCTAB, 3TO COJAEPKAHUE
Cepbl, XJIOPHIIOB; 2) CBOICTBA, B 3Ty IPYIIY BXOISAT IUIOTHOCTh U BSI3KOCTh He(TH, 3) GopMa mposiBIeHHs, T.€. IPOHUIIAEMOCTh Ha
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Mecte. [IpoBeneH npenBapUTEIbHBIN aHAIM3 IS ONPENEICHNS] TEKYIIEro COCTOSIHUS BONpOca KIIACCH(UKAUK 3aIacoB M OLICHKH
KayecTBa TPYAHOM3BIEKAaeMbIX 3amacoB HepTH. O030p pe3ynbTaToB KiIacCH(UKAIMK 3aIlacoB TPYIHOU3BIEKaeMoil HeTH mpoje-
MOHCTPHUPOBAJ HEOOXOAMMOCTh Pa3OUTh Bech HAOOP NaHHBIX (COBOKYMHOCTH) Ha OXHOPOAHBIE TPYIIIBI C HCIIOJIB30BAHUEM Dsla
KJ1acCH(MKAIMOHHBIX MIPU3HAKOB, /Ul Yero Hauboliee MOAXOIIMM PEeIIeHHEeM SIBISCTCS HEUSTKHH KIIacTepHbId aHaimn3. Tawoke B
JTAHHOMN cTaThe ObLI MpPEUIOKEH MapamMeTp, XapaKTepu3yroluil kadecTBo HedTu. IlodydeHbl Tpu KiacTepa, KakAblil U3 KOTOPBIX
XapaKTepHU3yeT CIOKHOCTH JOOBIYM, CHOPMYIMPOBAHBI JIMHIBUCTHYECKUE IPABHIA COOTBETCTBHS psJia XapaKTEpPUCTHK HEPTH U
CyMMapHOTo K03 HIMeHTa KadecTBa.
Knrouesvie cnosa. nepmo, mpyonouseiekaemvie 3andcbl, QYHKYUs NPUHAONENHCHOCU, NIOMHOCHb, 653KOCMb, COCMAB

QEYRI SOLIS KLASTER ANALIZ 9SASINDA NEFTIN TORKIiB VO XASSOLORININ
ONUN KEYFiYYOTINO TOSIRININ TOHLILI

Ofandiyev Q.M. Karajanova M.K.?, Jetekova L.B.2, Abbasova S.M.3

tAzorbaycan Milli Elmlor Akademiyasinin Neft va Qaz Institutu
AZ1000,Baki sah., F.Omirov kii¢. 9: galib_2000@yahoo.com
28 Yesenov adina Kaspi Déviat Texnologiya va Miihondislik Universiteti
130003, Qazaxistan Respublikasi, Mangistau vilayati,
Aktau sohori, 32 mikrorayon: mikado_70@inbox.ru, zhetekova81l@mail.ru
3Azorbaycan Doviat Neft va Sanaye Universiteti
AZ1010, Baki sah., Azadliq prosp., 20: abbasovasamira@mail.ru

Xiilasa. Toqdim olunmus mogalads ¢atinliklo ¢ixarilan ehtiyatlarin tosnifati vo onlarin keyfiyyatinin giymatlondirilmasine dorc
olunmus molumat arasdirilir vo miiasir baxiglar imumilagdirilir. Son illar orzinds ¢atinliklo ¢ixarilan ehtiyatlarin hasilati vo bu tip
karbohidrogenlorin emalinin artmasi miisahide olunur. Homin ehtiyatlarin ¢ixarilmasi ¢atinliyi onlarin anomal xiisusiyyatlori vo
miirokkob geoloji soraitlo izah olunur ki, bu da ¢atinliklo ¢ixarilan neftin xassalorinin daha darindsn 6yranilmasini asaslandirir. Ma-
galods Qazaxistanin miixtolif yataglarindan gotiiriilmiis neft niimunalori {izorinds aparilmis todgigatlarin noticalori, elocads geyri so-
lis klaster analiz algoritminin hoyata kegirilmoasi yolu ils tosnifati 6z oksini tapmugdir. Tasnifat olamotlori kimi {i¢ qrup slamatlor tohlil
olunmugdur. Hamin gruplar asagidakilardir: 1) torkibi xarakterizo edon olamatlor-bunlar kiikiird vo xloridlardir; 2) neftin xassalori-
bunlar 6zliiliik vo sixliqdir; 3) neftin yatim soraiti-kegiricilikdir. Bununla slagadar ilk morhoalods miivafiq icmal kegirilmigdir. Baxilan
tosnifat yanagmalart movcud tohlil iisullarinin qoyulmus mosalonin tam suratds agilmasina imkan vermoadiyi vo burada miiasir tisul-
lardan istifado olunmasi vacibliyini gostordi. Tashifat imumiyystlo geyri miioyyanlik soraitinds aparilir. Belo ki, miisahids olunan
geyri miioyyanlik goraitinds homin soraiti nazors alan tisullardan biri geyri solis mantigs asaslanan tasnifat tisuludur. Elacads mogals-
do neftin keyfiyyatini giymotlondirmays imkan veran meyar toklif olunmusdur.Homin meyar 6ziinds baxilan amillori comlasdirir.
Noticado ti¢ sinif-klaster alinmigdir ki, bunlarin hor biri bu vo ya digor doracads neftin ¢ixarilma ¢atinliyini xarakterizs edir. Qarsiliglt
olagoe yaradan miivafiq linqvistik gqaydalar tortib olunmusdur. Homin gaydalar melum “sgor...,onda...” prinSipine asaslanir vo baxilan
miinasSibati tohlil etmays imkan verir.

Acar sézlor: neft, ¢atinliklo ¢ixarilan ehtiyatlar, mansubiyyat funkSiyasi, sixliq, ozliliik, tarkib
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BO3AEVICTBUE MUKPOBO/HOBOI'O U3AYUYEHIS
HA CEITAPAIIVIIO BOAOHE®TSIHOM DMY AbCUU

Mypagosa IL.A.

Mremumym xamaausa u neopzaruveckoti xumuu um. M.D.Hazuesa HAH Asepbaiidxaria
AZ1143, baxy, npocn. I' Axasuda, 113: muradovaperi@rambler.ru

IMPACT OF MICROWAVE RADIATION ON THE SEPARATION OF OIL-WATER EMULSION

Muradova P.A.

M.F.Nagiyev Institute of catalysis and inorganic chemistry, National Academy of Sciences of Azerbaijan
113 G. Javid Ave., Baku, Azerbaijan, AZ1143: muradovaperi@rambler.ru

Keywords: high-viscosity oil,
thermolysis, microwave
radiation, non-thermal effect,
water-oil emulsion

Summary. The flooding of productive layers of oil fields causes serious complications in the
oil production, collection and treatment associated with the formation of water-oil emulsions. This
is particularly evident in the case of highly viscous oil fields at a late stage of development. Based
on our previous results of the impact of microwave radiation on the rheological and physicochemi-
cal properties of samples of high-viscosity oil demulsified by the traditional thermal method from
the Balakhani-Sabunchu-Ramany and Kyurovdag fields of Azerbaijan, this paper presents the re-
sults of a study of the effect of microwave radiation (2450 MHz) on aggregative stability and the
destruction of the hydrophobic (reverse) water-oil emulsion of samples of crude oil of the men-
tioned fields. It was demonstrated, that under conditions of traditional thermal treatment of emul-
sion samples, containing various amounts of natural emulsifiers (resins + asphaltenes), the rate of
water separation is almost constant, while under microwave exposure, the difference in the rate of
separation of the water phase in oil from the Kurovdag field with a relatively high content of resins
and asphaltenes is much higher than of oil from the Balakhani-Sabunchu-Ramany field. There was
an established fact of the non-thermal effect of microwave action on the water-oil emulsion, which
was its main advantage and difference from the common methods of traditional thermal and rea-
gent separation of the emulsion, both in terms of reducing energy costs and eliminating the use of

expensive emulsifiers.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Beenenne

B HacTosIee Bpems pacTylIuii Cripoc Ha yrie-
BOJIOPOJHBIE MOTOPHBIE TOILJIMBA OIEPEKaeT J00bI-
4y W mepepaboTKy TPaJWIIMOHHBIX 3amacoB He(PTH,
XapaKTepU3YIOIUXCA ONarONpUATHBIMA JJISI M3BIIE-
YeHHs] TeOJIOTUYECKMMH YCIOBUSAMH 3ajeraHus. B
3HAYUTENFHOW CTEMEHH COKPaTUTh JTOT pa3phiB
y/JaeTcs 3a cUeT BOBJICUCHHS B OajlaHC M3BJIEKaeMON
He()TH TPOAYKIIUKM MECTOPOXKIACHUN BBICOKOBS3KON
HeTH, HAXOIIIIMXCS Ha MO3JAHEH CTaguM paspa-
0OTKH.

K Ttakum MecropoxaeHusiMm B A3zepOaiimkane
otHocsaTcs banaxanwi-Cabynuy-Pamaner (VI u XI
ropu3oHt) u KiopoBmar, XapakTepu3yloImecs
YCPEeIHEHHBIMH 3HAYCHUAMH IUIOTHOCTH 885 Kr/m®,
908 xr/m® u 923kr/M® cootBercTBenHO MpH 20°C M
OTHOCHUTEJIBHO BBICOKHUM COJEP)KaHUEM IMPHUPOIHBIX
ACCOIMATHBHBIX W KPUCTAUTM3YIOIUXCA KOJUTOHI-
HBIX cucteM (Mup-babaes, 2009).

OpHOM U3 KIIIOYEBBIX MPobIeM 100bIYH, TPaHC-
MOPTUPOBKU M TEPepabOTKH TSHKEIOH BBICOKOBS3-
KO HEeTH MOAOOHBIX MECTOPOKACHUH C BBICOKOM
CTEIEeHbI0 0OBOMHEHHOCTH IIacToB (1o 80%) sBis-
IOTCSI TPYTHOCTH, CBSI3aHHBIE C 00pa30BaHUEM CTOMN-
KHUX BOJOHE(TSHBIX SMYJIbCUH M OTIICIICHHEM BOJIBI
OT yrIIeBoopoaHoi ocHoBbl (I'yMOBckmid u 1ip.,
2008; 3unnatynuH, PatxynuHa, 2012).

DOpMUPOBaHUIO TPYAHO pa3pylIacMbIX BOJO-
HEQTAHBIX 3MYJIBCHA W UX CTaOMIM3AlMU CIOCOO-
CTBYIOT IPHUCYTCTBYIOIIME B HE(TH NPUPOAHBIE
aMynbratopel (acdaibpreHsl, Ha(TEHBI, CMOJBI) H
JTUCTIEPTUPYIOLINEe MEXaHWYeCKUe MpHMEecH (YacTu-
Ubl TJIMHBI, 1E€CKA, M3BECTHSIKA, METAJUIOB U T.II.)
(AnTumos u np., 1987).

B cBsi3u ¢ Ha3BaHHBIMU NPUYMHAMYU TPAHCIIOP-
TUPOBKa MO TPyOONPOBOAAM BBICOKOBSI3KOM HedTH
TpeOyeT NpPHUMEHEHUs CHEeLUAIbHBIX TEXHOJIOTUH,
MO3BOJIIONINX TPU €€ JBMKCHUH CHU3UTH MOTEPH
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MOJTHOTO HAlopa Ha IMPEOJOJICHHE COMPOTUBIICHUS
BBICOKOBSI3KOM CpEBI.

Hawubonee pacmpocTpaHeHHBIM cIocoO0M pa3ou-
€HUSI BOJOHE(TSIHBIX SMYJbCHUM SBIACTCS TepMUUE-
CKOE BO3JICICTBHE Ha TIO/IBEPTracMyI0 00E3BOKUBAHHIO
He(dTh, MPUYEM IO OCHOBHBIM TEXHHYECKUM XapaKTe-
PHUCTHKaM NPEUMYILECTBOM 00J1alaeT MUKPOBOIHOBOE
TEpMHUYECKOE BO3JICHCTBIE, ITO3BOJISIONIECE TIPH OTHO-
CHUTETIbHO MEHBIIMX JHEPreTHUECKUX 3aTparax Ipak-
THYECKH BJIBOE YBEIMYHUTH CKOPOCTH HAarpeBa 3MYJlb-
CHU TI0 CPaBHEHHIO C TpPAJUIMOHHBIMH METOJaMH
narpesa (Kopanesa, 3unnatynus, 2010).

Panee, B paborax (MypamoBa u ap., 2014,
2016; Muradova et al., 2018) mamu ObLTH IpHUBEE-
HBI Pe3yJbTaThl UCCICOBAHUS BIUSHHUS MUKPOBOJI-
HOBOTO M3IIy4eHus ¢ paboueit wacrotoit 2450 MI'1g
Ha PEOJIOTHYECKUE M (HU3UKO-XUMHUUECKUE CBOHCTBA
JeIMYIIbTUPOBAHHBIX TPAIUIIHOHHBIM TEPMHUYECKUM
METOAOM 00pa3loB BBICOKOBSI3KOW He(pTH MecTo-
poxnenuii AsepOaiimkana: banaxanei—CaOyHuy—
Pamans! n KropoBaar, corimacHO KOTOPBIM HaOJTI01a-
eMble W3MEHEHUS! (U3UKO-XUMHUYECKHX H PEOJIOTH-
YECKHX CBOMCTB 00pa3uoB He()TH B 3HAYUTEIHHOU
Mepe OOYyCIIOBJICHBI PaclaaoM JIAOWIHHBIX HaIMO-
JEKYJSIPHBIX CTPYKTYp, OOpa3yloluxcs B ecTe-
CTBEHHBIX YCJIOBUSIX Ha OCHOBE CKJIOHHBIX K acco-
nyanuy acanabTeHOB.

B mamHOW cTaThe C MENTBI0 JEMOHCTpAIUU 3¢-
(EKTUBHOCTH NPUMEHEHHS MHKPOBOJIHOBOTO BO3-
JEHWCTBUS HA JIE3MYJILCALIMIO BBICOKOBS3KOH HepTH
[IPUBEACHBl PE3yJbTaThl HCCICIOBAHUS BIINSHUS
CBY wznyuenus (2450 MI') Ha arperaTuBHYIO
YCTOMYMBOCTh W paspylieHue ruapodobHoit (00-
paTHOH) BOJOHE(MTSHOW AMYIBCHH O0pa3IOB IMPO-
MBICIIOBOH HE(TH C XapaKTEpPUCTHUKOH, MpEeICcTaB-
JeHHoi B Tabu. 1.

JKCnepHMEHTAJIbHAA YaCTh
UccnenoBanusi BO3IEUCTBHUSI MHKPOBOIHOBOTO
M3ITy4eHUs] Ha 0o0pasibl BOJMOHE(PTSIHON 3MYIbCHU

MPOBOJMIINCH HAa YCTaHOBKE, CKOHCTPYHPOBAHHOM
Ha 0a3ze 1ab0opaTOPHON MUKPOBOIIHOBOM ITEYH MapKu
NE-1064F (Panasonic) ¢ o0bemMoM pezoHatopa 14 1.
Oxcrno3utust obpasmnoB B mosie CBY ocymecTsis-
Jlach B MPO3PAYHOM JJISI MHKPOBOJHOBOTO H3Jyde-
HUS KBapIIEBOM COCYJle eMKOCThIO 60 Mi1, CHaOXeH-
HOM Ta300TBOJIHOM JIMHUEN U pa3MENIeHHOM B pe-
30HATOpE MEYH.

BbixosHass MOIHOCTh MarHeTpoHa BapbUPOBa-
nack B auamnasone 200-800 Bart mpu paboueii ya-
crore 2450 MIn. Temmeparypa o6imydaeMbIX 00-
pasLoB HM3MeEpsAIach C MOMOIIBIO JAUCTAHIIMOHHOIO
0OECKOHTaKTHOT'O MH(PPAKPaCHOTO MHUPOMETPA MapPKH
VA6520, ¢ nnama3oHoM m3Meperus -50+600'C. Bo
n30eXaHne HEOXKHJIAHHOTO IeperpeBa oOpasmoB B
pe3oHaTope Me4YH YCTaHaBIMBAlIach IIYHTHPYOLIas
€MKOCTh C [UPKYJIUPYIOIIEH IUCTHUILIMPOBAHHOU
BOJOM.

C uenbl0 OMpENeNCHUs BIUSHHS COJACPIKAHUS
BOJHOHN a3bl B o0Opa3liax SMyJIbCHH Ha YPOBEHBb
MOTJIONIEHUST DPHEPTUH MHKPOBOJIHOBOTO HM3ITydEHUS
W JTUHAMHKY pasfeneHus (a3 HedThb—BOIQ, B yCIIO-
BUSAX HCKYCCTBEHHOI'O SMYIILIHMPOBAHHS HAa OCHOBE
Heptn  MecropoxaeHuii  bamaxans—CabyHay—
Pamanst n KropoBnmar ObLIM IpPHUTOTOBIEHBI 00pa3-
LB, COJAEpIKallllie MHHEPAIM30BAaHHYIO IIACTOBYIO
BoAy C KoHIeHTparwmei 15, 30 u 60 00beMHBIX %.

IlomHOTa pa3znmeneHus IBYXKOMIIOHEHTHOH CH-
cTeMbl HeTh—BOJIa TIOCIIE AKCIIO3UIMU B PE3OHATOPE
MUKPOBOJIHOBOH Tieud U 3-5 MHHYTHOTO OTCTOS
OTIPE/IEeNISUIACh B MEPHBIX IIAH/IPAX.

O0cy:x1eHue pe3yJbTaTOB

Ha pucynkax 1 u 2 mpuBeneHbl MHUKpPOQOTO-
rpadun 006pa3noB BOAOHE(PTIHBIX IMYIBCHH, B CITy-
yae HedtH MecTopoxkaeHusi Kioposmar m bBanaxa-
HeI—CalOynuy—Pamansl (X| ropusoHT), nonydeHHbIe
C MOMOILBIO0 ONTHYECKOI0 LU(POBOIO MHUKPOCKOIA
Levenhuk D70L (40-1600%) ¢ BeIBOJOM H300paxe-
HUS HA MOHUTOP KOMITBIOTEpA.

Tabnuua 1
DU3NKO-XUMHUYECKHE XaPAKTEPUCTHKU HUCCIIEAYEMbIX 00pa3I[0B BBICOKOBSI3KON He(TH
Coneprxanue
T - KOMIIOHEHTOB,
emrepaTypa JIOTHOCTb, P 9, Mace.
Obpaser negH sacteiBanus, °C | kr/m®, npu 20°C °
CMmounsl AcdanbreHsl

banaxanbi-CabyHuy-Pamanbt (VI ropu3oHT) +3 885 14.6 15
banaxanpi-CaOynuy-Pamansl (X| ropusoHT) +5 908 174 2.2
Kroposaar +8 923 20.7 7.1
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S500um

Puc. 1. ®ortorpadusi MUKPOCTPYKTYpbHl 00pasiia BOIO-
HE(DTSAHOH SMYJIbCHM Ha OCHOBE HE()TH MECTOPOIXKICHHUS
KropoBnar ¢ copeprxanuem BogHO#H (assl ~ 60% (00beMH.)
1o Bo3peiicteust CBY usnmydenus

Ha pucynkax BumHO, 9TO 00pa3isl BOAOHEPTSI-
HOHM 3MYJIBCUH MPEICTABISAIOT COO0H reTepOreHHYI0
CHCTEMY, COCTOSIIYIO U3 OUYEHb MENKHX (10 50 MKM)
KarleJib BOJbl, JUCTIEPTHPOBAaHHBIX B HEPTH.

[Ipu sTOM Kakmast Karuisl OKpy)KeHa TaK Ha3bl-
BaeMOU OpOHUPYIOIICH 000JIOUKON TOJIIUHOW MPH-
omusurensHo 50-100 HAHOMETpPOB, cocTosIIed u3
TIOJIIPHBIX ~ BHICOKOMOIIEKYJISIPHBIX ~ KOMITOHEHTOB
He()TH, TPENATCTBYIOMIEH KOAJECICHIINN Kalellb
BOJBI U PacCIOCHUIO SIMYJIbCUH.

EctectBenHO o0xmmaTh, 4TO 3PGHEKTUBHOCTH
pacciioeHus BOAOHE(DTSIHBIX 3MYJIbCUH TPU BO3ICH-
CTBHH 3JICKTPOMArHUTHOTO TOJIsI HA 00pa3libl BBICO-
KOBSI3KOM HE()TH 3aBHCUT OT TOJILUHBI OpOHUPYIO-
el 000JI0YKH, MPOYHOCTH KOTOPOH B CBOIO OdYe-
penb ompenenseTcss YpoBHEM cOlepKaHus B He(TH
BBICOKOMOJICKYJISIPHBIX KOMITOHEHTOB — acdaibre-
HOB M CMOJIOOOpA3HBIX COSAMHEHUH.

N3-3a GoNbIION pa3HUIEI BEIMYWHBI TaHTCHCA
yria AU3JICKTPUYCCKUX MMOTEPHh AJId BOABI U YIJICBO-
nopoznos (tgd H2O = 80 u tgd YB =~ 0.2-0.4) mpu
CBY »1eKTpOMarHuTHOM BO3JICHCTBHM HAa BOJIOHE-
(GTIAHYIO0 SMYIBCHIO SHEPTUSi B OCHOBHOM TOTJIONIA-
eTcs BOAHOM (a3oil, u B TI00ynax BOAbl BOSHUKAIOT
00BEMHBIE HCTOYHUKHU TEIlIa, 32 CUET Yero IMPOUC-
XOJUT WX 0oJlee HHTEHCUBHBIN HArpeB, MPUBOISAIINN
K pa3pylLIeHUIO OpoHUpyomeil 000J0UYKH M CIus-
HUIO Kameiab Boabl. IloaToMy pe3ynbraT BO3IE-
cteus CBY wm3nydeHus Ha MOAOO0HBIE HEOIHOPO/I-
HBIE [0 CBOEMY COCTaBY TEXHOJOTHUYECKHE CpPEeibl B
3HAYUTENILHOW CTENEHU OIpeNeNsieTcss UX TepMOT-
paHCcOpPMAIMOHHBIMU CBOMCTBaMH, T.€. YPOBHEM
MIOTJIONICHNS DHEPTUN TE€HEPUPYEMOTo 3JIEKTpoMar-
HuTHOrO 1ons (AP, ) u Tpacdopmaluu ee B Tell-

noty (BamurtoB u ap., 1984). Ilpu 3ToM HE3aBUCUMO
OT TapaMeTPOB AIEKTPOMATHUTHOTO H3IYUYEHHUS pe-

500um

Puc. 2. ®ororpadust MEKPOCTPYKTYpbI 00pasia BogoHedTs-
HOM SMYyJIbCHU Ha OCHOBE He)TH MecTOpoXIeHus banaxaHbl-
Cabynuy-Pamansr (X| ropu3oHT) ¢ copepskaHHEM BOIHOM
¢asbl ~ 60% (06veMH.) 10 Bo3aeiicTBus CBY usmydenus

3yJIBTAaTOM H3MepeHus OyIeT cpenHee 3HaueHHe I10-
TEpU ero MOLUIHOCTH:!

_Cc-m-AT _417-c-m-AT
0,247

APy (Mx/c), (1)

riae: 0.24 — TerToBoM YKBUBAJICHT pabOTHI, M — Mac-
ca Boapl, (T); ¢ — ylelbHas TEIJIOEMKOCTh BOJBI,
paBHas 4.187 x/x/kr-K; AT — npupamienue temre-
patypsl Bogbl (K); T — BpeMs 3KCIIO3UITUN B MHKPO-
BOJIHOBOH Tieu# (C).

IMotepst paboueit MomHOCTH M3ITydeHUs (AP, )

IpH TPOXOXKIACHUM dYepe3 CIOH aHATM3UPYyEeMOTO
oOpasiia, ompezeiseMas [0 Ppa3HHUIE CKOPOCTH
HarpeBa KaJOPHUMETPHYECKOTO Telda — BOJIBI
AT [ At (K/C), sKBHBaJeHTHA KOJIHMYECTBY TCHEPH-
pyeMOi TEIIOTHI B 00BeMe 00pasIia.

I[pu ouenke 5(dHEeKTUBHOCTH BO3ACHCTBHS
MHKPOBOJIHOBOTO H3JIyYeHHs Ha pa3OUCHUE BOJO-
He(TAHBIX OMyJNBCHH HEMaJOBa)KHOE 3HAYCHUE
UMeeT TIyOMHa ero NMPOHMKHOBEHHS B 00beM 00-
pastoB. OMIHUPUYECKOE ONpeAciIeHUE TITyOHHBI
HPOHUKHOBEHUS 3JIEKTPOMAarHUTHON BOJIHBI B CIIOXK-
HYIO IO COCTaBY TEXHOJIOTHYECKYIO CpEIy 3aKiio-
YaeTCsl B BBISBJICHHM TAKOW TOJIIUHBI CIIOSI CPEIIbI
Oy, TP KOTOPOH 00ECNEYMBAETCA NPAKTHYECKU

IIOJIHOE IMIOIVIOIIEHHUE BO3ACUCTBYIOIEH 3HEPrUU
CBU unznyuenus (bepnonocos u ap., 2000):

(2)

O ® 4 ,
72'\/28'(\/1+ tg%s5 -1)

IJie & — paccTosHUE, HA KOTOPOM aMIUIUTY/1a BEKTOPa

HANPsDKEHHOCTH  DJIEKTPUYECKOro moist Eo yMeHb-
maeTcs B e pa3 (e = 2,7 — ocCHOBaHHE HaTypajbHOTO
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norapudma), &' — neHCTBUTENBHAS YaCTh OTHOCHTEb-
HOM JUAJIEKTPUYECKOW IPOHUIIAEMOCTH MarTepHaa,
1gd — TaHTeHC YA TUAJIEKTPUIECKHUX MOTepb. Berumc-
JICHHE BEJIWYUHBI O g TAKKC CBOAMUTCA K OLICHKE MakK-

CHUMAJIbHOM pa3HMIIBI TEMITEpaTyp OaiacTHOH 3arpys3-
KU BOJBI 0e3 MccienyeMoro oopaslia ¥ ¢ HAM TIpH
BapbUPOBAHUH BBIXOIHOI MOIITHOCTH MarHEeTPOHa.

Kak BUIHO U3 pe3yabTaTOB M3MEPEHUs IOTEPh
MOIIIHOCTH MHKPOBOJHOBOTO M3JIy4EHHUS U TITyOUHBI
€ro MPOHUKHOBEHHUS B HCXOJAHBIE 00pa3nsl HehTH U
o0paslpl, COAEpKallMe pPa3InYHOE KOJINYECTBO
SMYJIBIHPOBAHHON BOJHON (ha3bl, YpOBEHH IIOTIIO-
LIEHUS M3JIy4EeHUS BO3pacTaeT C YBEJIUYEHHUEM CO-
Jep KaHus SMYJIbTUPOBaHHON BoAbI (puc.3 u 4).

