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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi XoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyee KabbindaHraHbiH xabapnalobl. byn uHOekcmeny
bapbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawbinap MEH MeEKeMesiep2e KOHmMeHm
mepeHOiei mMeH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fbibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2e075102Usl XoHe mexHuKarbIK fblribiMoap 6olbiHWa KOoHMeHmke adandblfbiMbl30b! 6irndipedi.

HAH PK coobwaem, ymo Hayu4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHUYeCKUX
Hayk» bbin npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHol eepcuu Web
of Science. CodepxaHue 8 amom uHOeKcupogaHUU Haxodumcsi 8 cmaduu paccMompeHUsi KomnaHueul
Clarivate Analytics dns danbHeliwezo npuHamusi xypHana 6 the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
kayecmeo u earnybuHy KoHmeHma O0ns uccnedosamenel, asmopos, u3damenel U y4YpexdoeHud.
BknoveHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmpupyem Halwy rpUEepeHHOCMb K Haubonee akmyarnbHOMY U 8/1USIMefIbHOMY KOHMEHMmy
10 2e0/102uUU U MexXHU4YeCcKUM Haykam Orid Hauwieao coobwecmaa.



bacpeagaktopm
3. F. 1., mpogeccop, KP ¥FA akagemuri
HN.K. BeiicembeToB
bac penakTopbIHEIH OpBIHOACApHI
Koaraes I'.2K. pod., reon.-MuH. . JOKTOPHI
Pemaxkmus anmkacs

AbaxanoB T./. mpod. (Kazakcran)

Aodumena 3.C. nipod., akagemuk (Kazakcran)
ArabexoB B.E. akanemuk (benapych)

Anues T. npod., akagemuk (O3ipOaiikan)
Bakupos A.B. pod., (Keipreizctan)

Becmaes X.A. npod. (Kazakcran)

Bumumbaes B.K. mpod., akanemuk (Kazakcran)
Bykrykos H.C. npod., akanemuk (Kazakcran)
Byaar A.®. ipoo., akagemuk (YkpanHa)

I'anues U.H. npoo., akagemux (ToxikcTan)
I'pasuc P.M. mpod. (AKLLI)

Eprammes I' K. npod., akagemuk (Kazakcran)
Kykos H.M. nipod. (Kazakcran)

Koxaxmero C.M. npod., akanemuk (Kazaxcran)
KontopoBuu A.J. npod., akagemux (Peceit)
KypckeeB A.K. npod., akanemuk (Kazakcran)
KypuasoB A.M. pod., (Peceit)

Meney A.P. pod., akanemuk (Kazakcran)
MyxamenxanoB M.A. ipod., kopp.-mymeci (Kazakcran)
HurmartoBa C.A. npod. (Ka3zakcran)

O3n0e8 C.M. nipodh., akanemuk (Kasakcran)
MocTtoaaruii B. nmpog., akanemuk (MosioBa)
Paxumes B.P. npoo., akagemuk (Ka3akcran)
CeiitoB H.C. mpod., kopp.-myrieci (Kasakcran)
CeiitmypaTtoBa 2.10. nipod., kopp.-mymeci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xampepu Tx. . npod. (AKII)

Teiinep M. npod. (I'epmanwst)

«KP ¥F'A Xa6apaapbl. ['eosiorust xoHe TEXHUKAIBIK FbUIBIMAAP CEPUSACHI».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Mennrikrenymi: «Kazakcran PecryOnukacsiHbIH ¥IITTHIK FRUIBIM akajgeMusicbl» PKB (Anmarsr k.).

Kazakcran pecryOnukacsiHBIH MoJIeHHET IIeH akapaT MHHHUCTPIITIHIH AKHapaT jKoHE MyparaT KOMHUTETIHZE
30.04.2010 . 6epinren Ne10892-7K mep3imaik 6acbUIBIM TipKeyiHe KOWBLTY Typalibl KyaJliK.

Mep3iMIiTIri: )KBUIBIHA 6 peT.
Tupaxsr: 300 naHa.

Penaxuusaeig Mekemkaibl: 050010, AnMmatsl K., IlleBueHko kemr., 28, 219 6e., 220, ten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachHbIH ¥ ATTHIK FRUIBIM akanemusichl, 2020

Penaxumsnaery ~ Kazakcran, 050010, Anmats! k., Kabanbaii 6ateip ker., 69a.
MEKEHKaUbI: K. W. CorbaeB aThIHIAFbI TEOJOTHS FRUIBIMIAP HHCTUTYTHI, 334 Genme. Ten.: 291-59-38.

Tunorpadustabie Mekermkaiisl: «NurNaz GRACE», Anmarsl K., Peickyiios kemr., 103.



http://www.geolog-technical.kz/index.php/en/

I'maBHBIYM penakTop
. 3. H., ipodeccop, akanemuk HAH PK
. K. Beiicemberon
3aMecTuTeNb II1aBHOTO peAaKTopa
Koaraes I'.2K. pod., TOKTOp T€0I.-MHH. HAYK
PenakuuoHHas KONNET U

AbaxanoB T./l. mpod. (Kazaxcran)

Aodumena 3.C. nipod., akagemuk (Kazaxcran)
AraoexoB B.E. akanemuk (benapych)

Anues T. npod., akagemuk (AzepOaiipkan)
Bakupos A.B. pod., (Keipreizcran)

Becnaes X.A. npod. (Kazaxcran)

Bumumo6aes B.K. npod., akagemuk (Kazaxcran)
Bykrykos H.C. npoo., akanemuk (Kazaxcran)
Byaar A.®. ipoo., akagemuk (YkpauHa)

I'anues U.H. npod., akagemuk (TamxukucTan)
I'pasuc P.M. npoc. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kyxos H.M. npoo. (Kazaxcran)

Koxaxmero C.M. npod., akanemuk (Kazaxcran)
KontopoBuu A.J. mpoo., akagemux (Poccust)
Kypckees A.K. npod., akanemuk (Kasaxcran)
KypuasoB A.M. npod., (Poccus)

Meney A.P. npod., akagemuk (Kazaxcran)
MyxamemxanoB M.A. nipod., ui.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3n0eB C.M. nipod., akagemuk (Kazaxcran)
IMocToaaruii B. npod., akagemuk (MonoBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CentoB H.C. mpod., ui.-xopp. (Kazaxcran)
CeiitmypaTtoBa 3.1O. nipod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xamdepn JIx. /1. npod. (CILIA)

HTeiinep M. npod. (I'epmanmst)

«H3BecTuss HAH PK. Cepusi reo/ioruu U TEXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOctBennuk: PecnybOnukaHnckoe oOmecTBeHHOe oObenuHeHne «HarmonanbHast akajgemusi Hayk PecryOnuku
Kazaxcran (r. Anmartsr).

CBUETENBCTBO O TIOCTAHOBKE Ha YYET NMEPUOAMYECKOro 1mevyaTtHoro msfanus B Komurere nundopmanum u apxuBoB
MunucrepcTBa KyabTypsl 1 HHGopmanun Pecrry6nuku Kazaxcran Nel0892-7K, soinannoe 30.04.2010 r.

Ilepronn4HoCTh: 6 pa3 B rof,.
Tupax: 300 3x3eMILISIpOB.

Anpec penaknuu: 050010, r. Anmarsl, yi. llleBuenko, 28, kom. 219, 220, Tten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© HammonaneHas akagemus Hayk Pecyomuku Kazaxcran, 2020

Anpec penaknmu:  Kazaxcran, 050010, r. Anmarter, yin. Kaban6aii 6aTeipa, 69a.
Wucruryt reonornyeckux Hayk um. K. U. Carnaesa, komnara 334. Texn.: 291-59-38.

Anpec tTumorpadun: «NurNaz GRACE», r. Anmarsl, yi. Peickymnosa, 103.



http://www.geolog-technical.kz/index.php/en/

Editorinchief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev I.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan™ (Almaty).

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-2K, issued 30.04.2010.

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2020

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.



http://www.geolog-technical.kz/index.php/en/

N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 2, Number 440 (2020), 6 — 13 https://doi.org/10.32014/2020.2518-170X.25

UDC 532.542; 519.688
IRSTI 73.39.81

I. K. Beisembetov!, T. T. Bekibayev?, U. K. Zhapbasbayev?,
G. 1. Ramazanova?, M. Panfilov?

Satbayev University, Almaty, Kazakhstan;
2University of Lorraine, Nancy, France.
E-mail: timur_bekibaev@mail.ru, gaukhar.ri@gmail.com, uzak.zh@mail.ru

SMARTTRAN SOFTWARE FOR TRANSPORTATION
OF OIL JSC KAZTRANSOIL

Abstract. Digital technology for monitoring, controlling and optimizing technological practices of oil and oil
mixtures pumping through the sections of main pipelines, operating pumping units, preheaters, ground temperature,
oil rheological properties and etc. has been created in a result of integration of a SmartTran software with of the
Supervisory Control and Data Acquisition (SCADA) and the Automated Metering System (AMS) systems of the
JSC “KazTransQil”. The paper describes the main functionalities of the SmartTran software which was developed by
the authors.

Thermohydraulic calculations of the sections of the main oil pipelines of JSC “KazTransOil” were carried out
and compared with the actual data on the distribution of oil pressure, oil and ground temperature, power consumption
of pumping equipment taken from SCADA and AMS.

The accordance of the calculated and actual data shows the applicability of the SmartTran software for the
automation of calculations, planning and optimization of the technological modes of oil transportation through the
main oil pipelines of JSC “KazTransOil”.

Key words: software, integration, main oil pipeline, oil transportation, simulation, optimization.

Introduction. Automation of calculation [1-10], planning [11-16] and optimization [17-21] of the
technological modes of oil transportation is in high importance in energy saving and energy efficiency
issues of the oil and gas sector of economy. In consequence of the integration of SmartTran software,
SCADA and AMS information systems of JSC “KazTransOil” has created an intelligent system for
automating calculations and optimizing technological modes of oil and oil mixtures pumping in the
sections of the main oil pipelines, pump units, preheaters operating, ground temperatures, rheological
properties of oils etc.

Based on the historical data of the JSC “KazTransOil” SCADA system the following was carried out:
1) analysis of tags and industrial data by the operational pumping modes; 2) adaptation of head-capacity
and energy characteristics of pumping units depending on their operational life; 3) adaptation of the
pipelines’ hydraulic resistance along main pipeline sections taking into account the rheological properties
of the oil mixtures, changes in pipe roughness due to the asphaltene-resin-paraffin deposits; 4) adaptation
of heat transfer coefficients between the “hot” oil and the ground, depending on changes in the ground
thermal conductivity along main pipeline sections; 5) adaptation of the preheaters’ characteristics
depending on efficiency, pressure drop, etc.

According to the AMS and SCADA data the consumed power of pumping units, the cost of operating
pumps and preheaters, the distribution of pressure and temperature of oil and oil mixtures in main
pipelines sections, the change in ground temperature along the route can be found in real-time mode.

The SmartTran software has the following performance capabilities:
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1. Heat-hydraulic calculations of stationary modes of high viscous and high pour point oil
transportation for the safe operation of the main pipelines (taking into account associated pumping in and
pumping out, pipe defects, loops and branches, pressure regulator and input of additives that reduce the
hydraulic resistance of the pipeline, the pour point temperature of oil);

2. Heat-hydraulic calculations of non-stationary cooling and restart modes after short-term stops for
the safe operation of the main oil pipelines;

3. Heat-hydraulic calculations of serial transfer of different varieties of high viscous and high pour
point oils mixtures through the sections of the main pipelines;

4. Heat-hydraulic calculations of energy saving modes of main pumping units with detachable rotors
and variable frequency drive for stationary operation regimes;

5. Determination of the optimum heating temperature of oil mixtures and energy-saving modes of
preheaters for stationary “hot” operation modes;

6. Selection of pumping equipment with detachable rotors and variable frequency drive for
forecasting the maximum capacity of the pipeline in terms of the safe pumping conditions;

7. Adaptation of real characteristics of pumping equipment of the pumping stations (PS) according to
the SCADA historical data;

8. Adaptation of the hydraulic characteristics of the pipe due to changes in wall roughness and heat
transfer coefficient depending on the ground thermal conductivity of the main oil pipelines sections.

