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GEOLOGICAL INPUT DATA ANALYSIS FOR BASIN MODELING
OF THE SOUTH PART OF KARAGANDA COAL DEPOSIT

Abstract. Geological and geophysical data were analyzed to perform basin modeling of the south part of
Karaganda coal basin. In this regard, the basic material was selected, including geological structure (stratigraphy,
lithology, facial analysis of folded and faulted structures, geodynamic modeling, depositional environment).

Karaganda coal basin experienced multi-stage deformation, during the geological evolution. It is expressed in
the multiple kinds of the structural forms, which described for southern and ecastern parts of the Karaganda coal
basin, in the areas of Alabass anticline, Maykuduk uplift and Spasskaya suture arca. The main stages of the de-
formation, followed with orogenesis occurred in Late Paleozoic-Early Mesozoic time. The region experienced the
multi-stage development, which is observed by lithological, paleogeographical, paleotectonical and geodynamical
reconstructions.

The age of the layers was clarified using the existing biostratigraphic study results. During the modeling, initial
geological information was calibrated with coal maturation and porosity variation with the depth data. Basin
modeling allowed minimizing the geological uncertainties, such as geological reconstructions, depositional environ-
ment and enriching the database on the Karaganda coal basin geology.

Karaganda coal basin is located in the Central Kazakhstan (figure 1). It’s one of the biggest coal
basins in Central Asia with proven reserves of 41.3 billion tons. There are 11 coal mines operating and
producing 11 mln. tons of coal annually [1-3]. Moreover, there is significant potential for coal bed
methane (CBM) production. According to KazEnergy report [4], the gas content in Karaganda basin’s
coals reaches 20 cubic meters per ton of coals located up to 500 meters, 27 cubic meters for deeper coals.
The estimate of reserves of CBMis 8 trillion cubic meters. This amount is enough to supply the local
industry with gas for more than 100 years.

Understanding of the geological processes occurring in the territory of Karaganda coal basin is
essential for commercial production start. The data on the basin are abundant and were obtained in
previous studies [5]. New methods of basin analysis were developed [6]. The basin modeling is necessary
to arrange the abundant information, and identify the zones which are prolific for CBM production.

The basin modeling is the one of the methods, which utilizes the simulation of heatflow and regional
tectonics to reproduce the evolution of the basin, since its formation. The process of organic matter
maturation occurs under the influence of temperature and time, while rock compaction under the pressure.
Thermal modeling assesses the quality of geological concepts, reduces uncertainties in geological con-
ditions and ages and finally gives the input data about physical properties and maturity of rocks through
the time.

The most of Kazakhstan continent (accretionary collision paleo continent) was the extensive shelf sea
basin with terrigeneous deposition in Famennian — Early Carboniferous (figure 1, 2). In the second half of
Early Carboniferous the arca was divided into Teniz, Zhezkazgan and Karaganda deposition basins with
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small isolated troughs on the north. The first two forms cupriferous and saliferous complexes, while to the
west coal-bearing complexes were formed in Karaganda, Ekibastuz and other coal fields [1-3, 7, 8, 10].

Karaganda coal basin (figure 1), located in central part of Caledonian Segment, belongs to the
intracontinental arca. Carbonate-terrigencous deposits with total thickness up to 4000 meters were
accumulated in Famennian — Early Carboniferous (table 1). Famennian — Middle Carboniferous deposits
are conformable and forms single structural stage. The depositions below and above are separated by
sharp unconformities, which unites them in a single quasi-platform complex [7, 8].
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Figure 1 —Location of Karanda coalba sinrelative to Central Kazakhstan Paleozoics.

The composition and thicknesses Famennian — Middle Carboniferous stratigraphic units are shown in
table 1. They are represented by interbedded green marine carbonate deposits, followed by grey lacustrine,
terrigeneous and coal layers with presence of the reddish continental sediment [10]. Since the Middle
Carboniferous up to Late Carboniferous terrigencous clastic deposits are formed.