) -
'i 450 u’
3
N 400 =]
g — B
5 % — g
[l —
= 300 =
4 ] =
- A —
= 80 — 100 5
(=
& 200 — 80 g
= =]
= 1580 = 60 &2
] [e]
i 100 w— 0 [
]
£ 20 — 20 8
= -~
e | @
=] T 'f__
[

A B C D

Puc. 3. TepmorpancopMaMOHHBIE CBOWCTBA W TIyOHHA MPO-
HUKHOBEHMSI M3JIyYECHHsS B HCXOIHBbIE 00Opasubl He(TH MecTo-
poxnaenus Kropoemar (A) u obpasusl B, C, u D, conepxamiie
15, 30 n 60% (0O0BEMH.) SMyJIBTHPOBAaHHON BOABL Y CIIOBHS:
o0beM o0pasioB — 60 M, momHOCTh M3myueHus — 400 Barrt,
BpEMsI 9KCIIO3HIHN — 2 MUH.

o 7
'i 450 ~
]
& 400 =
= g
- 320 B
- c
= 300 -
) ]
= 280 100 &
= -]
& 200 — s0
= g
= 150 — -‘ 60 &
=) o
=100 e— p— ) E
=
o] -
- 50— 20 5
= I+~
=) 4
= <
A B C D =

Puc. 4. TepmorpancdopmaroHHble CBOICTBa U TiTyGHHA IpO-
HUKHOBEHMSI W3JIy4CHUs B HCXOJHBIE 00pasmbl HETU MECTO-
poxnenus banaxanei—Cabynuy—Pamansr (A) u o6pasusl B, C, u
D, conepxamme 15, 30 u 60 % (00beMH.) SMyJIBIUPOBAHHON
BOIBI. YCIIOBHS: 00beM 00pa3ioB — 60 M1, MOIIHOCTh H3JTyue-
Hust — 400 BaTT, BpeMsl SKCHO3UINU — 2 MHH.
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OTHOCHUTENIEHO OOJIBIIHI YPOBEHB TIOTEPh SHEP-
TMH M3TY4YEeHUs o0pa3laMHu BOJOHEPTSIHOW 5MYJIb-
cun MectopoxnaeHus Kioposaar (puc. 4), BeposiTHO,
CBSI3aH C IOBBILIICHHBIM COAEP’KAaHUEM B HATHBHOM
HEPTH CMOJHCTO-ac(aTbTEHOBBIX KOMIIOHEHTOB
(tabn. 1), xapaktepusylomuxcs Ooyiee BBICOKHM
YPOBHEM IUAJICKTPUYECKUX IOTEPh B CPABHEHHHU C
HACBIIICHHBIMH HE()TAHBIMU yTIEBOAOPOJAMH.

OddexT n30oupaTenLHOTO MOTJIOMICHHS SJHSPTUU
CBUY uznyuenus BoaHOU (azoit 00pa3ioB BogoHED-
TSHOU SMYJIbCUM NOATBEPKAACTCA TUHAMHUKON BO3-
pacTaHus UX CpeAHEMacCOBOM TeMIIepaTyphl B 3aBH-
CUMOCTH OT COJEpXaHHs 3MYJbIMPOBAHHOM BOIBI
(puc. 5).

IlockonmpKy  YIJIEBOJOPOAHBIE WHTPEAMEHTHI
HeTH Ha YacToTax, OJM3KUX K MCIIOJIB3YyEeMOii, 1mo-
momarT CBY-3Hepruio ¢ HU3KUMHU JAUDJIEKTpUYEC-
KAMH TIOTepSMH W 00JafaloT HU3KUM 3HAYCHHEM
TEIUIONPOBOIHOCTH, a BOJHAS YacTh AMYJBCHH IIO-
rjomaeT M3NydeHue Oojee HMHTEHCHBHO, TO TIPH
BozaeiictBurn CBY-monst Ha BOZOHEDTIHYIO dMYIIhb-
CHIO ¢ OOJbIIEH BEPOSTHOCTBIO MPOUCXOAUT PE3IKOE
HapacTaHUe TEMIIepaTyphl Kameiab BOABI M ee Opo-
HHUPYIOIMX 000JI0YEeK, YTO ¥ IIPUBOAUT K paspylie-
HUIO TMOCIEAHUX TPU HE3HAUUTEIHHOM POCTE TEM-
nepaTypbl OCHOBHOM Macchl HedTu. [Tomumo 3ToTO,
npu Bo3neicTBuM nepemenHoro CBY-monst Bo3HH-
KaroT KoJebarenpHble Tporiecchl (PaxmaHkymnoB u
np., 2003), crencTBUEM KOTOPBIX SIBISIETCS 3HAYU-
TeJbHAs MepHoarYecKas 1eopMalusl Kareilb BOJBI
U paspylieHue ux o0onodek. B pesynbrare BHemHee
JNEKTPOMarHUTHOE TI0JIe, B KOTOPOM HaXOJHTCS
BOIOHE(TSIHAS AMYJbCHUS, OCIAOISIET MOBEPXHOCT-
HOE€ HaTSDKEHHE IOTPAaHUYHOTO CJI0SI OPOHUPYIOIINX
000JI09€K W TEM CaMbIM CHOCOOCTBYET WHTEHCH(DH-
Kallid TEPMOIHEPTEeTUYECKOTO U OCHMIUIALIMOHHOTO
MEXaHM3MOB UX pa3pylIeHUs M KOAJECLEHLUU
YKPYIHEHHBIX Kaneb Boabl (puc.6).

Pesynbrar BO3AEHCTBUS MHUKPOBOJHOBOIO W3-
Jy4YeHUs] Ha Cenapainuio BOJOHEPTIHOW 3MYIJIbCHUH
OLyTUMO HAYMHAET MPOSBILITHCS YK€ NPHU 2-X MU-
HYTHOH 3Kkcmo3mnuu ob6pasnoB B mone CBY mpm
MUHUMAaJIbHOM 3HA4€HWH MOIIHOCTH MarHeTpoHa B
n3yyeHHOM nuanaszone — 200 BarT.

IloBBIeHNE BpPEMEHW W MOITHOCTH BO3[EH-
CTBHS W3JIy4YeHHUs Ha o0paslpbl IMOCie MOSIBICHUS
rpaHMLBl pasfena HeTSHOM W BOAHOW (a3 u3-3a
pasnurs CKOPOCTH HarpeBa HMPUBOIUT K HEXeJa-
TEJBHOMY OOpa30BaHMIO TNPOHUKAIOIIUX B CIIOMH
HEPTHU BOCXOISIIUX TEPMO-KOHBEKTUBHBIX MMOTOKOB
BOJBI, CIIOCOOHBIX MPEMATCTBOBATh AajbHEHIIEMY
paccioeHuto smyibcuu. Ilpu 3ToM Harpes 00pasLoB
710 Temrepatypsl Bbiie 50-55 C HexenaTesneH.
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Puc. 5. Jlunamnka pocra Temrmepatyp obOpasma oOe3BOXKEH-
HoU He(hTH MecTopoxneHus Kroposaar (1), u obpasmos 2, 3
u 4, copepxamux 15, 30 u 60% (00BEMHBIX) SMYJIBIUPOBAH-
HOHM BOZBI 1OJ BO3AEHCTBHEM MHKPOBOJIHOBOTO H3IIyYCHUS
(W =200 BatT)

[lo nucteyeHnu 5 MUHYT MHUKPOBOJIHOBOTO 00-
TydeHus: 00pa3oB HaOIOAaeTCsl MPAKTHIECKU TT0JI-
HO€ paccioeHue BOAHOM 1 HedTsAHOM (a3 O0e3 oOpa-
30BaHMS MIPOMEXKYTOUHBIX CJIOCB Ha TPaHHUIIE paslie-
na HeTh—BOAA, B TO BpEeMs KakK I'paHMLA pasJele-
HAS a3 HEOOITyUEeHHBIX KOHTPOJBHBIX OO0pa3IoB
SMYJIBCUH 32 CUET MPOSBICHHUS CUJI TPABUTAIMHU T10-
siBrisgeTcs uepes ~30-35 MuHyT.

Pe3ynpTaThl CpaBHEHMs CTEIICHM Celapaunuu
00pa3noB BOAOHE(PTSIHONW IMYIBCHH, COJCPIKAIINX
oauHakoBble KoiudyecTBa (60% OOBEMHBIX) 3MYJIb-
TUPOBAHHON BOJIbl, IOCTUIAEMON B CIy4yae KOHBEK-
LIUOHHOT'O HarpeBa U MUKPOBOJIHOBOI'O BO3AECHCTBUS
IPU COTNOCTABUMBIX 3HAYCHUSIX CPEHEMACCOBOM
TemmepaTypsl dMydbcuu 45+5°C, mpuBeneHs Ha
puc. 7.

W3 pucyHka BUIHO, YTO NPU COONIOJICHUN OAH-
HAKOBOTO BPEMEHH BBIJEPKKH OOpa3LOB B pe3oHa-
TOpEe MHKpPOBOJIHOBOM II€YM M HAarpeBacMoM 3JIEK-
TPOCHIUPAJIBbIO TEPMOCTAaTe, B IOCIETHEM Cllydae
JOCTHTaeTCsl TOPa3l0 MEHBIIUI YPOBEHb Cerapaiiu
BopoHehTIHONH AMynbcuu. [Ipu 3TOM B ycrmoBHsX
TPAJAUIIMOHHON TEepMHUYECKOW 00paboTKH 00pas3IoB
SMYJIBCUH, COAEPKAIIUX PpPa3IMYHbIE KOJIUYECTBA
MPUPOAHBIX 3MYJIBIaTOPOB (CMOJBI + acdaibTeHbl),
CKOPOCTb OTAEIEHUSI BOIbl NPAKTUUYECKH IOCTOSH-
Ha, B TO BpeMs Kak B YCJOBHSX MHKPOBOJIHOBOTO
BO3ICHCTBHS Pa3HUIA B CKOPOCTH OTHENCHHS BOI-
HOM ¢a3pl B 00pa3Lax Ha OCHOBE HE(YTH MECTOPOXK-
nenus KropoBaar ¢ OTHOCHUTENBHO BBICOKHM COZEp-
KaHUEM CMOJI U ac(allbTCHOB 3HAYUTEIHHO BBILIC
TakOBOM asi He()TH MecTopokieHus bamaxaHpi—
CabyHuy—Pamansl.

Puc. 6. ®ororpadusi MUKPOCTPYKTYpBI 0Opasiia Bo-
JNOHEe(TSIHON SMYJIBCUU HA OCHOBE HE()TH MECTOPOIK-
nenus Kriopomar ¢ copepkaHWeM BOJHOH (a3l
~60% (0o6BemH.) mocne Bo3aeiicteus CBY m3myuenns
B Te4eHHe 2 MUHYT npu MomHocTH 200 BarT

JanHblii (axT, BEpOSTHO, CBA3aH C MPOsBIIE-
HUEM HeTepMu4ecKoro 3¢ dekra MHKPOBOIHOBOTO
BO3nelicTBHAS Ha BojoHEPTIHYIO dMynbcuio (Mypa-
JnoBa U Ap., 2016), a Takke BO3HUKHOBEHHEM JIO-
KaJbHOTO TeperpeBa Ha IpaHMLE YacTUL SMYJIbIHU-
POBaHHOW BOJIBI U OPOHHPYIOIIEH BBICOKOMOJICKY-
JSpHOW O0OJIOYKH, HE CBOWCTBEHHBIX MPOBEACHHIO
cermapaluuy 3MYJIbCHH B YCIOBUSIX TPaIdUlMOHHOM
Tepmudeckoit 0opaboTku (Kosanesa u ap., 2008).

Kax BugHO m3 npuBenenHoi Ha puc.8 gororpa-
¢un 00pa3uoB BOAOHEDTIHON SMYJIBCHU Ha OCHOBE
HeTH MecTopoxaeHus Kroposaar, mocie MUKpPO-
BOJIHOBOTO BO3JICHCTBHUS JIOCTUTAETCS NPAKTHYECKH
MOJIHOE pa3JielieHHe BOJOHE(TSIHOW 3MYIJBCHH Ha
He(TAHYIO U BOJHYIO a3y Oe3 oOpa3oBaHUs Tak
Ha3bIBAEMbBIX «ITPOMEKYTOUYHBIX CIIOEB» MEXIY OT-
JISIUBITUMHUCS CJIOSIMU CBOOOTHOM HE()TU U BOJIBI.

Takum 00pa3zoM, MOTyYEHHbIE B paMKaxX HaCTO-
sie paboThl pe3yabTaThl UCCICIOBAHUS BIUSHUS
MUKPOBOJHOBOT'O M3JY4YEHUS] Ha TPYAHO paspyliae-
MBIE BOJIOHE(TSHBIC AMYJIBCUH Ha OCHOBE BBICOKO-
Bs3Ko  Heptm  MecTopoxneHndd  bamaxaHbi-
Cabynuy-Pamansr m KroopoBmar ¢ pa3imdHbIM
O0OBMHBIM COJICP)KaHUEM BOAHOM (ha3bl MOKa3au,
YTO TJAaBHBIM NPEUMYIIECTBOM M OTIHUYUEM 3TOTO
crocoba OT TPAJUIMOHHOTO TEPMHUYECKOTO BO3JICH-
CTBHSL SIBJISIETCSI IMPOSIBIICHUE HETEPMUYECKOTO 3(-
(exTa, MHTeHCH(UIHPYIOIIETO pa3pyleHne OpoHH-
pytomield 000J0UYKH TUCTIEPTUPOBAHHBIX Karelb BO-
JBl, YTO CYIIECTBEHHO OOJerdaeT cenaparuro
HeTSIHOW U BOAHOM (a3.
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Puc. 7. 3aBUCHMOCTh CTEHEHH Cemapaniu 00pa3iioB
BOJIOHE(TSIHOH SMyNIbCHH, TEPMOCTATUPOBAHHBIX B
YCIIOBHSAX MHUKPOBOJHOBOTO Bo3neiicTeus (1,2) u Tpa-
muionHoro Harpesa (3,4). (1,3) — MecropokneHne
Banaxansl-Cabynuay-Pamansr; (2,4) — MecTopokieHne
Kroposnar
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Puc. 8. MmmocTpanus 3aBepHIeHUs] Tpolecca MHKpPO-
BOJTHOBOW cemapanui o0pa3ioB BOAOHEDTIHOH 3MyITb-
cuM Ha ocHOBe HedTH MecTtopokaeHus Kioposmar. A —
obpasen, comepxamuii 60% (00BeMH.) 3MyIBTHPOBaH-
HOM BOJBI 10 MHKPOBOJHOBOTO Bo3jaeHcTBUs; B u C —
00pasiel, comepskaiue cootercTBeHHo 30 U 60% BOA-
HOH (a3pl mocine 5 mMuH. dKcno3uimu B none CBY mpu
MouHocTy n3nydenus 200 BaTT
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BO3JEVCTBUE MUKPOBOJIHOBOI'O N3JIYYEHHUSA HA CEHAPAIIMIO BOJIOHE®TAHOM IMYJIbCHN

Mypanosa IL.A.
Hucmumym xamanuza u neopeanuueckoti xumuu um. M.@.Hazuesa HAH Azepbatioscana
AZ1143, Baxy, npocn. I [[icasuoda, 113: muradovaperi@rambler.ru

Pe3ztome. OOBoHEHNE NPOIYKTHBHBIX IITACTOB HE(TSIHBIX MECTOPOKICHHUH BBI3BIBACT CEPhE3HBIC OCIONHEHUS HpH H00BIUe,
cOope U moAroToBKEe HeTH, CBI3aHHBIE C 00pa30BaHUEM BOJZOHE(TSHBIX SMYJIBCHH, YTO 0COOEHHO MPOSBIIETCS B CIIydasX SKCILTY-
aTalMy MECTOPOXICHUH BBICOKOBSI3KOI He(hTH, HAXOIMXCS Ha MO3AHEeH cTaauu pa3paboTku. B mocnenHue roasl B apceHane cy-
LIECTBYIOUIUX METOIOB Pa3pylICHHsS CTOWKUX BOJOHE(TIHBIX SMYJBCUIl MPOU3OILIH CYIECTBEHHbIE H3MEHEHHSI HHHOBAI[HIOHHOTO
XapakTepa, CBA3aHHbIC C 3aMEHOH PeareHTHOHW M TePMUYECKOH TEXHOIOIHH UX 00pabOTKH Ha TEXHOJIOTUH, OCHOBaHHbBIC Ha UCIIOJIb-
30BaHUM 3HEPrHU (HU3NYECKUX MOJIEH, B YACTHOCTH CBEPXBBICOKOYACTOTHOTO JICKTPOMArHUTHOrO H3NyueHUs. OCHOBBIBAsCH Ha
paHee MOJIyYCHHBIX HaMU Pe3yJbTaTax BO3ACHCTBUS MHKPOBOJIHOBOIO M3JIyYECHHs Ha PEOJIOTHYECKHE M (PU3HKO-XUMHYECKHE CBOM-
CTBa JICAIMYJIbTUPOBAHHBIX TPAJULIHOHHBIM TEPMHYECKHM METOIOM 00pa3IioB BBICOKOBS3KON HE)TH MeCTOpOXKACHUH A3epbaiimkaHa
banaxanp—CabyHuy—Pamansl u Kroposzar, B JaHHOH paboTe IpUBEICHBI pe3ysbTaThl MccienoBanus BiausHus CBY umzinyueHus
(2450 MI'm) Ha arperaTUBHYIO yCTOHYMBOCTH M pa3pymieHHe TuapodoOHoil (00paTHOIT) BOZOHEPTIHOH SMyIbCHE 00pa3IoB Mpo-
MBICIIOBOH He(pTH YHOMSHYTBIX MecTopoxIeHUH. [Toka3zaHo, 9TO B YCIIOBHSX TpaJWIMIOHHON TEPMUUYECKOH 0OpaboTKM 00pas3ioB
SMYJIBCHH, COACPIKALIMX Pa3IMYHbIC KOJIMYECTBA MPUPOIHBIX SMYJIBraTopoB (CMOJBI + acdanbTeHbl), CKOPOCTh OTACICHUS BOIBI
MIPAKTHYECKH MTOCTOSIHHA, B TO BPEMs KaK B YCJIOBHAX MHKPOBOJIHOBOT'O BO3JCHCTBHUS pa3HHUIIA B CKOPOCTH OTACICHHUSI BOXHOM (a3bl
B 00pasiax Ha OCHOBE He()TH MecTOpokAeHNS KUpoBIar ¢ OTHOCHTENBHO BBICOKMM COACPIKaHHEM CMOJ U ac(halbTeHOB 3HAUYUTEIIb-
HO BBIIIE TaKOBOW 11t He(TH MecTopokaeHus banaxansi-CaOyHuy-PaManbl. YcTaHOBIEH (akT IPOSBICHUS HETEPMHYECKOro 3¢-
(ekTa MHKPOBOJIHOBOTO BO3/ICHCTBHS HAa BOJOHE(TSIHYIO IMYJIBCHIO, YTO SIBUJIOCH €r0 OCHOBHBIM NMPEHMYILECTBOM M OTIUYHEM OT
PacIpoCTpaHEHHBIX CIOCOO0B TPAJUIIMOHHON TEPMHYECKOW U PEarcHTHON CeHapaliy SMYJIbCHH, KaK ¢ TOYKH 3PEHUS COKPAICHHS
SHEPreTHYECKUX 3aTpaT, TaK M UCKITIOYEHHS HCIIOIB30BaHMUS JOPOTOCTOSIINX SMYJIEIaTOPOB.

Kniouesvie cnosa: evicokosaskas nedpmb, mepmMoau3, MUKPOBOIHOS0E U3NyUeHue, Hemepmudeckuil dggexm, ooonepmanasn
IMYNbCUSL

MIiKRODALGALI SUALANMANIN NEFT-SU EMULSIYASININ AYRILMASINA TOSiRi

Muradova P.A.
AMEA-nin M.F.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ1143, Baki sah., H.Cavid prospekti,113: muradovaperi@rambler.ru

Xiilasa. Neft modoanlorinin mahsuldar laylarim su altinda galmasi su-neft emulsiyalarinin osmals golmasi ilo slagadar neftin hasi-
lat1, yigilmasi vo hazirlanmasinda ciddi fosadlar yaradir ki, bu da xiisusilo son hazirlig marhslasinds olan yiiksok 6zliiklii neft yatag-
larinin istismari hallarinda 6ztinii biiruzo verir. Son illor sabit su-neft emulsiyalarinin pargalanmas tisullarinin arsenalinda shomiyyat-
li innovativ doyisikliklor bas vermisdir, bu da reagent vo onlarin emali {igiin istilik texnologiyalarinin fiziki sahslorin enerjisinin isti-
fadssinin mikrodalgali elektromagnit siialanmasinin istifadasins asaslanan texnologiyalarla ovoz edilmasi ilo baglidir. Azarbaycanin
Balaxani-Sabung¢u-Ramani vo Kiirovdag yataglarindan snsnavi termal iisulla demulsifikasiya olunmus yiiksokozliiliikli neft niimune-
larinin reoloji va fiziki-kimyovi xassolorina mikrodalgali siialanmanin tosiri ilo bagl avvalki noticalorimizo ssaslanaraq, hazirk: isdo
geyd olunan yataglarin kommersiya neft nimunolarinin hidrofobik (oks) su-neft emulsiyasinin agreqgativ sabitliys vo pargalanmasina
mikrodalgali stialanmanin (2450 MHz) tosirinin naticalori togdim olunur. Géstorilmisdir ki, torkibindo miixtalif migdarda tobii emul-
qatorlar (gatranlar+asfaltenlor) olan emulsiya niimunalarinds anonavi termik emal soraitindo suyun ayrilma siirsti praktiki olarag sa-
bitdir, eyni zamanda, gatranlarin vo asfaltenlorin nisbston yiiksok oldugu Kirovdag yatagindan alian neft niimunolorindo mikrodal-
gal1 sobanin tosiri altinda su fazasinin ayrilmasi siirsti Balaxani-Sabungu-Ramani yatagindan alinan neft nimunolarinds sulu fazanin
ayrilmast siiroti ilo miigayiseds xeyli yiiksokdir. Su-neft emulsiyasina mikrodalgali tasirinin geyri-termik effekti faktt miiayyan edil-
misdir ki, bu da onun genis yayilmis snanavi termal va reagent separasiya ilo miiqayiseds, ham enerji xarclorinin azaldilmasi va ba-
hali emulqatorlardan istifado edilmosi noqteyi nozoridan, osas tisttinliyiinii vo forgliliyini gostorir.

Agar sézlor: yiiksokozliliiklii neft, termoliz, mikrodalgali stialanma, geyri-termal effekt, su-neft emulsiyast
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FOSSILS AND MODERN PINNIPEDS OF AZERBAIJAN

Eybatov T.M., Gadjiev D.V.
Natural History Museum of ANAS

17 (3) Lermontov str., Baku, Azerbaijan, AZ1006: t_eybatov@mail.ru
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Summary. In the paper the general distribution pattern and history of studying of fossil and
modern pinnipeds found in the territory of Azerbaijan and the adjacent countries is given. Fossil
representatives of 2 families (Semantoriidae and Phocidae), 3 subfamilies (Nekromitinae, Mona-
chinae and Phocinae), 3 genus and 5 species of fossil pinnipeds have been found in the country: 1)
Phoca sp., 2) Monachopsis pontica, 3) Phoca procaspica, 4) Phoca meoticum, 5) Nekromithes nes-
toris, 6) Phoca caspica.

Pinnipeds fossils recovered from the breccia of the Lokbatan mud volcano, the only active
mud volcano that periodically ejects the skeletal remains of pinnipeds and cetaceans to the surface,
are described. The results of archaeozoological research, which revealed the use of the skin and fat
of the Caspian seal in everyday life and economy from the Upper Paleolithic to the present day, are
also presented. The present state of the Caspian seal population and the reasons for its sharp de-
crease are briefly highlighted. The results of half a century summer monitoring studies of the dy-
namics of seal carcasses on the northern coast of the Absheron Peninsula (a unique Caspian seal
cemetery) and its interrelation with the number of seals in the Caspian Sea are given. The analysis
of the dynamics of dead seals stranding allows to state a gradual increase in the number of seals
after their mass deaths in 1997 and 2000 due to the epidemic caused by the canine distemper or
canine measles viruses. Recommendations on saving the Caspian seal population are presented.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

I/ICTOpl/IH HU3YyYCHUA UCKOMMACMbIX U

1) Bua: Nekromithes nestoris Bog., 1939

COBpPEMEHHBIX JJACTOHOIMX A3epOaiiikaHa
JlacToHOTHME — ATO OHA W3 APEBHEHIIMX TPYyMI
MJICKOTIMUTAIOIINX, OOHAPYKEHHBIX Ha TEPPHUTOPHH
Hameil peciyonuku u Bcero FOxnoro Kaskaza. K
COKAJICHUIO, IPOUCXOXK/ICHHIE U HBOIIOIINS JTaCTOHO-
TUX 10 CUX II0p cimabo HU3YYCHBI, TaK KaK UX OCTaTKH
[0 CPaBHEHHUIO C Ha3eMHBIMH (opMamMH MIIEKOIHU-
TAIONINX Ype3BhIUANHO peIKu U pa3po3HeHsbl. [Ipak-
TUYECKU HE HaWJICHO HH OJHOTO IIEJIOr0 CKeJieTa W
Lenblx uyepenos. M TeM He MeHee Ha TEPPUTOPUU
AszepOaiikaHa CTajJ0 BO3MOXHBIM OOHapy)KeHUE U
BBIZICNICHHE 6 hopM (BHUIOB) HCKOITAEMBIX TIOJICHEH.
JlacToHorue Azep6aiigxana
Otpsin: Pinnipedia Illiger, 1811
CemeiicTBO: Semantoriidae, Orl., 1931
IoncemeiicrBo: Nekromitinae Achundov, 1967
Pon: Nekromithes Bog., 1939
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(Puc. 1).
O6HapyxeH B OKpecTHOCTsAX T. baky. Hmkme-
TUICHCTOIICH-a0IePOHCKHE OTIOKEHHS.

CeMelcTBO: Phocidae Gray, 1825
IMoacemeiicro:  Monachinae Gray, 1869
Pon: Monachus Fleming, 1822

2) Bua: Monotherium meoticum Nordman,

1858 — cpeanuii capmat (BepXHHIA MHOIICH).

O.B.TI'amxues (1997) m M. A.Kopemnkas (Ko-
retsky, 2001), mepecMOTpEeB CHCTEMATHKY HCKOIae-
MBIX JIACTOHOTHX, OTHOCST 3TOTO TIOJNEHS K POIY
Monachopsis Kretzoi, 1941 u Bumy Monachopsis
pontica Eichwald, 1850. OGnapyxxeH B Opekuuu
BynkaHa Jlok6aran (baky). OpueHTHPOBOYHBII BO3-
pact — BepxHuii MuornieH (capmar) (Puc. 2).

IToacemeiictBo: Phocinae Gill, 1866

Pon: Phoca Linnaeus, 1758
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3) Bua: Phoca sp. Asl., 1965. Hwxuuii Muo-
LeH (BEpXHUH OJUTOLEH).

(Matiikonickast csuta). [lepexumkrons, ropa Hc-
nampar (Puc. 3).

4) Bun: Phoca procaspica. nov. sp. Gadz, 1961

Mecto oOHapyKeHHS — BEpXHMH MHOIICH,
BEPXHUM capmaT DJbaapa.

5) Bua: Phoca meotica. Nordmann, 1858

Bepxnuii muoneH, cpennuii capmar — Jlok-
Baran (puc.4).

Pon: Phoca Scopoli, 1777

6) Bua: Phoca caspica Gmelin, 1788 — pemen-
THBIH BHJ, B HCKOIIAEMOM COCTOSHMM OOHapy>KeH B
A0IIePOHCKUX OTIIOKCHHIX, IO 22 METPOBBIM CIIO-
eM alIepoHCKOTO M3BECTHsIKA Omu3 moc. bamamxka-
pBl HalifieHa IuledeBasi KOCTh TIOJNEHS, MACHTHYHAs
takoBoii Phoca caspica Gmel. (Bozaues, 1923);
6mu3 mocenka buna, (Axynnos, 1967), B u3BectHs-
kax Kwunsasunckoit xocsl k ceBepy oT baky u B Jlok-
Oarane (Bepemarun,1959), B I'py3un (Bekya — ycrt-
HOE COOOINECHNE), a TaKKEe B BEPXHEM ILICHCTOIICHE

Ha Tepputopuu noc.bunaraas! (bunaraauHckoe me-
CTOHAXOX/ACHUE YETBEPTHYHOH (IOpsl U (ayHBI
(Famxues, 1999) oOHapyXeHBI KOCTHBIE OCTaHKH
TrosieHs (Puc.5). MHOTO OCTaTKOB KOCTEH KacIhii-
CKOTO TIOJIEHSI HAlIEHO NMPH apXeoJIOTHYECKHX pac-
KOTKax B MPUOPEXHBIX 30HaX A3sepOaiijxaHa, BO3-
pacT KOTOpBIX JaTHPYETCsS OT ME30JIMTa 10 CPeIHe-
BekoBbs (I'oOycran, Ilomyrteme, Anxanrene (Puc.
6,7).