9. Designing of new sites, the addition of pumping equipment at PS and input of rheological
properties of oil mixtures.

The mechanisms for obtaining actual data on operation modes of oil pipeline, storing and uploading
them to the user interface for analysis and processing have been developed in the SmartTran software.
Figure 1 shows the interaction diagram of the SmartTran software with the SCADA and AMS. Data from
the sensors (pressure, temperature, flow rate, network frequency measurements) are sent to the SCADA
server from all sections of the JSC “KazTransOil” main pipelines. The special OPC client of the
SmartTran integration server receives sensor data from the SCADA server via the WinCC system using
the OPC protocol with a frequency of 30 minutes. The OPC client exports the actual data to the historical
database in MySQL format of the SmartTran DB server. The use of an intermediate server (the SmartTran
integration server) is dictated by the JSC “KazTransOil” security policy (figure 1).

User's PC SmartTran SCADA server

SmartTran
software

integration server

SmartTran DB server AMS server

O e R
Pipeline DB Hisl;é‘ical ST client AMS DB

Figue 1 — The SmartTran interaction diagram with SCADA and AMS systems of JSC “KazTransQil”

The electric energy data from various devices of JSC “KazTransQil” are transferred to a separate
AMS server and stored in a MySQL-format DB. The special client application (ST-client) was developed
on the SmartTran DB server, which receives new data of the active power consumption of
JSC “KazTransQil” pumping units from the AMS DB and exports them to the historical data DB in the
required format every 30 minutes.
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In that way the actual data of the technological pumping modes parameters are stored as historical
data in the SmartTran software DB.

The SmartTran applications only interact with the SmartTran DB server on users’ computers. The
users download data on the oil pipelines sections from the single pipeline DB, which provides data
actuality. Individual users can also make changes to the pipeline DB (oil library, pump library, pipe
parameters, etc.) if they have rights to edit various parameters of pipelines. In the same DB user-defined
calculations are stored, for the analysis of which the historical data are used. The SmartTran software uses
the historical data to adjust the parameters of pumps, pipes and grounds, which also lead to changes in the
pipelines DB.

Analysis and discussion of the calculated data. The calculations results of technological pumping
regimes of oil and oil mixtures along some oil pipeline routes of JSC “KazTransQil” are given below
using data from the SCADA, AMS systems.

Figure 2 presents the comparison results of the calculated data (curves) with the actual SCADA
values (points) of the Karazhanbas-Aktau pipeline section. The upper plot of the figure 2 shows the
distribution of the hydraulic slope, the middle one shows the oil pressure distribution, and the lower plot
presents the oil temperature distribution. The calculation results of the power consumption of pumping
units and the pumping cost according to AMS are presented in a tabulated form (figure 2).

High-viscosity oil is pumped at the Karazhanbas-Aktau pipeline section. Hydraulic slope, oil pressure
and temperature distributions show good agreement with the calculated lines with the actual SCADA data
of JSC “KazTransOil” (figure 2).

S Cpaesn yanmmsn piTpaTs 51 1

Figure 2 — Comparison of calculated (lines) data with experimental points of the Karazhanbas-Aktau section

Figure 3 presents the comparison results of the Aktau - Zhetybai pipeline section. The graphical data
shows the hydraulic slope distribution (upper plot), oil pressure distribution (middle plot), and oil and
ground temperature distribution (lower plot). In the left side of figure 3, the calculations of the power
consumption of the pumps and the oil pumping cost according to the AMS data are shown in the table
form. Comparison of hydraulic slope, pressure and temperature distributions shows good agreement
between calculated data and the actual SCADA values.

Figure 4 shows the results of comparing the calculated data of the Kasymov—-Bolshoi Chagan pipeline
section with the SCADA data.
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Figure 3 — Comparison of calculated (lines) data with experimental points of the Aktau - Zhetybai section
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Figure 4 — Comparison of calculated (lines) data with experimental points of the Kasymov - Bolshoi Chagan section

At this pipeline section there is a “hot pumping” of high pour point oil mixtures with associated
heating at the T. Kasymova and the Sakharny stations. In addition, an anti-turbulent additive is introduced
at the Sakharny station to reduce the hydraulic resistance of the turbulent flow, since at this point the
pipeline diameter changes from 1000 to 700 mm and the average flow velocity is almost doubled.
Therefore, at high oil flow rates, for example, 1938.7 t / h (figure 4), the anti-turbulent additive is used to
reduce the pipeline pressure and for the pumping safety.

The curves of hydraulic slope, pressure and temperature distribution show good agreement with the
SCADA actual data (figure 4). Here are also presented the calculations of the energy consumed by pumps
and preheaters for pumping and heating oil mixtures.

— 9 —/—
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Figure 5 presents the calculated results of the technological modes of oil transportation along the
following pipeline sections: Dzhumagaliyev — Atasu.

o E fieyuararmees I “Eapcenrup” TN Kl Kap™ THIC “Anney”

I 10 gpiE
P
2 iy =
5] e -
7T HAE
Ay N~ LT Tr)
T | 163l et g
{ £ 154 15.2 1143
1 A1 i
3,113 LA
A e

foare: 1SS o B4 8 e STLETec Cpasesn jatmega pirpars K12 e

Figure 5 — Comparison of calculated (lines) data with experimental points of the Dzhumagaliyev — Atasu section

In all case, the comparison of the calculated curves obtained by the SmartTran software with the
actual SCADA values (figure 5) shows good agreement.

In this way, the comparison of the calculated curves with the actual data confirm the functional
capabilities of the SmartTran software for modeling, planning and optimizing the oil transportation of
through the oil pipeline routes of JSC “KazTransQil”.

Conclusion. 1. The intelligent system for automating calculations, planning and optimizing the
technological practices of oil and oil mixtures transportation though the oil pipeline routes of
JSC “KazTransOil” has been created by the authors through the integration of SmartTran software with
the SCADA and AMS systems of JSC “KazTransQil”.

2. The calculation results are in good agreement with the actual data of the SCADA system.
SmartTran software together with SCADA and AMS systems is an effective tool for safe operation of
pipelines and calculation of economic factors for oil and oil mixtures pumping through the
JCS “KazTransOil” main oil pipelines.

Acknowledgements. This work has been supported by the project #AP05130503 “Management of
energy-efficient modes of oil transportation through main oil pipelines using the SCADA system”, funded
by the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan.
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«KA3TPAHCOM.I» AK MYHAMBIH TACBIMAJIJIAY BOMBIHIIIA
SMARTTRAN BAFJIAPJIAMAJIBIK 5KACAKTAMACHI

AnHoranus. SmartTran Garmapnamansik sxacakTamacei «Ka3TpaucOim» AK-ubiH SCADA sxone ACKYD
aKMapaTThIK KYHeIepIMEH UHTErpaIisuiay HOTHKCCIHIC MAaruCTPaibabl KYOBIpIapMEH MYHA# jKoHe MyHal Kocrma-
JAphIH alIaylblH TEXHOJOTHSIBIK PEXKUMICPIH Oakpuiay, Oackapy >KOHC OHTAWIAHIBIPYFa apHAIFaH CaHIBIK
TEXHOJIOTHSCHI JKacaliJIbl.
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SmartTran Oarmapnamanbik xacakTamaceiHga «Ka3TpauncOiumy AK-HBIH MyHail KyOBIPJIApBIHBIH, COPFBI
KOH/BIPFBUIAPBIHBIH, JKBUIBITY HELITEPiHIH, TOMBIPAK MapaMeTpiiepi MEH MyHail KOCHaJapbIHBIH CHIIATTaMaliapbl
OOMBIHIIIA JCPEKKOPHI Oap.

Barnmapnama op Typnmi KoHQUrypanMsaarsl MyHail KyObIpiapblHBIH JKaHa ydyacKeslepiH jobajiayra, MOJeIb-
JIEyTe, COPFBI aOIBIFbI JKOHE MEINTEPIiH MapamMeTpiepi MEH MYHall KOCHaJapbIHBIH PEOJOTHSIIBIK KAaCHETTEPIH
JIEpPEKKOpPFa €Hrizyre HeMece OHbI MAJIIMETTEPMEH JKaHapTyFa MYMKIHIIIK Oepei.

SmartTran GarnapiamainbIK jKacaKTaMachl TYTKBIPIIBIFBI dKOFAPbI XKHE JKOFaphl TEMIIEpaTypaa KaTaTblH MyHal
KOCTIAJIApbIH aii/Iay/IblH CTALOHAPIIBIK JKOHE CTallMOHAPJIBIK €MEC PEKUMIEPIH JKbUTY-THAPABIUKAIBIK €CerTeyre
MyMKiHIiK Oepeni. Ecenrey OappichiHma KyOBIpFa »oi OOIBI KOCHIMINIA MYHA#l aiiay MEH IIBIFapyabl, KOCHIMIIA
KyObIpyIap MeH TapMakTapipl, KYOBIPIapIblH aKayJapblH, KbICBIM PETTETIIITEpiH, NEeTPECCOpPIbIK >KOHE AaHTH-
TypOYJICHTTIK KOCTANap Ikl EHTi3YAl ecKepyre OoIapl.

Barmapnamana xeneci (GyHKIMOHAIIBIK MYMKIHAIKTEp Oap: COPFBIHBIH KOCBUIYBIHBIH OHTAINIBI BapHaHTTAPHIH
ipiKTey apKbUIBI, COHBIMEH KaTap aybICIANBl JKHUITIKTI JKETEKTepAi KOMAAHYMEH SHEprusl YHeMIey pekuMIepiH
aHBIKTAY; «BICTBIK» alay Ke3iHJe MyHal KOCHAJIapBIHBIH OHTAMIIBI KbI3ABIPY TEMIIEPATYpaHbl aHBIKTAY; KayiICi3
aiiay JKarJgaiapelH €CKepe OTBIPHIN, KYOBIPIBIH MaKCHMAIIIbl OHIMAUIITIH 00JDKay; SHEPTUSAHBI CH a3 TYThIHATHIH
aybICIalibl PeXKUM/II KOJIZIaHA OTBIPBIN aii CalbIHFBI aliflay KeJeMiHe apHaJlFaH OHTaiIbl pexxumMal anbikray; SCADA
KYHCCIHIH TapUXH MOJIMETTEpIHE COMKEC COPFBI KAaOIBIKTAPBIHBIH HAKTHI IMapaMeTpiepin Oedimzaey; MyHait
KYOBIpJIapBIHBIH Y4acKeepiHeri TONBIPaKThIH KbUTy OTKI3TIIITIK KalineTiHe OaiaHbICThl KYOBIpIapablH THAPAB-
JIUKAJIBIK CUTIATTaMaJIaPBIH JKOHE XKBUTY Oepy KO3 GHUIIMEHTIH OeiiMaey.