The Devonian and Late Paleozoic the subduction of Zhunghar-Balkhash oceanic crust under the
Kazakhstan continent tend to the formation of volcanic belts in the south part of Kazakhstan continent.
Zhungar-Balkhash paleo ocean’s active continental margin adjoined to the south of Karaganda coal basin.
Active magmatic events formed two continental margin type volcano-plutonic belts: 1) Devonian Central
Kazakhstan and 2) telescoped Late Paleozoic (Carboniferous-Permian) Pribalkhash-Ili (figure 2). Kara-
ganda basin was backarc basin next to active continental margin, where Devonian and Late Paleozoic
magmatic events took place. Subduction was directed from south-east to north-west in Karaganda basin
direction [7-10].

Devonian volcano-plutonic belts are heterogencous structures of massive Emsian and Frasnian
rtheolitic-granite series type volcan over intrusion. The composition of volcanic association is represented
by portfiric tuffs, lavas and ignimbrites. Among the volcanic intrusions, there is calc-alkali series, which
are shown by associations with reduced alkalinity and associations with high potassium shoshonite series
and continental molasses [7, 8]. The thickness of volcano-plutonic structures reaches 2000-3000 meters
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Table 1 — Stratigraphic column of Karaganda Basin. Bold borders show the unconformities
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Figure 2 — Paleogeographic (1) and palynpascial (2) schemes
of Central Eurasia, Early Carboniferous — Visean-Serpukhovian [7, 8].

Continental environment: 1 - uplands, 2 - lowlands, 3 - fluvial-lacustrine, 4 - carbonaceous basins, 5 - evaporite basins,
6 - rift and orogenic volcanics, 7 - marginal continental volcanic belts and mature island arcs. Marine and oceanic environments:
8 - shelf, 9 - carbonate platforms, 10 - island arcs, 11 - accretion prisms, 12 - continental slope, bathyal, 13 - deep sea (deposits of
black shales), 14 - abyssal. Tectonic and other signs: 15 - climatic boundaries (STH - subtropical humid, TRH - tropical humid,
TRA - tropical arid, EQU - equatorial), 16 - facies boundaries, 17 - subduction zones, 18 - sutures, 19 - shifts, 20 - thrusts,
21 - grabens, 22 - uncertain faults, 23 - spreading axes and transform faults, 24 - shelf shelves, 25 - carbonate platforms,
26 - modern geographic coordinates direction, 27 - paleomagnetic vectors and paleolatitudes, 28 - presumed and controversial
conditions, 29 - Main faults (figures in circles): Spass (1) Central Kazakhstan (2) Irtysh (3) Main Chingiz (4).

Microcontinent arrays: Ustyurt (UST). Sedimentary basins: Karaganda (KGB), Chu-Sarysu (CSB), Syr Darya (SDB); island
volcanic arcs and marginal continental volcano-plutonic belts: Valerianovskaya (VAA), Ili (ILA), Pribalkhash (PBA), Jarma-
Saurskaya (JSA), Bogdanshanskaya (BGA), North Pamir (NPA).

within the structure and hundreds meters outside. The belt is subdivided into Betpakdala, Sarysu-Teniz,
Bayanaul (North-Kazakhstan) and Chingiz segments laterally from the west to the east [11]. Frontal and
rear petrochemical zones exist within the belt. The zones are characterized by development of magmatic
series on the edge of high-alkali series (rear zone) in the inner part of Kazakhstan continent. Active margin
of the continent is marked by the change of petro-chemical composition in the zones between the
Zhungar-Balkhash and Ob’-Zaisan paleo oceans. In Betpakdala, Sarysu-Teniz and Bayanaul segments the
magmatism was active continental in Early Devonian — Famennian. Asymmetric magmatic zonation is
associated with the suprasubduction area [11].