B cBsi3u ¢ Tem, 4TO B HacTOALIEE BPEMS CHUCTE-
MaTHKa JIACTOHOTHX BHUJOU3MEHUIIACH, CUCTEMATHKa
TIOJICHEH JaeTcs B aBTOPCKOW MHTEPIPETALHMH B
CIEeIYyIOIEM BUJE:

Orpsn: Carnivora Bowdich, 1821

IMoxotpsnx — Caniformia Tedford, 1976

CewmeiicTBo: Mopsxossie (Odobenidae);

Hacrosue tronenn (Phocidae);
Vacteie Troneru (Otariidae).

B HekoTOpBIX Kiaccu(UKAIMAX JTACTOHOTHE CO-

XpaHeHBI Kak TpyIna B paHre HH}paoTpsaa B cocTa-

BE€ OTPSAIa XHIIMHBIX.

|
O
dupe

M CAPMAg
L B.B. §

ANCIENT SARN A
TATIC SEAy X\{

CKRui
0T

1 TOn iy, 8\
B (1935,

Puc. 2. Monachopsis pontica u3 6pekunn rpsseBoro Byikana JIokGaTau
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Puc. 3. Phoca sp. ITepekumnikions. Camast ApeBHsIsi HAXOIKa TIONeHeH B AzepOaiimkane. JIuCTanbHbIi KOHEl[ Mao0epoBoi
koctu Phoca Sp. u3 HmKHEeMHOIEHOBBIX OTiIOXeHuH. [lepekumnkions 1. apa-Mcnam.

Puc. 5. Cpennuii MeTatap3yc KaCIHHUCKOTO TIONCHS U3 OMHATaIMHCKUX KAPOBBIX
OTJIOKEHUH (BEepXHUIA TICHCTOLICH)
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Puc. 6. Koctn kacmmiickoro TroneHs w3 Me3onura ['o0ycTaHa
(IpokcuMabHas 4acTh IUICUYEBOM U MeTaTap3albHOH KOCTH)

Puc. 7. KocTr KaciuiiCKOTO TIOJICHS M3 HEOJIUTHUECKHX CTOSHOK Anxantene u [lomyTemne

N.A Koperkas (Koretsky, 2001), mepecmartpuBas
cHCTeMaTHKy uckonaemoro poaa Phoca u3 CesepHoii
Atnantuxu u [laparernca, ykaspIBaeT, 4To 3TOT PO
MpeACTaBIsieT co00il COCTaBHOM TaKCOH, KOTOPBIN
BKJIIOYAEeT TPEICTABUTENEH TpeX IOJCEMENCTB:
Phocinae, Monachinae u Cystophorinae. ABTOp
CIIPaBEJIMBO OTMEYAET, YTO B OOJIBIIUHCTBE CITyYacB
CHCTEMaTHKa UCKONAEMBIX ¥ COBPEMEHHBIX JaCTOHO-
I'MX OCHOBaHa Ha W3yYCHUH TJIaBHBIM 00pa3oM cTpoe-
HHUS dYeperia M 3yOOB, a OCOOCHHOCTAM IIOCTKpa-
HUAJIBHOTO CKeJIeTa BHUMaHHUe MPaKTHYECKH HE yie-
JSIeTCsl, TOTAa Kak B MCKOIIaeMOM COCTOSHHMHM Yalle
BCETO BCTPEYAIOTCS OTJEIBbHBIC KOCTU WM (pparMeH-
TapHBIC YaCTH MMEHHO IOCTKPAaHMAJIBHOTO CKeJleTa.
K coxanenuto, Mop¢osiorust 3Toro OoTaena CKenera
COBPEMEHHBIX JJACTOHOTUX MPAKTUYECKU HE N3ydeHa.

Ucknrouennem SIBJISIFOTCSI UCCIIe0BaHUS
A.B.l'amkuesa u T.M.DiibaroBa 1Mo KacIUHCKOMY
TroneHto (1978, 1995), XoTd HCCACHOBAINCHE WMHU
MMOCTKPAHUANIbHBIA CKEJIET M MBIIICYHAs CUCTeMa
JIPYTUX BUJIOB JIACTOHOTHX. TaKXke CleAyeT OTMETHTh
pabote A.AAnTOHIOKa (1970, 1971, 1972) mo wuc-
CJICJIOBAaHUIO TT03BOHOYHHKA OOJIBIIMHCTBA BUIOB
nmactonorux. Uro xe xacaercst 1.A.Kopenkoii, To ee
HOBasi CHCTeMaTuka Oa3upyercs Ha CPaBHUTEIBHOM
WCCTIIOBAaHUU TUICUEBBIX W OEIPEHHBIX KOCTEH, a
TaKKe KocTer yepena u 3y6oB. Kak ormeuaer cam aB-
TOp: «s yAesIa MEHbIIIC BHUMAHUS TA30BbIM, JTyde-
BBIM, OOJIBIIION U MAJIOOEPIIOBBIM U JIPYTHM KOCTSIMY.
OpHako TakoW TOAXOA K HMCCIETOBAHUSIM HEIOIyC-
THUM, TaK Kak OCOOCHHOCTH CTPOCHHUS U MOP(OIIOTHS
TIEPEYNCTICHHBIX €0 KOCTel He MeHee HH(POPMAaTHBHBI
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U XapakTepu3yloTcs B OOJbIICH cTeneHn cBoei anar-
TUBHOCTBIO K Pa3IMUHBIM 3KOJOTMYECKUM YCIOBHAM
oburanus. Uto xacaercst Ta30BBIX KOCTEH, TO, KaK ObI-
70 ycraHoBieHo ["amxueBbiM (1995), orm deTko xa-
pakrepusytoT non jacroHorux. J.B.I'amxueBy mnpu-
HA/UICKUT TIPUOPHUTET B CO3JAHUM KOMIUIEKCHOM
OCTEOJIOTHH MIIEKOITUTAIOMINX, HO, K COXKaJICHHIO,
MIpeXXIeBpeMEHHAsi CMEPThb 3TOTr0 BBIIAIOIIETOCS Ia-
JIGOHTOJIOTa M MOpQOoJIora He TO3BOJNWIIA 3aBEPILUHTh
HAYaThIe UCCIICOBAHUSL.

CaMbpIM [IpeBHHM TIpEACTAaBUTENIEM OTpsAa Jia-
CTOHOTHX, HAWJEHHBIM Ha TEPPUTOpUH A3zepOaii-
JDKaHa, sBIsieTCs ToJieHb Phoca sp. W3 HMKHEMUO-
IICHOBBIX (ITEpBOHAYATLHO OBUIM OIHMCAHBI Kak
BEPXHEOJUTOIICHOBRIE, AciaHoBa,1965,1969) wmaii-
KOIICKUX OTJIOKEHHH 3amaJHOTO CKJIOHA ropsl I'apa-
ncnam 0mm3 cenmenus [lepexumikionb. OCTaHKH 3TO-
ro TioneHs wu3 llapaternca, o00HapYy>KEHHOTO
C.AcnaHOBOM, NpeaCTaBICHBI TUCTATHHBIM KOHIIOM
Majo0epoBOl KOCTH, HaWJACHHBIM B TEPBUYHOM
3ayleraHuy B ropu3oHTe Pukm (puc. 3). Xopomro co-
XpaHHUBIIMIACSA QparMeHT MajJo0epIoBOi KOCTH 3TO-
o TIOJNCHS 10 CPaBHEHUIO C JAPYTUMH BUAAMU
HACTOAIINX TIOJNIEHEH XapaKTephU3yeTcs 3HAYHUTENb-
HOM BBITSIHYTOCTBIO U 3a0CTPEHHOCTHIO, UTO CBSI3aHO
C HECKOJIbKO MEHBIIEH pa3MEpHON pelyKLUUEnH ITOU
KOCTU Y TIOJICHS U3 MaMKOICKUX OTJIOXeHHHd. Uet-
KM€ OTJIIMYHUS MPOCIEKUBAIOTCS W B OYEpPTaHWUU 00-
pPO37, B KOTOPBIX 3aJeTalld CYXOXHJIUS JJIMHHON U
KOPOTKOH ManoOepLUoBbIX MBI (M. peroneus
longus et brevis). 91a 0COGEHHOCTH, OUEBUIHO, CBS-
3aHa ¢ OompIeit, yem y Ph. caspica ¢yHKIIOHATB-
HOM 3HAUYMMOCTBHIO cynuHauuu crombl. Clenyer oT-
METUTh ¥ OOJBIIYI0 YIUIOMIEHHOCTh CyCTaBHOU (a-
CETKH, YTO, HECOMHEHHO, CBHJIETEIICTBYET 00 ap-
XaM4yHOCTH CTPOEHMS TOJIEHOCTOIHOTO CyCTaBa
MaHKOIICKOTO TIOJIEHS U, CKOPEE BCETO, MPUHAAIICHK-
HOCTH K CyCTaBy HazeMHBIX Qopm. OpmHako, He-
CMOTpsl Ha PsAJl YKa3aHHBIX OTJIMYWH, MO OOIEMYy
O0JINKY 3TO — MpPEACTaBUTENb HACTOALIMX TIOJICHEH
(cem. Phocidae), u mambonee OMM30K OH K poay
Phoca. OTnuaus oT Ipyrux npeacTaBuTeIe ceMei-
CTBa BBIpa)KE€HBI HECKOJBKO cuibHee. Ilpu cpaBHe-
HUU C WCKOMAeMBIMH CapMaTCKHUMHU TIOJICHIMU
(Phoca sarmatica u Ph. meotica) oOHapyx)uBaroTcs
OoJsiee MenKHe pa3Mepbl MEePEKUIIKIONBCKOTO THOJIe-
HSl U OTIMYMS B CHEUU(PUUECKUX OETAISIX CTPOCHHUSL.
IMocne omucannoro M.B.I'amxuessim (1997) Ph.
Procaspica u3 BepxHecapMaTCKuxX OTIIOXKECHUH B CO-
CTaBe BJIBAAPCKON TUNNAapHOHOBON (ayHbl MalKoI-
CKUH TIOJIEHB SBIISETCS CaMoOl Menkoi (opmoil u3
BCEX M3BECTHBIX HAM HCKOIAEMBIX W COBPEMEHHBIX
nactoHorux (Acmanosa, 1965,1969).

Taxum obpaszom, TroneHb u3 Ilepexumkrons, or-
HOCSIITHICS K HauOoJiee NPEBHUM JIACTOHOTHIM, OOHa-
PYXHMBaeT TpPU3HAKH, XapaKTepHBIE I HACTOSAIIMX
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COBpEeMeHHBIX TroJieHeH (ceM. Phocidae), B wactHOCTH
pona Phoca, 4To CBHIETENBCTBYET O JJIUTEIHHOM HC-
TOPHH CTaHOBJICHHS W Pa3BUTHS TOCIEIHUX Ha TeppPH-
topun tora CCCP (Acnanosa, 1969).

CrnenyoonyM 1Mo APEeBHOCTHA BHIOM HCKOTIAeMO-
IO TIOJICHS SIBIISIETCS AJBJAPCKHUIA TIOJIEHb M3 BEPX-
HECApMATCKUX OTJIOKEHUU DJIbAap-OIoTy.

«BnepBble OCTaTKM TIOJCHS B Diblape ObUIH
oOHapyskeHbl B 1937 1. BO BpeMsi COBMECTHBIX pac-
KOTOK, TMPOBOAMMBIX [0CylIapCTBEHHBIM My3eeM
I'py3un n Axagemueit Hayk Yxpauue (Iligororig-
ka, 1938). Torna ObuLTH HalifieHBI pparMeHT yeperna,
JIBa 00JIOMKa HIDKHUX YEIIOCTEH M TOJIOBKa OepeH-
HO#t Koctu. B 1951 1. (Bypuak-AbGpamoBud,1954)
Obula HaligeHa ImgTOYHas KocTh, a B 1957 T.
J.B.I'amkueBbIM — JIUCTaNbHBIA KOHEIH OOJBIION
oeproBoit koctu. J.B.I'amxuer (1997) merampHO
ommcai 3Toro TroyeHs («Marepuansl: pparMeHT de-
pemna; gparmeHT HUKHEH yemtoctu ¢ P, — My; dpar-
MEHT HIKHeW 4emocTd ¢ Mi; ronoBka OeapeHHON
KOCTH; ITHUCTaIBHBIA KOHEI[ OOJBIION OepIioBOH KO-
CTH; MATOYHAS KOCTh»), CPABHUII €r0 C JAPYTUMH, Ha
OCHOBE 4Yero MM ObLJI YCTaHOBJICH HOBBIN BHJ HCKO-
MaEeMBbIX TIOJICHEH.

BnepBble ocTaTku THONEHEM M3 CapMaTCKUX OT-
JIOKEHUH fora ObuM omucanbl J.JixBanpaoM (1850).
D .DUXBaib] 1Al ONMCAaHUE HEOOIBIIIOrO 110 BEJINYUHE
TIOJICHS TIo7 Ha3BanueM Phoca pontica, HalEHHOTO B
okpectHOCTsIX T. Kepun. A.Nordmann (1858) onmcan
W3 CapMaTCKHUX OTJIOXKEHHU KPYIHHYI (opMmy TrONCHS
— Phoca meotica, kotopyro K.K.Yanckuit (1955) cun-
TaeT TPenaKkoBod QopMOH I  TIONEHS-MOHaxa
(Monachus monachus, Hermann), a Nordman u Ko-
perikas otHocst ero k Bumy Cryptophoca maeotica
(Nordmann, 1858; Koretsky and Ray, 1994).

ITerepc (1867) mccremoBan OCTaTKW TIOJICHS,
HalJICHHBIC B OKPECTHOCTSAX BeHbI, KOTOpBIC OH OT-
Hec K Phoca pontica FEichw. Oxnako mnpoBeneHHbBIE
Tynoit (Toula, 1897) mccienoBanust JAOMONTHUTEIb-
HOTO0 MaTepuayia 10 BEHCKHUM TIOJCHSIM MOKa3allH,
YTO OCTAaTKH TIOJIGHS W3 OKpecTHocTed BeHbl He
TOXIecTBeHHBI Ph. pontica, a oTHOCATCS K HOBOMY
BUay, HazBaHHomy uMm Ph.  vindobonensis.
A.K.AnekceeB (1924a,6; 1926) ommcan aBa HOBBIX
BHUJIA TIOJICHEH cpeHecapMaTckoro Bo3pacra: Phoca
sarmatica u Phoca novorossica n3 kaMeHOJIOMHeH B
r. Kumunes. [lepBblii U3 HUX MO BEJIMYMHE U HEKO-
TOPBIM MOP(OIOTUIECKUM TpU3HaKaM Oim30k K Ph.
meotica, a BTropo#t — k Ph. vindobonensis.

B 1927 r. B.B.boraueBeim (1927a, 6) onucanb
OCTaTKH TIOJICHS U3 BBIOPOCOB TPS3EBOTO BYJIKaHA
JloxOaTan. He ycranaBiauBass OKOHYATECITLHOW BHIO-
BOW MPHHAIIEIKHOCTH TIoNeHs u3 JlokOaTaHa, aBTop
YKa3bIBACT, YTO OJHA M3 IUICUEBHIX KOCTEH OJU3Ka K
Ph. Pontica, npyrue »xe KocTH 00HApYKUBAIOT CXO/I-
ctBa ¢ Ph. vindobonensis.
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Cyns mo geransiM CTPOCHHUsS KOCTEH, TIOJICHB,
Halinenueli B JlokOaTaHe, aOCOIIOTHO HIAESHTHYEH
COBPEMEHHOMY KacHuiiCKoMy TroJieHro. HekoTopsie
ke oTiinuus, ykazanHele B.B. BoraueBsiM, Kak 1mo-
Ka3ajqy CpaBHEHHs, NMPOBEJCHHbIC HA OOJBINONW ce-
PHUU CKENIETOB KACIHIICKOTO TIOJICHS, HE BBIXOAT 32
npenensl Bapuanuu Phoca caspica Gmel.

B nanpHeiimeM B OpeKdnu Tpsi3eBOrO BYJIKaHA
JloxGatan ObUIO OOHApYKEHO HECKOJIBKO KOCTEH
KuTo00Opa3HbIX U nacroHorux (Monotherium meoti-
cum i Monachopsis pontica u Phoca meotica).

Takum o0Opa3oM, OBUIO M3BECTHO MSTh BUJOB
TIOJICHEW, HAWJIEHHBIX B CAPMATCKUX OTJIOXKCHHSIX
rora CHI' 1 Ha HEKOTOpBIX MpHJIETAIONIUX K Heu
tepputopmsax: Ph. meotica, Ph. vindobonensis, Ph.
pontica, Ph. sarmatica, Ph. novorossica.

OT mepeuncleHHBIX capMaTCKux TroeHe Ph.
procaspica OTIMYAeTCsl 3HAYUTEIFHO MEHBIIMH Pa3-
MepaMi. HecOMHEHHO, 3IbIapCKuil TIONICHD SBISETCS
CaMbIM MEJKHUM TI0 BETHYHHE BUIIOM CPEIU KaK MCKO-
MAaeMBIX, TaK M COBPEMEHHBIX TPEICTaBUTENEH OTpsaa
Pinnipedia. O Tom, 4TO MeJIKKE pa3Mephl ATbAAPCKOTO
TIOJICHSI SIBJISIOTCSI €r0 TAKCOHOMUYECKUM OTIIMYHEM, a
HE CIIEACTBUEM MPHHAMJIECKHOCTH KOCTEH MOJIOJAO0U
0CO0H, MOKHO CYJHTH II0 CHJIBHOW CTEPTOCTH 3yO0OB
HIDKHEH YeIFOCTH U OTCYTCTBUIO MeTa(hU3apHOTO I1IBa
Ha 00JIbLIOH OEpIIOBOM KOCTH.

DNbJApCKUI TIOJICHD OTIUYACTCS OT U3BECTHBIX
capMaTCKuxX TIOJIEHEH HE TOJIBKO pPa3MepoM, HO U
MHOTHMH, TOJBKO €My CBOWCTBEHHBIMH, aHATOMHU-
YECKUMH JIETANISIMU CTPOCHUS KOCTSAKA.

Hambonee momHoe cpaBHEHWE IpeNCTaBISIETCS
BO3MOXHBIM TpousBecTH ¢ Phoca pontica Eichw.,
MTOCKOJIBKY Ut Hero DiixBaibaoM (1850), Hapsmy c
HEKOTOPBIMU KOCTSIMHA TIOCTKPAaHHAJIBHOTO CKEJeTa,
ommucaHa M Mo3roBas yacTh ueperna, a A.K.Amnex-
ceeBbIM (1924a) naHo omucaHue QparMeHTa JHMIe-
BOM YacTH.

«®Pparment uepena Phoca procaspica oTnnua-
ercsa ot Ph. pontica Gojee cyXeHHOW W BBITSAHYTOU
JULEBOM yacThi0. Pa3HuIIa B BBITSIHYTOCTH JIULEBOM
gacTn 0OyciaBiIuBaeTcs cBoeoOpasueM (GOpMBI
CTpOEHHsI HOCOBBIX KocTed. Y Ph. pontica HocoBbie
KOCTH KOpOUY€ HOCOBBIX KOCTEH AIIbJAPCKOTO TIOJIE-
Hsl, HECMOTpPS Ha TO, YTO TOCIIEJHUI 10 BCEM JIpy-
MM [IpOMEepaM 3HaYHuTeNIbHO Mesibue. Kpome Toro, y
Ph. pontica HOCOBBIE KOCTH PE3KO PaCIIMPSIOTCS
KIIeped, 4TO TPUAAEeT UM BeepoOOpa3Hyo (GopMmy.
Pacmmpenne xnepenu HOCOBBIX KOCTEH y 3ibaap-
CKOTO TIOJICHS 3HAYUTENIFHO MEHbIE. DTUM OH MPH-
OnmmkaeTcss K COBPEMEHHBIM TPEJCTaBUTENISIM POJia
Phoca u B ocobennoctn — Ph. caspica. Otimuus Ha
HWKHEH denroctd eme Oojee oTueTnuBbel. Y Ph.
pontica mepeiHUI yroil HIKHEH YENTIOCTH pa3BUT
c1abo W JIeXKHUT OH Ha YpOBHE M1, HETIOCPEICTBEHHO
K321 OT KOPEHHOTO 3y0a TOPHU30HTAIbHAS BETBb

pacmmpsercsa U NepeXoaUT B BEHEUHBIH OTPOCTOK. B
3TOM OTHOIIEHHH HIDKHSS YENIOCTh 3JIbAAPCKOTO
TIOJICHS TIPEJCTaBISIET TMOJNHYK TPOTHBOIIOIOXK-
HOCTH TakoBoi Ph. pontica. Ilpu cpaBHenmn Phoca
procaspica ¢ COBPEMEHHBIMH JIACTOHOTMMH BBISIC-
HSIETCS, YTO OH XOPOIIO OTIMYAETCS OT HUX, HO II0
HEKOTOPBIM MOP(]OIOTHYECKUM TPHU3HAKAM, HECO-
MHEHHO, 01u30K K Ph. caspicay (I'amxues,1997).

ITo T'amxueBy (1978), cpenuzemMHOMOpcKas 00-
JIACTh HEOTCHOBBIX MOpEH MpeacTaBisieT OONbIION
WHTEpeC JJIsl BBUSICHEHHS UCTOPUH MPOMCXOMKICHHS
u GopmMupoBaHus MpeAcTaBUTEICH HACTOSIINX TIO-
neneit (cem. Phocidae). B capmarckux oTmoxxeHHsIX
tora CCCP u mpuieramonux tepputopuit Bocrou-
Hoit u LlentpansHoit EBpombl m3BectHo oxomo 50
MECTOHAXOXKJICHUII HCKOIIAeMBIX TIOJEHEH. bonb-
IIMHCTBO M3 3TUX HAXOJOK MPUBOMAATCS O] YCIOB-
HBIM Ha3BanueMm Phoca sp.

Kputndeckuil ananus nuTepatypsl U HU3y4YEeHHUE
HEKOTOPBIX MAJIEOOCTEOJOTHUECKUX MATEPUATIOB M3
Kpsima, KaBkaza, rora Ykpaudsl 1 MonjgaBuu naet
OCHOBaHUE ISl IPEABAPHUTEIILHOTO CY)KICHUS O BU-
JIOBOM cocTaBe TrosieHeil [lapareruca.

B BocTounom Ilaparetuce B 31moxy oOpa3oBaHUS
CapMaTCKHX OTJIOXKECHUN oOuTamy TiojaeHu: Monothe-
rium meoticum (Nordman), 1858; Pontophoca sarma-
tica Alexeev,1924; Phoca novorossica Alexeev,1924
(AnekceeB, 1924a,6; 1926); Monachopsis pontica
Eichwald,1856. JIse mocneanume (GOpMbI, BO3MONKHO,
3aCIy>KMBAIOT BBIJICJICHUSI B Ka4ECTBE CAMOCTOSTEIb-
HBIX HOBBIX POJIOB. YCTaHOBJICH PE3KO BBIPAyKECHHBIN
TMOJIOBOW JTMMOP(H3M B CTPOCHUH TIOCTKPAHUATIBHOTO
ckenera Monachopsis pontica, 4To B 3HaYUTENHHOM
CTETIeH! TIPOSICHSET CIIOKHBIIYIOCS B JIUTEPAType IIy-
TaHUILy C THOJIEHIMH KepueHCKOro 1mojryocTpoBa.

B uentpansHoM u 3anagHoM Ilaparternce B cap-
MaTCcKoe BpeMs OOMTalu /1Ba BUAa TroNieHel: Praepusa
pannonica Kretzoi, 1941 wu Phoca viennensis
Blainvil,1942. Tlocnemuuii B 1O CTPOCHHIO KOCTEH
cKkenieta OJM30K K KAaCMHUHCKOMY TIOJIEHIO U MOXKET
CUMTAThCA HanOoJIee BEPOSTHHIM €TI0 ITPEIAKOM.

YnomuHaembie B JmTeparype Buasl — Phoca
holichensis, Ph. vindobonensis, Ph. bessarabica,
Pontophoca simionescu cnemyeT mpu3HATH HEpeallb-
HeIMU. [loJ STMMU Ha3BaHWSMH OINKCAHBI OCTATKH
TIOJICHEH, TMPUHAISKAIINX K BBILICTIPUBEICHHBIM
Bugam [laparternca, u, ciegoBaTenbHO, OHU Ipe.-
CTaBJICHBI OJTHUM BHUJIOM.

TakCOHOMHUYECKOE IMOJIOKEHHE HAXOAKH TIOJIe-
Hf B MaWKOIICKUX OTJIOKEHUAX A3sepOaiipkaHa,
BBHIy (hparMEHTapHOCTH MarepHalia, HesCHOe, HO
MPUHAISKHOCTh ee K ceM. Phocidae, mo MHeHHUIO
I'amxuea (1978), He BBI3BIBAET COMHEHUH.

[To BO3pacTy clenyroumM BBISBICHHBIM HCKO-
nmaeMbiM TrOJleHeM okasaiicst Nekromithes nestoris
Bog.1939. 10.A.Opnos (1931,1933) na Gepery pexu
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Wptei, 6mu3 IlaBnogapa (3amagusiii Kazaxcran) B
MHOICHOBBIX WU HUKHUX IUTMOLEHOBBIX OTJIOXKE-
HUSAX OOHApPYXWJ 3aTHIOI0 IIOJIOBUHY CKelleTa W
IJICYEBYIO KOCTh MTEPeXOTHON POPMBI (OT Ha3EeMHBIX
K BOJHBIM) JIACTOHOTOTO Semantor macrurus
Orlov,1931 u BBLOEINII €r0 B CAMOCTOSITEIILHOE CeE-
MerictBo Semantoridae. B 1939 r. B xaMeHOJIOMHE,
pacronoXXeHHON Ha ceBepo-3alalHON OKpauHE rop.
Baky, Obltn HaiiieHBl OCTaTKH CBOEOOPa3HOTO IO-
3BOHOYHOTO KUBOTHOTrO. OCTaTKU CKeJeTa, pacio-
JIO’)KEHHBIE Ha JBYX IUTUTaX M3BECTHSKA, OBLIM TO-
CTaBJeHbI B ECTECTBEHHO-UCTOPUYECKUI MY3€l UM.
I'.3apnabu. B.B.boraues Ha ocHOBE MOBEPXHOCTHO-
ro OCMOTpa MaTepuaia yCTaHOBWJ, YTO OHHU IIpH-
HaJJIe)XaT BBIAPA-TIONEHIO, U OTHEC €ro K HOBOMY
pony cemeiictBa Semantoridae TOJ Ha3BaHUEM
Necromites nestoris Bog. B 1959 r. ¢ nensio ne-
TaJIbHOTO U3y4YeHUsI 0CTaTKOB N. NEStOriS u BbIICHE-
HUSA ero TaKCOHOMUYECKOT0 MIOJIOKEHUS
O.M.AXyHIOBBIM OBLTO TIPOM3BEACHO W3BICYCHUE
STHX OCTaTKOB W3 3aKIIOYAIOIINX UX TIBIO M3BECT-
Hska. Marepuan o N. nestoris 1o npenapupoBaHus
MIPENICTABISLT COOOM OCTaTKH JIEBOW IMEepemHed Ko-
HEYHOCTH WM YacTH 3aJHell IOJOBUHBI CKENeTa, 3a-
KJIIFOYCHHBIX B JIBYX IUIATaxX JOBOJIBHO IUIOTHOTO
paKkylIHuka, B KOTOPOM MECTaMU UMEIOTCS B OY€Hb
MaJoM KOJHYECTBE BKIItOUeHMs TuHBL Koctu pac-
[TOJIOXKEHBI Ha TMOBEPXHOCTH IUTUT, YTO TOBOPUT O
paccianBaHUH TIBIOBI 110 IUIOCKOCTH 3aJeraHus Koc-
Teit (puc. 1). Ha mmre, B KOTOpO#t 3aKiroueHa JieBas
TepeHass KOHEYHOCTh, OOHapyKeHbI: (pparMeHT Jio-
TIATKH, TUIEYEBast, TydeBas U JJOKTEBAs, KapHaJbHbIC U
MeTaKaphajbHbIe KOCTH, OTICYaTKH (hallaHr U UX He-
Oounpime ¢pparmMeHTHl (puc.l).