SCADA xone ACKYD xylieciHiH Tapuxu MaNIMETTEpiH OHAEY HOTIDKECIHIE MYHal almayIblH TEXHOJIO-
THSUIBIK peXumJiepi OOWBbIHIIA OHIIPICTIK JEpeKTepre Tajlay >Kacajibl; COPFbI arperaTrTapbiHBIH CHIIATTamMaliapbl
OJIap/AbIH JKYMBIC pecypcTapblHa Kapail OeHimuenai; KyObIp ydacKelepiHiH T'HIPaBIMKAIBIK CHIIATTaMajiapbl
OeifiMaeni, MarucTpaibabl MYHAH KYOBIPIapBIHBIH YYacKeIepiHIeri MyHail MEH TOIBIPAK apachIHAAFBI KBUTY Oepy
KOX(PHUIMEHTI KOHE KBUIBITY MEIITePiHiH CHITaTTaMaIapbl OCHIMIEIIi.

SmartTran GarmapramMaceIHBIH MOAYIbAepiH makiganana oTeIpein «Ka3zTparcOim»y AK «Kapaxambac - Axray»,
«Axray - XKeribait», «KacsimoB — Ynken Illaram» n «Kymaranmes - Atacy» aTTel MyHaill KyObIpIapBIHBIH ydacKe-
JepiHe JKBUTy THAPABIUKAJIBIK ecenTeynep xyprizinai. Ecentey Hotmxenepi SCADA xone ACKVYD xyiienepinig
MYHalJbIH THAPABIMKAIBIK AYBITKYbI, KbICBIMBI, TEMIIEPATypachl, TONBIPAK TEMIIEPATypachl, COPFbI KOHABIPFBI-
JIapBIHBIH YHEPTHSHBI TYTHIHYBI OOWBIHIIIA HAKTHI MAJIIMETTEPIMEH CallbICTHIPBUIIBL.

EcenTey HoTmkenepi MeH HaKThl AepeKTepAiH Oip-OipiMeH coiikectiri SmartTran GarpapnamaiblK kacakra-
macbiHblH «KazTpaucOitny AK maructpanbablk MyHail KyObIpiapbIMEeH MyHall jKOHEe MYHail KOCHaJIapblH Tachl-
MaJIay bl TEXHOJIOTHSIIBIK PEXHUMAEPIH eCenTey/Al aBTOMAaTTaHIbIpy, JKOCHapiiay »OHE OHTalIaHIBIpy Makca-
TBIH/Ia KOJIJIAaHyFa yKapaM/Ibl eKeHiH KopceTei.

Tyiiin ce3nep: OarnapnamanbIK *KacakTama, HHTETpalys, MarucTpaibabl MyHall KyObIpbI, MyHall TacsIMaiiay,
MOJIETIBJICY, OHTAHIaHABIPY.
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IMPOT'PAMMHOE OBECIIEYEHHUE SMARTTRAN
IO TPAHCIIOPTUPOBKE HE®THU AO «KA3TPAHCOMJI»

AHHOTanusi. B pesynbrare uHTErpanuu mporpamMmHoOro obecneuenusi SmartTran ¢ uH(pOpManMOHHBIMU
cucreMamu SCADA u ACKYD AO «KaszTpaucOiinm» paspaboraHa nuppoBas TEXHOJOTHS UIsI MOHHTOPHWHTA,
YIpPaBICHUS W ONTHMHU3AIMU TEXHOJOTHUECKHX DPEXHMOB IEpeKauyku HePTH M HEPTAHBIX CMecel Ha ydacTKax
MarucTpajbHbIX HEQTEIPOBOJIOB.

[Iporpammuoe obecnieueHrne «SmartTran» uMeer 6a3y JaHHBIX MO XapaKTEPUCTHKaM Y4YacTKOB HE(TEHpOBO-
JIOB, HACOCHBIM arperaram, rne4am roJIorpeBa, mapamerpam rpyHToB u HeTsaHbiM cMecsiM AO «KazTpaucOiiny.

[Iporpamma mo3BOJSIET NPOEKTUPOBAaTH M MOAEIMPOBATH HOBBIE YYacCTKH HE(PTENpPOBOAOB Pa3IMYHOM
KOH(UTypanyu, JONOIHATh U OOHOBIATH 06a3y JaHHBIX NTapaMeTpaMH HaCOCHOTO 000py0BaHMs, Meyuei moorpesa u
PEOJIOTHYECKUMH CBOWCTBaMH HEPTH U HEPTIHBIX CMECEH.

[Iporpammuoe obecnieuenne SmartTran Mo3BOISET MPOBOANUTH TEIUIO-THAPABINIECKUE PACUETHI CTAIIMOHAPHBIX
1 HECTallMOHAPHBIX PEKUMOB MEPEKAUKH BHICOKOBS3KHMX M BHICOKO3ACTHIBAIOIINX HE(PTECMECEH € yUEeTOM MOIYTHBIX
TIOJIKaYeK M OTKAYeK, JYIHMHTOB U OTBETBIICHUI, 1e()EKTOB TPYOBI, peryssiTopa AaBiIeHUs ¥ BBOJA JCHPECCOPHBIX U
MPOTUBOTYPOYICHTHBIX MPHUCAIOK.
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Iporpamma nmeer cnexyromue QyHKIMOHAIbHBIC BOZMOKHOCTH: ONPEIeIeHHEe SHEProcOeperarommx pexkxuMebl
¢ Mo00pOM ONTUMABHBIX BAPUAHTOB COCMHEHUSI HACOCOB, 4 TAKIKE C UCIOJIB30BaHHEM YaCTOTHO-PETYJINPYEMBIX
NIPUBOJIOB; ONpEAEICHHE ONTHMAIBLHONH TEMIIepaTyphl IOJOrpeBa HepTecMeceil NpH «ropsdyeiy mepeKayke;
MPOTHO3UPOBAaHNE MAaKCHMaJIbHON NPOU3BOIUTEIBHOCTH HE(TENPOBOIA C YYETOM YCIIOBUI O€30MacHO! MepeKayuky;
oTpeJieNIeHNe ONTHMAIBHBIX PEKUMOB MEPEKauKy MPU 3aJaHHOM MECSIYHOM 00beMe MEepeKadKH C UCIIOIb30BaHHEM
MEPEMEHHOT0 PEXHMMa C HaWMEHBIINM YIENBHBIM SHEPronoTpebiIeHueM; anantanus (akTHYeCKHX I1apaMeTpoB
HAacCOCHOTO O0OpYyJIOBaHMS II0 HCTOpUYECKMM JaHHBIM cucteMbl SCADA; agantanusi THIpaBINYECKUX
XapaKTepPUCTHK TPYO M Kod(h(HUIMEHTa TEIUIonepeiadd B 3aBUCUMOCTH OT TEIUIONPOBOJHOCTH IPYHTa Ha ydacTKax
HE(PTETIPOBOJIOB.

B pesynbrare 06paborku ucropudeckux paHHbBX SCADA n ACKYD npoBeneHbl aHaIM3 ITPOU3BOACTBEHHBIX
JAHHBIX II0 TEXHOJOTHYECKMM pPEXHMaM MNepeKaykH; ajalTalus XapaKTepHCTHK HACOCHBIX arperaroB B 3aBHCH-
MOCTH OT pecypca ux paboTbl; aganTanus THAPABIMYECKUX XapaKTEPUCTHUK y4acTKOB TPyOONpPOBOJOB, aganTanus
KOd(pUIHEeHTa TerUIonepenadd MeXAy He(pThI0 W TPYHTOM Ha YydYacTKaxX MAaruCTPalbHBIX HE(TEIPOBOIOB,
ajlanTarys XapakTepUCTHK Iedeii moJorpesa.

C ucrnosbp30BaHUEM MOJYJIEH MporpaMMHoro obecreuenust SmartTran ObLIM NPOBEICHBI TEIUIO-THIPABIUYEC-
KHe pacdeTsl Ha HEKOTOPHIX ydacTkax HedrempoBogoB AO «KazTpaucOiim»: «Kapaxkanbac - Axray», «AKray -
Ketri6ait», «KacsimoBa — bompmioir Yaram» u «xymaranueBa - Atacy». Pe3ymbTaTsl pacyeToB Ui KaXKIOTO
yuacTka He(TerpoBoJoB ObuM comocTaBieHbl ¢ Gakrnueckumu naHHbiIMH SCADA u ACKYD 1o pacnpeneneHuto
THJIPaBIIMYECKOTO YKIIOHA, JABJICHHS, TEMIIEpaTypbl HEYTH ¥ TPYHTA, MOTPEOIsIEeMOl MOITHOCTH HACOCHOTO 000py-
JIOBaHUS.

Cornacue pacyeTHbIX M (JaKTHYECKUX JaHHBIX MOKa3bIBae€T MPUMEHUMOCTh pa3padOTaHHON HU(PPOBOH TEXHO-
JIOTHU /sl aBTOMATH3allMK TEIUIO-THPABINUECKUX pPAcyeToB, IUIAHMPOBAHMS M ONTHMH3ALUH TEXHOJIOTHYECKHX
PEXXUMOB TPAHCTIOPTHPOBKU HeTH U HedrecMecel o MaructpaibHeIM HepTenpoBogam AO «Ka3zTpancOiim».

KaioueBsbie ciioBa: mporpaMmHoe oOecriedeHue, WHTErpalysi, MaruCTpajibHbI HETENpoBOX, TPAHCIOPTH-
pOBKa He(TH, MOJICITUPOBAHKE, ONITUMH3ALIHSL.
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OPTIMIZATION OF QUANTITATIVE INDICATORS
OF COMPLEX SEISMO-HYDROGEOCHEMICAL MONITORING
WITH THE PURPOSE OF FORECASTING STRONG EARTHQUAKES

Abstract. The quantitative indicators of seismic hydrogeochemical monitoring (SHCM) conducted on the
geodynamic forecasting sites of Asia are considered. It is noted that continuous multi-parameter observation is
implemented on the basis of simultaneous measurement from several to tens of parameters of groundwater. The most
common complex includes about 10-15 parameters (F, Cl, HCOs, COs, SO4, H1Si04, Rn, He, Hz, CO,, Ph, Eh, Qnole,
Hievel, Twater.) Monitoring over many decades it has been established that the informativeness of the obtained forecast
data does not depend on the number of measured parameters, but is determined by the cumulative effect of sensitive
components for a given water product observed. Therefore, the optimization of the list of observable parameters for
the entire landfill as a whole should be differentiated taking into account the features of each water point. This allows
you to dramatically reduce the number of parameters of observation and get rid of the "ballast" indicators.

Key words: seismic hydrogeochemistry, monitoring, earthquakes, forecast, hydrogeochemical anomalies,
informative.

After Tashkent (1966), Dagestan (1970) and especially, the Haichen catastrophic earthquake (1975),
predicted by Chinese seismology, intensive multidisciplinary seismic prognostic studies began all over the
world. Along with seismological and geophysical methods, large-scale geochemical and hydrogeological
observations were deployed in order to search for precursors and forecast strong earthquakes [1,3,4,5,8,9].
It is necessary to emphasize that earthquakes of various energies constantly occur on the Earth as a
continuous chain of events; meanwhile, the forecast can be made only for those rare events that are of a
destructive nature. The need to forecast such earthquakes for different areas is determined differently,
based on the level of their seismic activity [2,3].