In the second part of Early Carboniferous main features took place on the border between Kazakhstan
continent and Zhungar-Balkhash oceanic basin. Balkhash-Ili volcano-plutonic belt of continental margin
type is formed as the result of subduction of oceanic crust under the Kazakhstan continent. In the modern
structure of Kazakhstan paleozoics it has the shape of arc and divided into the segments (volcanic
depressions): Ili, Ketmen, Tokrau, Kalmakemel, Bakanas, Alakol. Peculiarity of the volcanism in the belt
is the equal proportion of basalt-andesitic and laparite-dacite series, but the composition changes in other
segments. Plagiolaparite-dacite series was formed in early stage of belt development in conditions of
ensialic island arc. It represented by Karkaraly suite (North Pribalkhash area). Lower Carboniferous
basalts and andesitic basalts belong to sodium and calc-alkali series with high aluminum silicate content.

Abovementioned chemical characteristics show the affiliation to the volcanic series of ensialic island
arc. The eruption of great amount of predominantly acidic volcanic rocks occurs in Middle-Late
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Carboniferous and Permian. The rocks consist of rhyolites, rhyodacites, trachyriolitesand their tuffs and
the intrusions of subalkalinegranitoids. Areas of basalt-andesitic volcanism related to suture zones, while
acid series distributed in distal parts, forming volcano-tectonic depressions, complicated by uplifts [7-10].

Karaganda segment was located on shelf marine basin attached to Spassk thrust to the south, Central
Kazakhstan fault to the east and Irtysh fault to the north-cast (figure 2).

At the end of Carboniferous and Early Permian collisional stage is started. It’s related with granitoid
magmatism. Drainless intermountain depressions was formed in the Central Kazakhstan with its arid
climate. Intracontinental sea replaced the Zhungar-Balkhash oceanic basin, connected with the ocean to
the west.

Central Kazakhstan orogen growthwas terminated in Early Permian, followed by complication of the
structure in Late Permian — Triassic by slip movement, caused formation of large amplitude fault systems
(up to several hundred kilometers). Central-Kazakhstan fault with arc shape was formed on the more
ancient Ordovician-Devonian transform fault. North-East directed left-side slips was active in Spass shear
zone. Formation of the «pool-apart» type basin on the territory of Karaganda coal field was related to the
system of Early Mesozoic faults in Spass shear zone.

Collisional events caused the formation of complicated thrust and slit forms, especially on the south
part of Karaganda basin. Taldykuduk block, located there, has a border with Spass shear zone, with
distance 10-30 km from it.

As the result of the speed of orogenic process reduced and area transformed into foreland basin.
Orogenic processes tend to the formation of uplift to the south of the basin, which was the source of mo-
lasses. Most of the sediment was deposited in the south part of Karaganda basin where the depression was
the most. Part of these molasses then was eroded during Permian-Triassic erosion on the most of Kara-
ganda basin (table 2).

Table 2 — Main structural complexes within Karaganda basin and their position within the crust

Structural complex Age, lithology Position

Neogene-Quaternary

Gravel, pebble, sand, loam, sandy loam
Triassic - Jurassic

sandstones, siltstones, marls with coal Karaganda basin
Middle Carboniferous

molasses (conglomerates, sandstones, siltstones)
Famennian — Lower Carboniferous

carbonate and terrigenous deposits with coal

Upper platform

Lower platform

Quasi platform

LowerDevonian — Frasnianstage The rim of Karaganda basin, monoclines.

Oceanic continental | contrast composition of the volcanic series - thyolites, On the south, next to the Spass shear zone.
rhyodacites, dacites and their tuffs Has complexities in folds and faults
Silurian

s Wackes, greywackes, turbidites 5 ;

Ensial island arc Middle —gU[})/per Ordovician The rim of Karaganda basin
andesibasalts, andesites and their tuffs

Oceanic Cambrian — Lower Ordovician North-west border of the basin and basin
jasper; flint basement

Mesozoic rocks of Karaganda basin was formed in Rhetian — Lias and Dogger time. The deposition
rate increased in Rhetian — Lias was reduced to Dogger. In Rhetian the thick layer of molasses was
deposited. Lias deposits were partially eroded in the Middle of Dogger, when area relief stabilized. Cli-
mate aridization in Late Jurassic caused the termination of coals formation, which is manifested in Dogger
deposits (up to 150 meters) consist of reddish terrigeneous rocks (figure 4).