Ha npyroil miuTe coXpaHWJIUCh COCTaBHbIE Ya-
CTH KpEcCTIIa, HETOJIHbIe MpaBas W JieBas Ta30BbIE
KOCTH, (parMeHThl M OTIEYaToK auadusa OenpeH-
HOHM KOCTH W TIEPBBIX YETBIPEX XBOCTOBBIX MO3BOH-
KOB. B pesynbrare mnpoBeNEHHBIX HCCIEIOBAHUN
@®.AXyHIOBBIM OBUIO YCT@HOBJIEHO HOBOE IOJICE-
MelictBo TrojieHeli: Nekromitinae, Achundov,1967
(Axynmos, 1960, 1962, 1963, 1967).

Kacrmiickuii TIONIeHb W3/IpeBIie ObLT MCTOYHHKOM
MIPOTIUTAHUS APEBHUX JIIOJEH, HO B TIOCIEIHHUE JBa
CTONETHS cTajl OOBEKTOM BapBapCKOTO MHTEHCHBHOTO
UCTPEOJICHUST — MPOMBICIIOBOM JTOOBIYHM, BCIICACTBHC
KOTOPOH B OTJENBHBIE TO/IBl YHCICHHOCTh UCTPEOIIeH-
HBIX KHUBOTHBIX TpeBbImana 200 Tbic. 0coOei.

Jlo cux mop 6bUTO MPUHATO CUNUTATh, YTO TIOJIEHU
WUrpald BaXXHYI) SKOHOMUYECKYIO POJb B JKU3HU
JIMIITH HAPOJHOCTEH, HaCESIBIINX APKTHKY, KOTOPBIM
MIPUHA/JICKUT Hanbolee paHHee B HCTOPHN Pa3BUTHUS
YeJIOBEYEeCTBA OCBOEHHE MOPCKOTO 3BEpOOOHHOTO
npomeicia. OJHAKO apXeoJOTHYECKUE PACKOIKH,
MIPOBEICHHBIE Ha TeppuTopuu Azepbatimkana, Mpana
u Jlarecrana, oka3aiy, 4TO Ha TIOJICHs, OOUTaIoIIe-
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ro B Kacnuiickom Mope, OXOTUINCH HEaHIEPTAJIbLIbI,
elle HauMHasi ¢ KaMEHHOro Beka (maneonuTa). [laH-
HBIE apXEOJIOTHUH, BBHICKA3bIBAHUS JIPEBHUX ITyTelle-
CTBEHHHKOB M WCTOPUKOB CBHIETEIHCTBYIOT O TOM,
YTO HAIM JajieKue TPEIKHA Ha MPOTSHKEHUH THICSYIe-
JIETUH BENIM MHTEHCUBHBIA MOPCKON IPOMBICEN, pa3-
HOCTOPOHHE WCIIONB3Ysl B CBOEM XO3SIICTBE CBHIPHE,
MoJlydyaeMoe OT KacHHuiicKoro TiojeHd. HawnbGonee
JIPEBHUE HAXOJKH KOCTHBIX OCTAHKOB KacCIHHCKOTO
TIOJICHSI, CBSI3aHHBIC C JIESTEIHLHOCTHIO YETIOBEKa, H3-
BecTHHI B VpaHe n oOHapyskeHbl Henaneko oT Tere-
paHa Ha CTOSIHKE MYCTbEepPCKOro Bo3pacTa bucurtyn
(PanoB,1978), mpaBma Hammuue 3y0a KacIUICKOTO
TIOJICHS cpeli TpodeeB HeaHAEePTAIBIIEB CKOpEe Clie-
JIyeT CUUTATh PE3yJIbTATOM CIy4aifHOro 3aHoca Iijie-
MEHaMH, Murpupymmumua oT OeperoB Kacmus
BIIyOb Mpana. beccrmopHoe CBHIAETETHLCTBO TIPOMBIC-
7a oOHapy>XKeHO B I0KHOM A3zepOaiikane Ha Oepery
Kacnusa B nemepe Anu-Tene. MccnenoBanubie Kyiib-
TypHBIE CJIOW SIUMAJICONIUTa HA OCHOBE METoJa pa-
JUOYTIIEPOHOTO NATHPOBAHWS pa30OWUTHI HA DPa3HO-
BpemenHble craguu. Craaums [ Bospacrom 12400-
12300 neT coaepKUT OCTATKU HA3E€MHBIX MIIEKOIH-
TalLUX, Cpean KOTopbix 60% npuHamnexar IHKeu-
pany. Ha craguu II Bozpactom 12300-12000 net xoTst
U TIPEBATIMPYIOT OCTATKU JUKEeHpaHa, HO yXe MOSBI-
1oTcs koctH TiojieHed. Ha cramumum 111 (12000-11800
JIeT) — OcTaTKOB TioneHed HeT. Ha cramim [Va Bozpac-
tom 11800-11300 niet Taxke HET OCTATKOB TIOJICHEH.
Ha cramuu [Vb (11000 net) octaTku TrOJICHEH COCTaB-
ot 30% Beeld ¢ayHbl, a OCTaTKU CTOJb M3IIO0JICH-
HOTO OOBEKTa OXOTHI JAPEBHUX ATUTENHHIIEB — JHKEH-
pana cocTaBisiroT Beero ik 10% (Panos, 1978).
IIponomKNUTENbHBIA TIepUOA JOOBIYM KaCTIHIA-
CKOTO TIONIEHST OBUT 3aUKCHPOBAaH HETAICKO OT
r.baky Ha TeppuTOpHH HBIHE MIMPOKO HM3BECTHOTO
I'obycranckoro 3amoBeIHMKa CO 3HAMEHUTHIMH
HACKAIBHBIMH  M300paKEHUSIMH  (TIETPOTIU(aMH).
3/1eck apxeojoraMy pacKoNaHbl CTOSHKH 4YelOBEeKa,
Ha4MHas OT Me30JuTa (X THIC. JIST J0 H.3.) ¥ KOHYas
smoxoi OpoH3bl. B mozgHem Me3onmuTe BMeCTe C
MHOTOYHMCIICHHEIMH KPEMHHUEBHIMI HAKOHCUYHUKAMU
CTpell, IPOTUKOB U JIPYTUMU KAMCHHBIMH W3JICIHS-
MH HaliJIEHO HECKOJIBKO JIECATKOB TBICAY KOCTEH
KUBOTHBIX. J[peBHUE OXOTHUKU W PHIOOSIOBEI [ 00y-
CTaHa YCHENHO OXOTWJUCh Ha OBICTPOHOTHX
OHArpoB, MHOT'OYUCJICHHBIX IKEHPAHOB, KPYIHBIX,
HBIHE COBEPIICHHO BBIMEPIINX MEPBOOBITHBIX OBI-
KOB-TYPOB M MHOTHUX JPYTUX HA3EMHBIX KUBOTHBIX.
Cpenu kocTeidl HaiiieHO OOJBIIOE KOJUYECTBO
OCTaTKOB KacCIUICKOro TiOJeHs (puc. 6) M phIo,
MPENMYIIEeCTBEHHO OCeTpoBhIX. HackampHbIE M300-
paKeHUs CoAepkKaT JECSITKH UCKYCHO BBITTOJHEHHBIX
PUCYHKOB JIOJIOK (OOIIUTBIX TIOJICHBUMU IIKYpPaMH)
¢ rpebmamu. Bce 310 mokazaTenbcTBa CyIIECTBOBA-
HUS JpeBHEHIIero MOpcKoro mpombicia. Heco-
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MHEHHO, TIOJICHH JOOBIBAICh PaJH TOAKOKHOTO
KHpa, a MKypa — AJISl U3TOTOBJICHHUS OACXKBI U MO
CTHJIOK B KaMEHHBIX yOexxumax. Eme Gonbliee 3Ha-
YeHre 3BepOOOHHBIN MPOMBICEN TIPHOOPEN y Hacelb-
HUKOB ['00ycTaHa B 310Xy HEOJHTA, JaTHPYEMOTO
VII-VII TeIC. €T OO H.3., KOIIa 0XOTa Ha TIOJEHEH B
HEOJIUTE MPOHM3BOAWIACH HE TONBKO JAPOTHKAMH U
rapiyHaMH, HO U CTaBHBIMHU CETSIMU, MIpeAHA3HAYCH-
HBIMH 11 peIOHOM JoBIH. OO0 3TOM CcOOOMIAIOT
HacKaJbHbIE PUCYHKH, PEATUICTHYHO N300pakaroIue
TMOTABIIYIO B CETh TUTAHTCKYIO OEIyTYy.

[Ipu ompeneneHny KOCTHOTO MaTepuaia U3 ap-
XEOJIOTHYECKUX PACKOIMOK KEPaMHUUYECKOTO HEOJIHTa
(MyraHckasi 3HHEOIUT-HEONUTUYECKAsT SKCIICTUIIUSL.
Anxanmane — J[Dxammmabax, IV Thic. 10 H.D.)
(Axundov va b., 2011) Ha rny6une 2.5-2.9 M Hapsay
C KOCTSIMH JIOMAITHUX M JIMKUX JKUBOTHBIX OOHapYy-
JKEHBI KOCTH TIOCTKPAHUAJILHOTO CKeJIeTa KaCIHHCKO-
ro TioneHs. Cpeu HUX OKa3aslach U IOJIOBasi KOCTOU-
Ka (0s baculum) ceroseTkn KacuicKOro TIOJIEHS.

B smoxy panneit 6ponssr (Il Teic. 10 H.3.) MBI
yke 3actaeM B ['00ycTaHe IpeBHUX 3eMJIeebICB 1
CKOTOBOZOB. B CBS3u ¢ mepexoaoM OT NpHCBauBa-
IONIETO0 K MPOW3BOMAIIEMY XO3SHCTBY, 3HAYCHHE
OXOTBI PE3KO MAJaeT, U CpPeld KOCTHBIX OCTaTKOB
KUBOTHBIX IPe00IaJar0oT TaKOBbIE PAa3JIMYHBIX JO-
MAaIlTHUX HBOTHBIX, HO CPEIM HUX HEM3MEHHO IPH-
CYTCTBYIOT KOCTH KACITHHCKOTO THOJICHSI.

TroneHbp ObLT Takke OOBEKTOM OXOTHI B Cpejl-
HEM U T03]IHeM nepuoiax 3moxu oponssl (Il Teic. 10
H.3.) B 3oonornueckom uncrturyre PAH xpansrcs
KOCTHBEIE MaTepuaibl, 100bITeie KpyriioBeiM B 1941
I. TIPU PacKoNKax KYyJbTYPHBIX CIIO€B IMOCEICHHUH
BTOpOoi mosioBuHkb! Il ThICSYeneTus A0 H.3. y cele-
musa Kaskent n Jxemukent ([larectan). @parmeH-
THI KOCTE€Hl W3 O3TUX CIIOEB CBETIO-KOPHYHEBOI
OKpacKH. 3acily’KUBAIOT BHUMAHUs (PaKThl JOOBIYU
TIOJICHEH W OOWTaHUS B 3TOM pallOHE HKEHPaHOB U
kynanoB (Bepemarun, 1959)

Oco0eHHO MHOTO KOCTEH KacIUHCKOTO THOJICHS
HalJIeHO B MOCEJICHNH SM0XU paHHero skenesa (| Toic.
JI0 H.3.), OOHApy>KEHHOTO apXeoJoraMyu B OKPECTHO-
crax cen. llyseman. /JlpeBHue xwurenn AOmepoHa
Hapsdy ¢ pa3BeleHHEeM KPYITHOTO M MEJIKOTO poraro-
IO CKOTa 3aHMMAJIUCh M OXOTOW Ha JKEHPaHOB M
oHarpoB. EcTe OCHOBaHUS TyMaTh, YTO TIOJIEHHU Tpa-
JUIUOHHO MMM JIOOBIBATUCH PajMl LIKYPHl U KUPA,
KOTOPBIM HMCIONB30BaJICAd B CBETHWJIbHUKAX. B mocne-
JYIOIME MEPUOJBI Ha CMEHY apXeOJIOTHYEeCKUM JIaH-
HBIM O TIPOMBICIIE KACIHUICKOTO TIONEHA MPUXOIAT
MUCbMEHHBIE UCTOYHMKHU. Tak, «oTen ucropum» [ e-
POZOT B CBOEM 3HAMEHHUTOM COYMHEHHUH, HalWCaH-
HOM B cepenuHe | ThIC. 10 H.3., TIOBECTBYET O TOM,
9TO K BOCTOKY OT PEKH Apakc Ha OCTpPOBax OOWUTAIOT
JIFO[TM, JOOBIBAIONINE TIOJICHEH M WCIIONB3YIOMINE HX
MKypy At oxexael. O MPOMBICIE KaCTIUHCKOTO THO-
JIeHs, PacHpOCTPAaHEHHOM y MaccareToB, TOBOPUT U
Crpabon: «MaccareTsl, JKUBYIIME Ha OCTPOBAXx, IH-
TaroTCsl BBUAY OTCYTCTBHS 3€pHA JUIA OCEBAa KOPEHb-
SIMH ¥ TUKOPACTYIVMH TUTOJITAMH; OJIEKION MM CITy-
JKHT JAPEBECHOE JIBIKO (MO0 Yy HUX BOBCE HET CKOTa);
JUISL IUTBSI OHU YTIOTPEOIISIOT COK IJIOA0BBIX JE€PEBb-
eB. BoOTHBIE )KHUTENN MUTAIOTCS PHIOOW M OJIEBAIOT-
Csl B IIKYPBI TIOJEHEH, 3aXOSIINX CI0/Ia C MOPS».

IIpu packomkax CpeaHEBEKOBBIX CIIOEB Ha Tep-
putopun nsopua lllupranmaxos B baky, matupye-
MbIX 110 kepamuke I X-XI1I Bekamu H.3., B KyXOHHBIX
oTOpocax Hapsay C KOCTHBIMH OCTaTKaMH JpKeipa-
Ha, OHArpa, JIMCUIBl U JIOMAIIHUX >KUBOTHBIX IPH-
CYTCTBYIOT 4 KOCTH TIOJIEHEH.

AszepbOaiimkanckuii reorpad XIV Beka A0x ap-
Pamma bakyBu NpUBOAUT MHTEPECHBIE CBEIEHHS O
TOM, YTO Ha OCTpoBax Omm3 baky xwurenn ropona
OXOTHJINCHh Ha TIOJeHeH. 3 mkypsl HOOBITHIX 3Be-
peii M3roTaBIMBaId MEUIKH JIsl IEPEBO3KH HEPTU B
npyrue ctpanbl bamxknero Boctoka. McnonszoBanu
W TIOJNICHWHA JKHAP, KOTOPBIH YIOTpeOIsjicsl B CBe-
TUJIBbHUKAX AJIsI OCBCIICHUSA.

Puc. 8. Koctu xacnuiickoro TioseHs (My3eit ['o0ycTaHCKOro 3armoBeAHIKA)
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OO0 HCIoMB30BaHUH KHpa TIOJIEHEH BMECTO Mac-
Ja B CBETWIBHUKAX MHIIECT U BEHEIIMAHCKUH My Telle-
cTBeHHUK AMOpo3uo KoHcTaHTapwHa, 3ammMCKd KO-
Toporo ObuTH oIyOMKoBaHb! B 1473 1. Kpome TorO,
KoncranTapuna coo0iaer 06 HCIONE30BaHUH JKUTE-
1sIMH baky M ero okpecTHOCTEH kHpa KacHHCKOTO
TIOJIEHS B KauecTBE JIEKAPCTBEHHOTO CPENCTBA, B
YaCTHOCTH UL BTUPaHUS B MIKypy BepOmogam. OT-
CIO/Ia MBI BUJIMM, YTO THOJICHHUI KHP, KaK 1 a0IlIepOH-
ckast HedTh, B XV BeKe HCIOIB30BAJICS /IS JICUCHUS
KOXKHBIX 3a00JIeBaHMH JOMAIHUX JKABOTHBIX M B
YaCTHOCTH BepOIIOJOB — BAKHOTO TPAHCHOPTHOTO
CpeZCTBA MEPEBIKEHHS TOH SMOXH.

Takum 00pa3oM, KaCIMICKUH TIOJICHD, HAUWHAS
C IPEBHEKAMEHHOTO BeKa, OBLI MOCTOSHHBIM 00BEK-
TOM OXOTBHl. OCOOEHHO MHOTO MaTepUalioB, CBHUJE-
TENBCTBYIOIINX O MPOMBICIIE 3TOTO 3Beps, OCTABHIN
KuTeH AOIIEPOHCKOTO MOJYyOCTPOBA, B TOM UHCIE
ropoaa baky. Kacnmiickuii TIONEHb HCIIONB30BAICS
B KauecTBe OACKIBI (IIKypa), Macia Ui CBETUJIb-
HHUKOB (JKHp), B Ka4eCTBE COCYAOB IJIS IEPEBO3KH
abmiepoHckold HepTH (MEIIKH U3 IIKYpHI), Kak Jie-
KapCTBEHHOE CPEJICTBO MPH KOMXKHBIX TOBPEKICHHUSIX
1 3a00JICBaHUAX BHIOYHBIX )KHBOTHBIX (Cao).

MosKeT 1moKa3aTbCs CTPAHHBIM, YTO IPH UCTO-
PUYECKH JUTUTEIBHOM W MacCOBOM HCIIOJb30Ba-
HUW KaCHHUICKOT'O TIOJICHSI HE 0OHAPYXKEHBI CIIEIbI
00’KHTa Ha KOCTpe M (pparMeHTaIlMi KOCTEH, IpH-
CYTCTBYIOIIUX MOYTH BCEr/a, KOTJa MPOMBIIICH-
HBII 3Bepb UcCHoOdb3yeTcs B muiry. Q00X KCHHBIC
u (parMeHTHPOBaHHBIE KOCTH TIOJICHEH BCTpeda-
I0TCS B JIDYTUX PETHOHAaX C JIOMENbCKOTO Majieo-
muta (I MuH. JeT) Mo MO3JHEr0 CpeIHEBEKOBBS
BKIIOUnTENbHO. OHAKO CBelleHHI 00 HMCIIONb30Ba-
HUU B THIIY KaCIMHUCKOI'O TIOJICHS HET KaK y IyTe-
[ICCTBEHHUKOB, TaK M HCTOPUKOB, IMOCETUBIIUX B
pasHoe ucropuueckoe BpeMsi AOMIEpOHCKHHA MOy-
OCTPOB, TOTJa KaK apXeoJIOrMYecKue U dTHOrpadu-
YECKHUE JaHHBIC CBUJICTEIILCTBYIOT O TOM, YTO JKHUTE-
71 OeperoBoil moJiockl ceBepa EBpazun no0bIBaNN B
OCHOBHOM TIOJICHEW JUIA MUTaHUs, 8 TaKXKe ISl T10-
[IMBA OACHKIbl M OOIIUBKHY HKHJIHUIIL U JIOJOK.

OTOT (ESHOMEH MOXKHO OOBSICHHTH TEM, YTO B
Azep0aiikaHe BIUIOTH 10 TO3HET0 CpeTHEBEKOBbS
Ha BCEM MPOTSHKEHUM KpoMKy Kacmus v B mpuiieraro-
HIMX CTEMHBIX MMPOCTOpax B M300MIMK OOMTaNM CTaja
KYJIAHOB, JDKEHPAHOB M JIPYTHX KPYIHBIX KOIBITHBIX,
BO BKYyCOBOM OTHOIIIEHHH HECPaBHHUMO MPEBOCXOIS-
IIMX KACIHHCKOTO TIOJICHS M TOJHOCTBIO o0ecrevn-
BaIOIIMX THIIEBbIC MOTPEOHOCTH HACEIICHUSI.

[lepBast myOmMKaIiwiss MO MacCOBOMY ITPOMBICITY
KaCIHMICKOTO TIOJICHS Ha TeppuTopuy AsepOaiimkaHa
npunamiekuT H.K.Bepemarnny (1938), B Heil mpuso-
JATCSl KpaTKUE CBENIeHHsI 00 9KCKYPCUH BIIOJIb CEBEPHO-
ro mobepexnst AdmepoHckoro moiayoctposa (IIupimia-
ru, by3oBHna, IllyBenan): « ...B Mapre, ampene U Mae
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MOKHO YacTO BHIIETh TPYIbI 3THX KPYIHBIX BOJHBIX
MIICKOITUTAIOIINX, BBIOpOLIEHHBIE Ha Oeper. 1o — Tio-
JIEHW, TIOTHOIINE IMPEeHMYIIIECTBEHHO B CEBEPHBIX 4a-
crax Kacnwst OT pasHBIX PHYHH: TIOAOUTHIE TIPOMBIIII-
JICHHUKaMH, pa3/laBieHHbIE JIbIaMH, 3aJ0XIIHeCs 010
JBJIOM U T.I. TrONEHb, MO CJIOBaM PBIOAKOB M 3BEPO-
00eB, IEPKUTCS B TEUCHHE KPYTIIOTo roma U Om3 A6-
mepoHa. Bonpexu npexxaum ceenenusm H. 5. JIunauka
u K A.Carynuna, 37ech Takke MPOUCXOIUT IIEHKA
(pokaeHue neTéHbIIe). bonbIoe KOMMYecTBO THOIIE-
Hel ObIBaeT y TIOIyOCTPOBA J[Ba pa3a B TOJY: BECHOM — B
arpesie-Mae  OCEHBIO — B OKTsIOpe-Hosi0pe. 3HaunTeNb-
HOE KOJIMYECTBO TIOJNIEHEH HaOmojaeTcss B Mope B
HIONIe-aBrycTe Ha MHpoTe ocTpoBa JKuoro.

3aneXKu TIOJIEHEH OBIBAIOT pPAcIoOJIOKEHBI Ha
MEJKUX OCTPOBaX MEXIy ocTpoBoM Aprtéma u XKu-
meiM. Hanbostee MHOTOUYHMCIIEHHBI JIEKOHIA HA OCT-
poBe Ypynoc u Ha IllaxoBoi koce. CrmapuBasch B
(eBpane-mapTe B CEBEpPO-BOCTOYHBIX 4acTsax Kac-
MUsl, TEOJIGHU OTKOYEBBIBAIOT B IOXKHBIE YacTHU MOPS
1 MEUyT JeTEHBIIeH BHOBb Ha JIbJaX B SHBAPE Clie-
nytomero roja. llleHkoB pokgaeTrcs MO OAHOMY,
penko mo nBa. B TeueHuwe ABYX Hemenb JCTEHBIII
UMeeT Oelyl0 MYyNINCTYI0 IIKYPKY W Ha3bIBaeTCs
OenpKOoM, a 3aTeM JIMHSET, OTPAIINBAst KECTKYIO Ce-
pyto mepctb. [lo nmanneiMm  C.B.[lopodeeBa u
C.JO.®peiiMana, TIOJCHH MUTAIOTCS B 3UMHEE BpeMs
OBIYKaMH, aTepUHKaMH, OOKOILIaBaMH W MOJUTIOCKA-
mu. K.A.CaTyHHH OTMEUaeT TakXe NMUTaHHUE OBIuKa-
MU B JIETHEE BpPEMsl, KOTJIa TIOJICHU 00BEAt0TCS UMU
WHOrza 10 cMepTH. Kacnmiickue TIOJIeHH TOCTUTAIOT
nuHE Tena B 140-150 cm mipu Bece 10 90 kT.

OcHOBHOH (DOH OKpacKH B3pPOCIBIX TIOJICHEH —
COJIOMEHHO-KEATHIN C cepol MATHUCTOCThIO. Moito-
JIbIe 710 JBYXJIETHETO BO3pPacTa HMMEIOT MeNesbHO-
CEepYyIO OKpackKy.

I'maBHBIA TPOMBICEN TIOJICHS MPOUCXOIUT Ha
mpaax ceBepHbIX dacteil Kacrmusi, rme moObiBaercs
okoso 100-116 Teicauy mtyk. Ha octpoBax Amiire-
POHCKOTO apxureiara TIoJeHs: ObIOT BECHOW U OCe-
Hpl0 B komuuectBe o0 10 000 B roa. Ilpomsicen
MPOM3BOANTCS TIPU TTOMOIIN OarpoB M AyOMHOK Ha
OeperoBbIx 3asiekkax. [IpuMeHsieTcs: TakKe CTpeib-
0a U3 BUHTOBOK O OXWHOYHBIM TroyeHsM. [llkypa
CHHUMAEeTCSI BMECTE C TOJICTBIM CJIOEM JKHpa. 3a0o0if
TIOJIEHA 110 ToJaM B paiioHe IIlaxoBoi KOCBI, OCTPO-
BoB JKunoro u CBHHOTO IpelcTaBiieH mudpamu:
19351. —14809; 1936 1. — 11 321; 1937 r. — 7 188.
YuuThiBasi 3HAYUTEIHHYI0 TEXHUYECKYIO IIEHHOCTH
cajia W IIKyp TIOJICHS, HY>KHO IPU3HATh, YTO OH SB-
JISIETCSI CaMbIM Ba)XKHBIM TIPOMBICIIOBEIM MIIEKOTIH-
TaromuM AmmepoHa.» (Bepemarun, 1938).

B Hamm gHU KacIIMUCKUM TIOJIEHL €IUHCTBEH-
HOE JHJeMuyeckoe miekonurtawmee Kacmus u, k
CO’KaJICHUIO, €T0 OIS HaXOAUTCS B KpUTHYE-
CKOM COCTOSIHMU. YHMCIEHHOCTh ero ymana ¢ 1.5-2
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MJIH. ocobeii B Hadase 19 Beka 0 105 Thic. ocobeii B
HacTosuiee BpeMs. OH BKIIIOUEH B MeXayHapo HyO
Kpacayro Kaury (MCOII), a Taxxe B Kpacuyio
Kaury Ipukacnuiickux ['ocymapcts (AzepbaiimkaH,
Wpan, Kazaxcran, Poccus, Typkmenucran).

3a nocneanue 20 a€T U3y4EHbI NPUYUHBI TAKOTO
PE3KOTO YMEHBIIIEHUS YHCIEHHOCTH ATOTO YHUKATb-
HOTO JKMBOTHOTO M B HAcTOsAIIee BpeMs pazpabaThi-
BalOTCA NPOTpaMMBbl M MEPOIPUITHSA IO yBelnde-
HUIO €r0 YUCJIEHHOCTH.

MaxkcumanbHas MPOAOKUTENBHOCTD  JKU3HU
KacIUHCKOT0 TIOJIEHS yCTaHOBJIEeHa Hamu B 50 ner
(DitbatoB, 1976), monoBast 3penocTb y CaMOK HacTy-
naer x 7-8 rogam, a y camioB B 8-9 ger.

dusnyueckas 3peiocTb y KaCIUHCKOTO TIONEHS
HacCTyIaeT B Bo3pacte 18-22 ner.

Knumakrepuueckuid nepuoj HauumHaetcs B 30-
32 roma. Y Ttonmpko y onmHOW ocobu B Bo3pacte 34
JIeT ObLT OOHAPYIKEH SMOPUOH.

Crapueckue H3MEHEHHUS! (OCTEOXOHIPO3, OCTe-
01I0po3, JAeGOPMHUPYIOMHNN apTpo3, (PparMeHTaIus
KOopHel 3y0oB) mposBisitores B 28-32 rona (I'amxu-
eB, DiibaToB, 1995).

MakcuMalnbHble pa3Mepbl KaCIUHCKOTO THOJIEHS
— 150 cMm (3oonoruyeckas anuna), Bec — 100-104 kr.

[MorpyxatoTcs (HBIPSIOT) TIOJNIEHH Ha TIIyOUHY
0onee 200 M ¥ MOTYT HaxOIUThCS TOJ BOIOH 3a
cyer muornobmaa mo 20 muHyT. HaxoxkmeHue mon
Bozoii 30-35 MUHYT PUBOIUT K THOEIN OCOOH.