Ideology of geochemical and hydrogeological monitoring. The forecast paradigm was based on the
well-known models of earthquake preparation and on this basic avalanche-unstable crack formation
(AUC) and diffusion-dilatant development of the source (DD). It was assumed that in the focal zone of the
earthquake there occurs a jump-increasing accumulation of elastic energy, which after a critical state
passes to a mechanical discontinuity of the continuity of the medium with the generation of seismic
waves, i.e. to an earthquake. It is assumed that in this process a wide class of precursors of various
amplitudes should arise in deformation, geophysical, geochemical, and hydrogeological fields. The
occurrence of hydrogeochemical anomalies was associated with the arrival of new fluids from the focal
zone or the displacement of different chemical composition in the preparation zone of the earthquake
[1,2,4-11]. The forecast paradigm consisted in solving the inverse problem: by the signs - the precursors
and by the time of their development in the controlled area to establish the probable time and place of
occurrence of the expected event, and by the intensity of anomalies - their probable energy. This scientific
concept has determined the main way to achieve the goal - the creation of continuous mode
multidisciplinary observations at special test sites on the principle: the wider the area and the larger the set
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of observation parameters, the more reliable the detection of precursors. With sufficiently strong financial
support from the states, especially the USSR, China, Japan, Italy, Greece, etc., in the 1980s — 1990s, large-
scale monitoring observations were conducted to predict earthquakes on so-called geodynamic or
prognostic sites. For example, in the USSR such landfills unfolded in all seismic areas of the Caucasus,
Central Asia, Kazakhstan, Baikal and the Kuril-Kamchatka region, where they began to observe more than
a hundred wells and water points. The most powerful development of hydrogeochemical (HGC) and
hydrogeodynamic (HGD) observations unfolded in the People's Republic of China on the basis of more
than 1,000 wells and special wells with the extensive development of a network of "people's-observers-
enthusiasts.”" At various landfills, the list of observed parameters with discreteness from continuous hourly
to daily was different, but the overall large set of indicators, in general, in the world amounted to more
than 40 items [1,13-15] (table 1-9). It should be noted that the largest developed program of field
observations with a large set of measured parameters was organized in Kazakhstan [1,3,4,5,8,9] (tables 1
and 2). All observation grounds in the USSR were constructed according to special guidelines [12].

The main results of field observations and experimental studies.

For each water point, first of all, long-term background values of the parameters were obtained and
their anomalous fluctuations were recorded on the eve of many strong earthquakes. They were noted at
various distances from the epicenters (tens and hundreds of kilometers). Such anomalies consisted of
intermittent alternating temporal changes of various parameters having various forms, which can be
reduced to the following four morphogenetic groups: coves, semi-bottoms, “jumps-pulsations” and
spontaneous bursts. In amplitude of changes, they usually exceed the background values of the parameters
by 20-50% to 100%, and sometimes they have significant one-time variations. The most important
features of these anomalies are: 1) the instability of their development over time and in the area (flicker);
2) their rapid return to the initial background value after earthquake relaxation; 3) “long-range”,
manifested in tens and hundreds of km from the earthquake source, it turned out that many anomalies are
not associated with specific earthquakes and were caused by the impact on the relevant parameters of
external atmospheric and cosmophysical factors and man-made interference [1]. Anomalies caused by the
nature of periodic rhythmic phenomena. These factors created a lot of noise and false alarms, comparable
in magnitude and time with the anomalies that occur during the preparation of earthquakes.

Very often, HGC and HGD anomalies occurred in the non-focal zone of earthquakes at significant
distances, reflecting the stress-strain state (SSS) in the surface part of the earth's crust, where water
observation points are located. The observed anomalies were a consequence of the development of
deformation processes. Thus, we can conclude that the fluid anomalies of the expected earthquake are the
result of an imbalance in the local equilibrium hydrogeochemical water-rock-gas systems with the
generation of dissipative temporal anomalies as a response of these systems to external forces in full
compliance with Le Chatelier's law [1]. From this it becomes obvious that strong earthquakes are being
prepared on a fairly large area as a result of the restructuring of the geoblocks' SSS and their repacking
[1,2,4,6,9-11]. Detailed studies of the time course, parameters of geochemical, hydrogeochemical and
hydrogeodynamic fields on the eve of earthquakes showed that anomalies are not only statistically
significant changes in the course of parameters of different nature and changes in the frequency-spectral
characteristics of the series itself in those time intervals that reflect the non-linear development of the
instability process itself with the formation of a violation in the correlation of regular components of time
series such as, for example, with Ram, Twaer, TF (tidal forces). It is established that the high-frequency
component of the geochemical, hydrogeochemical and hydrogeodynamic fields carries the greatest
information in terms of recognizing geodynamic instability.

At the beginning of seismic hydrogeochemical studies (70-90s of the 20th century) in large research
laboratories of GEOKHI, IGEM and IPD of the Academy of Sciences of the USSR; SIMS and
VSEGINGEO MG of the USSR, as well as the Institute of Seismology, Academy of Sciences of Uzb.
SSR, IS AN Kaz. SSR, Institute of Physics, Academy of Sciences Kirg. USSR and others, where mass
spectrometers and other devices were installed, and it was revealed that on the eve of the realization of
strong earthquakes, significant precursor changes in the isotopic ratios of many elements take place:
hydrogen, oxygen, carbon, uranium, helium, argon (*He / *He, *C / *2C, *Ar / “°Ar, 24U / %), However,
due to the high complexity and laboriousness of these analyzes, their high costs and the impossibility of
performing analyzes in a continuous mode, such parameters have not been developed in the number of
indicative monitoring indicators of earthquakes.
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Table 1 — The list of measured parameters of the complex hydrogeochemical monitoring

and the equipment used at the Almaty prognostic site for the purpose of predicting strong earthquakes (Kazakhstan)

Lo . Method of Definition
Main indicators Ne Options -
Manual measurements Automatic measurements
1 Hievel Visual (by line), Ultrasound method
by level gauge
. Volumetric
Dynamic performance 2 Q (using a measuring tank volumetric
and a stopwatch) All auto_mat_ic
3 Phole Manometer Manometer sensors instituted
2 oh - - on AWP
Potentiometric method Potentiometric method | Readings are
5 Eh (fonomers) automatically
. - 6 P Water conductivity Portable tester taken each
Physical and chemical hour
indicators 7 Twater visual Thermometer
. Emanational device,
8 Rn Emanational method (“Radon”)
9 Gf \Volumetric method
10 Ca®
11 Mg? Volumetric visual method (titrimetric)
The main ion-salt
composition 12 ¢l
of thermal waters 13 HaSi04
14 S04% Colorimetric method ("KFK-2", "KFK-3")
15 F
16 K*
Flame Photometric Method ("PFP -7"
17 Na* ( )
18 HCOs-
19 C032- Volumetric titromereous method ("BAT" -block aut. Titration)
20 OH"
21 Hecn Chromatographic Spontaneous gas method (chromatograph “COLOR - 800”)
22 Hep
23 Hz
Gas composition 24 CH4
25 CO:
26 02
27 N2
Geophysmal_ indicator 28 (EHIT) Natural neutron flux (NNF). (detector of slow neutrons "PKC-01H-COJIO")
of external fields
29 Paru’atm | Automatic recording of air temperature and atmospheric pressure
Related Parameters " "
30 Teos ("Barometers and thermometers")

Table 2 — The abbreviated list of hydrogeochemical parameters adopted
for seismic forecast observations in the MG system of the Kazakh SSR in 1985-1988 (Kazakhstan)

uantit
Defined parameters Rn, F, Cl, Li, Sz, He, H2, CH4 Q 8 y
Table 3 — Bishkek polygon (Kyrgyzstan)
Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Ph, Eh. Qcka. Hvn. Troau C0, Gf F, C1, HCO3, S04%, Ca, Mg?* 13
Table 4 — Tashkent polygon (Uzbekistan)
Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Ph, Eh, Qcke, Hye , Tsom C02, H2,CH, Rn, He, Al Br, B, F, HCOs, S04, Cl, Si 20
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Table 5 — Dushanbe polygon (Tajikistan)

Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Ph, Qcxe, Hyp, Teoxs: H2S, He, Rn, C02 HCO03\C032,Cr 11

Table 6 — Urumgi polygon (XUAR of China)

Dynamic and physical parameters Gases Chemical composition Quantity
Ph, Eh, Qcks, Hye , Tsom Rn, C02, He, H2S C1, HCOs', F, SO42, Mg?* 15

Table 7 — Dagestan seismic polygon (Caucasus)

Dynamic and physical parameters Gases Chemical composition of groundwater Quantity
Qcks, Ph, M Rn, C02CH4, H2, T°C, H2S HCOs, Cl, S04>Ca, Na, Mg 15

Table 8 — Kurile-Kamchatka polygon (Russia)

Dynamic parameters Gases Chemical composition of groundwater Quantity
Qcxs, Hyvp C3sHs, C2Ha HCOs ,CT, S04%*, Na~, Ca?* 9

Table 9 — Japan Geochemical Monitoring Program

Dynamic parameters Gases Isotopes Chemical composition of groundwater Quantity
Gases and Hyp, Taous Rn, CO2, He 3He/*He Cl, S04, K, Na, Ca, Mg, Si, B, Mo, Sr 16

Optimization of the required list of measured parameters of hydrogeochemical monitoring.

A large list of parameters on landfills has always created a lot of technical problems, as well as
difficulty in the operational processing of many time series. Conducting full chemical analyses of
groundwater online is difficult. Meanwhile, the experience of long-range field observations [9] makes it
possible to move from initially multicomponent observations to rationally reduced, which allows
significant savings in financial resources, facilitates chemical analyzes, makes fuller use of automated
observation systems. The procedure of optimization of the list of measured parameters implies, first of all,
to comply with the condition: “not to lose information”. It is necessary to observe such parameters that
meet the following requirements:

1) the highest frequency of abnormal changes before earthquakes;

2) simple and real-time measurability of parameters in automatic mode with a data sampling
frequency of at least 1 hour;

3) availability of a reliable instrumental base of measured parameters;

4) sensitive parameter response to deformation processes in locally equilibrium hydrogeochemical
systems.

I mformative I

most
informative HCO3, €0, 50,7,
Ca! Nas Tm:lh[

Ienvironmental changes I
Eh, Ph, CT,
HaSi04

Fundamental classification of informativity of seismic and hydrogeochemical field indicators

Qe H_\p Rn,
C0,, He

It has been established that there is no single stable for all precursor parameter or set of
hydrogeochemical parameters for all regions and polygons and even observation points, which indicates
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the absence of universal precursors of earthquakes. Analysis of data for all forecasting polygons of the
world shows that anomalous variations of certain parameters are not permanent indicators of earthquake
preparation. Indicator in some cases, the components in other cases were not. Some earthquakes were
generally not preceded by any anomalies, but occurred suddenly. However, in general, a certain range of
parameters is established, which manifests itself most often when monitoring earthquakes. These include:
the level of groundwater (flow rate of self-discharging wells (Hievel, Q), as well as Twater, RN, CO2, He, Hg,
and in the composition of groundwater Cl, SO,%, HCOs'Na *, Ca’ * and thermodynamic indicators states
of water - Eh (redox potential), as well as the cumulative parameter - E, Pn ionic strength (Is),
groundwater (solution). The degree of relative and informativeness is presented in the figure.

Comparative data analysis of the entire list of parameters over a long observation period allows you
to go from studying the seismic prognostic information content of a wide range of components to a
rationally reduced list of parameters (table 10), up to 13 items (no chemistry to 7). Together, by calculating
the integral indices, they give, possibly, maximum information about the real seismic situation at the
landfill. In case of lack of opportunities for express chemical analyzes of water, it is possible to conduct
monitoring on the basis of the necessary abbreviated list of 5 items, which can be carried out completely
on an automated basis (table 11).

Table 10 — List of parameters of the complex seismic and hydrogeochemical monitoring of groundwater for predicting strong
earthquakes, recommended by the results of long-term observations at the forecasting sites of Kazakhstan, Kyrgyzstan,
Uzbekistan and XUAR of China

Main indicators List of indicative parameters Quantity
Physical parameters Ph, Twater 2
Dynamic parameters Qtole, Hievel 2
Gas components Rnwater, RNsoil, CO2, He,Hz 4
Chemical composition [Na*, Ca?*], C1, HCO", SO4 5

Total 13

Table 11 — Necessary abbreviated list of parameters of seismic and hydrogeochemical monitoring
for prediction of seismic hazard in local areas of automated observation

Groundwater dynamics Qnote OF Hievel Quantity
Variations of radon in the surface atmosphere Rnsoil 1
Through gas flows CO2, Hz 2

Such methods allow you to continuously calculate very important and sensitive integral indicators of
groundwater, such as the ionic strength of the solution (Is) and the time course of anion-cation ratios
(Pac= A/IK), as well as determine the radon emanation (Rn) in water and in the surface atmosphere (soil)
and their ratios. Such optimization of the list of integrated HGC monitoring fundamentally improves the
quality of measurements, helps to simplify monitoring technology, significantly save material resources
and speed up data processing, and also allows concentrating on the operational collection of a limited
range of data and improving the short-term forecast method of strong earthquakes.