The area was uplifted and eroded by the Late Jurassic. The tectonic movements was caused by the
Late Cimmerian phase of Cimmerian orogenesis. Hercynian thrusts reactivated and new set of thrusts like
Akzhar thrust was formed. The arca was exposed to denudation up to Late Jurassic — Early Paleozoic.
After the erosion, the area became covered by unlithified fluvial deposits of Neogen and Quaternary Ages.
The sediments sources were hills located to the south and supplied by the modemn rivers Nura and Sarysu.
The area get its final appearance in the Middle of Neogene [7].
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Figure 3 — Schematic cross-section and map of wells representing the modeled southern bound of Karaganda basin.
Two major thrust (North-Taldykuduk ThrustNTT and Thrust 2T2) divide the model into 3 main maturation blocks.
Small amplitude faults are not shown

Karaganda basin is divided into 4 zones. They are Tentek, Sherubay-Nura, Karaganda and Verkhne-
sokurskaya. Within the basin, there are structural complexes contain Cambrian, Ordovician — Silurian,
Devonian, Carboniferous, Jurassic and Cenozoic rocks. Taldykuduk block (figure 4) suffer significant
structural transformation. It has overthrusts, thrusts and other faults, which are related to Spass shear zone.
Fault-blocked structure of the region results the formation of cleats within the coals. Therefore the area is
interesting from the CBM production point of view.

There are four stages of Carboniferous rocks deformation [6-8].

The first stage (Asturian phase) is the commencement of the collision or initial orogenesis stage,
when the depression was subdivided into Karaganda, Shiterdy, Pavlodar and Teniz synclinories (figure 2).
New thrust, including modeled North Taldykuduk thrust and Thrust 2 was originated since (figure 5). The
basin had western border with Teniz depression, and pinched out to the east.

The second stage (Pfalzian phase) is the collisional stage, which caused the compartmentalization of
coal beds by basement movement. As the result, Karaganda coal basin was subdivided into 3 parts:
western part with Zaviyalov and Samara graben-synclines, central part with Karaganda basin and eastern
part with Ashisu syncline (figure 6, 7). Zaviyalov graben-syncline and Teniz depression are separated by
Zhaksykart horst-anticline. Zhailmin horst-anticline is the border between Karaganda basin and Ashisu
syncline.

The third stage (Early Cimmerian phase) is the postcollisional stage refers toearly epeiric platform
orogenesis, which expressed in thick deposition of molasses at the end of Lias. Sediment sources were
uplifted and arca was depressed. After that, the areca was eroded up to Middle Dogger, when relief became
flatten. Complete isolation from Paleotethys resultedaridization of the climate.

The final stage (Late Cimmerian phase) is the postcollisional stage refers to late epeiric platform
orogenesis, followed the dogger succession, caused the territory uplift and erosion. Furthermore, the
deformation reactivates existing and generates new (Akzhar thrust) faults and thrusts. In addition to these
stages, insignificant deformation occurred in Neogene and Quaternary.

Input data, required for thermal modeling, according to [12] is following (figure 2-4):

— Structural model, including layers thickness, unconformities, faults, thrusts;

—Conceptual geological model (stratigraphic column, sedimentation settings, lithologies);

— Thermal and burial history;

— Tectonic history of the basin — tectonic model (burning, uplifting, erosion etc);

— Calibration data (vitrinite reflectance, temperature and porosity);

— Boundary conditions of water depth, heatflowand surface temperature.
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Conceptual geological model includes several parameters. Rock ages were defined by biostrati-
graphic dating and represented in table 3 as bold text. Absolute ages of those rocks were taken from
International Stratigraphic Column. Rest of layers ages were defined considering their thicknesses and
relatively even deposition rate [9].