Haunnas ¢ 90-x rogoB XX Beka, U3-3a HEpery-
JIUPYEMOT0 OTJIOBa PHIOBI 1Mo Bcemy Kacmmio pesko
YBEIMYWIIACh THOETH TIOJICHEW B CETSIX, MPUMEHse-
MBIX JJISl OTJIOBA KAaK OCETPOBBIX, TAK M YACTUKOBBIX

pBI06. B Hacrosiee Bpems OCHOBHas MpUYMHA Mac-
coBol Tubenu TroyieHed Ha Kacruu — ceTeBoii 0T-
JIOB TIOJIEHEH BO BpEMs BECEHHUX U OCEHHUX MHU-
rpamuid. Taxke OBIJIO YCTAHOBJICHO, UTO MPaKTHYEC-
KM BO BCEX IPHUKACTIHUHCKHUX TOCYJapCTBaxX Cyllle-
CTBYET HeJerajibHbIi mpomsbicen TioneHed. B Poc-
cuiickoi akBatopuu Kacrnusi mnoMUMO JTUIIEH3UOHHO-
ro MPOMBICIOBOTO OTJOBa B Jlarectane ocymiecTB-
JIIETCSI HEJIeTalIbHBI MAacCOBBINA MpoMebicen (Oonee
10 ThIC. TrONEHEH) W KOMMeEp4YecKas YTHIU3aIusl
TiofieHe. CTOMMOCTH IIKYPKH CHBapsi Ha 4epHOM
peiHke nocturaer 2 000 momnmapoB, a TIOJIEHBETO
xkupa — 15-20 momapos 3a 1 1. HeratuBHoe Bnus-
HUE Ha YUCIEHHOCTh KAaCIHKUCKOrO TIOJIECHS OKa3aj
BCelEHHBIN U3 UepHOro Mops rpeOHEBUK. DTOT Op-
raHW3M, aKTHUBHO NMUTAIOIIMNCS MJIAaHKTOHOM, PE3KO
COKpPATWJI YUCIEHHOCTh KWJIEK — OCHOBHOW OOBEKT
OUATaHUA KAaCIIMHUCKOTO TIOJIEHA. Tak)Ke B OCJIEIHUE
ToJibl Pe3Ko YCHWJIMJIOCH 3arpsi3HeHue Kacmus smo-
XMMHKATaM{ U OBITOBBIMH OTXOJaMH. Y pOaHU3anus
mobepexnss U HedTeao0ba Pe3Ko MOBHICHIIA (DaK-
TOp OECIIOKOWCTBA TIOJIEHEH, YTO MPHUBEIIO K yTpaTe
nexxomL B azepOaiipkaHcKol akBaTopuu Kacrmust.

MHoroneTHie MOHUTOPUHIOBBIE UCCIEAOBAHMS
JTUHAMHKHI YUCIIEHHOCTH M BO3PACTHO-TIOJIOBOTO CO-
CTaBa BBIOPOCOB TPYMNOB KacCHHUIICKOTO TIOJEHA Ha
CeBepHOM moOepekbe AOIIEPOHCKOTO MOIyOCTPOBa
(YHUKaTBHOM KIAQAOWIIE KACHHICKOTO TIOJICHS)
MO3BOJIMJIM YCTAHOBHUTDH 3aBUCHMOCTh YHCIIa BHIOPO-
coB OT ofmiero kosmuecTBa TroneHeld B Kacmuwm.
Takxe oOHapy»KeHa B3aHMMOCBS3b STOW AWHAMUKH C
SNUAEMHUSIMH, KOTOPBIM IOJBEPIcsl KACIUMCKUH TrO-
nenb (Puc. 9).
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[Ipenmaraem cnenyiomme peKOMEHAALWU TIO
crHaceHuto nomynsuui TroneHeit Kacrus:

1. IloBceMecTHOE 3ampelieHne MPOMBICIA Kac-
MUHCKOTO TIOJICHS.

2. YcuneHue Haa3opa W HUCKOpPEHEHHE Opaxo-
HBEPCKOTO OTJIOBA OCETPOBBIX U YACTUKOBBIX PHIO.

3. KoopauHarwst nccrienoBanuii Mo BCeH akBaTo-
pun  Kacrust, coryacoBaHHBIX CO BCEMH IMIpuIIe-
raroumMu crpadamu: Poccus-Kazaxcran-Typxkmenus-
Upan-AzepOaiimxan 1 MeXIyHApOIHBIMU 3KOJIOTHU-
YECKUMH OpTaHU3aIIsIMH.

4. OOpamieHHe K MPaBOOXPAaHHUTEIBLHBIM Opra-
HaM ¢ LEJbI0 MPEKpaleHNs] YHUUTOKEHUSI TIOJIEHE!
Ha ocTpoBe UMIIOB M BBEAECHHE KOHTPOIS 3a OTIIO-
BoM TioneHel Ha Hedt Jammapsr (Hedrsaaeie Kam-
HU) U B JPyTrUX He(TENpOMBICTIOBBIX paiioHax.

5. 3amperieHne 0TJIOBa PHIOBI B MeCTaX Macco-
BBIX MUI'PALMi U CKOIUICHUH TIOJIEHEM.
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6. Opranuzanusi nepeiad Ha TEICBUACHUHM U
NpUBJIEYEHUE APYTHX CPEACTB MaccoBoil mMH(popMma-
muu, a takxke odbmectBeHHBIX (HIIO) m y4ueOHBIX
OpraHu3alMil C IeJbl0 MponaraHibl MEpPONPHUITUI
10 OXpaHe U 3aIIUTe KaCIHICKOTrO TIOJIEHS.

7. YcuieHue KOHTPOJIS 32 KaHAIU3aIMOHHBIMHU
CTOKaMH, cOpocamMu STIOXMMHUKATOB (B TIEPBYIO OUe-
penp JIT) v TOKCHYHBIX METAJJIOB B PEKU M MODE.

8. Pa3zpaboTka pa3inyHbIX BUAOB IPUBUBOK IS
TIOJICHEW OT WH(EKIMOHHBIX 3a00JIeBaHUH, B Tep-
BYIO OdYepe/b MPOTHB BHpyca coOadbeld UyMKH H
cobaubei KopH.

9. VYcunenune dyepe3 MUHUCTEPCTBO DKOJIOTUH
KOHTPOJISA 32 HEPTSTOOBIBAIOIIMMH OPTaHU3AIHSIMI
Ha Kacmuu, ¢ Tem 4To0bI ceificMopasBenka, OypoBbie
U DKCIUTyaTallMOHHBbIE pabOThl MPOBOAWINCE C yué-
TOM MUTPAIMOHHBIX 0COOCHHOCTEH TIOJICHEH.
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HCKOMAEMBIE I COBPEMEHHBIE IACTOHOI'ME A3EPBAMI)KAHA

JiidaToB T.M., I'axxues J1.B.
Ecmecmesenno-ucmopuueckuii myseti HAHA
AZ1006, Azepbaiioxncan, Baky, yr. Jlepmonmosa, 17 (3): t_eybatov@mail.ru

Pe3ztome. B cratbe maercst oOmasi KapTHHA PACHPOCTPAHCHUS U UCTOPHS U3YUIEHHS HCKOIAEMBIX M COBPEMEHHBIX JaCTOHOTHX,
oOHapy>KeHHBIX Ha TEPPUTOPHH A3epOaiipkaHa U CONpeNeTbHBIX CTpaH. Y CTaHOBICHO HAIMYNE HA TEPPHUTOPHHU PECITyOIIMKH HCKO-
IaeMBIX IpejcTaBuTeNel 2-X cemelicTB (Semantoriidae u Phocidae), Tpex moacemeiicts (Nekromitinae, Monachinae u Phocinae); 3
PozoB 1 5 BUIOB HCKomaeMbIx JactoHorux: 1) Phoca sp.; 2) Monachopsis pontica; 3) Phoca procaspica; 4) Phoca meoticum; 5) Ne-
kromithes nestoris; 6) Phoca caspica. OnuceIBatOTCs HCKOIIaEMBbIE JIACTOHOTHE, (PPArMEHTHI KOTOPBIX M3BJICUYEHBI U3 OPEKUUH Ipsi3e-
BOro ByikaHa JIokOaTaH, €JMHCTBEHHOTO AEHCTBYIOLIETO IPSA3E€BOr0O BYJIKaHA, KOTOPBIH MEPHOTMUYECKH BHIOpACHIBAET HA MOBEPX-
HOCTb KOCTHBIE OCTAHKH JIACTOHOTUX UM KMTOOOpa3HbIX. Takske MPUBOSTCS Pe3yIbTaThl apXe0300J0TUUECKUX HCCIEIOBaHUMH, BbIA-
BUBIINX HCIIOJIb30BaHUE MIKYPHI U KHPA KaCIIHMICKOTO TIOJCHS B OBITY U X03siCTBE, HAUMHAS C BEPXHETO MAJICONINTa 1 10 HACTOSIIe-
ro BpeMeHH. [Ioka3aHO, YTO HIKypa KaCHHHCKOTO TIOJNECHS HCHONB30BANAch IV MOMIMBA OMEXKABI, OOIIMBKH Pa300PHBIX JOMOK
(mackanpHble TeTporaugsl ['o0ycrana), kak Tapa (MEIIKH) JUIsl IEPeBO3KH aOIIepOHCKOW HEe(TH; )KUP — ISl CBETHIBHUKOB; CaJ0 —
KaK JIEKapCTBEHHOE CPEACTBO IPH JICYSHUH KOXKHBIX MOBPEXACHHI U 3a001eBaHNi1 BBIOYHBIX JKMBOTHBIX. KpaTko ocBemiaeTcst CoB-
PEMEHHOE COCTOSIHHE IMOMYJISALMN KaCIUICKOr0 TIOJICHS U IPUYHHBI €r0 Pe3KOro COoKpaiieHus. [IpuBOSITCS pe3ysbTaThl MOTyBEKO-
BBIX JIETHUX MOHUTOPHHIOBBIX HCCIIEIOBAHUH IMHAMUKH YMCICHHOCTH BHIOPOCOB TPYIIOB TIOJNEHEH Ha ceBEepHOM mobepexbe Aodie-
POHCKOTO MONyOCTpOBa (YHHKAIBHOTO KJIAAOWIIA KaCIHHCKOTO TIONEHS) M €€ B3aUMOCBSA3b C YHCIEHHOCTHIO TroNeHeH B Kacmum.
AHanu3 JUHAMHUKH BBIOPOCOB TPYIIOB MO3BOJISIET KOHCTATHPOBATh MOCTENEHHOE YBEIHMUECHHE YHCICHHOCTH TIOJICHEH Mocie UX Mac-
coBoro BeiMupanust B 1997 u 2000 rr. BcIaeaCTBHE SIHIEMAH, BEI3BAHHOW BHpycaMH cobadbell yyMKH wiu cobauseil kopu. [Ipex-
CTaBJIEHBI PEKOMEH/IAIIH 10 CITACEHHIO TOITYJISIINH KaCITHHCKOTO TIOJICHSI.

Knrouesvie cnosa: nacmonocue, apxe300102us, epszegvle §YIKAHbL, KACNUUCKUL MIONEHb, MOHUMOPUHS CMEPMHOCMU, PEKOMEeH-
oayuu no ChaceHuio NONYIAYUL

AZORBAYCANIN FOSIL VO MUASIR PORAYAQLILARI

Eybatov T.M., Haciyev D.V.
AMEA Tabiat Tarixi Muzeyi
AZ1006 Azorbaycan, Baki sah. Lermontov kii¢. 3: t_eybatov@mail.ru

Xiilasa. Magalada Azorbaycan va gonsu dovlatlar orazisinds tapilan fosil vo miasir parayaglilarin yayilmasi ve 6yranilma tarixi
ilo bagli imumi molumat verilir. Respublikamizin orazisinds iki foslo (Semantoriidae va Phocidae) 3 yarimfoslo (Nekromitinae, Mo-
nachinae va Phocinae),4 cins va 5 nov fosil parayaglilar: 1 Phoca sp. 2. Monachopsis pontica 3. Phoca procaspica 4.Phoca meoticum.
5. Nekromithes nestoris 6. Phoca caspica. niimaysndslarinin mévcudlugu tostiglondi.

Lokbatan pal¢iq vulkaninin brekgiyasindan, suitilorin vo balinalarin skelet galiglarini vaxtagiri ¢ixaran yegano aktiv palgiq vulka-
ninin galiglar tosvir edilmigdir.

Ust paleolitdon indiyadok Xozor suitisinin tesorriifat mogsodlori iiciin istifadesi ilo bagli arxeozooloji tadgigatlarm noticolori do
toqdim olunur.

Gostorilmisdir ki, Xozor suiti (darisindon) paltar, yigilan gayiqlar tigiin dori (Qobustan gaya petrogliflori), ¢iraglar igiin yag, Ab-
seron neftinin dagmmas: tigtin (dori Kisaloari), insan dorisi zodslorina darman kimi istifads edilmisdir vo heyvan xostsliklari iigiin dor-
man kimi istifads edilmisdir.

Xazar suitilorinin saymin hazirki vaziyyasti va onun kaskin azalmasinin sabablari qisa sokilds isiglandirilir. Abseron yarimadasinin si-
mal sahillorinds (Xozar suitilorinin nadir gebiristanligi) atilan suiti casadlorinin saymim dinamikasinin va onun Xozordoki suitilorin say1
ilo slagasinin 50 illik monitoring tedgigatmin naticalari taqdim olunub. Casad tullantilarinin dinamikasimn tahlili 1997 vo 2000-ci illords
distemper virusunun va ya qizilcanin sabab oldugu epidemiya noticasindo sulitilarin kiitlovi mshvindoan sonra, onlarin sayinin tadricon art-
digini bildirmays imkan verir. Xozar suitisi populyasiyasinin xilas edilmasi tigiin tovsiyslorin siyahisi taqdim olunur.

Acar sozlar: Porayaqlilar, arxezoologiya, pal¢ig vulkanlar:, Xazor suitisi, 6liim hallarinin monitoringi, xilasetma tévsiyalari
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sis of de lege ferenda.

Summary. The paper discusses environmental legal aspects of the Law of the Azerbaijan Re-
public “On Subsoil” (Part 1, Art. 7, 25). It identifies the terminological errors made in these norms,
and, through comparing the norms with the provisions of other environmental regulations, propos-
es ways of error elimination. With the view to harmonize Azerbaijan legislation with the provi-
sions of international environmental law, authors propose revising the conceptual basis of the
“Law on Subsoil” by introducing the term “Geological heritage sites” instead of the term “special-
ly protected geological objects”. Providing explanation of the newly proposed term, the paper sug-
gests new versions of the respective norms to be revised as de lege ferenda. The paper also reviews
the Law of Azerbaijan Republic "On Specially Protected Natural Areas and Objects", and singles
out a gap in the definition of the concept of “specially protected natural areas” (Part 1, Article 1).
As per the authors’ opinion, these gaps could have emerged due to the absence of the term "plots
of the subsoil" and failure to include such plots from the scope of coverage of the discussed law. In
order to fill in the identified gap, the authors suggest new definitions of terms “specially protected
nature territories” and “conservative protection of subsoil”, to be introduced to the Law on the ba-

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Oxpana Henp (mpu 60jee MHUPOKOM TOIXOIE —
paIoHaNbHOE UCMOJIb30BAHUE M OXpaHa HEAp) sB-
JSIeTCSl OHUM M3 OCHOBHBIX MHCTHTYTOB T'OPHOTO
mpaBa (CumopoB, 2019). Ilom oxpanoil Hemp
B.[l.Mensrynos (Mensrynos, 2017) noHumaer «co-
BOKYITHOCTb MEPOIPHUATHH, ONpeAeiIeHHBIX HOpMa-
TUBHBIMA TIPaBOBHIMH aKTaMH W TEXHUYECKUMU
MIPOEKTaMH TI0 HCIIOJIb30BaHUIO Henp, obecrednBa-
IONIMX B MHTEpecax HBIHEIIHEero W OyIylIux MOKO-
JICHUW COCTOSIHUE 3alIUIIIEHHOCTH HEAP U UX Pecyp-
COB OT BO3MOYXHOTO BpEay.

Paznuyarot aBa Buaa oxpans! Henp (bammvakos u
ap., 1976). IlepBblid BUI — 3TO Tak Ha3bIBacMasi ono-
CpedoBanHas OXpara Hedp, BKITIOYAIOIIAs KOMILIEKC
NPEBEHTUBHBIX M BOCCTAHOBHUTEIIBHBIX MEPOIPHSATHH,
HAaIpaBJICHHBIX COOTBETCTBEHHO Ha NPEJOTBPAIICHUE
OIACHOCTeW W YTpo3, BO3HUKAIOMIUX B pe3yJbTare
HETaTUBHOT'O BO3JCUCTBUA OMNEpaIyil Mo HEeAPOIOb-
30BaHUIO Ha OKPYXKAIOUIYIO CpeIy W 4eJoBeKa, U BOC-
CTAQHOBJICHHE TEXHOTCHHO HAapyIICHHBIX YYacTKOB

MPUPOHOMN CpeJibl IOCTe MPEKPAILCHUsI, TPHOCTAHOB-
JICHUS WM OTPaHWYCHUsI 3THX OIepalii B yCTaHOB-
nennoMm nopsiake (Moparumos, 2015a). Bropoii Bux —
9TO KOHCEPBAMUBHAL OXpAHa Hedp, KOTOPOH COOTBET-
CTByeT OJWH W3 OCHOBHBIX BHJIOB TIOJIb30BAHUS
Henpamu B 4.1 c1.7 3akoHa AsepOaiimkanckoii Pec-
myomukn or 13 deBpans 1998 1. Ned439-1Q «O
Henpax» (mamee — 3akoH AP o Hempax), — oOpasoBa-
HHE 0CO00 OXpaHJIEMBIX TI'eOJIOTHYECKUX OOBEKTOB,
HMEIOIIUX Hay4yHOE, KYJIBTYpHOE, HCTETHYECKOe, Jie-
4eOHO-03/I0POBHTEIBHOE 3HaYeHWE (HAay4yHble H
yueOHbIe TIOJIMTOHBI, TEOJIOTUYECKUE 3aTllOBEIHUKH,
3aKa3HUKH, MaMSATHUKH TPUPOJBI, MEIEpsl U Apyrue
MOA3EMHBIC TOJOCTH). Takas TpakTOBKa KOHCEpBa-
TUBHOM OXpaHbl HEJp, 3aMMCTBOBaHHas u3 4.l cT.6
3akona Poccuiickoit ®enepauun ot 21.02.1992 .
Ne2395-1 «O megpax (manee — 3akoH PD o Hempax)
0e3 JOJKHOrO KPUTHYECKOTO aHAIN3a, BbI3BIBACT
OTIpe/icNieHHbIE COMHEHUsI (KaKk B TEPMHHOJIOTHYE-
CKOM, TaK U COJICP>KaTeIbHOM IUIaHe) C TO3HULHUH KO-
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JIOTUYCCKOT'0 IIpaBa M 3aKOHOAATCIILCTBA. HOBTOMY
aHaJIN3 €€ pa3/IMYHbIX ACIICKTOB ObLI BLI6paH HaMHu B
Ka4eCTBC MpEeaAMETA 06CY)K,Z[6HI/I$I B HACTOSIICH CTaThe.

HonsTuiinpiii annmapat 3akona AP o Hegpax
(TepMHHBI, TIOHATHS, Ae(PUHUIIIH)

«Pa3BuTHE TpaBa BCETAa COMPSIKEHO C 00CyX-
nenrieM u (opMmupoBaHueM TepMmMuHOIOrHH. [IpaBo
KaK PEryJsaTop 4eloBEeYeCKOTO MOBEICHUS TeM d(-
(bekTHBHEE BHIMOJHSACT CBOKO POJIb, YeM Oojiee Bep-
HO KOHIENTYaJIbHO U JIMHIBUCTUYECKH BBIPAYKSHBI
€ro KOHCTaTalluu, MpeIrucaHus, T03BOJICHUS U 3a-
npetbl. Heo0xommMocTh OCMBICIIEHUS FOPUINIECKON
TEPMHUHOIIOTHUH CYIIECTBYET BCETa, HO ee 3HAUCHHe
MTOBBIIIAETCSA B MEPUOJIBI, KOT/Ia MMPOUCXOISAT CyIIe-
CTBCHHBIC CTPYKTYpPHBIC W3MCHEHHUS B IpaBe, 00y-
CIIOBJICHHBIE HCTOPHYECKUMH ToTpeOHOCTAMU. B
9TH TIEPHUOABI TPHUXOIUTCS OCOOCHHO TIIATEIHHO
00JyMBbIBaTh M CMBICI MPOUCXOMASIIUX MEPEMEH, U
3HAYEHHE COIMYTCTBYIOUINX UM TEPMHHOIOTUYECKHIX
npeoOpazoBanuin» (Komdacos, 1999). Oto cyxneHne
M3BECTHOTO POCCHIICKOTO IOpPHCTa-dKoJora Kak
HENb3s Jydllle XapaKTepU3yeT COBPEMEHHOE COCTO-
STHUE TTOHATHHHO-TEPMHUHOJIOTHYECKOH 0a3bl 3aKo-
HOJIaTENIbCTBA O HENpax, B KOTOPOH, Kak OynmeT mo-
Ka3aHO HUKE Ha KOHKPETHBIX TPUMEPAX, OYCHb JIeT-
KO «3a0NyTUThCS» W3-3a HETOYHOCTEH, HEYETKHX
OTIPEIICIICHNA W HEOOBICHUMOW IOJMEHBI OIHHUX
tepmuHoB npyrumu (Ilepunk, 2007).

B cBa3u ¢ 3TUM BepHeMcs K (OPMYITHPOBKE
YHOMSIHYTOHM BBIIIE SKOJIOTO-TIPAaBOBOMH HOPMBI (4.1
ct.7 3akoHa AP o Heapax) u mist yaoOcTBa U 6071b-
LIeH HATJIATHOCTH MOCIEAYIOIIETO aHaAIh3a YCIOBHO
paszenuM ee Ha JBe JacTu: 1) oOpasoBaHHE 0CO0O
OXpaHsSEMBIX TeoJorudeckux o0bekToB (OOI0),
MMEIONINX Hay4yHOe, KyJIbTypHOE, 3CTETHYECKOE,
71e4eOHO-03/I0POBUTENBHOE  3HAUCHHE; 2) HAy4YHbIE
1 y4eOHbIE TIOJUTOHBI, TEONIOTUYECKIE 3arlOBEIHH-
KM, 3aKa3HHMKH, HaMSITHUKH TPUPOJBI, IMEUIePbl U
JIpyrue NoJ3eMHBIE TIOJIOCTH.

1. Haynem ananu3 c yactu 1, Tae mepeduce-
HBI (TIOCIIE CII0OBA «MMEIOIINX)) KPUTEPHUH 3HAYUMO-

ctu OOI'O, u comocTaBUM HMX C aHAJIOTMYHBIMH
KPUTEPHUSIMU, IPUBEICHHBIMUA B HEKOTOPBIX 3aKOHO-
JATENBHBIX aKTaX 3KOJOTHYECKOTO 3aKOHOAATEIh-
crBa AP (cBenensl Hke B Tabmuity 1), — 3akone AP
ot 8 uioHsA 1999 1. Ne678-1Q «O6 oxpaHe okpyxa-
IolIei cpeap» (manee — 3aKOH 00 OXpaHEe OKpyXKa-
fomel cpenpl), 3akone AP ot 24 mapra 2000 r.
Ne840-1Q «O06 0co60 0XpaHAEMBIX MIPHPOIHBIX TEP-
putopusix U o0bekTax» (mamee — 3akoH 00 0c000
OXpaHSeMbIX TPUPOAHBIX TEPPHUTOPHUAX), 3EMEINb-
HoM Kkogekce AP ot 25 mrons 1999 r. Ne695- 1Q
(manee — 3emenbHbIN Koaekc) M BoaHom kojekce
AP ot 26 nekabpst 1997 r. Ne418- IQ (manee — Box-
HBII KOJIEKC).

CpaBHUTENBHO-TIPABOBOM  aHAIN3 KPUTEPUEB
3HauuMocTd OOI'O (u.1 c1.7 3akona AP o Heapax)
U JIPYTUX TPHUPOIAHBIX OOBEKTOB/TEPPUTOPHI (CM.
Tabn. 1) moOKaszam HECOTIACOBAHHOCTH H3JIOKEHUS
COOTBETCTBYIOIIMX DSKOJIOTO-IPAaBOBBIX HOPM, CO-
JepKaIUX 3TH KPUTEPUH, U MHOrooOpaszue (MHO-
JKECTBEHHOCTH) HCIOJB3YEMbIX TEPMHHOB, 0003Ha-
YarIux uX. HanmoMHUM B CBSI3M C 3TUM IOJIOKEHUS
Koncturymnuonnoro 3akona AP ot 21 nexabpst 2010
r. Ne21-1V KQ «O HOpMaTHBHBIX MTPABOBBIX aKTax»,
COTJIACHO KOTOPBIM:

® KaK CHCTEMa HOPMATHBHBIX MPABOBBIX aKTOB
(HITA) B nenom, tak u otnenbHble HITA momxHbI
00na1aTh CBOWCTBOM 6HYMPEHHEl CO2AACOBAHHO-
cmu (cT.6, ¢1.25.1), B TOM YHCJIE B YaCTH HCIIOIB3Y-
€MOM TEpPMUHOJIOTHH;

e NIpu U3N0KEeHWH TpaBoBbIXx HopMm HIIA cre-
nyer n3berath (cT.25.2) «...n1yOnupoBaHus HOpMa-
THUBHBIX TPEINUCAHUN U X MHOMCECMBEHHOCMU 1O
O00HOMY U momy dce 6onpocy» (B HAILIEM CITydae: 110
BONPOCY KPUTEPHEB 3HAYMMOCTH NPHUPOIHBIX O0B-
€KTOB U TEPPUTOPHIA. — ABT.);

® «TEPMHHBI U TIOHSTHS, HCIIONb3yeMbIe B TEKCTE
HOPMAaTHBHOTO TIPABOBOTO aKTa, JIOJDKHBI OBITH TO-
HATHBIMA U OJHO3HAYHBIMKU» (CT. 25.5), mpu 3TOM
«OJIHU W T€ K€ TCPMUHBI JIOJDKHBI YIIOTPEOJIATHCS B
OJTHOM 3HAYCHUH U uMens eOunyio oopmy» (ct.54.2).

Tabnuua 1

Kpurepun 3Ha4uMMOCTH IPUPOAHBIX 00BEKTOB B HEKOTOPBIX 3aKOHOATEIHHBIX aKTaxX
9KOJIOTMYECKOT0 3aKOHOATENbCTBA A3epOaiipkanckoi PecryOnuku

Kpurepun 3Haunmoctn

3aKOHO,HaT€HI>HLII\/‘I aKT

CKO€ U O3JOPOBHUTECIBHOC 3HAYCHHNEC

ocoboe 3KOJIOTHYecKoe, Hay4dHOe, KyJIbTYpHOE, ICTeTHYe-

3akoH 00 oxpaHe okpy»xatomiel cpensl (1.1 cr.62)

CKO€ U 03J0POBUTECIHLHOC 3HAUYCHHUC

ocoboe OKOJIOTMYECKOEC, HAYYHOC, KYJbTYPHOC, S3CTCTHUYC-

3akoH 00 0c000 OXpaHsSEMBIX HPUPOJHBIX TEPPHUTO-
pusix (4.1 c1.1)

03J0POBHUTCIILHOC M MHOC IICHHOC 3HAYCHHUC

oco0oe MPHUPOIOOXpPAaHHOE, HAay4YHOE, KYJIBTYPHO-UCTOPH-
YeCcKoe, 3CTETUYECKOe, TYPUCTHUYECKOE, PEKpPEeallloOHHOE,

3emenbHblit kKozekce (1.1 ¢1.24)

TYPHOC U 9CTCTUYCCKOC 3HAYCHUC

ocoboe NPUPOIOOXPAHHOE, HAYYHOE, HCTOPUUECKOE, KYIIb-

Bopnsrii kogekce (4.1 c1.74)
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C nenpio 00eceYnTh COOTBETCTBUE YKa3aHHBIM
TpeboBanusM KoncturyumonHoro 3akoHa AP «O
HOPMAaTUBHBIX MPABOBBIX aKTax» COBOKYIHOCTH
KPUTCPUEB 3HAYUMOCTH TPHUPOIHBIX OOBEKTOB/TEp-
putopuii B paccMmatpuBaembix HIIA, Bxmouas 3a-
koH AP o Hexpax, mpemyaraeM cieayomyo 0000-
LIEHHYI0 (POPMYJIMPOBKY 3TOI COBOKYIIHOCTH C HC-
[TOJIb30BaHUEM TOJIBKO JIETATBHBIX TEPMUHOB HAIHO-
HaJIbHOTO 3aKOHOJATENbCTBA: «IPHPOJ0OXPAHHOE,
HAy4HOe, KYJbTYPHO-HCTOpPHYECKOe, 3CTeTHYe-
CKO€, PpeKpealuOHHOe M  JieueOHO-0310po-
BUTeJIbHOE 3Ha4YeHHWe». B mporecce pampHeiero
HCCNeOBaHusl Mbl OyAeM HCIONb30BaTh AAHHYIO
(hopMyTUPOBKY TpHUMEHHTEIRHO K 3akoHy AP o
HeApax (moylaras, YTO IPH COBEPIIEHCTBOBAHWUU
9KOJIOTHYECKOTro 3aKoHoaaTenbcTBa AP ona Haiiner
oTpaxkeHue u B npyrux HIIA, ykazaHHBIX B Ta0I. 1).