Such methods make it possible to calculate important and sensitive integral indicators of
groundwater, such as the ionic strength of the solution (Is) and the anion-cation ratio (Par = A/ K), as well
as determine the radon emanation (Rn) both in water and in the surface atmosphere (soil). Such
optimization of the list of integrated HGC monitoring fundamentally improves and facilitates the
monitoring technology, allowing you to significantly save material resources and speed up data
processing, which leads to an improvement in the short-term forecast method of strong earthquakes. At the
final stage, on the basis of such monitoring data, a seismohydro-information analytical system should be
created for earthquake prediction [13].

Conclusion. A large list of measured parameters does not increase the information content of the
landfill; moreover, it distracts for the prompt processing of a huge array of related and secondary data. In
this regard, it is necessary to optimize the list of observed parameters for each water point and determine
their degree of information in the general list. The key to success in this option lies in the efficiency and
continuity of a limited range of parameters for a short-term forecast. In all cases, it is necessary to measure
the indicators of external factors (Ram, Tair, €tc.) that affect the course of indicative parameters.
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A. Y. Aéaynnaes?, II. C. FOcynos?

IKP BFM Ceiicmonorus MHCTUTYThI, Anmarsl, Kasakcran;
2MasnsaHoB ateiaarsl OP CelicMonorys HHCTUTYTHI, TamkeHt, ©36ekcTan

KOMILIEKCTIK CEICMOTHIPOT EOXUMUSITBIK MOHUTOPUHTI TIH,
CAHJIBIK KOPCETKIIITEPIH KYIITI )KEP CLIKIHICTEPIH
BOJIKAY MAKCATBIHJIA OHTAMJIAH/IBIPY

AHHOTanMsl. A3HSHBIH TCOMUHAMHUKAIBIK OOJDKAYy YyYacKeNIepiHJAe >KYPTi3iireH CEWCMHKANBIK THIPOTeOXH-
MISUTBIK MOHHTOPUHTTIH (CITXM) caHApIK KepceTkimrepi KapacTelpbuiraH. KemTeren mapamerpiepii Y3HiKCi3
GaKpLIaIl OTHIPY JKEp acThl CYJapBIHBIH OipHEIIe OHAaraH IapaMmeTpiepiHe Oip Me3riige ejmiey HeTi3iHae Ky3ere
aCHIPBUIATHIHBIH aTall eTy Kepek. Ex ket Taparan kemren 10-15 mapamerpai (F, CI, HCOs, COs, SO, H4Si04, RN, He,
Hz, CO,, Ph, Eh, Qsw, Hyp, Teom) KamTuabl. Kemreren oHmarad >kpuiiap OOl OaKbUIAHFAH aKmapar albIHFaH
aKmapaTTap/blH aKMapaTThUIBIFGI OJIIICHICH MapaMeTpiiep CaHblHA TAYENIl eMec, Oipak OaliKanaThlH Cy ©HIMIEpPiHE
ce3iMTa KOMIIOHEHTTEPIIH KyMYJISITUBTIK 9CEPIMEH aHBIKTAJIFaHbl aHBIKTAIbl. COHIBIKTAH TYTACTAl MOJUTOHIAP
YIIiH OakpUIaHATBIH TapaMeTpliep Ti30eCiH OHTaMIaHIBIPy OpOip Cy HYKTECIHIH epeKIIeNIKTepiH eCKepe OTBIPHII
capanaHysl Kepek. byn Oalikay mapaMeTpiiepiHiH CaHBIH aWTapibIKTall a3aiiTyra xoHE «0ayiacT» WHIWKATOpIIa-
PBIHAH KYTBhUTyFa MYMKIH/IK Oepei.

Bacrankeina reoxuMusiiblk (M) sxoHE THIporeonorusuiblk MOHUTOPUHTTIH (ITM) xep ciikiHiciHe HalbIH-
IBIKTBIH TaHBIMAJI MOJISNbJepiHe — KOIIKiH-TYPaKChI3 )KaphIKTap sy Haiina 6omysHa (JIHT) Hemece mudy3usibik-
UIIATAHTTHIK (OKYCTHIK nmamyra ([1J1) HerizmenreH OonaThiH. 3epTTEymIiiep >Kep CINKiHICI OIMIAKTHI aiiMarbIHIA
CepriM/i SHEPTUsIHbIH KUHAKTATYBIHBIH KYPT apTyblH OOJDKaIbl, O KPUTHUKAIBIK JCHIeHIe >KETKCHHEH KeiliH,
ceficMUKaJBIK TOJNKBIHIAPIBIH Maina OOIysIMEH OPTAHBIH MEXaHWKAJBIK aXBIPAThUIYbIHA KOIIei Kep CLIKiHiciHe
neitin. byn mpormecre opTypnmi camamapma — gedopMarys, MarHUTTIK, TeO0(U3UKaIbIK, TCOXUMHUSIIBIK, THAPOTEO-
JMUHAMUKAJIBIK, TEOTEPMAJIIBIK JKOHE T.0. ajIbIH-ala aybITKyJIapAblH KeH TOOBI maiiaa 0oaasl AereH CCHIM OOJIIbI.
byn xarnaiina I'TX xene ['’X npexypcopiiapbiHblH naiina 60mysl GOKYCTHIK aiMaKTapJaH CYHBIKTBIKTAp/IbIH JKaHa
OeJiKTepiHIH KellyiMeH HeMece SpTYpIi XUMHUSUIBIK KypamJaap MeH Ta3 SMMEHTTEpiHIH CYJIapbIHbIH apajacybIMEeH
JKOHE KYIITI JKep CUIKIHICTEepiH AaiblHIay aliMarblH/a JKep KbIPTHICHIHBIH KbI3YBIMEH TiKelel OaiilaHbICTBhI OOJIIBL.
[IIetH MoHIHAE, OOKAMIBI MapaaurMa Kepi eCemTi IIeNry YImiH OOJIbl: OOJKaMIbl JKep CUIKIHICIHIH OOKaMIbl
YaKbITBI MEH OPHBIH JKOHE OJIApJIbIH OaKbUIAHATHIH aliMaKTarbl JaMy YaKbITBHIH JKOHE aHOMAaTHSIApAbIH KapKbIH-
JIBUTBIFBIMCH OHBIH BIKTHMAJIIBIFBIH aHBIKTAY.

MyHjaif TYKBIppIMIaMa MaKcaTKa >KETYIIH HETi3Ti JXOJBIH AaHBIKTaObl — XKEp CUIKIHICIHE JaibIHIIBIKTHI
0akpUIay YIIIH apHAMBI MTOJUTOHAAP KYpY: aiiMak HEFYpIIBIM KeH 0oJica jkoHe OaKpLIay >KUBIHTHIFBI HEFYPIIBIM KOTl
0osica, JKep ClIKiHiCiHe NaUBIHABIK OeNTiIepiH JalipeKk aHbIKTalabl.

Tyiin ce3mep: CeHCMHKANBIK THIPOTCOXMMUS, MOHHTOPHHI, XXEp CUIKIHICI, OOIDKay, THIPOTCOXHMUSITBIK
aybITKYJap, aKIapaTThUIBIK.

A. Y. Aénynaaes?, I1I. C. IOcymos?

MucruryT Celicmonorun KH MOH PK, Anmarsr, Kazaxcran;
2Hucturyt ceifcmonorun AH PY3 um. Masnsunosa, TallkeHT, Y30eKucTaHn

ONTUMMBALNS KOJIMYECTBEHHbBIX TMMOKA3ATEJIEM KOMILIEKCHOT' O
CEUCMOTUAPOIEOXUMHUYECKOI'O MOHUTOPHHTA
C OEJBIO ITIPOI'HO3A CUIBHBIX 3EMJIETPACEHUU

AHHOTanusi. PaccMOTpeHBl KOJIMYECTBEHHBIE II0Ka3aTelll CEHCMOTHIPOreOXUMUYECKOI0O MOHUTOPUHIA
(CI'TXM), npoBoMMBI€ Ha T€OAMHAMUYECKHUX MPOTHOCTHUECKUX MonuroHax Asuu. OTMeuaeTcs, YTo HelpephIBHOE
MHOTronapaMeTpuieckoe HaOIIOACHHE pealn3yeTcs Ha OCHOBE OIHOBPEMEHHOTO W3MEPEHHsl OT HECKOJBKHX [0
JIECSITKOB ITapaMeTpOB MOJ3eMHBIX Boj. Hanbonee pacnpocTpaHeHHBIH KOMIUIEKC BKIJIIOYaeT B cedst oxomno 10-15 ma-
pamerpoB (F, Cl, HCOs, COs, SO4, HiSiO4, RN, He, Ho, COz, Ph, Eh, Qcs, Hyp, Tsomm.) B pesynbrare ananmsa
5 (PEeKTUBHOCTH KOJMYECTBEHHBIX Moka3zarenell I'TX MOHMTOpMHra 3a MHOTHE JECATHIICTHS YCTaHOBJIEHO, UYTO
MH()OPMATHBHOCTH TOMYYEHHBIX NPOTHO3HBIX MAHHBIX HE 3aBHCUT OT KOJIMYECTBA M3MEPEHHBIX NapaMeTpoB, U
OTIPEETSIETCSl COBOKYMHBIM 3(P(EKTOM UYyBCTBHTEIBHBIX KOMIIOHEHTOB MJISI JJAHHOTO BOJOIYHKTa HAOMIONEHHMS.
ITosToMy onTHMH3anus THepedHs HaOMIONAaeMbIX IapaMeTpoB JUIS BCETro IOJWIOHA B IIEJNOM, JOJDKHA OBITh
nudepeHpoBaHa ¢ Y4EeTOM OCOOCHHOCTH KaXKIOTO BOIOITYHKTA. DTO TO3BOJSET PE3KO COKPATHTH KOIWYECTBO
mapaMeTpoB HAOMIONCHHUA U H30aBIATHCS OT «OaJUIACTHBIX) MOKa3aTeNeH.
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M3HavansHO maeonorus reoxumudeckoro (I'X) u ruaporeonorunueckoro monutopunra (I'TM) Obta ocHOBaHa
Ha M3BECTHBIX MOJIENAX MOATOTOBKH 3eMJIETPSICEHUI — JTaBHHHO-HEYCTOWYHMBOTO TpeurrnHooOpazoBanus (JIHT) mmm
mddysnonHo-auIaTantHoro passutusi ovara (JI/1). MccriemoBarenu mnpennonaraiy, 4TO B O4YaroBoil oOiacTu
3eMJIETPSICCHUI TPOUCXOJUT CKAaYKOOOpa3HOE HapacTarolllee HAKOIUICHHE YIPYrod SHEPruM, KOTOpas Iocie
JIOCTHIKCHUSI KPUTUYECKOTO YPOBHSI MEPEXOAUT K MEXaHMYECKOMY pa3pblBy Cpeibl C reHepanuel CeHCMHUYecKUX
BOJIH, T.€. K 3eMJIETPSICEHMIO. bblla yBEepeHHOCTh B TOM, YTO B 3TOM IIPOIIECCE BO3HHMKAET INMPOKHH Kiacc
MpeABapSIONINX aHOMAJIMK B pa3JIMUHBIX MOJSAX — JeGopMalmOHHOM, MarHUTHOM, T€0(pU3NIECKOM, FTEOXUMHIECKOM,
THIPOTeOANHAMUYECKOM, T€0TEPMUYECKOM U T.A. TipHu 3ToM Bo3HUKHOBeHHe [ TX u I'T npeaBecTHUKOB HampsMyro
CBSI3BIBAIOCH C IOCTYIUICHHEM HOBBIX TOPIMH (DIIOMIOB M3 OYaroBBIX 30H MM CMENICHHEM BOJ Pa3IMdHOTO
XMMHYECKOTO COCTaBa M Ta30BBIX OMaHAIMil M IPOTPEBOM 3€MHOW KOpBI B OOJACTH IOJITOTOBKH CHIIBHBIX
3emsterpsiceHnid. CoOCTBEHHO Iapajurma MporHo3a 3aK/II04aiach B pelIeHUH 00paTHON 3aadu: 10 MpeIBECTHUKAM
W BpEMEHAaM HX Pa3BUTHS Ha KOHTPOJIMPYEMOH IUIOMAIM yCTAaHOBHTH BEPOSTHOE BPEMsS M MECTO pealn3alun
O’KHJIAaEMOTO 3€MJIETPSCCHNUS, a 10 NHTEHCUBHOCTH IPOSBICHHS aHOMAJINH — €T0 BEPOSITHYIO CHITY.