The territory of Karaganda basin experienced the following deformation stages during its geological
evolution: Saurian, Asturian, Pfalzian, Early Cimmerian and Late Cimmerian orogenic phases. These
stages are expressed in multiple observed faults and thrusts, synclines and anticlines (figure 4). The
tectonic model, used for basin modeling is shown in table 4.
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Figure 4 — Tectonical scheme of Karaganda basin
Carboniferoussediments, suiteswithsufficientcarbonation: 1 — Tentek; 2 — Dolin; 3 — Karaganda, 4 — Ashlyarik; without
coal: 5 — Shahan (C;sh), Nadkaraganda (Cin-C,ndk) Akkuduk (C,v,ak); 6 — Tournai and Famennian deposits, 7, 8 — Givetian-
Frasnian sediments (upper substage) of south (7) and north(8) basin rims;, 9 — Koblenz-Givetian volcanic successions(middle
substage); 10, 11-Lower Devonian.eftfusive and their tuffs of north (10) and south (11) basin rims; 12 — Silurian flysch;
13 — Ordovician volcanic deposits; 14 — Cambrian terrigineous siliciclastic deposits; 15 — Mesozoic sediments contour; 16 — over-

thrusts and thrusts; 17 — other faults.

Thus, input data for basin modeling includes a geological concept, a tectonic model of the arca
geological evolution, and their thermobaric depositional conditions. The geological concept contains
information about the age of the rocks, their thickness, erosion processes.

The structure of the Karaganda basin involves the rocks of six structural-material complexes. The
basement is composed of the following complexes: 1) Cambrian-Lower Ordovician oceanic, 2) Middle-
Upper-Ordovician island arc and Silurian pre-arc and back-arc terraces, 3) Devonian marginal continental.
The cover consists of the following complexes: 4) Famennian-medium-quarry quasi-platform, 5) Triassic-
Jurassic platform (lower structural stage), 6) Neogene-Quaternary (upper structural stage). Saurian,
Asturian, Pfalzian, Early Cimmerian and Late Cimmerian orogenic phases influenced the formation of
coal rock and created complex multi-stage formed folded and discontinuous shapes. The uncertainties of
the geological concept were calibrated using data on maturity and rock deformation.
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Table 3 — Absolute ages of layers and their thicknesses