Kak copaBemnnmBo OTMEuUaeT W3BECTHBIM poc-
CHHCKUN y4eHBIH, ropuct-3konor C.A.Boromo6oB
(boromo60oB, 1987), «s13bIk HOPMATUBHBIX IPABOBBIX
aKTOB JOJDKEH OBITh IPEXIE BCEIO TOYHBIM, YeMy
CIOCOOCTBYET HPaBUIILHOE HCIIONB30BAHUE, €OUHO-
00pasHoe N OAHO3HAYHOE IPUMEHEHNUE TEPMUHOBY.

2. B KoHTekcTe paccMaTpuBaeMol TEeMBI 3a-
TPOHEM €eIlle OAWH BOIPOC, AOMYCKAIOMINUNA HEOIHO-
3HaYyHOE TOJKOBaHME. B pPacCMOTpPEHHBIX BBHIIIE
HITA, Bxmovast 3akoH AP o Henpax (4.l cr.7), uc-
[TOJIb30BaH B OCHOBHOM 3aKPBITHIM NEpedeHb KpUTe-
PHEB 3HAYUMOCTH IMPHPOIHBIX OOBEKTOB/TEPPUTO-
puil 1 Tonbko B 3emenbHOM Kozaekce (m.1 cr.24) —
OTKpBITHIM nepeueHb. OuepenHON pa3 MPUXOAUTCA
OTMEYaTh HECOTJIACOBAHHOCTh H3JIOKEHUS OIHO-
TUIHBIX TPAaBOBBIX HOPM B Pa3HbIX 3aKOHOJAATEIb-
HBIX akTax. Kakoil BapuaHT HamOojee MpeanovTu-
TEJIeH JJIsl WCIIOJIb30BaHUS B JAHHOM Cly4yae — OT-
KPBITBIM WM 3aKpbITBIN nepedeHb? OTKpPHITHIN TIe-
pedeHb O3Ha4aeT, YTO CYIIECTBYIOT €lle KaKHe-TO
[IPU3HAKHU, XapaKTepU3YIOLIe 3HAYUMOCTh PHPOJI-
HBIX OOBEKTOB/TEPPUTOPHIA, HO 3aKOHOAATENh HE
MOCYHTAN HY)KHBIM HX YKa3aTb IO KaKOW-TO TOJIBKO
eMy u3BecTHON mnpuuuHe. IIpoBeneHHbI HaMu J0-
MTOJIHUTENFHBIA aHANW3 JTaHHOTO BOMpOCa TOKasall,
YTO TakWe MPHU3HaKu OTCYyTCTBYIOT. Iloatomy mpa-
BUJIbHEEe OyIIeT HCIOJIb30BaTh 3aKPBITHINA IEPEUCHb
KpUTEpHUEB  3HAYMMOCTH  TPUPOAHBIX  OOBEK-
TOB/TEPPUTOPHUI, KOTOPBIH, Ha HAIIl B3TJIsi, SBJSCT-
Cs1 ICUEPIIBIBAIOIINM.

3. OT™MeTHM emie OIHY TEPMHHOJIOTHYECKYIO
HETOYHOCTh B (DOPMYJIMPOBKE aHAIM3UPYEMOH KO-
joro-npaBoBoit HopMbl (4.1 c1.7 3akoHa AP o
HeZpax), CBSI3aHHYIO C UCIOJIb30BaHUEM B HEH Tep-
MHHA «00pa3zoBaHue». 31eCh TOBOPHUTCS 00 0Opa3o-
Baaun OOI'O, mMEIOMUX TO WM HWHOE 3HAYCHHE
(mayuHoe, KyapTypHOe M T.A.). Ho, Bo-liepBBIX, Ha
MIpaKkTUKe «00pasyrorcs» ((hOpMHPYIOTCS, BBIIEIIA-
I0TCS B OIpPEIENeHHBIX TpaHHUIAX) HE TeoJoTH4e-

CKHE 00BEKTHI, KOTOPBIE yXKE JaBHO CO3JaHbI CAMOM
MPUPOJION MUIITMOHBI JIET Ha3al, a Y4acmKu Heop,
T7ie OHHM pacrioyiararorcs. VIMEHHO TMOHATHE «ydYa-
CTOK HeJp» SBIIIETCS 0a30BBIM B 3aKOHOJIATEIIHCTBE
o Heapax (BacwuneBckas u JlaeBckas, 2014) u nmen-
HO OHO MPABWJIBHO UCIIOB3YETCS B HA3BAHUU U TEK-
cTe cT.25 aToro xe 3akoHa B KOHTEKCTE KOHCEpBa-
THBHOH OXpaHbl Helnp. Bo-BTOpBIX, Opexae yem
NPUCTYNHUTh K «OOpa30BaHWIO» YYacTKOB HEAp B
(hopMe TeoIOrHYeCcKuX 3aM0BETHUKOB, 3aKa3HUKOB U
MAMSATHUKOB MPHUPOBI (YTO CKOPEe BCETO OTHOCUTCS
K MpeaMeTy NpaBOBOTO DPETYJIUPOBAHUS JIPYroro
3aKOHOAATENIFHOTO aKkTa — 3akoHa 00 0co00 oxpaHsi-
E€MBIX TIPUPOIHBIX TEPPUTOPHUAX, HO 00 3TOM Oosee
monpoOHO OyJeT CKa3aHoO HIKE), HEO0OXOAMMO
CIIEPBA 6bIAGUMb U U3YYUMb TH YHaCTKH C TOUYKHU
3peHHs ONpeAeNeHns 3HAYMMOCTH W WHBIX CIIEIH-
(udecKknx OCOOEHHOCTEH pPAaCIONIOKEHHBIX HA HUX
T€OJIOTHYECKUX OOBEKTOB U OICHKA BO3MOYKHOCTH
(HayyHoro 0OOCHOBaHHS II€JIECOO0Pa3HOCTH) CO-
3MaHUS HA WX OCHOBE YKa3aHHBIX 3aIllOBEIHUKOB,
3aKa3HUKOB U MaMSTHUKOB MPHUPOJIBI TE€OJIOTUIECKO-
ro npoduis. K coxanenuro, JaHHBI BONPOC IMOKa
elle He Hallell JOJDKHOTO OTPaKeHHs B 3aKOHOJIa-
TeIbCTBE O Heapax. [loaToMy MBI cumTaem Imeneco-
00pa3HBIM XOTs Obl 0003HAYMTH €ro B aHAIM3HpYe-
MO# 3KOJOTro-TpaBOBOM HOpME, 3aMEHUB TEPMHUH
«o0pa3zoBaHMe» Ha «BBIABICHUE U U3yUICHHUEN.

4. CornacHo ct.2 Konsennuu 06 oxpane Bce-
MHUPHOTO KyJbTYPHOTO W TPHUPOJHOTO HACIEAMS
(manee — KoHBeHIHs) reonornvyeckre U Qpusnorpa-
¢udeckre 00pa3oBaHMS SBISIOTCS BaXHEWIIEH co-
CTaBHOHM 4YacThi0 NpUponHOoro Hacieaus. [lostomy
HE yIWBUTENBHO, YTO TIOCNe MpHUHATHA 3Toi KoH-
BEHIIMN W ee patnu(uKanuy OOJBITMHCTBOM TOCY-
JlapcTB MUpa, B TOM uucie Azepbaiimkanckoil Pec-
MyOIMKOM, TOHSATHA «TEOJOTMYECKOEe HACIIEANe)
(geological heritage wmu cokpaimento geoheritage)
U COOTBETCTBEHHO «OOBEKTBHI T'€OJIOTUYECKOTO
nacnenusi» (geological heritage sites wmu cokpa-
IIEHHO QEO0SiteS) IMUPOKO HCIOJIB3YIOTCSA KaK B aH-
[JIOSI3bIYHOM, TaK W B PYCCKOSI3BIYHOM JIMTEpATypE,
T.. IPOYHO BOIUIM B HAy4yHBIH 000poT. OO0 3TOM
CBUJIETETLCTBYIOT TaKXe cIeaylonme (akThl: u3aa-
HUE KPYIHEHWIIMM Hay4HBIM H3/IaTeIbCTBOM MHpa
Springer crenmanu3upoBaHHOTO *XypHana «Geoher-
itage» u yupexaenue B 1993 r. B r. Kénbne (I'epma-
HUS) aBTOPUTETHOH «EBporelickolii Accolranuu 1mo
COXpaHEeHHUI0 reosioruueckoro Hacienus» (The Eu-
ropean Association for the Conservation of the Geo-
logical Heritage), odunmansHo 3aperucTpupoBaH-
HOM B KayecTBE HEIMPaBUTEIIbCTBEHHOW OpraHu3a-
nuu B 2000 r. B . Yncana (IlIBenus).

Y4uTBIBas, YTO TMOHATHE «OOBEKTHI re€OJIOrHYe-
ckoro Hacnenus» (OI'H) mpakTudeckn TOXKICCTBEH-
HO TIO CMBICTY TIOHATHIO «0C000 OXpaHseMbIe I'eo-
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norudeckue o0bekTe» (OOI'O), MBI HE BUIMM Ka-
KHUX-TTHOO MPEMATCTBUH AJsl €r0 MPUMEHEHUs B I1O-
HATUAHOM ammapare 3aKOHOIATEIbCTBA O HEIpax.
Ho, odeBunHo, 4TO mpenBapuTeNbHO HEOOXOANMO
copmynupoBath B nopsake de lege ferenda medu-
HUIIMIO 3TOTO MOHATHUS C HCIIOIb30BAHUEM JIETallb-
HBIX TEPMHUHOB 3aKOHOJATEILCTBAa. B Haiei Tpak-
TOBKE OHa NMpUHUMaeT ciexytoumii Bug (MoOparu-
MOB, 2015h): «00bEeKTHI IeoJOrH4ecKoro HacJje-
AUsl — COCTABHAasl 4YacTh NMPHPOJHOr0 Hacjequs,
BK/JIOYAIOLIAsl COBOKYIHOCTb Ie0JIOIrMYeCKHX
(cTpaTurpaguyeckux, NajaeoHTOJOrHYeCKNUX, MU-
HepaJorn4ecKux, reoMopgoaorniecKux M Apy-
THX) 00bEKTOB, KOTOpble HMEKT 0c000e MPUPO-
J00XpPAaHHOE, HAay4yHOe, KYJIbTYPHO-HCTOpUYe-
CKOe, 3CTeTHYeCKOe, PeKpPealMoOHHoe U Jie4eOHO-
0310pPOBHUTEJIbHOE 3HAYEHHE U TOMJIEKAT COXpa-
HEHUIO B HHTepecax HACTOsIIero M Oyayuux no-
KOJICHUID.

[Tonaraem, uto mpeyIokeHHass AeQUHULINS TO-
Hiatuss OI'H MOXXeT cTarh MEpBBIM IIaroM Ha IMyTH
rapMOHM3allMM 3aKoHojaTenbcTBa AP o Hempax ¢
HOpPMaMHU MEXIYHapOAHOTO 3KOJIOTHYECKOTO TpaBa.
C.A.Bboromo6oB (boromo6os, 2014) mo sTomy T10-
BOJAY CIIPaBeIUIMBO OTMEYAET: «KaK U B JIPYTHX OT-
pacisx 3HaHUM M HAayKH CPaBHUTEIbHBIA aHAIWU3
coJiep)KaTeNbHBIX MPEICTaBICHUN MEXIyHAPOAHOTO
IpaBa ¥ HAMOHAJIFHOTO 3aKOHOAATEIHCTBA HaUMHA-
€TCsl C COIMOCTaBJIEHMS MOHATHM M 0003HAYArOIINX
WX TEPMUHOB, KOTOPBIMH B KOHEYHOM CYETE OIpe-
JeTsieTcsl Kpyr paccMaTpUBaeMbIX MIpodieM 1 Habop
CIOCOOOB WX PEIICHUS.

5. B psine akToOB 3KOJIOTHYECKOTO 3aKOHOIATEINb-
cTBa (HampuMmep, B 3akoHe 00 0c000 OXpaHSIEeMBIX
MIPUPOAHBIX TEPPUTOPHAX) MPABOBOI pEXXUM 0COOOH
OXpaHbl yCTAaHABIIMBAETCS] HE TOJIBKO VI MPHUPOIHBIX
OOBEKTOB, OTBEYAIOLIMX BHIOPAHHBIM KPHTEPHUSIM
3HAYUMOCTH, HO M Ul NPUPOAHBIX KOMIUIEKCOB. B
aHAJIM3UPYEMON 3KOJIOTO-TIPaBOBOl HOpMe 3akoHa
AP o Henpax npupoaHbIe KOMIUIEKCHI TE€0T0THYECKO-
ro npowis He ynomuHarorcsi. Hackonbko 3to mpa-
BoMmepHO? [TompoOyem pazoOpaThes.

B mnocnennue 20 jer B pa3smMYHBIX pPErHOHAX
MHUpa HaMeTWJIach TEHACHLMS CO3AaHUs OOJBbIIOro
YHUCla IeOJOTMYECKUX MApKOB B cocTaBe EBponeii-
ckoii Cerun reomapkoB (Hauasia (OPMHPOBATHCS B
2000 r.) wm TI'noGampho¥t CeTn HaMOHAIBHBIX
reonapkoB non arupoit FOHECKO (2004 r.). Otnu-
YUTENBHOW OCOOEHHOCTBIO TAKUX T'€ONapKOB SIBIISI-
eTcs TO, YTO OHU OOBEAMHSIOT HE TOJIBKO Pacroiio-
’KeHHbIe Ha ux Teppuropun OI'H, HO u ecTecTBeH-
HBEIM 00pa3oM CBSI3aHHBIE C HUIMHU OOBEKTHI OHOpa3-
HOOOpa3usi U OOBEKTHl KYJIBTYPHOTO HACIEIHS, T.C.
UMEIOT TOJUTHUIHBIA XapakTep, YTO 3HAYUTENbHO
MOBBIIIAECT UX POJIb U 3HAUEHHE B JI€JI€ COXPAHEHUS
IIPUPOJHOTO M KYJBTYPHOTO HacleAus dYeloBeue-
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ctea. FOHECKO mnpenbsiBiser ocobbie TpeOOBaHUS
K CO3JaHUI0 M (YHKUIMOHHMPOBAHUIO TEOMAPKOB B
4acTH MEHEKMEHTa, YCTOMYMUBOTO Pa3BUTHS, KO-
JIOTUYECKOTO MPOCBEIICHNS W 00pa30BaHUs, TypH3-
Ma, TOJACPKKH MECTHBIX OOMMH (MX TpaaulllOH-
HBIX peMecell, 3aHATUi, 00bIYaeB), HaAyYHBIX HCCIIe-
JIOBaHH B obacTu reokoHcepsanuu u T.1. (Guide-
lines ..., 2006). B Poccuiickoit deaepaiiyu mo ume-
omuMesa vy Hac naHHbeM (McemarunoB u np., 2018)
co3naH M (YHKUMOHUPYET IIOKa TOJIBKO OJUH
reonmapk «Suran-Tay» (Pecnmy6mmka bamkopro-
CTaH), KOHIENNHUsI KOTOPOTO 0J00peHa JKcIepTaMu
IOHECKO. Pab6otsl B gaHHON 001acTH, MPOBOIH-
Mble B A3sepOalimxaHckoil PecryOmuke, HaxomsTcs
Ha Ha4yaJbHOHU craguu. B uvactHocTH, B MHCTUTYTE
reonorun U reopusuku HAH AsepOaiimkana npe-
JIO’Ke€HAa ¥ HayYHO 00OCHOBaHA KOHIICTIIINS CO3/IaHuUs
nepBoro reomapka ilandag 8 HaxusiBauckoii ABTO-
HoMHOU Pecny6nuke (Kenrepnu u ap., 2018a; Ken-
repsu u ap., 2018b; Kangarli et al, 2019).

B obmeM ciydae IpHpPOIHBIN KOMILIEKC — 3TO
KOMITIEKC (DYHKIIMOHAJIBHO U €CTECTBEHHO CBS3aH-
HBIX MEXIY COOOH MPHUPOIHBIX O0OBEKTOB, 00BEIH-
HEHHBIX reorpa)UIecKIMH W HHBIMH COOTBETCTBY-
FOIUMHU TTpu3HaKamu (cT.1 PenepanbHOro 3aKOHA OT
10 saBaps 2002 r. Ne7-®3 «O6 oxpaHe OKpyKaro-
e cpensl»). ClienoBaTeNnbHO, TEONAPKH, YIUTHIBAS
XapaKTepU3yIONe WX CYIIECTBEHHbIE IIPH3HAKH,
MOYKHO CUUTaTh BHUJOM HPHPOIHBIX KOMIUIEKCOB, CO-
JeprKaluM MIPEUMYIIECTBEHHO OOBEKTHI I'e0ornye-
CKOTO HACTIe[Isi B €CTECTBEHHOW CBS3M C 0OBEKTaMHU
OropazHo00Opas3ws U KyJIbTyPHOTO HACIICIHS.

6. [lepeiinem Tenepr K aHaNIM3y BTOPOH YacTH
3KOJI0ro-npaBoBoil HopMbI B 4.1 c1.7 3akoHa AP o
HeIpax, rjae 3akoHoAarens uneHtudumupyer OOI'O
(B Hamei TpaktoBke — OI'H) u mepeuncnser ux B
CeqyroIel MOCIeN0BaTeNbHOCTU: HAyyHbIE U
y4eOHBIC IOJIMTOHBI, T€OJOTHYECKHE 3allOBEIHUKH,
3aKa3HUKM, TaMSITHUKH MIPUPOJIBI, TIEIIEPHl U JpyTHe
MOJI3eMHBIE MONOCTH. ONATh MPUXOIUTCS OTMEYaTh
JIOTTYHICHHYTO 3/1eCh «TEPMHUHOJIOTUYECKYIO TTyTaHH-
Iry». Bo-TiepBBIX, TeoJOTHYecKre 3allOBeIHUKHA U
3aKa3HUKH, HE3aBUCHMO OT WX Mpoduis (Treosioru-
YyecKkre, OMOJIOrHYecKue W Ap.) coriacHo 4.l cT. 5
3akoHa 00 0c000 OXpaHSEMBIX MPHUPOIHBIX TEPPH-
TOPUSIX MOTYT OBITH TOJBKO TOCYIAPCTBEHHBIMHU.
Bo-BTOpsIX, B nocneanue roasl B psag HITA sxomo-
TrHYecKoro 3akoHonatenberBa AP (3akoH 00 oxpane
OKpYyXaroled cpesibl, 3aKoH 00 0C000 OXPaHIEMbIX
MPUPOAHBIX TEPPUTOPHAX U Ap.) OB BHECEHBI I10-
MPaBKH, CBSI3aHHBIE C T€OJIOTUYECKUMU TMapKaMH —
HOBBIM BHJIOM 0CO00 OXpaHSIEMBIX HPUPOIHBIX TEp-
putopuii (OOIIT). HecmoTpst Ha TO, 4TO 3TH TO-
MIpaBKHU HE 3aTpoHyIH 3akoH AP o Hexmpax (o mpu-
YHHE, KOTOPYIO HEBO3MOXXHO OOBSCHHUTH JOTHYECKH
— ABT.), cunTtaem, 4To OyAeT MPaBUIBHBIM JOMOJ-
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HUTH nepeueHb BuaoB OOIIT, yka3aHHBIX BO BTO-
pOH 4acTU aHAIM3UPYEMOM 3KOJIOrO-IIPABOBOU HOP-
MBI, F€0JI0THYEeCKUMH MAPKAMU.

B-Tperbux, ymomMuHaeMmble  3aKOHOZATENIEM
«HAy4YHble W YYeOHBIE TOJMTOHBD» — 3TO HE YTO
HWHOE, KaK (YHKYUOHANbHbIE 30Hbl B TpeAenax OT-
JEIbHBIX BHIOB 0OCO00 OXpaHSAEMbBIX NPHPOIHBIX
Tepputopuii. PyHKIIMOHAIBbHAS 30Ha B 00IIeM CiTy-
yae — 310 y4yactok OOIIT ¢ ycTaHOBIEHHBIMH T'pa-
HUIIAMH W ONpEAETCHHBIM  (PYHKIMOHAJIbHBIM
Ha3HadeHneM. Hampumep, Ha TEpPPUTOPHH HALMO-
HAJIBHBIX MAPKOB MOTYT OBITH CO3/aHBI CIEIYIOIINE
¢yHKUMOHANBHBIE 30HHI (4.1 cT. 23 3akoHa 00 oco-
00 OXpaHAEeMBIX MPUPOIHBIX TEPPUTOPHIX): 30HEI C
MIPIMEHEHUEM TIPABOBOTO PEXHMa OCOOOHW OXpaHBI,
30HBI C MIPUMEHEHUEM PEKHUMa PEryJIHpOBaHUS XO-
3IUCTBEHHOM JEATEIbHOCTH, 30HBI TypU3Ma U pe-
Kpeamuu 1 Jp.; Ha TEPPUTOPHUH MPHPOIHBIX MapKOB
(4.2 c1.26) — mMpUPOAOOXpaHHAs, pEeKpealMoHHas,
TYPUCTHYECKas,, OXPaHbl HCTOPHUKO-KYJIbTYpPHBIX
KOMIIJIEKCOB U OOBEKTOB; Ha TEPPUTOPHUAX IEHIPO-
JIOTUYECKUX IMApPKOB M OOTaHWYECKHX caloB (4.2
cT.360) — DOKCHO3UIMOHHAS, HAyYHO-3KCIIEPUMEH-
TaJIbHAsl, XO35ICTBEHHO-NPOM3BOJICTBEHHAs] U al-
MUHUCTpaTUBHAs 30HBI. O4EeBHIHO, YTO U B Mpefe-
JaxX TOCYJapCTBEHHBIX I'€OJOTHMUECKUX 3aloBEIHU-
KOB/3aKa3HUKOB M TE€OJOIMYECKUX ITapKOB MOTYT
OBITE 00pa3oBaHBI MOAOOHKIC 30HEL. HO BBIIENCHME
nx u3 cocrasa OOIIT, Ha TeppUTOPUN KOTOPBIX OHU
pPacroOXKeHbl, C OJHOBPEMEHHBIM YyKa3aHUEM B
TEKCTE MOCIENOBAaTENbHO C HUMH (KaK 3TO CHETAaHO
B YacCTH 2 aHaIM3UPYyEMOW JKOJIOTO-TIPaBOBOW HOP-
MBI) HENB3sl CUMTATh NPABWIBHBIM. 3amoBel-
HUK/3aKa3HUK ¥ (PyHKIMOHAJIbHBIC 30HBI B €r0 CO-
CTaBe COOTHOCSTCA KaK IeJIOE€ M COCTAaBHBIE YaCTH
nenoro. B TepMuHax JIOTHKW 3TH MOHSTHUS CBSI3aHBI
MexXIy coboil oTHomenueMm noxunHenus (I'ermano-
Ba, 2008).

Crnenyer OTMETHUTh, YTO HU B JOKTPUHE, HU B 3a-
KOHOJIATENNbCTBE, HU B CYJCOHOM MPAaKTHKE HE PeIleH
BOIIPOC O IPaBOBOM CTaTyce (pyHKLIMOHAJIBHBIX 30H.
JeficTBUTEIbHO,  KAKWUX-TMOO  3aKOHOJATEIBHBIX
MIPEANUCAaHIA OTHOCUTEIBHO MPOIEAYPhl YCTaHOBIIE-
HUSI TAKHUX 30H HE NpeaycMoTpeHo. [loatomy MoxHO
COTJIACHTHCSI C MHEHHEM H3BECTHOTO POCCHICKOTO
ropucta-skonora O.U.Kpaccosa (Kpaccos, 2008) o
TOM, 4TO 0oOpazoBaHue QyHKIHOHANBHBIX 30H OOIIT
Ha CETOAHSIIHMKA JEeHb OCYIIECTBISIETCS B CYry0o
a/IMUHHCTPATUBHOM TIOPSKE.

B-ueTBepThIX, B KOHIIE 4aCTH 2 aHATU3UPYyEMOH
9KOJIOTO-TIPAaBOBOM HOPMBI IIOCJIE T'€OJIOTHYECKUX
3alI0BEJHUKOB M 3aKa3HUKOB YKa3aHbl «IaMATHHUKH
IIPUPOJIB, TIEUIEPHl U IPYyTrHe MOA3EMHBIE ITOJIOCTH.
[Ipexxne Bcero He MOHATHO, MOYEMY 3aKOHOJATENb
MIPUBOAMT 37ech Toiabko oawH Bug OOI'O (OI'H) —
CIEJICOIOTUYECKUH U TTOYEMY OH MCKYCCTBEHHO OT-

JIENIeH OT «IaMSTHUKOB MPUPOJBI», COCTAaBHOW Ya-
CTBIO KOTOPBIX siBIsieTcs. Kak B coBeTckuil mepron
HCTOPUH, TaK U B HACTOSIEE BPEMS HCCIICAOBATEIN
BKJIIOYAIOT B IIOHATHE «HEIpPa» HE TOJIBKO COAEp-
XKalrecss B HeapaxX, HO M BBIXOMSIIME Ha 3EMHYIO
MOBEPXHOCTH pecypchl HeAp. B wactHOCTH, HM3BeECT-
HBI crmenuanucT B 00NacTM TOPHOrO Ipasa
B.A.MensrynoB (MensryHos, 2017) ormeuaert:
«Hefpa (Kak MPUPOAHBIN pecypc) — 3TO YacTh 3eM-
HOW KOPBI, coepKaleil pa3auyHble Pecypchl, pac-
MOJIOKEHHBIE B HEHl WM BBIXOASIIIME HA TOBEpPX-
HOCTB, TIPEJCTABIISIONINE UHTEPEC I HCIIOIb30Ba-
HUSl YeJIOBEYECTBOM B HACTOsIIEE BpeMs WK Oyay-
mem» (BBIACIEHO HaMH. — ABT.). DTa TOYKa 3PCHUS
HAaxOJIUT CBOE MOATBEpXKIeHNE U B 4.2 cT.29 3akoHa
00 0c000 oxpaHseMbIX MPHUPOAHBIX TEPPUTOPHUSX,
rZle B COCTaBE NAaMSITHUKOB IPUPOABI yKa3aHbl He
tonbko moazemusie OI'H (memepsr), HO U Haxoms-
mMecsl Ha 3€MHOM TOBEPXHOCTH, AOCTYIHBIC IS
BU3YaJbHOTO HAONIOJACHUS, HM3YYEHUS] M OXPaHBI
OI'H (reomornueckne oOHa)KEHUS, TPA3ECBBIC BYJIKa-
HBI U JAp.).