Taxass KOHLETIIUS OMpEEeNa OCHOBHOW MyTh K JOCTHKECHHUIO LIEJIM — CO3AaTh CHENNAIbHbBIC MOJIUTOHBI JUIS
OTCIIe)KMBAHUS OATOTOBKU 3EMJICTPSICEHHI 110 MPHUHIMITY: YeM LIMPE IUIOIAAX U Oolbllie HA0Op HAOIIOEHUS, TEM
HaJle)KHEee OOHAPY)KEHHE MPU3HAKOB NOATOTOBKHU 3eMJICTPSICEHUI.

KnrodeBble cnoBa: celiCMOTHIPOTreOXUMHUsS,, MOHUTOPHUHI, 3E€MJICTPSCEHUS], MPOTHO3, T'MAPOr€OXUMHUYECKHE
aHOMaJIM1, HHPOPMATHBHOCTB.
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CORRELATION OF THE STRUCTURAL ELEMENTS
OF MAJOR GEOSTUCTURES OF NORTH USTYURT REGION

Abstract. According to the results of research in the Ustyurt region by the nature of correlation the surface of
the basement and paleozoic, the bottom of the Jurassic and Cretaceous sediments are divided into three groups of
geostructures.

The first group of geostructures included mobile fold systems and “mobile corners”, in which the correlation
coefficients are weak, either do not appear at all (South Emba uplift, Aral-Kyzylkum arch, Central Ustyurt
dislocation system, Mountain Mangyshlak).

Second group forms internal mobile elements, isolated as large positive structures characterized by extremely
high values of correlation coefficients by surface of the basement and paleozoic, the bottom of the Jurassic and
Cretaceous sediments, (Buzachi uplift, Aktumsuk high, Kuanish-Koskala arch, Baychagyr-Yarkimbay high).

The third group of geostructures forms tectonic elements of the inner areas of the North Ustyurt region (North
Ustyurt depression systems, Chelkar and Barsakelmess depressions), characterized by prolonged and inherited
subsidence in the Phanerozoic and high correlation surface of the basement and Paleozoic, the bottom of the Jurassic
and Cretaceous sediments.

Key words: North Ustyurt, basement, paleozoic, jurassic, cretaceous, correlation coefficient.

Statement of the problem and a retrospective analysis. Studies on the geological structure of the
North Ustyurt basin by seismic methods and drilling began in the middle of the 20th century and
conducted by various organizations of Kazakhstan, Uzbekistan, Turkmenistan, Russia. Since the 2000s —
by foreign oil companies.

The first information about the geology of North Ustyurt was obtained in the early 50s after SRM
(Seismic Reflection Method) and CRM (Correlation Refraction Method). According to the results of the
interpretation of the data obtained, old ones were clarified and new structural elements were identified,
mapped tectonic zoning of the cover and basement.

By the end of the 60s by Turlan Geophysical Expedition were performed CRM regional works, aimed
at studying lower horizons of the sedimentary cover and the surface of the consolidated crust. These works
allowed to determine the regional structure and the character of changes in the Paleozoic-Triassic
sediments and to execute grounding by actual data, first conclusions about the structure of the basement of
the Ustyurt region.

70s and 80s of the last century characterized by a significant increase in the volume of geological and
geophysical works, by intense accumulation of structure data, material composition and stratigraphy of the
Meso-Cenozoic and Paleozoic-Triassic sediments. During this period, regional and CDPM (Common
Depth Point Method) search profiles were worked out.

By the mid-1990s, almost in the entire territory of North Ustyurt (in the Kazakh part) the
development of a regional network of seismic profiles by the CRM and CDP methods was completed; a
large amount of prospecting and detailed seismic works by CDP method was carried out to identify and
prepare local structures in the Jurassic-Paleogene section of the sedimentary cover section.
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In the eastern part of North Ustyurt, near the border with Uzbekistan, the search seismic prospecting
CDPM works by MSUP was performed (with USA funding).

According to the Samsk trough, including its northern side, obtained new additional information
about the geological structure. Pre-Jurassic sediments of this trough are classified as unpromising. It was
concluded that the Paleozoic sediments could be a source of hydrocarbons for Jurassic sediments.

More informative material, by resolution, during seismic surveys obtained in 1995-2002, these
studies were carried out by foreign investment with the most modern equipment. These areas are
developed by CDPM- 2D Japanese National Petroleum Company (JNPC) and located on the northwest
coast of the Aral Sea (1995-1997), in the Aral Sea (2000-2001), on the area "Teresken" in the junction
zone of the Caspian Basin and Ustyurt (1997-1998) and on Kaidak litter (1999-2000).

According to the results of seismic researches and involving data on geophysical potential fields,
main features of the Ustyurt tectonics were established, mapped tectonic zoning of the cover and basement
and identified areas promising for oil and gas, characterized basement sediments.

Great contribution to the knowledge of the geology and petroleum potential of the North Ustyurt
made articles and monographs of A. Bakirov, R. Sapozhnikov, V. Bykadorov, N. Kunin, Yu. Volozh,
Z. Bulekbayev, A. Akramkhodzhayev, R. Gareckiy, R. Bykov, V.Gavrilov, I. Dalyan, N. Kalinin,
L. Kirukhin, V. Knyazev, S. Ozdoyev, A. Abetov, V. Lipatova, Yu. Vasilyev, I. Grinberg, G. Dikenshtein,
B. Dyakov, N. Nevolin, Ya. Ogorodnikov, V. Shraibman, A.Yanshin and et al.

However, quantitative correlation analysis of the main geological boundaries of the sedimentary
cover and consolidated crust has not yet been performed. In order to study the structural features and
relationships of the structural surfaces in the COSCAD 3D software package, the correlation coefficient
(complete spectral correlation analysis of geodata) of a series of structural maps was calculated: by the
surface of the basement, Paleozoic, pre-Jurassic surface and Cretaceous base of the North Ustyurt region.

It should be noted, what COSCAD 3D software package provides an opportunity to conduct a full
spectral correlation and statistical analysis of geodata and was developed at the Moscow State Geological
Prospecting University by supervision of doctors of physical and mathematical sciences, professors
A. Nikitin and A. Petrov.

These studies were carried out on the basis of data of the Institute of Geological Sciences named after
K.l. Satpayev (A. Abdulin, E. Votsalevsky, S. Daukeev, 1997), which were converted to digital format
using software tools Didger, Surfer, ArcGIS, Geosoft.

In the geological structure of the North Ustyurt region stand out stable lumps, which include its
internal regions and large linearly extended mobile belts (South Emba uplift, Aral-Kyzylkum arch, Central
Ustyurt dislocation system, Mountain Mangyshlak), located in peripheral areas and in the interior “mobile
corners” of this region [1].

The results of correlation analyses of the main section of the North-Ustyurt region.

Central Ustyurt dislocation system. Clearly expressed linear structure, stretched in a west-north-west
direction and complicated by arch highs and depressions of higher orders [2].

In the central part of these dislocation systems, the surface of the consolidated basement lies at depths
of 4.0 — 6.0 km (figure 1). The surface of the Paleozoic, the bottom of the Jurassic and the Cretaceous lie
here conformally to the basement and with some variations are identified at depth intervals 2.5 — 3.5 km
(Paleozoic surface), 1.8 — 2.0 km (bottom of the Jurassic sediments) and 1.2 — 1.6 km (bottom of the
Cretaceous sediments).

The correlation coefficient between the basement and the surface of the Paleozoic everywhere gets
high values (to 0.8 — 0.9) (figure 2).

On the surface of the basement and the bottom of the Jurassic formations in the western part of the
Central Ustyurt dislocation system antiformal occurrence observed with a correlation coefficient — 0.4-0.6,
on the rest of this large geostructure, high values of the correlation of the basement surface and the bottom
of the Jurassic up to 0.8 are recorded (figure 2).

A similar pattern is observed on the surface of the basement and the bottom of the Cretaceous
formations. In the western part of the Central Ustyurt dislocation system revealed negative values of
correlation coefficient (up to — 0.4). The rest of this geostructure the values of the correlation coefficient
increase to 0.7 (figure 2).

Buzachi uplift. It stands out in the western corner of North Ustyurt and has a continuation in the
waters of the Caspian Sea.
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Figure 1 — Map of basement surface. Legend: Tectonic elements (by basement surface): 1 — Buzachi uplift;

2 — North Karatau system; 3 — Tyubkaragan-Karatau meganticlinal; 4 — Chakirgan deflection; 5 — Beke-Bashkuduk meganticlinal;
6 — Kizan-Tokubay uplift; 7 — Kultuk depression; 8 — Barsakelmess depression; 9 — Baychagyr high; 10 — Karabaur meganticlinal;
11 — Central Ustyurt system; 12 — Zhayilgan uplift; 13 — Sams depression; 14 — Amanzhol-Sheluran high; 15 — Aktumsuk uplift;
16 — Kosbulak depression; 17 — Aral-Kyzylkum system; 18 — Chelkar depression; 19 — Akkul high

In the North-West of the Buzachi uplift the surface of the basement is traced at depths about 6.0-7.0 km,
submerged up to 8.0 km in the southern and eastern directions (figure 1).

In hypsometrically elevated areas of this uplift the basement is weakly correlated with the surface of
the Paleozoic formations (0.2), whereas this coefficient increases in a southerly direction to 0.6 (figure 2).
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Paleozoic sediment complexes are widely developed here. In the arch of the Buzachi uplift, the
surface of the Paleozoic formations lies at depths of up to 2.5 km and more, plunging to 6.5-7.0 km on the
southern and eastern pericline of this uplift.

The bottom of the Jurassic sediments stands out at depths of up to 0.6 km in the North-West part of
the Buzachi uplift, submerged to south and east to 1.6 km. The depth range of the bottom of the
Cretaceous formations varies within 0.6 — 1.2 km.

There is a good correlation between the bottom of the Jurassic and Cretaceous sediments with the
basement surface (0.6 — 0.7) (figure 3).
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Figure 3 — Graph of average values of the correlation coefficients of the internal ares of the North Ustyurt region

Mountain Mangyshlak. Formed along the Scythian-Turanian planetary lineament [3]. The depth of
the basement here is sustained everywhere and takes values of 6.0 — 7.0 km (including North Karatau and
Chakirgan troughs) (figure 1). The elevations of Mountain Mangyshlak are separated in the form of
narrow (about 20 km) and extended (up to several hundred km) elevations — meganticlines [4].