Layer name Event age Base absolute age, Ma Top absolute age, Ma Av. Thickness, m
Q1 Pleistocene-Holocene 0.13 0.00 3
J Eroded 2 Oxfordian 185.32 154.00 900
J Eroded 1 Doggerian 202.72 185.32 500
J Liasian — Doggerian 203.00 202.72 8
C_Froded 2 Stephanian — Westphalian 313.00 295.00 2800
C_FEroded 1 320.94 313.00 1500
Nadkaraganda 32237 320.94 271
K20 322.85 32237 90
K19 323.41 322.85 106
K18 323.85 32341 83
K17-1 324.11 323.85 50
K16-K17 Namurian 32421 324.11 19
K15 324.45 32421 45
K14 32477 32445 60
K13 324.93 32477 30
K13-base 325.03 32493 20
K12-3 325.48 325.03 84
K12 32571 32548 45
K11 326.00 32571 54
K10 326.17 326.00 25
K9 326.22 326.17 8
K8-1 326.30 32622 11
K7-K8 ) 326.49 326.30 27.8
K6 L Vi 32672 326.49 34
K5 327.08 326.72 54
K4 327.35 327.08 40
K3 327.55 327.35 28.75
K2 328.00 327.55 67
Kl. Middle Visean 329.00 328.00 64
A-suite 329.00
Table 4 — Tectonic model of Karaganda basin
Age Lithological an_d facial depositional Tecton_ic movement Oiropenizphase
environment direction
Neogene - Quaternary Continental Uplift ~~~ Alpine
Jurassic (eroded) Uplift . .
Continental ~~~ Late Cimmerian
Doggerian Platform Immersion
— Arid - ~~~ Early Cimmerian
Liasian Immersion
Late Carboniferous - Permian sztlﬁzntal Uplift : ifsatljéznn
Visean — Namurian ) ) )
- Continental, shallow marine, boggy-lacustrine ) )
Visean Immersion ~~~ Saurian
Tournai - Famennian Continental, shallow marine
Early Devonian - Frasnian Andean type active continental margin Uplift ~~~ Akkadian

~~~ Unconformity
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"Kasaxckuii HAMOHATBHBIH HCCIICI0BATEILCKI TEXHUUECKHUH yEIBepcuTeT M. K. . CaTmaesa,
Ammatsl, Kazaxctan
“KasaxcTancko-BpuTaHCKuit TexXHIMecKui yausepcuTeT, Amvare, Kazaxcran

AHAJIN3 HCXOJHBIX 'EOJIOT'HYECKHX JAHHBIX
. JJIA BACCEMHOBOT'O MOJEJIUPOBAHUA
IO KHOU YACTHU KAPATAHIUHCKOI'O YI'OJIBHOI'O MECTOPOXKJIEHUA

AnHOTanmsl. BrmonHeH aHamm3 reoaoro-reoPpu3nIecKnX MaTepHaioB Il MPOBEACHASI 0AaCCEHHOBOTO MOJe-
JHPOBAHAA FOKHOH 4yacTH KaparaHgwHCKOTO YTOJBHOTO MCCTOPOKACHHA. B 3TOH CBA3M MOA00paH HCOOXOIMMBIH
0a3ucHBIN MaTepHal, BKIIOYAOIUH JAHHBIC MO TCOJOTHUECKOMY CTPOCHHUIO (cTpaTHrpauu, TUTONOTHH, (hanuab-
HOMY QHAJM3Y CKJIATYATHIM M Pa3PhIBHBIM CTPYKTYpaM, TCOAMHAMHYCCKOMY MOJCIHPOBAHUIO, TEPMOOAPHUCCKUM
VCIIOBHSM OCATKOHAKOIUICHHST) PACCMATPUBAEMOTO OOBEKTA.

B xozme reonormueckoi 3Bomrouuu KaparaHaWHCKHH YTOJNBHBIM OacCEiH HCHBITAN MHOTO3TamHbIe acdop-
MAIMH, BBIPA’KCHHBIC B MHOTOUHMCICHHBIX COUCTAHUIX CTPYKTYPHBIX (DOPM, KOTOPBIC ONHCAHBI TSI FOXKHOW M BOC-
TouHOH wactelt Kaparammmrckoro OacceifHa B 30Hax Amadacckod aHTHKIWHAMH, Ma¥KyIyKCKOTO MOJHSITHS H
Crnacckoii moBHOM 30HBL. | TaBHBIC 3Tambl Ae(OPMAHH COMPOBOMKIACMbIC AKTHBHBIM OPOTCHE30M IPHXOIATCS HA
TO3THENIANIC0301ICKO-PAaHHEME30301ckoe BpeMs. Haunnas ¢ ameHa, u mo HacTosImee BpeMs PETHOH IPOIIET CJIOXK-