[IpuHKMas BO BHUMaHHUE BCE CIICJIAHHBIEC BBIIIE
3aMeuYaHusl U NpPeAsIoXKeHus, chopmyaupyeM B IO-
psanke de lege ferenda amanmsmpyemyro skoioro-
npaBoByto HopMmy (4.l ct.7 3akona AP o Hexmpax)
cleAyiomuM o0pa3oM: BbISIBJEHME H H3y4YeHHe
Y4YacTKOB HeAp, IAe pacnojaraircsi 00beKTbl
reoJIOrH4ecKOro Hacjeausi U TPHUPOAHbIE KOM-
IJIEKCHI, CO/IepIKaline MPEeHMYIIeCTBEHHO TaKue
00beKThI, ¢ LeJdbl0 000CHOBaHUSI Liejiecoodpas-
HOCTH CO3aHHUsl HA UX OCHOBE rocyAapcTBeHHbIX
reoJIOrH4ecKUX 3aMOBEIHHKOB, TOCYIapCTBEH-
HBIX Fe0JIOrMYeCKNX 3aKa3HUKOB, Ie0JIOrHYeCKnX
NMAPKOB ¥ MaMSITHUKOB MPHPO/IBI.

[TocMOTpHM, KaK 3TO TMOJIOKEHHE PEANTNU3yeTCs B
€AMHCTBEHHOH cT. 25 3akoHa AP o Hexnpax, MOJIHO-
CTBIO ITOCBALICHHONH KOHCEPBAaTUBHOM OXpaHe HeAp.

Y4acTKu Hep ¢ 00BbEKTAMH T'e0J0THYeCcKOro
HacJeaus

Crartpst 25 3akona AP o Heapax Ha3BaHa Clie-
nyromuM odpasom: «OxpaHa y4acTKOB HeJp, o0Ja-
JTAIOMINX 0COO0W HAyYHOW W KYJIBTYPHOH 3HAYNMO-
cTbio». B 4.1 3TOM craThu M3JI0KE€HA cleayrolas
9KOJIOTO-TIpaBoBasi HopMa: «Pekue reonormyeckue
OoOHa)KeHHS, MHHEpalorn4yeckue oOpa3oBaHUs, Ma-
JICOHTOJIOTHYECKHE OOBEKTHI W JPYTHE YYaCTKU
Help, TNPEeACTaBIAIONINEe O0CO0YI0 HayudyHYIO WIN
KyJBTYPHYIO IIEHHOCTb, MOTYT OBITh OOBSIBJICHBHI B
YCTaHOBJICHHOM TIOPSAKE TEOJOTHMYECKUMH 3aIlo-
BEJHUKAMH, TOCY/TapCTBEHHBIMH 3aKa3HUKaMH JTHO0
NnaMATHUKaMU IIPUPOABLI WIN KYJIbTYPHI. Bcesxas Je-
ATEJILHOCTh, HApYIIAIOIas UX COXPaHHOCTb, 3ampe-
maeTcsay. Vnes Takoit popMyTHPOBKH 3aKITFOTACTCS
B TOM, 4TOOBI Pa3BUTbL U KOHKPETU3UPOBATHL pac-
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CMOTPEHHYIO HaMmH BBIIIE JKOJIOTO-TIPABOBYIO HOP-
My u3 4.1 cr1.7 3akona AP o Heapax. Ho cnenats 310
C HY»XHOH TOYHOCTBIO W TOJIHOTOM, HA HAIll B3IJIA,
HE TONYYWIOCh M3-3a MOIMyIIEHHBIX MPo0erIoB u
TEPMHUHOJIOTHYECKUX NorpemHoctel. ITosicHum cka-
3aHHOE.

Bo-nepBbIX, ecnu B mepeyHe KpUTEpreB 3HAYH-
moctu OOI'O (OI'H), npuBenernom B 4.l cr.7 3a-
koHa AP o Henpax, ykazaHsl 4 KpuTepus (a JOKHO
ObITh 6, KaK MBI BBICHWIM paHee), TO MoYeMy B
Ha3BaHUMU M TeKCTe 4.l cT.25 ocTaiuch TOJIBKO IBa
13 HUX («Hay4yHas U KynbTypHas»)? Bens peusr u
tam (ct.7) u TYT (cT.25) uaer o0 OJAHUX U TEX Ke
o0wrekTax. Bo-Bropreix, HasBanus OI'H oOwbraHO Ha-
IOTCS B COOTBETCTBHH C Ha3BAaHUSIMH HAYYHBIX IHIC-
LUUIUTUH, KOTOPbIE WX HM3Y4YaloT, — CTpaTHrpaduye-
CKHe, TAJICOHTOJIOTHYECKHE, TeOMOP(OIOTHIECKHE,
MmuHepanorudeckue u 1.1. (Bmoser, 2011), uro wnc-
MI0JIb30BaHO, HAllpUMeEp, B NMPEATIOKEHHON HaMU pa-
Hee NeQUHHUIUN MOHATHS «O0BEKTHI T€0JIOTUYECKO-
ro Haciueaus». B-TpeTbux, HapsAIy ¢ MaMSATHUKaMU
MIPUPOJBI YKa3aHbl U MaMSATHUKH KYyJIbTYpBI, KOTO-
pBle naxe He ynoMuHaroTcs B 4.1 c1.7 3akoHa AP o
Heapax. B-4eTBepThIX, TOCYIapCTBEHHBIMU SBIISIOT-
Csl HE TOJBKO Te€OJIOTHYECKHE 3aKa3HUKH, HO U Teo-
JIOTMYECKHE 3allOBEAHMUKH, YTO cilenyeT u3 cT.5 3a-
KoHa 00 0c000 OXpaHsIEeMBIX MPHUPOIHBIX TEPPUTO-
pusax. OCTaHOBUMCS Ha 3TOM WM TOTPOOYEM BBISC-
HUTh — B U€M 3aKJIIOYaeTcs NMPUYMHA ITOH «TEepPMHU-
HOJIOTUYECKON MyTaHMILIbD», BBI3bIBAIOIIEH Hecoria-

COBAHHOCTH MPaBOBBIX HOpM cT.7 u 25 3akoHa AP o
Henpax (HapymaeTcs: TpeOOBaHUE «BHYTPEHHEH co-
rnacoBaHHoCcTH» Koncruryuuonnoro 3akoHa AP «O
HOPMATHBHBIX IIPABOBBIX aKTax») W 3aTPyTHSIONICH
HX OJIHO3HAYHOE IIOHUMAaHUE.

Heno B TOM, 4yTO NEHCTBYIOLIUI B HacTosIIce
BpeMms 3akoH AP o Henpax 3aMeHMIT IeiCTBOBABIIMM
B coBerckuii mepuon ucropun Kopexc AszepbOaii-
mxanckoit CCP o Hempax, KOTOpBIH, B CBOIO Oue-
penb, 01 pazpaboTan B coorBeTcTBUU ¢ «OCHOBa-
mu 3akoHogaTenbeTBa Coro3a CCP u cOo3HBIX pec-
myonuK o Hempaxy. [1o cpaBHEHHIO C STUMH 3aKOHO-
natenbHbIMU akTamu B 4.1 cr.7 3akona AP o Hexgpax
MTOSBUJICS HOBBIM BHJA TIOJL30BAHUA HEIpamH,
Ha3BaHHBIH «0Opa3oBaHMEM 0CO00 OXpaHAEMBIX
re0I0rMYECKUX OOBEKTOB...», HO OCTallach CT.25,
(daktrueckn nayomupyromas cr.54 Komekca Asep-
Oaiimkanckoir CCP o Heapax U COOTBETCTBYIOIIYIO

c1.35 «OcnoB 3axkonogarensctsa Coro3za CCP u co-

I03HBIX PECIYOJIMK O HEIpax» C TEM K€ Ha3BaHUEM
1 HEOONBIIMMH PEJAKITMOHHBIMH TOMPaBKaMHU (CM.
tabmuy 2). [Ipum 3ToM 3akoHOAaTeNnb TO JU «3a-
OBLT», TO JIM HE MOCYUTAI HYX HBIM (?) cortacoBaTh
HOBYIO JKOJIOTO-TIpaBOBYI0 HOpMy (4.1 c¢T.7) m 3a-

MMCTBOBAaHHBIE M3 MPEXKHUX 3aKOHOJATENBHBIX aK-
TOB COBETCKOT'0 IIEpH0/ia HCTOPUU NMPaBOBHIE HOPMBI

ct.25. OTcioga W BO3HUKIA «TEPMHUHOJIOTMYECKAS
MTyTaHUIIAY, XapaKTepHAs TaKXKe U I aHATOTHIHOMN
ct.33 3akona P® o Henpax!

Tabnuuya 2

ConocraBuTenbHbIN aHaMU3 cTaThi 25 3akoHa AP 0 Heapax M cOOTBETCTBYIOIUX cTaTel « OCHOB 3aKOHO/AATENIBCTBA
Coro3a CCP u coro3Hbix pecry0Omnnk o Hempax» u «Koaekca Aszepoaiimkanckoit CCP o Henpax»

cT. 25 3akona AP «O Henpax»*

cT.35 «OCHOB 3aKOHOJATENbCTBA. .. »;
c1.54 «Konekca AzepOaiipkanckoit CCP o Henpax»

Penxue reomornyeckne oOHaXEHUsI, MUHEPAJIOT U~
yeckrne 00pa30BaHUsl, MATCOHTOIOTHIECKIE O0OBEKTHI
U JpyTUe Y4acTKU Heap, IPeICTaBISIOINE 0CO0YI0
HAy4YHYIO WIN KYJIBTYPHYIO L€HHOCTH, MOTYT OBITH
OOBSIBJICHBI B YCTAHOBJICHHOM IIOPSJIKE 2eonocuye-
CKUMU 3alOBETHUKAMU, 20CYOapCHEEHHbIMU 3aKA3-
Hukamu MO0 TAMSITHUKAMH TPHPOABI WU KYJIBTY-
pbl. Besikas nesiTenbHOCTh, Hapylialomias WX Co-
XPaHHOCTb, 3alpeaeTcs.

B cny4yae oOHapysKeHUs NP IOJIb30BAaHUK HEJpa-
MH PEAKHX TEOJOTMYEeCKMX W MHHEPATOTHYECKUX
00pa3oBaHWi, METCOPUTOB, NaJCOHTOJOTHIECKHX,
apXEOoJIOTHYECKUX M JAPYTUX OOBEKTOB, HPEICTABIIS-
IOIIUX MHTEPEC Ul HayKU WM KyJIbTYpPbL, II0JIb30Ba-
Tenu Henp o0sf3aHBI MPUOCTAHOBUTH PabOTHI Ha CO-
OTBETCTBYIOLIEM Y9acTKe U COOOMHTE 00 3TOM opra-
HY, npedocmasuguiemy paspeuierue

Penxue reomormyeckwe OOHAaKEHWS, MHHEPAJIOTH-
YecKre OOpa30OBaHMsA, IMAICOHTOJIIOTHYECKHE OOBEKTH U
JIPyTUE y4YacTKH HEMp, MPEJCTaBISAIONINE OCOOYI0 Hayd-
HYIO WK KYJBTYpPHYIO [IEHHOCTb, MOTYT OBITh OOBSIBICHBI
B yCTaHOBHeHHOM nopﬂm(e 3aI10BECIHUKAMHU J'II/I6O nmamMAaT-
HUKAaMM IPUPOIBI WIN KyJbTyphl. Beskas nesarenpHOCTb,
HApPYIIAOIas COXPAHHOCTh YKA3aHHBIX 3alIOBEIHHKOB U
MAMSITHHAKOB, 3aMpeniacTcs.

B cnyyae oOHapyXeHHUs TpPH IMOJB30BAaHUU HEAPAMHU
PENKHX TEOJIOTUUCCKUX OOHAXKCHUN U MUHEPATIOTHUCCKUX
00pa3oBaHUil, METCOPUTOB, MAIICOHTOIOTHYECKUX, apXeo-
JIOTHYECKUX H IPYTHX 00BEKTOB, MPEACTABIISIFOIINX HHTE-
pec s HAyKH U KYJIbTYPHI, TIOIH30BATEIIN HEAP OOS3aHBI
MPUOCTAHOBUTH PA0OTHI HA COOTBETCTBYIOLIEM YYaCTKE U
co00mMTh 00 3TOM 3aWHTEPECOBAHHBIM TOCYIapCTBEH-
HBIM OpraHaM.

*B JIEBOM KOJIOHKE BbIJACJICHBI KYPCUBOM CICIAHHBIC 3aKOHOAATCJIIEM PCAAKITMOHHBIC IMOIIPABKU

124




V.B.Ibrahimov, I.T.Kangarli | ANAS Transactions, Earth Sciences 1 /2022, 119-129; DOI: 10.33677/ggianas20220100078

Yacte 2 c1.25 3akoHa 0 Heapax GoOpMysupyerT-
csl CIeAyIomuM 00pa3oM: «B ciiydae OOHapy >KeHHUs
[IPY MOJIb30BAaHUM HEAPAMH PEIKUX TCOTOTHYEeCKUX
U MUHEPaJOrMYeCKUX OOpa30BaHUN, METEOPHUTOB,
MAJICOHTOJIOTUYECKUX, aPXEOJOTHYECKHX U JPYTHUX
00BEKTOB, MPEACTABIAIOLINX HMHTEpEC [UIA HayKd
WK KyJIbTYpBI, IIOJIb30BATENN HEOp 00sA3aHBl IpU-
OCTaHOBHUTH pabOTHl Ha COOTBETCTBYIOIEM Y4YacCTKE
U cooOmuUTh 00 3TOM OpraHy, MpPeAOCTaBUBIIEMY
pasperieHue».

AHanmM3upys 3Ty MPaBOBYIO HOPMY HMPUMEHH-
TenbHO K ¢T.33 3akona P® o Henpax, B.b.Aradonos
(Aradonos, 2014) oTMeuaeT ee dexnapamugHOCHb,
«TIOCKOJIBKY HOPSIIOK U CPOKH YBEZOMIICHMS YIOJ-
HOMOYCHHEIX OpTaHOB O (hakTe OOHAPYXKEHHUS pell-
KOTO WM IIEHHOT'O T'e0JOrMYecKoro oObeKTa Hei-
CTBYIOIIMM 3aKOHOJATEILCTBOM HE PETJIAMEHTHUDPY-
ercsi». OTCYTCTBYeT B 3aKOHOJATENbCTBE U yTBEP-
KIEHHBI{ B YyCTAHOBJICHHOM IIOpSIKE II€PEYCHb
00BEKTOB TeOJOrMYECKOTO M KYJIBTYpHOTO Hace-
IAsA, ¢ KOTOPBIM MOKHO OBLIIO OBl CBEPHTH OOHapy-
JKCHHBIE B XOJI€ TPOBEACHUs pabOT HEOOBIYHBIC
npeameTs (oOpasen MUHepana, apTedakt U Ip.), HeT
TaKXKe YETKUX KPUTEepPHEB UX WAeHTUUKauuu. Bos-
HUKaeT TPaBOBasi HEONPEIENIEHHOCTh M II0JIH30Ba-
T€NIb HEJApP CTAJIKUBAETCS C HEMPOCTOM IHJIEMMOM:
MIPUOCTAaHOBUTH paboThI (cornacHo 4.2 c1.25 3akoHa
AP o mHempax) winm mpomonKaTh MX (COTJIACHO 4.2
cT.18 3TOro0 *Ke 3aKoHa OOHApYKEHUE MPH TPOBEJIC-
HUM PabdOT Kakoro-nmubo 00beKTa reoJOrn4ecKoro 1
KyJbTYPHOTO Hacjequsi OCHOBAaHMEM [yl IIpeKpa-
IIEHUS WM TPUOCTAHOBIIEHUS MPaBa ITOJb30BAHUS
Henpamu He siBisiercs). Ctporo crmemyst TpeOoBa-
HHUIO, YKa3aHHOMY B 4.2 cT.25 3akoHa AP o Henpax,
[IOJIB30BATENb HEAP MOJDKEH IPHUBIEYD CIEIHATH-
CTOB B COOTBETCTBYIOIICH OOJACTH 3HAHHM, BBHIIOJ-
HUTH COBMECTHO C HUMH JIOTIOJTHUTENbHBIC HAyYHbIC
HCCIICIOBAHUS M AKCIIEPUMEHTHI (C LIENbI0 yCTaHO-

BUTh — OTHOCHUTCSI JIU OOHApY>KEHHBIH TPEIAMET K
00BEKTaM Te0JIOTHYECKOTO M KYyJIBTYPHOTO Hacie-
IUsl TI0 COBOKYIHOCTH KpPUTEPHEB 3HAUYUMOCTH H
JIpyTUX MPU3HAKOB WIK HE OTHOCUTCS) U HAIIPABUTh
UX pe3yJbTaThl B COOTBETCTBYIOIIMNN YIIOJTHOMOYEH-
HBIA Oprad Iuig NpOBENEHHs rOCyIapCTBEHHON HKC-
NEePTU3Bl U NPUHATHA OQHUUAIBHOIO PELICHUs IO
JaHHOMY Bompocy. OmHaKo TMOPAIOK MPOBEACHHUS
TaKoOM 3KCNEpPTHU3bl, a TaKkKe YHOJIHOMOYEHHBIE Op-
raHbl, OTBETCTBEHHBIE 3a €€ OpraHu3alHio, He ycTa-
HOBJICHBI JI€HCTBYIOIINM 3aKOHOIATEIbCTBOM.

Orcrona cneayer, 4To aHanu3upyemas ct.25 3a-
KOHa O HeIpax HYyXIAaeTcsi B CEPbe3HOW KOppek-
TUPOBKE KaK B 4YaCTU TEPMUHOJIOTUH, TaK U B 4aCTH
COTJIACOBAaHMUS C JAPYTUMH NPAaBOBBIMH HOPMaMHU
3TOTO 3aKOHOJATEIBHOTO aKTa C TeM, YTOOBI JI0-
OWUTBbCSI €€ OAHO3HAYHOTO IIOHMMAHHS M IIPABUIIb-
HOro npuMeHeHns. C 3TOH 1eNbI0 MBI TIpe/iaraeM B
nopsiake de lege ferenda u3noxuTh nepBoe mpeIo-
’)keHue 4.1 c1.25 B caenyrouel pefakuuu: Y4acTKu
HeAp, I/Ae PpacmoJaralrTcsi 00bEeKThl Ieo0JI0rH-
YECKOro HacjeAusi M NPHPOAHbIE KOMILIEKCHI,
coiep:Kale NPeUMYIIeCTBEHHO TaKHe 00beKThlI,
MOIYT OBITH OOBSIBJCHBI B YCTAHOBJECHHOM II0O-
psiike 0c000 OXpaHsieMbIMHM NPHPOAHBIMH Tep-
PUTOPUSAMH Tre0JOrHYecKoro mnpopuias — rocy-
AAPCTBEHHBLIMH T€0JOTHYEeCKUMH 3anoBeJHUKA-
MH, FOCyIapCTBEHHBIMH I'e0JIOrHYeCKUMH 3aKa3-
HUKAaMH, T€0JJ0rHYeCKUMHU NapKaMH W MAMSATHH-
KamMu npupoasl. [Ipu 3ToM BTOpOE MpeLIOKeHHE
ocraercsi 0e3 U3MEHEHHH, ITOCKOJIBKY OHO a/leKBaT-
HO oTpaxkaeT TpeboBanus cT.19, u.l c1.28 m 1.l
c1.30 3akoHa 00 0CcO00 OXpaHsIEMBIX NPUPOTHBIX
TEPPUTOPHUSIX COOTBETCTBEHHO.

Jnst  OompIiel HArJISIHOCTH COMOCTABICHUS
nmpaBoBble HOpMBI 4.1 cT1.7 m 4.l cT1.25 (mepBoe
npeanoxenne) 3akona AP o Heapax B aBTOpPCKOM
pelaKy NpuBeACHBI B Tabaue 3.

Taonuuya 3

CornacoBaHHBIE MEX Ty OO0 TIpaBOBBIe HOpMBI 4.1 cT.7 M 4.1 cT.25
3akona AP o Heipax B aBTOPCKOM penakinu

q.1 c1.7

4.1 cT1.25 (mepBoe npeanoKeHue)

BrlsiBneHNE U M3ydYEeHHE YYaCTKOB HEXp, IZI€ paclo-
JIATAIOTCS OOBEKTHI T'€OJIOTUYECKOTO HACICIUS U MPH-
POJTHBIE KOMILICKCHI, COJIEPIKAIIUEC MPEUMYIIICCTBEHHO
Takue OOBEKTHI, C IIEJbI0 00OCHOBAHHS IIeJIeco00pas-
HOCTH CO3J]aHHs Ha WX OCHOBE TOCYAAapPCTBEHHBIX I'eO-
JIOTHYECKUX 3allOBEIHUKOB, TOCYJAPCTBCHHBIX T€O0JIO-
TUYECKUX 3aKa3HUKOB, T'COJIOTHYECKAX MApKOB H Tia-
MSITHUKOB TIPUPO/IBI.

VYuacTku HeAp, TJe PacroyiaraloTcs OOBEKTHI I'e0Jo-
TMYECKOro Hacjequs W IPUPOAHBIE KOMIUIEKCHI, COJep-
Kalue MPEUMYILECTBEHHO TaKue 00BEKThI, MOTYT OBITH
OOBSIBJICHBI B YCTAHOBIICHHOM IOPsAKE 0CO00 OXpaHsie-
MBIMH TIPUPOJHBIMH TEPPUTOPUSIMU T'€OJIOTHYECKOTO
MPOQUIST — TOCYAaPCTBEHHBIMH T'€OJIOTHUECKHMH 3aI0-
BEJHUKAaMH, TOCYJapCTBEHHBIMU TI'€OJOIMYECKUMHU 3a-
Ka3HUKaMH MO0 T€0JOTHYECKIMHI apKaMU U TaMSTHHU-
KaMH IIPUPOJIBL.
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OTMETUM TPHUHIUIHAILHO BaKHBIH MOMEHT,
CBSI3aHHBIH C KCIOJB30BAHHUEM B TIEPBOM IPEIIO-
skeHuU 4.1 cT.25 HoBoro s 3akoHa AP o Heapax
(HO TPWBBIYHOTO [UISI SKOJOTHYECKOTO 3aKOHOMA-
TEJIHCTBA) JICTAIBHOTO MOHATHS «0CO00 OXpaHsIeMbIe
[IPUPOJIHBIE TEPPUTOPUM», KOTOPOE COrNIacHo 4.l
cT.5 3akoHa 00 0c000 OXpaHSEMBIX MPHUPOIHBIX
TEPPUTOPHUSIX SABISCTCS POJOBBIM IOHATHEM IS
Bcex kareropuit OOIIT, BkiItO4ast rocyjapCTBEHHBIE
MIPUPOJIHBIC 3aTIOBEHUKH, TOCYJapCTBEHHBIC IPH-
POJIHBIC 3aKa3HUKH, I€OJIOTHUECKHUE MTAPKU M TaMsIT-
HUKUA TPUPOJIBI. DTO HABOJIUT HA MBICIbH O TOM, YTO
paccMarpuBaeMbple YYacTKH HeIp MOTYT BOHTH B
chepy MpaBOBOTO peryIupoBaHus 3akoHa 00 0c000
OXpaHSIEeMbIX MPHUPOJIHBIX TeppuTopusax. [IpoBepum
JaHHYIO THIIOTE3y 0OJee TIIATEIbHO.

Y4yacTku Heap U 0c000 oxpaHsieMble NpPU-
PO/IHbIE TEPPUTOPUH

B 4.1 cr.1 3akona 006 0co00 OXpaHAEMBIX MPH-
POIHBIX TEPPUTOPUSIX NMPUBOAMTCS CIEIyIOIIas Jie-
¢unnnus nousatust OOIIT: «y4acTKu 3eMin U aKBa-
TOpUH, COCTOAILINE M3 NPUPOAHBIX KOMIUIEKCOB MU
00BEKTOB, MECT PACIPOCTPAHEHUSI PEIKUX U HaXO-
JSIIAXCS IO, YTPO30# MCYE3HOBEHHUSI BHUOB pacTe-
HUI ¥ KUBOTHBIX, PEACTABISIONINX 0c000€ IKOIIO-
THYECKOE, Hay4yHOE, KyJIbTYpPHOE, 3CTETHUECKOE U
03/I0POBUTENIFHOE 3HAYEHHE, KOTOPBIE ITOJHOCTHIO
WM YaCTUYHO, TIOCTOSHHO WUJIM BPEMEHHO U3BSTHI U3
XO3AHCTBEHHOTO 000poTa, W arMocgepHoe IMpo-
CTPAHCTBO HaJl HUMUY.

[Ipu amamm3e 3Toit HOPMEI-HeduHUIIE 00pa-
LIaI0T Ha ce0sl BHUMAHKE CIEAYIOIINE MOMEHTHI.

1. 3mech yka3aHbl yUyacTKU 3eMJIM U aKBAaTOPHH,
HO He YNOMHUHAKOTCHA YYaCTKU Help, KOTOPBIE SB-
Js0TCsL (PyHAAMEHTaIBbHOW OCHOBOI (0a3oif) Bcex
OOIIT reonoruyeckoro npouns (rocyaapcTBEH-
HbIE TCOJIOTUYECKHE 3allOBEIHUKH M 3aKa3HHUKH,
TCOJIOTUYECKUE TTAPKU U MaMSITHUKU mpupojibl). Co-
3nanue mono6ueix OOIIT pomyckaer um 3akoH 00
0c000 OXpaHsSEMBbIX NPHUPOIHBIX TEPPUTOPHX (4.2
ct.17, 9.4 c1.27, 1.2 c1.29, c1.40.1-40.3), 1, Kak ObI-
710 TIOKa3aHo BhIIe, 3akoH AP o Henpax (ct.7 u 25).
B cneunanbHOW suTeparype y4acTKH HEApP OIHO-
3aayHO oTHOCAT K ynciay OOIIT napsany ¢ ygactka-
MH 3€MJIM U akBaTopuu. Tak, M3BECTHBIA POCCUI-
ckuii ropuct-3konor O.M.Kpaccos (Kpaccos, 2008)
tpaktyer onpenenenue OOIIT cnemyrommm obpa-
30M: «Y4acTKM 3€MJIH, aKBaTOPHH, YYACTKH HeJp,
MpeacTaBisoNne co0oi NMPUPOIHBIE KOMIUIEKCH H
00BEKTHI, KOTOPhIE UMEIOT 0c000€ MPHUPOAOOXPaH-
HOE, Hay4HOe, KyJbTypHOE, 3CTETHUECKOE, peKpea-
IIMOHHOE U O3/JI0POBUTENIFHOE 3HA4YEHHE, MOTYT
ObITH NMPHU3HAHBI 0000 OXpaHAeMbIMHM NPHPOJI-
HbIMH TEPPUTOPUSMH. B OTHOWICHMH TakuX Tep-
PUTOPHN OCYILECTBISIOTCS MEphl KOHCEPBAaTUBHOM
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OXpaHbl MPUPOJBI, BBIpAXKAIOIIMECS B TOM, YTO Ha
3TUX TEPPUTOPUSAX MOTHOCTHIO 3aMPEIIAeTCs BCSIKas
XO34HCTBEHHAs] U UHASA ICATEIbHOCTh WM yCTAaHaB-
JIMBAIOTCSl BECbMA JKECTKHE OTPaHMUCHHS Takou ne-
SATEIBHOCTH» (37€Ch W Jajiee BBIACICHO HaMH. —
ABT.). Iloxoxell TOYKM 3peHUs] NMPUACPKUBAIOTCA
B.b.AradgonoB (Aradonos, 2014), H.D.Peiimepc
(Peitmepc, 1990) u npyrue yuensie. Cornamasce
MO3HULIMEH STUX aBTOPOB M MPUHUMAs BO BHHUMaHHE
X JOBOIBI, MBI IOJIaraeM, 4T0 B (HOPMYJIHPOBKE
paccMaTpuBaeMoil  HOPMBI-AE(UHHULINN  JIOMYIIEH
OUYEBUIHBIA MpPOOEN, KOTOPHI MOXKET U JOJKEH
OBITH BOCIIOJHEH.