The surface of the Paleozoic Mountain Mangyshlak is separated at depths of 3.0 — 4.5 km and more.

The correlation coefficients of the basement and the surface of the Paleozoic take minimum values
(from 0.1 to -0.6) on the northwestern and southeastern flanks. In the central part of the Mountain
Mangyshlak, the basement and surface of the Paleozoic lies conformally with a high correlation
coefficient (up to 0.8) (figure 2).

In the relief of the bottom of the Jurassic sediments, Mountain Mangyshlak is isolated in the form of
elevation in absolute elevations -1.6 — 2.0 km. The correlation coefficients of the basement and the bottom
of the Jurassic sediments are distributed in a similar way. The lack of correlation of these boundaries is
observed in the north-western and south-eastern parts (-0.3 — 0.1), whereas in the rest of the Mountain
Mangyshlak their weak correlation is recorded (0.2 — 0.4) (figure 2).

On the bottom of the Cretaceous sediments, the eastern part of Mountain Mangyshlak is raised to
0 km, with immersion in a north-west direction to 2.0 km.

The bottom of the Cretaceous formations lies non-conformally with the above-described interfaces
and is characterized by the absence of correlation, values of which reach here extremely high values (up to
-0.9) (figure 2), which, in turn, gives grounds to assume a significant restructuring of the structural plan on
the border of the Jurassic and the Cretaceous.

South Emba uplift. Splits the Caspian depression and the North Ustyurt massif and in the form of a
narrow inversion structure extends in the northeast direction [5].

— 4 ——
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In the axial part of the South Emba uplift, the surface of the basement is submerged to 12.0- 13.0 km,
whereas on the northern and southern flanks of this uplift it is raised to depths of 9.0 — 10.0 km and less
(figure 1).

In the relief of the surface of Paleozoic formations, the South Emba uplift is isolated in the form of a
large anticlinorium with a depth of surface of the Paleozoic formation of 1.5-4.5 km, in separate areas, up
to 0.5 km.

The surface of the basement and Paleozoic deposits almost the entire territory of South Emba uplift
occur antiformally and do not correlate among themselves (-0.4 — 0.1) (figure 2).

The depth of the bottom of the Jurassic sediments South Emba uplift can be divided into three areas.
The most curved position of the bottom of the Jurassic formations was recorded in the central part of the
South Emba uplift (3.0 — 3.2 km). From here it rises to 0.6 — 2.0 km on its south-western flank and up to
1.2 — 1.6 km, respectively, on the northeastern flank.

The surface of the basement with the bottom of the Jurassic sediments is correlated by positive values
of the coefficient (up to 0.7), having only in the central part the reduction of this coefficient to 0.1, which
indicates a weakening of the correlation of the basement surface and the bottom of the Jurassic sediments
(figure 2).

The bottom of the Cretaceous sediments has a similar pattern in depth. In the southwestern part of the
South Emba uplift, it occupies a hypsometrically elevated position of up to 0.6 km. In the north - eastern
part it takes an intermediate position and in the central part is submerged to 1.4 — 1.8 km.

Aral-Kyzylkum tectonic rampart (dislocation system). On the surface of the basement, it manifests
itself as a large polygonal array with the depth of the basement up to 6.0 km (figure 1).

In the relief of the surface of the Paleozoic in most of its stretch Aral-Kyzylkum arch shows itself as
an uplift with an unclearly pronounced linear form and the depth of submergence of this surface to
4.5-5.0 km.

There is a confident correlation between the surfaces of the basement and the Paleozoic (0.5 — 0.7),
decreasing to 0.1 in the southeast of this shaft (figure 2).

The bottom of the Jurassic sediments lies in the anti-formal underlying sediments and has a
deepening trend in a westerly direction from 1.8 to 3.4 km. The Aral-Kyzylkum arch in the relief of this
surface acquires a clearly expressed linear shape. The correlation coefficients of the basement with the
bottom of the Jurassic formations vary in the range 0.1 — 0.6 (figure 2).

A close tendency is manifested in the behavior of the surface of the Cretaceous sediments of the Aral-
Kyzylkum arch, which also deepens in a westerly direction from 1.6 to 2.4 km.

The basement with the bottom of the Cretaceous sediments practically does not correlate (to -0.1-0.4).
And only, on separate squares on the western and eastern flanks of the Aral-Kyzylkum arch, the values of
this coefficient increase to 0.5 (figure 2).

Aktumsuk dislocation system and Kuanish-Koskala tectonic rampart on the surface of the basement
are separated at depths of 5.0 — 7.0 km (figure 1).

In the relief of the surface of the Paleozoic, they manifest themselves as elevations with hypsometric
values of depth within 3.5 — 4.0 km. In the central part of the Kuanysh-Koskala tectonic rampart, the
surface of Paleozoic formations is up to 5.0 km.

The correlation coefficient between the surfaces of the basement and the Paleozoic takes on quite
high values (up to 0.6 — 0.8). In the central part of Kuanysh-Koskala arch, a decrease in the correlation of
these interfaces to 0.1 (figure 3).

On the bottom of the Jurassic, Aktumsuk shaft is an uplift, which stands apart in a depth range of
2.2 — 2.6 km. The Kuanysh-Koskala arch is notable for stable depths of the bottom of the Jurassic
sediments (2.0 to 2.4 km).

High correlation links are established for the Aktumsuk dislocation system (up to 0.7) between the
surface of the basement and the bottom of the Jurassic deposits. On Kuanysh-Koskala arch, the values of
the correlation coefficient are reduced to 0.5 (figure 3).

On the bottom of the Cretaceous sediments Aktumsuk dislocation system is isolated at depths of
1.6 — 1.8 km, Kuanysh-Koskala arch at 1.8 — 2.0 km. The correlation coefficient reaches extremely high
values (0.7 — 0.8) (figure 3).
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Chelkar depression. Located on the northeastern flank of the North-Ustyurt region. The sides of this
trough are complicated by uplifts, groups of structures, structural terraces, anticlines and brachyanticlines
[6].

In most of the depression, the depth of the basement is set in the range of 2.0 — 3.0 km. Two troughs
are distinguished in the depression: Kurgantuz and Arradung. The Kurgantuz trough has a simple structure
and a basement depth of up to 4.0 km. Arradung - characterized by a complex internal structure. The
basement surface is submerged here to a depth of 6.0 km (figure 1) [2].

On the surface of the Paleozoic, the Chelkar depression is separated by isogypsy -1.5 — 2.0 km. In the
Arradung trough, its depth is set to 5.0 km. In the Kurgantuz trough to 3.5 km.

The basement and surface of the Paleozoic in the Chelkar depression lies conformally with a high
correlation coefficient (0.6 — 0.8) (figure 3).

In the relief of the bottom of the Jurassic sediments in the side zones of the Chelkar depression, the
desired surface stands out at depths of 1.0 — 1.4 km. In the depot centers of this trough, it deepens to
4.0 km in the Arradung trough and to 2.4 — 2.6 km of the Kurgantuz trough.

The correlation of the basement with the bottom of the Jurassic formations in the Chelkar trough
decreases to 0.4 — 0.7 (figure 3).

The bottom of the Cretaceous sediments of the Chelkar trough separates at depths 0.8-1.2 km.
Submerged to 2.8 km in Arradung trough. There is a high correlation between the bottom of the
Cretaceous sediments and the basement (0.6 — 0.8) (figure 3).

Barsakelmess depression. On the surface of the basement is a difficult - built asymmetric structure
with steep north and northeast (8.0 — 9.0 km) and gentle south-west (6.0 — 7.0 km) sides (figure 1) [7].

On the surface of the Paleozoic, there is a trend of submergence in the north direction from 4.0 to
6.5 km. Correlation coefficients reach extremely high values 0.8 — 0.9 (figure 3).

In the relief of the bottom of the Jurassic sediments, most of the Barsakelmess depression is isolated
in the form of depression, oriented in the north - east (3.0 — 3.6 km) direction, whereas in the western,
lateral part, there is uplift of the bottom of the Jurassic sediments (2.4 km).

In most parts of the Barsakelmess depression, high values of the correlation coefficients of the basement
and the bottom of the Jurassic sediments are recorded (0.6- 0.8). Exceptions are its western and southeastern
parts, where these boundaries are not correlated (correlation coefficients are reduced to - 0.4-0.1) (figure 3).

The trend of deepening in the north-east direction is also observed on the bottom of the Cretaceous
sediments (1.8 — 2.4 km). The values of the correlation coefficient between the basement and the
Cretaceous bottom in the inner regions of the deflection reach here extremely high values (to 0.8 — 0.9),
dropping to -0.2 in the western and southeastern parts (figure 3).

Baichagyr-Yarkimbay arch. Large positive element, bounding Barsakelmes trough from the west
and having a massive configuration and slight development of structural complications in the sedimentary
cover [6].

In most of this arch, the surface of the basement submerged to north from 4.0 to 6.0 km (figure 1).

In the relief of the surface of the Paleozoic formations, the Baychagyr-Yarkimbai arch is isolated at
depths 3.0 — 3.5 km.

The surface of the basement and Paleozoic sediments over almost the entire territory of this arch lie
conformally and correlate well with the values of the correlation coefficients 0.6 — 0.8 (figure 3).

The bottom of the Jurassic deposits of the Baychagyr-Yarkimbay arch is uplift in the northeast
direction from 2.2 to 3.0 km.

The high correlation of the basement with the bottom of the Jurassic sediments is established
(to 0.7 — 0.8). And, only, in the western part of the Baichagyr-Yarkimbay arch, a decrease in the
correlation of these surfaces to 0.1 (figure 3).

The bottom of the Cretaceous sediments has a similar correlation trend with the basement surface. It
occupies a hypsometrically elevated position in the southwestern part of the Baychagyr-Yarkimbai arch
(to 1.2 km), in the northeast, up to 1.8 km. The correlation coefficient here gets high values (to 0.6 — 0.8)
and only, on the northeast flank of this arch, the values of this coefficient are reduced to -0.1 (figure 3).

North Ustyurt depressions system formed by the Sam and Kosbulak troughs and the Kultuk
depression. This depression system is characterized by deep basement submergence (up to 10.0 — 12.0 km
and more) (figure 1) [7; 13-20].

To the south, by the complex system of large-amplitude faults, the surface of the bottom rises sharply
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to a depth of 7.0 — 8.0 km in Kyzan-Tokubay uplift and up to 6.0 — 7.0 km of the Aktumsuk dislocation
system.

To the north, in the relief of the basement surface of this system of depressions, there is no physical
boundary with the South Emba uplift (12.0 — 13.0 km) (figure 1).

In the surface relief of the Paleozoic deposits, the Kosbulak and Sam troughs are isolated at depths
5.5-6.5 kmand 6.5 - 7.5 km, respectively, and the Kultuk depression to 7.0 — 8.0 km.

In the North Ustyurt depressions system, in North Ustyurt depressions system exhibits high values of
correlation coefficient basement surface and Paleozoic (to 0.8), which decreases to the border with the
South Emba uplift to 0.1 (figure 3).

The bottom of the Jurassic sediments over most of the North Ustyurt depressions system are
separated at depths of 3.6 — 4.2 km. The correlation coefficient between the basement surface and the
bottom of the Jurassic sediments acquire high values (to 0.7), in some places reaching a maximum (0.9)
(figure 3).

In the relief of the Cretaceous bottom, this system of deflections is separated at depths 1.8 — 3.0 km.
There are high values of correlation coefficients to 0.8 — 0.9 (figure 3).