HYI0 MHOTO3TAITHY}0 HCTOPHIO PA3BHTH, HA YTO YKA3bIBAOT JIMTOJIOTO-(palmaibHbIe, najeoreorpaduicckue, majieo-
TECKTOHHYCCKHE M TCOAMHAMHICCKUE PEROHCTPYKIIHH.

Bospact paccMaTprHBACMBIX TOJII TOPHBIX MOPO OBLT YTOYHCH HA OCHOBAHHH OHOCTPATHTPA(DHHUCCKUX JAHHBIX
TIPeABIIY IUX NCCIenoBaHui. McxoaHas reoormueckas HHPOPMAIHS B POIIECCE MOJCIHPOBAHNUS YBA3aHA C KATH-
OpOBOYHBIME JAHHBIMHU 3PEIOCTH YVIJCH M BapHAIMAMH HX IIOPUCTOCTH MO TiyOomHe. bacceiinoBoe MoaemmpoBanue
TO3BOJIMIIO CYIIECTBEHHO MHHHMH3HPOBATH T'COJIOTHUCCKHUEC HEOIPEICICHHOCTH, TAKHE KAK T'€OJIWHAMHYCCKHE Pe-
KOHCTPYKIIHH, YCIOBHS OCAAKOHAKOIUICHHS W TIOTIOMHUTH 0a3y 3HAHWH O TEOJOTHYECKOM cTpocHmH KaparaHmuH-
CKoro Oacceiina.

P. M. Caasixos', B. B. KopoGkun®

'K. U. Catbaces arbiamarsl Kazak YITTHIK TCXHHUKAJBIK 3¢PTTCY YHUBEpCHTETi, AmmaTtsl, Ka3akcraH,
2Ka3aKCTaH-BpI/ITaH TeXHHKAJBIK YHHBEpCHTETi, AmMaTs, Kazakcran

KAPAFAH/IBLI KOMIP BACCEHWHIHIH OHTYCTIK BOJIITTH BACCEIHIIK MOJEJILAEY YIITH
HET'I3TT TEOJIOTHSIBIK JEPEKTEPII TATIAY

Annoramusa. Kaparauaer kemip OacceHHiIHIH OHTYCTIK OOJTiH O0aCCCHHIIK MOJCIBACY YIIIH TCOJOTHSIBIK-
reo(DM3HKANBIK AepeKTep TammaHabl. OCBIFAH OAWIAHBICTHI HETI3Ti ACPCKTCPTEP IPIKTENAi, OHBIH IONHAC 3CPTTCY
OOBCKTICIHIH TCOOTHSIBIK KYPBUTBIMBI (CTpaTHrpa)us, TUTOIOTHS, KATTAPIIEI KOHE Y3LTIMII KYpRIIBIMAapas! (a-
IISUIBIK TAJIAy, TCOIUHAMHUKAIBIK MOACTBACY, MIOTIHAUICPAiH KHHAIY BIHBIH TEPMOOAPHKAJIBIK >KaFIAiibI).

Kapararmpl keMip 0acceliHi TCOTOTHAIBIK IBOJFOIMA KC3iHIC KOI CaThUIhl AcopMarmanbl 0actaH kemri. On
Kaparannp! kemip OaccelHiHIH OHTYCTIK KOHE INBIFBIC OeMiKTEpiHAe, ATadac aHTHKIMHAIL ayJaHJapsiHAa, Mati-
KYObIK KeTepimicinge skone Cracck ImMETKi ay JaHBIHIA KYPBUIBIMABIK MIIHACPAIH TYPIIl JKUBIHTHIKTAPbIHAH KOPiHIC
tTabanel. bencennmi oporeHe30eH KaTap JKypreH Ac(OpPMALHSHBIH HETI3T KE3CHICPI KCHIHTI MAIC030H KOHE SpTe
Me3030i yakbIThIHAA 007161 PaMeHHEH OacTan OYTiHTi KYHIe AeiiH Oy alMaK KypAeii KepcaThuIbl JaMy TAPHXBIH
Kemnpai. byn alfMakThIH TUTOIOTHAIIBIK, MATEOTeorPa(UsUIBIK, MAICOTCKTOHUKABIK JKOHE T€OTMHAMHUKAIIBIK PEKOH-
CTPYKITHS HOTIKCCIHCH OaHKAIA TBL.

Byran neifin »kacamraH OHMOCTATHTPaAQUIbIK 3E€PTTCYJICPAiH HOTICKEICPIH MaiadaHa OTHIPBIN KabaTTapablH
JKachI AaHBIKTAIABL. Moaempaey Ke3iHae OacTamKbl TCOIOTHAIBIK AKIAPAT KOMIPIH MiCim-KeTiayi OOoMbIHIIA KaTHOp-
JCy HOTIKEJIEPIMEH >KOHE KeMIip KabaTTaphIHBIH TEPEHIIKIICH KCYCKTIMNTIHIH e3repyiMeH colikecteHmipinai. bac-
CEHHAIK MOJENbACY T'COJIOTHSIBIK PEKOHCTPYKIMS, INOTIHIIICPAIH >KHHAIYBIHBIH KAaFJalbl CHIHIBI MOCEICIepIe
TCOJIOTHSLIBIK TYPJIAYCHI3ABIKTHL a3alTyFa MYMKiHAIK Oepmi, skoHe Kaparanael kemip OacCeHHIHIH TCOIOTHACHI
OOTBIHIIA TEPEKKOPABI KCHEHTTI.
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