2. B oroii ke HopMe-mepWHHIME TpHBEACHA
COBOKYITHOCTh KPHUTEPHEB 3HAYHMOCTH IPHPOIHBIX
KOMIUIEKCOB U 0OBEKTOB, KOTOpas HE COTJIacOBaHa C
AHAJOTMYHBIMU KPUTEPHUAMHU B JPYTUX aKTaX KOJIO-
THYECKOTO 3aKOHOJaTenhcTBa (3akoH 00 oxpaHe
OKpY>Karomen cpenbl, 3eMeIbHBIA KOJAEKC U Ap.) U
3akoHe AP o Hempax, uro HapymaeT TpeOoBaHHE
«BHYMpeHHel co2NaAC08AHHOCMUY, TIPEIBIBIIIEMOE K
HITA KonctutynnonssiM 3akoHoM AP «O HOpMma-
TUBHBIX MPABOBBIX akTax». sl ycTpaHEeHHs 3TOTO
HEIoCTaTKa JIOCTaTOYHO HCIOIb30BaTh MPEIJIOKEH-
HOEe HaMH paHee (IpY aHaJH3€ JKOJIOTO-TIPABOBOU
HOpMBI U3 4.l cr.7 3akoHa AP o Henpax) eauHO00-
pasHoe uznoxenne B HIIA yka3aHHOH COBOKyIHO-
CTH: «IPUPOAOOXPAHHOE, HAYYHOE, KYyJIbTYypHO-
HMCTOPHYECKOE, 3CTETHUYECKOe, peKpealiMoHHOe U
neyeOHO0-0310pPOBUTENBFHOE 3HAYCHUEY .

Takum oOpa3om, 3akoH 00 0c000 OXpaHAEMBIX
MIPUPOJTHBIX TEPPUTOPHUAK, C OJHOW CTOPOHBI, JO-
nyckaer co3nanue OOIIT reonoruyeckoro mnpogu-
75, @ ¢ OPYrod CTOPOHBI — MPEMATCTBYET peann3a-
MU ITOH OTIepalvy Ha MPAKTHKE, TaK KaK B JIETallb-
Hoi gedpuunumu noustus OOIIT (u.1 cr.l 3akoHa)
HE YIOMMHAIOTCSl «y4aCTKH HEAp», a 3TO HE IMO3BO-
JseT ex iusta causa (y1ar.) — Ha 3aKOHHOM OCHOBa-
HUU OTHECTH 3TH ydacTku K kiaccy OOIIT. 3necs
NPOSIBIISICTC ~ «BHYTPEHHSSI  MPOTHBOPEYUBOCTHY
JAHHOTO 3aKOHa, YTO OTMEYAloT U APYTHE aBTOPHI, B
gacTHocTH, T.B.3moraukoBa (3noTHHKOBA, 2019).

[lpuBeneHHbIE BBINIE apryMEHTHI M JIOBOJBI
CIELUAINCTOB B paccMaTpuUBaeMoil obiacty, a Tak-
e pe3yJbTaThl aHajIu3a COOTBETCTBYIONIMX IOJIO-
KEHUH psila 3aKOHOJATEIbHBIX U WHBIX HOPMAaTHB-
HBIX IPABOBBIX aKTOB CBHIETEILCTBYIOT O HE00XO-
JUMOCTH yCTpaHEHHs JIONyLIEHHOro mpobesa B Jie-
ranbHOM HOpMe-nedunuiu noustus OOIIT, koTo-
pasi B peIoKeHHOH HaMU PeJakIMUd MOYKET OBITH
chopMynmpoBaHa CIEIYIOIIAM 00pa3oM: 0co00
OXpaHsieMble NPHUPOIHBIE TEPPUTOPUU — YYACTKH
3eMJIM, Y4acTKH MOBEPXHOCTH aKBaTOPHH, BBIXO-
AslMe HA MOBEPXHOCTHh 3eMJIM WJIM aKBaTOPHU
audo uMewlIMe C Hell eCTeCTBEHHYI CBSI3b
YYaCTKH HeAP U BO3AYHIHOE IPOCTPAHCTBO HaJ
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HUMH, KOTOPBIE COAEPIKAT MIPUPOTHBIC KOMIUICKCHI U
OOBEKTBI, TIPEACTABISIONIME 0CO00e MPHPOAO-
OXpaHHOe, HAyYHOE, KyJIbTYPHO-UCTOPHYECKOE,
ACTETUYECKOe, peKpealHoHHOe, JieueOHO-03/10po-
BUTEIFHOE 3HAYCHHE WM IMOJTHOCTHIO WM YaCTHYHO,
[IOCTOSTHHO WJIM BPEMEHHO M3BATHI U3 XO3SHUCTBEH-
HOTO 000poTa (BBINCIICHBI CICIaHHBIE HAMU H3Me-
HEHUS U JOTOTHECHHSI. — ABT.).

[IpyHIMNVAIBHEIM  MOMEHTOM 3TOW  HOPMBI-
neduanmmy noustus OOINT sBisiercs yka3zaHue B Held
«Y9aCTKOB HEIP», KOTOPBIE, YUUTHIBAs WX IMPOCTPAH-
CTBEHHOE€ TMOJIOKEHHE, MOTYT: a) BBIXOJUTh Ha IIO-
BEPXHOCTh 3€MITH WM aKBaTOPHHU (HA TAKUX ydacTKax
pacmionaraercs OompmmHCTBO OI'H, mOCTYIMHBIX TS
BH3YQJILHOTO OCMOTpA, U3yUCHHS U OXPAHBI, — CTPATH-
rpauyecKue, MaTeOHTOJIOTHUECKUE, TeOMOPQOIOTH-
YeCcKHe, MHHEepaJIOTHYEeCKHe, BYJIKaHOJOTHYECKHE,
KOCMOTEOJIOTHYECKHE U Jp.) JHO0 0) HaXOIWUTHCS B
MOJI36MHOM TPOCTPAHCTBE HAa MaJbIX ITyOMHax (IMOJ-
3eMHBIE TTOJIOCTH €CTECTBEHHOTO HJIM UCKYCCTBEHHOTO
TIPOUCXOKACHUS) C YCIIOBHEM CBOOOIHOTO M Oecrpe-
MIATCTBEHHOTO JIOCTYIA K HUM C MOBEPXHOCTH 3EMIIU
(B mpenenax TakWX YYacTKOB pacIiojiaraeTcs OTHOCH-
TeapHO HeOonbmmoe uncio OI'H — crneneoornueckue,
a TaKKe UCTOPUKO-TOPHOTEOIIOTUIECKUE, T.€. 0Tpabo-
TaHHBIC [IAXThI, PYJAHUKH U JAPYTHE TOPHBIC BHIPAOOT-
KH, UMEIOIIIEe MCTOPUKO-KYJIbTYPHOE WM O3I0POBU-
TEJEHOE 3HAYCHYIE).

OcHoBHas uaes MPOBEACHHOTO HAMHU HCCIEIO-
BaHUS 3aKJIFOYAETCS B TOM, YTOOBI BBIJICIUTH U3 TOJI-
HOTO IMKJIA OTiepaIyii (JIeficTBrIA), HaITPaBJICHHBIX Ha
COXpaHEHUE YHHUKAJIBHBIX M THIIUYHBIX MTPUPOIHBIX
KOMILJIEKCOB U OOBEKTOB T€OJIOTHYECKOTO MPOQHIIs,
JIBa CMEKHBIX CEKTOpa: OJIMH U3 HUX BKIIFOYAET B Ce-
0s1 BBISIBJICHUE W W3yYCHUE YYACTKOB HENp, TIE pac-
[OJIAraroTCsl OOBEKTHI T'€OJIOTMYECKOTO HACICIUS U
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Bbammvaxos I'.C., KaBepun A.M., Kpacnos H.1. 3akoHopmarenscTBo
o Hezapax. HOpumuueckas nureparypa. Mocksa, 1976, 80 c.
boromo6os C.A. IOpuanueckas TEpMHHOJIOTHS: BONIPOCH CH-
HOHMMHH. [IpoOiemMbl COBEpIIEHCTBOBAHUSI COBETCKOTO 3a-
koHonarenbctBa. Tpyast BHUMC3, Mocksa, No. 40, 1987,

c. 25-35.

Boromo6oB C.A. AKTyalnbHBIC MHpPOOJIEMBI SKOJIOTHYECKOTO
npasa. FOpaiit. Mocksa, 2014, 607 c.

Bacunesckast JI.B., Jlaesckas H.B. Yuactok Hemp kak oOBEKT
peryJMpoBaHusl 3aKOHOJATENILCTBA O HeApax. «3eprajioy.
Mocksa, 2014, 104 c.

Brogern M.C. MeTtoandeckne BOIPOCH H3YUYEHHUS U COXPAHEHHS
reosiorudeckoro Hacnenusi Poccun. Marepuansl pabodero
copemanus Poccuiickoil rpynnel ProGEO «M3yuenue u
OXpaHa OOBEKTOB TEOJOTHYECKOro Haciuequs Poccumy.
Cankr-IlerepOypr, 2011, c. 6-9.

I'ermanoBa A.Jl. Jloruka mis ropucToB: YueOH. mocobue. Ome-
ra-JI. Mocksa, 2008, 415 c.

MIPUPOAHBIE KOMIUIEKCHI, COJEpIKallie IMpenMylie-
CTBEHHO TaKue OOBEKTHI, C LENbI0 00OCHOBAHUS Iie-
71eco00pa3HOCTH CO3JaHUS HA X OCHOBE ONpelesIcH-
HeIX Kateropuit OOIIT reomoruveckoro mpoduis
(rocynapcTBEHHBIE T'€OJIOTUYECKHE 3alOBEIHUKU U
3aKa3HUKH JIMOO TeoJIOTHYECKUE MapKU U IMaMSITHUKH
NPUPOJBI), a IPYroil — HEMOCPEACTBEHHO OpraHH3a-
[IUI0, OXpaHy M HWCHOJb30BaHue ykazaHHBIX OOIIT
MOCJIe TIPUHATHS YIOJHOMOYEHHBIM TOCYAapCTBEH-
HBIM OpPraHoM O(HILHUAILHOTO PEeUIeHus 00 UX co3xa-
HUH. OTO TO3BOJIJIO HYETKO pPa3TpPaHUYUTH CQeps
JefcTBus (penMeThl TMPaBOBOTO  PETYIMPOBAHUS)
3akona AP «O Henpax» (peryiupyer OTHOLIEHHS B
Tpenenax mepBoro cexropa) u 3akoHa AP «O6 ocobo
OXpaHSEMbIX TPUPOJHBIX TEPPUTOPUSIX U OOBEKTAX)
(perynupyer OTHOIIEHHS B paMKax BTOPOTO CEKTOPa)
U TEM CaMbIM IOJHOCTBIO HCKJIIOYHMTH JIIOOYIO BO3-
MOXKHOCTB X Koyum3un (Mopariumos, 2020).

Tenepb y Hac eCTb OCHOBaHHUE TIEPEUTH K Aedu-
HULIMM TIOHSTHA «KOHCEPBAaTHBHAS OXpaHa HEIp»,
KOTOpasi «O0XBaThIBAaeT» 00a yKa3aHHBIX CEKTOpa W
MOXeT OBITh c(OpMYyIHpOBaHa CIEIYIOUMM 00pa-
30M: OXpaHa HeJAp KOHCEPBATHBHAsl — COCTABHAsI
4acTh OXpPaHbl OKPY:KAOLIeH cpeabl, BKINYaI0-
asi KOMILIEKC IpPeBeHTHBHBIX MepONPHUATHI,
HAMpaBJeHHbIX HAa BbISIBJEHHE M H3y4YeHHe
YYaCTKOB HEAP, TAe PacnojaraiTcsi 00beKTbl
reoJIOrM4ecKOro Hacjelusi M NPHPOAHbIE KOM-
IJIEKCHI, CO/iep:Kalyue MpPeuMYIIeCTBEHHO TaKkue
00BEKTHI, ¢ MocJeyIomeil opranusamnueii Ha 0a3e
3THX YYACTKOB 0C000 OXpaHseMbIX NPHPOIHBIX
TEPPUTOPHUIl Te0JOrH4ecKOro npoduisi ¢ pexu-
MOM 0€000if 0XpaHbI — rOCY/IapCTBEHHBIX re0JI0-
TUYeCKUX 3aN0BEeJHUKOB, IOCYIapCTBEHHBIX Ieo-
JIOTHYECKHUX 3aKA3HUKOB, I€0JI0rH4ecKUX MapKoB
U NAaMATHUKOB MPHPO/BI.
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OBBEKTHI TEQJIOTHYECKOI'O HACJIEJIUS B 3AKOHOJATEJ/ILCTBE
A3EPBAM)KAHCKOM PECITYBJIUKHA

Hoparumos B.b., Kenrepau U.T.
Hucmumym eeonoeuu u eeopusuxu HAH Asepbaiioscana
AZ]143, 2.Baxy, npocn. I Pcasuda, 119: ibrahimov.vb@gmail.com

Pe3tome. PaccMoTpeHBI SK0JIOTO-TIpaBoBBIe HOpMBI 3akoHa AP «O Heapax» (4.1 1.7, 4.1 ¢1.25). OTMEUeHBI TepMUHOJIOTHIECKHE
MOTPEIIHOCTH, JOIIYIIEHHBIE B OTUX HOPMAX, U IO pe3yJibTaTaM COIIOCTAaBJIEHUS C TepMHHOHOFI/ICﬁ psAaa HOPMATHUBHBIX IMIPAaBOBbIX aKTOB
9KOJIOTUYECKOT0 3aKOHOJATENIbCTBA MOKa3aHbl MyTH UX ycTpaneHus. C Lesblo rapMOHM3aLMU 3aKoHoaaTenscTBa AP o Heapax ¢ HOp-
MaMH MEKIyHapOHOTO KOJIOTMYECKOro MpaBa MPEe/UIOKEHO BBECTH B MOHATHIHBIN anmapat 3akoHa AP «O Hezmpax» HOBOE MOHSTHE
«OOBEKTHI TE0JIOTHIECKOT0 HACIEHsD (BMECTO «0CO00 OXpaHsSEMBbIE T€0IOTnIeCcKie 0OBEKTHI») U JaHO ero ompeseneHne. C ncmons30-
BaHHEM 3TOTO MOHATHS MpezIoxkeHsl B nopsiake de lege ferenda yrounenHsle sxonoro-npaBoBsie HOpMbI 3akoHa AP «O Hempax». Ort-
MedeH BO3MOXKHBIH Tpober B AeUHUINH MOHATHS «0c000 oXpaHsieMble IpHupoaHsle Tepputopum» (4.1 cr.1 3akoHa AP «O6 oco6o
OXpaHsSIEMbIX MIPUPOIHBIX TEPPUTOPHSIX U 00BEKTaX»), NOIMYIICHHBIH, 110 MHEHHIO aBTOPOB, M3-32 OTCYTCTBUS B HEil TEPMHHA «y4aCTKU
HEJp», 4TO He NO3BOJISIET BKIIIOUUTH 3TH YYacTKH B chepy NeiicTBus ykazaHHOTro 3akoHa. OOOCHOBaHa U JOKa3aHa HEOOXOAUMOCTB BOC-
MoJTHEeHHs1 laHHoro npobera. C 3Toil esbio npeoxens! B nopsake de lege ferenda neduanumm nonsTHil «0c0060 OXpaHsEMbIe TIPHU-
POJHBIE TEPPUTOPUID (B YTOUHEHHOW PENaKIM) U «KOHCEPBATHBHAS OXpaHa Hepy. ClienaH BBIBOJ O TOM, YTO COBOKYITHOCTb IPEUIO-
JKEHHBIX Mep TO3BOJISICT YBEPEHHO Pa3rpaHUUYHTh IPEeIMETHl IPaBoOBOTo perynupoBanus 3akoHOB AP «O mempax» u «O6 ocobo oxpa-
HSIEMBIX IPUPOAHBIX TEPPUTOPHUSIX U OOBEKTAX)» U TEM CAMbIM UCKIIFOYNTH KaKy0-TH00 BO3SMOXXHOCTh UX KOJUTH3HUH.

Knioueswie cnosa: 3axonvt AP «O neopax» u «0Ob 0cob60 oXpansemvix npupoOHbIX Meppumopusix U 00beKmax», Koa020-
npagosvle HOPMbl, YUACHKU HeOp, 00BEKMbL 2e0I02UYECKO20 HACTeOUs!
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GEOLOJIi iRS OBYEKTLORI AZORBAYCAN RESPUBLIKASININ QANUNVERICILiYINDO

Ibrahimov V.B., Kangorli I.T.
Azarbaycan MEA, Geologiya vo Geofizika Institutu
AZ1143, Baki sah., H. Cavid pr. 119: ibrahimov.vb@gmail.com

Xiilasa. Magalods “Yerin toki hagqinda” Azarbaycan Respublikasi Qanununun ekoloji-hiiqugi normalar: (h. 1, m. 7; h. 1, m. 25)
miizakirs edilir, homin normalarda yol verilmis terminoloji xotalar agkar edilorok onlarin straf mithit ganunvericiliyinin diger norma-
tiv-hiiqugi aktlariim terminologiyasi ilo miiqayisasi yolu ilo aradan galdirilmasi tsullar: toklif olunur. Magalads homginin Azarbay-
can Respublikasimin yerin toki hagqinda ganunvericiliyinin beynolxalq ekoloji hiiqug normalari ils uygunlasdirilmast magsadilo “Ye-
rin toki hagqinda” AR Qanunun terminoloji bazasinda 6z oksini tapmis “xiisusi miihafiza olunan geoloji obyektlor” anlayisinin “geo-
loji irs obyektlori” termini ilo ovoz edilmasi toklif olunur, yeni terminin agiglanmasi verilir va “Yerin toki hagqinda” AR Qanunda 6z
oksini tapmus ekoloji-hiiqugi normalarin homin termin ssasinda de lege ferenda gaydasinda dagiglosdirilmasi yollar: tovsiys edilir.
Eyni zamanda, magaleds “Xiisusi miihafizo olunan tobist orazilori vo obyektlori hagqinda” Azsrbaycan Respublikasit Qanunu tahlil
edilorak, onun moatninds (h. 1, m. 1) 6z oksini tapmis “Xiisusi mithafizo olunan tabist srazilori” mévhumunun agiglanmasinda yol ve-
rilmis hiiquqi bosluq askar edilir. Miolliflorin fikrinco geyd olunan ganunda “yerin toki sahslori” anlayisinin olmamasi sobsbindan
yaranmis homin boslug yerin toki sahslorinin ganunun shats dairsasina daxil edilmasine imkan vermir. Magalads geyd olunan boslu-
gun aradan galdiriimasinin zaruriliyi asaslandilrilir va adi ¢akilon ganuna de lege ferenda gaydasinda “xiisusi miihafiza olunan tobiot
arazilori” anlayiginin yeni redaksiyasimin, elaca da “yerin tokinin miihafizokar miihafizasi” terminlarinin olavs edilmasi toklif olunur.
Magalanin yekun hissasindo geyd olunur ki, asas motnds toklif olunmug todbirlor kompleksinin icrasi naticasinds “Yerin toki hagqin-
da” vo “Xiisusi miihafizo olunan tobist orazilori hagqinda” AR Qanunlarinin hiiqugi tonzimloma predmetlarinin bir birindon ayirmaq
va homin ganunlar arasinda hiiqugi kolliziyalarin bagverms risklarini hega endirmok miimkiin olacaqdir.

Agar sozlar: “Yerin toki haqqinda” AR Qanunu, “Xiisusi miihafiza olunan tabiat arazilori va obyektlori hagginda” AR Qanunu,
ekoloji hiiqug normalar, yerin toki sahalari, geoloji irs obyektlori

129


mailto:ibrahimov.vb@gmail.com

Contents | ANAS Transactions, Earth Sciences 1 /2022

ANAS Transactions Earth Sciences 1/2022

http://www journalesgia.com

MUNDORICAT

obdiilrazzaq Z.T., 9hmad M.M., Saleh S.A., 9sfahani J. — Irag, Bayci-Tikrit su hovzasi tadqi-
gatlar1 iizro geoelektrik metodlardan istifade etmoklo masamali su tobagesinin hidro-geofiziki
parametrlorinin qiymotlondirilMas .........coeiiiiiiii 3-16
Qalkin S.V., Savitskiy Y.V., Osovetski B.M., Kazimov K.P., Qurbanov V.S., Hasonov 9.B.,
Abbasova Q.Q.,Kazimov R.R. — Elektron mikroskop tisulu ilo kasir-vereya siixurlarinin hid-
ravlik pargalanmasinin otrafli todgigi........ccoveveiriiiiiiiie s 17-27

Siileymanov E.T., Yusifov M.H., Bunyatov A.A., Macidova A.N. — Canubi Xazor hévzasi Azor-
baycan sektoru sahalorinds gillorin sixilmasinin xarakterik xiSuSiyyotlori ........ccceovvivriervninenenenienn 28-36

Valiyev E.F., 9liyev 9.A. — Kolloid dispers sistemlarin stabillogdirilmasi ti¢iin nanohissaciklarin
1110 T | SO 37-50

Karimov V.Y., Abdullayeva V.K. — Azarbaycanda istixana gazlarinin cografiyasi vo migyasi.............. 51-67

Feyzullayev A.A., Hiiseynov D.A., Rasidov T.M. — Darin ¢okiintiilorin neft-gazlilig: ilo slagodar
Conubi Xoazor Hovzasinin palgig vulkanlarinin faaliyyat mohsullarinin izotop torkibi......................... 68-80

Yusubov N.P. — Pal¢iq vulkanizminin Conubi Xozar ¢okakliyindoaki neft-qaz yataglari ilo alagssi......... 81-89

ofandiyev Q.M., Karajanova M.K., Jetekova L.B., Abbasova S.M. — Qeyri-salis klaster analiz

osasinda neftin torkib vo xassalorinin onun keyfiyyating tosirinin tohlili..........ccoovvieiiiiiiiniiiciene 90-98
Muradova P.A. — Mikrodalgah siialanmanin neft-su emulsiyasinin ayrilmasina tosiri .........cc.cc.ceveeene. 99-105
Eybatov T.M., Haciyev D.V. — Azarbaycanin fosil vo miiasir parayagqlilar ..........ccccoovoviniiincnenne 106-118

ibrahimov V.B., Kangarli I.T. — Geoloji irs obyektlori Azorbaycan Respublikasinin ganunvericili-
DAL ST TP PP PR PRSP PP PPPRPOO 119-129

130


http://www.journalesgia.com/

Contents | ANAS Transactions, Earth Sciences 1 /2022

CONTENTS

Abdulrazzaq Z.T., Ahmed M.M., Salih S.A., Asfahani J. — Hydro-geophysical parameters esti-
mation of porous aquifer using geoelectrical technique-case study from Baiji—Tikrit Sub-Basin,
12T [ R RSTPPPR

Galkin S.V., Savitskiy Y.V., Osovetsky B.M., Kazymov K.P., Gurbanov V.Sh., Hasanov A.B.,
Abbasova G.G., Kazymov R.R. — Detailed study of hydraulic fracturing of Kashiro-Verey
FOCKS DY €lECIION MICIOSCOPY .....vvvireiiteieeee ettt n e

Suleymanov E.T., Yusifov M.H., Bunyatov A.A., Majidova A.N. — Specific features of shale
compaction in the Azerbaijan sector of the South Caspian Basin...........cccoceveviiiiieviiece e

Veliyev E.F., Aliyev A.A. — The application of nanoparticles to stabilise colloidal disperse systems .

Kerimov V.Yu., Abdullayeva V.K. — Geography and scale of greenhouse gas degasation in Azer-
DAIJAN ...ttt bbb nen e

Feyzullayev A.A., Huseynov D.A., Rashidov T.M. — Isotopic composition of the products of the
mud volcanoes activity in the South-Caspian Basin in connection with petroleum potential of
the deeply BUITIEd SEAIMENTS ......cviiiiece ettt sre e e be e e sreanes

Yusubov N.P. — Mud volcanism relationship with oil and gas deposits in the South Caspian Basin ...

Efendiyev G.M., Karazhanova M.K., Zhetekova L.B., Abbasova S.V. — Analysis of the influ-
ence of the composition and properties of oils on their quality based on fuzzy clustering...............

Muradova P.A. — Impact of microwave radiation on the separation of oil-water emulsion.................
Eybatov T.M., Gadjiev D.V. — Fossils and modern pinnipeds of Azerbaijan............c.cccccocvviivnenenne

Ibrahimov V.B., Kangarli I.T. — Geological heritage sites in the legislation of the Azerbaijan
REPUDTIC ...ttt bbbttt b bbbt

131



Contents | ANAS Transactions, Earth Sciences 1 /2022

OI'1ABAEHME

Aoayapaszsak 3.T., Axmen M.M., Canux C.A., Acharanu [:x. — OueHka rugporeopuznveckux
[apaMeTpoB MOPUCTOr0 BOZOHOCHOI'O TOPU30HTA C MCIIOJIb30BAHUEM I'€03JICKTPUUECKONW METO-
UKW Ha puMepe cyobacceitna BalmKa-THKPHAT, VIPAK .......ccovveiieiiiiiiiiececeeec e

I'aaxun C.B., CaBuukmnii 10.B., OcoBeuxuii 5.M., KazpimoB K.II., I'ypoanos B.III., 'acanos
A.B., A6bacosa I'.I'., Ka3zbimoB P.P. — [leTansHOe M3ydeHHE TPEIIMHOBATOCTH THAPOPA3PHIBA
KalllupO-BePEHCKUX ITOPO METOJIOM JICKTPOHHON MUKPOCKOITHH .....vvverevenreanteesteesieessnesseeasesseeeses

CyaeiimanoB J.T., Ocudos M.X., BynsatoB A.A., Memxkunoa A.H. — XapakrepHsie ocoOeH-
HOCTH YIUIOTHEHHSA TJIMH Ha Tutomasx AszepOaiimkanckoro cextopa HOxuo-Kacnmiickoro 6ac-

Beanes J.®., AameB A.A. — I[lpuMeHeHWe HAHOYACTHI[ JUIA CTAOMIM3AIUN KOJJIOHUTHO-

P18 (0 B (5] 016 5 0 2 0, Q0 (G S P

Kepumon B.1O., AoayanaeBa B.K. — ['eorpadus u macmradpl gerazalini TapHAKOBBIX T'a30B B
F N 1S o107 01 v ) (PP PP PPROPRO TSP

DeiizysaeB A.A., I'yceiinoB JI.A., Pamugos T.M. — 130TONHBIIA COCTaB NPOAYKTOB AESITEIBHO-
CTH TpsI3eBhIX BynkaHOB FHOxHo-Kacnmiickoro OacceiiHa B CBS3H ¢ HE()TEra30HOCHOCTHIO TITy-

OOKOTIOTPYIKEHHBIX OTIIOMKEHIH .....ve.veeveearesseeseesseessestesseessesseeseessesseessesseessesbeaseennesseesnesnessnennesreennesneas

KOcy6oB H.IL. — CBsi3p TpsA3eBOro ByJKaHU3Ma C HE(TEra3oBEIMH MECTOPOXACHUSMHU B FHOxkHO-
K ACTIHTICKOM BITAJIHIHE . ... 1.vvvvvevevesesesesesssssssssssssssssssssssssssssssssssssesssssssssssssesssssesesssssssssssssssssssssssssssassssnes

A¢enaues I'.M., Kapa:xxanoa MLK., KerexoBa JI.b., A66acoa C.M. — AHanu3 BIUSHUS COC-
TaBa M CBOMCTB HE(PTH HA X KAYECTBO HA OCHOBE HEUETKON KIACTEPHBAIIHHI .....vvvervverereaireanreaneennss

MypanoBa II.A. — Bo3zeiicTBie MHUKPOBOJIHOBOTO H3IIy4EHHUS Ha Cemapalio BOJOHE(PTSIHOMN
3 A 10373 TP PP PR PP

JiidaToB T.M., N'amzkuen /J.B. — VMckonaemble 1 cOBpeMEHHBIE JTACTOHOTHE A3epOaiiipkaHa ............

HNoparumon B.B., Kenrepau U.T. — OObEKTHI I'e0IOTHYECKOTO HACIEHsI B 3aKOHOJATEIHLCTBE
A3epOANIHKAHCKON PECTIYOITHKI .....veeviiiieiiiriite ettt

132



	Page 1
	Page 2