Conclusion. Conducted studies to identify correlations of structural elements within major
geostructures of the North Ustyurt region give grounds for the formulation of the following conclusions:

In linearly extended mobile systems and mobile corners, the correlation of the basement surface and
Paleozoic formations, the bottom of the Jurassic and Cretaceous sediments are weak, or not at all. Here,
these interfaces often lie antiformally.

For example, the Aral-Kyzylkum system of uplifts in the surface structure of the basement and
Paleozoic manifests itself as an arch, whereas in the structure of the Jurassic and Cretaceous sediment
complexes it is isolated as a submerged depression.

The South Emba uplift in the sediments of the Upper Paleozoic and Mesozoic-Cenozoic deposits is
arch, whereas in the relief of the basement surface it manifests itself as a deep trough.

The conformal occurrence of the surface of the basement and the Paleozoic and the bottom of the
Jurassic deposits in the form of highs identified in the Central Ustyurt dislocation system, the central part
of the Mountain Mangyshlak. The bottom of Cretaceous sediments is not correlated or weakly correlated
with the above boundaries.

The exceptions are the Buzachi arch, Aktumsuk swell, Kuanish-Koskala tectonic rampart and
Baichagyr-Yarkimbay arch, characterized by extremely high values of correlation coefficients, manifest
themselves as large positive structures along all analyzed interfaces.

In the interior of the North Ustyurt region (North Ustyurt depressions system, Chelkar and
Barsakelmess depression), characterized by prolonged and inherited subsidence in the Phanerozoic,
observed the curved position of the surface of the basement and the Paleozoic, bottom of the Jurassic and
Cretaceous with high values of the correlation coefficient.
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COJITYCTIK YCTIPT OHIPIHIH IPI 'EOKYPBIJIBIM/IAPBIHBIH
K¥PBIJIBIM/IBIK 3JIEMEHTTEPIHIH KOPPEJISAIIUACHI

AnHoTanust. JKymbicTa OYpbIH KYPri3UIreH MIOTiH/i JKaMBUIFBIHBIH KOHE HIOFBIPIAHFAaH JKep KbIPTHICHIHBIH
HETI3r TeOJIOTMSUIBIK MIeKapalapblH CaH/ABIK KOPPeLMIBIK Taniay HoTwkenepi kentipinren. COSCAD 3D
OarapiaMalibIK aKeTiHIET] KYPhUIBIMABIK OeTKeHIep/IiH KYphUIBIMIBIK €PEKILIENIKTEP] MEH KaThIHACTAPBIH 3€PTTEY
ylIiH Oipkarap KYpbUIBIMABIK KapTallapAarbl Koppemsnus Kod(hGHUIUeHTI (CHEKTPIiK KOPPEeNsUHUsIbIK Talaay)
ecenTeni: iprerac 0eTi, naneo3oH, opara aeiinri 6erkeit, ConTycrtik YCTipT aiMarbiHBIH 00D Heri3i.

COSCAD 3D 6argapiamaribIK MaKeTi TeoaTara TOJIBIK CIICKTPIIIK-KOPPEIISIHUSIBIK JKOHE CTATUCTUKAIIBIK TAJIAAY
KYprizyre MyMKIiHIIK Oepeni skoHe Maockey MeMJIEKETTIK TeoJIOrHsUIBIK Oapiiay yHUBepcUuTeTiHAe (HU3HKa-MaTeMaTrhKa
FBUTBIMIAPBIHBIH JOKTOPIaphl, mpodeccop A.A. Hukuruh xone A.B. I1eTpoB jKeTeKIIIriMEH jKacaFaH.
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ConrycTik YCTipT aiiMarblHBIH T€OJOTHSUIBIK KYPBUIBIMBIHAA IepU(epusibIK aiMakrap MEH KYpJIBIKTa
OpHAJIaCKaH iMKi alMaKTap[bel >KOHE ipi CHI3BIKTHI CO3BUIFAH JKBUDKBIMANBl aiiMakrapabl (Opraislk Y CTipTTiH
nqucnokanus xyieci, Taynasr Manrpimmiak, OHTycTik EMO1 keTepinici sxone Apan KpI3pUTKyM Baigapsl) KAMTUTBHIH
TypakTsl 650KTap Gemineni. Ockl alMaKTHIH «KBUDKBIMAIIBI OYPBIIITAPBD».

OpsbIHIanFas 3epTTey HOTIKenepi OoipIHIa Y CTIpT OHIpiHAE KOFAPFHI iprerac >KoHe Maneo30i, 10pa xKoHe 60p
TabaHIAPBIHBIH KOPPEIIHS MoHIHEe OalIaHBICTHI YIII T€OCTPYKTYPAJIBIK TOTI OOITiHEe .

BipiHmIi reoCTpyKTYpajbIK TOMKA KBUDKBIMAIEI KATIIAPIIEL KYHe KOHE «MOOWIBII OyphIITapy Kipei, *KOoFaphl-
Jla aTBUTFaH HMIEKTepAe Koppersus Ko3()(UITNeHTi JIci3 TaHBIIaAbl HeMece MyJeM TaHbuMaiasl (OHTyCcTiKk EMOi
keTepimimi, Apan-Ksiputkym 6eneci, OpTtansik Y CTipT Auciokarus xyieci, Taymsr Manrpinniak). Meicansl, Apan-
KpI3pIKyM KyHeci sKOFapFhl )KOHE TOMEHT] )KaKTapIbIH OopiHe KOTEpiJil, 631H KeTepiIiM peTiHae KOpCeTTi, all 1opa
JKoHE OOp KemleHepi KyphUIBIMBIHIA Tay aCThI JETPECCHACH PETIHAE OKIIAyJIaHFaH.

Iprerac men maneo3oiineH OeTKeiepi MeH topa TYOIHIH IIBIFBIHKBI TYypiHAe KOH(GOpMIB! Typae maiina 00mys
Tayner MaHFBIIUTAKTHIH OPTAIBIK, OOIIrIHIET OpTaIbIKTaHFaH KYHeciHae aHbIKTanapl. bop merinainepiniH TabaHbl
JKOFapBIIa aTaFaHAapMeH OalIaHBICTBIPBUIMaFaH HeMece Hamap OailllaHBICKaH.

Mericansl, Apan-Ke3pUIKYM Kyiieci ipretac IeH Majeo30iIbIH KYPBUIBIMBIHAAFEI KOTEpLTiCTEp JKylieci maHIyc
TYpiHZAE KepiHemdi, al ropa >koHe O00p Ke3eHIHAET! Tay >KbIHBICTAPBIHBIH KEIICHACPiHiH KYPBUIBIMBIHIA O JKEPacThl
JIETIPECCHACH PETiHAE OOTiHe .

JKoraprpl maneo3o >koHE Me3030H-KaifHO30W MeTiHAUIepiHiH KyYpeUIbIMBIHAaFel OHTYCTiK EMOi KeTepimici -
OyJ1 KOpFaH, a )kepTele OeTiHiH penbedinae 07 TepeH KYIaTy peTiHae KopiHei.

ExiHmm Tom — imki MOOWIB/I TONTHI KYpaimel, ipi OHTaWIBI KYPBUIBIMAAp OOJBIIN JKEKEIICHETIH JKOHE ipreTac
OeTiHIH maJe030iMeH, Fopa jkoHe 0op MeTiHAIepiMeH KOpPeIsIusl Ko3(hGUIIHESHTIHIH SKCTPEMAIIB JKOFAphl MOH/IE-
pimen cunartamansl (Byzammr Tebeci, AKTyMchIK KeTepinimi, Kyansrm-Kockama Oeneci, Baitmareip-Apkeimoait
Tebeci).

JKep acTel xoHe maneo30d OETiHIH JKOHE [Opa IIeTIHIINEPiHIH MIBIFBEIHKBL TYpiHAE KOHQOPMIBI Ke3aecyi
Opranslk YCTIpT auciokauus xyiecinne, Taynsl MaHFBIIUIAKTHIH OpTAIBIK Oedirinne aHelkranapl. bop kabarra-
PBIHBIH TabaHbI XKOFaphlIa aTajdFrad HHTepdericTepMeH OaiaHbICTRIPBIIIMAaFaH HEMece Hamap OaillaHbICKaH.

Bysamsl, AktyMchIK KkeTepinici, Kyansim-Kockana mieiabl xkoHe baiimarsip-SpkuM0Oaii apka epekmiemikrepi
KOppemsust KO3 QUIMEHTTEPIHIH 6Te JKOFaphl MOHIEPIMEH CHITATTANAAbI, OapIbIK TAIaHFaH ayAaHaapia YIKeH
MO3UTHBTI KYPBUIBIM/IAP PETIHIE KOpiHEeIi.

YiHmi reoctpyKTypanslk TonTsl COnTycTiK YCTIPT OHIpiHIH IMIKi ayZaHBIHBIH TEKTOHHKAJIBIK JIEMEHTTEpI
kypaiiasl (Conrycrik Ycripr uimim okyiieci, [lankap xone bapcakenmec nemnpeccusiapsl), y3aK dXoHE Mypajbl
MUTyMeH XoHe eH Kell ipretac OeTiHiH najieo30i, ropa xaHe 00p IeriHiIepi KOppesHUsICIMEH CHITATTalla Ibl.

Conrycrik Ycripr aiiMarbIHbIH imKi alimMakrapbiiga (Conrycrik Ycript nempeccus xyiteci, [llankap sxone
Bapcakenmec oinarrapsl) onap geHepo3oiina y3aK )KoHe MypalaHFaH aybITKYMEH CHIaTTallaJlbl, ipreTacteH KUCHIK
OpHAaJIaCybl >KoHE Koppessiius KoddUIMEHTIHIH >KOFapsl MoHAepi Oap maneo30H, fopa >koHe Oop TabaHIapsl
OaliKajabl.

Tyiiin ce3mep: Conrycrik YCTIpT, iprerac, maineo3oii, ropa, 6op, koppessiius Ko3QduIueHTi.

A. E. Adetos, 1O. A. Bosiox?, A. T. Huszona®

Satbayev University, Anmmarsi, Kazaxcran;
T'eonornueckuii nHctutyT PAH, Mocksa, Poccust

KOPPEJIALUA CTPYKTYPHBIX 3JIEMEHTOB KPYIIHBIX
IF'EOCTPYKTYP CEBEPO-YCTIOPTCKOI'O PETMOHA

AnHoTanusi. B pabore oToOpaskeHBI pe3yJbTaThl KOJMYECTBEHHOTO KOPPEALMOHHOTO aHajlM3a OCHOBHBIX
Te0JIOTHYECKUX TPAaHHI[ OCAZIOYHOTO 4YeXiIa M KOHCOJIWAMPOBAHHOH KOpPBHL. B Henmsx H3ydeHUs CTPYKTYpPHBIX
0COOCHHOCTE M B3aMMOOTHOILICHUN CTPYKTYpHBIX MoBepxHocTeil B mporpammuom komiuiekce COSCAD 3D
paccuuTaHbl KOd(D(OUIMEHT KOppersuui (TOJHBIA CIIEKTPaIbHO-KOPPEIAINOHHBI aHANN3 TEONAaHHBIX) CepHUr
CTPYKTYPHBIX KapT: IO MOBEPXHOCTH (yHIaMEeHTa, Iajeo030s, JOIPCKOH MOBEepXHOCTH, moxpouBe mena Cesepo-
YcTIOpTCKO# peruoHa.

Iporpammustii komruiekc COSCAD 3D naet BO3MOXKHOCTh HPOBECTHU TOJIHBIN CHIEKTPATbHO-KOPPEIISIIUOHHBIH
U CTaTHCTHYCCKHI aHaJM3 T€OJaHHBIX M ObUI pa3paboTaH B MoCKOBCKOM ['0CcyqapcTBEHHOM Te0JIOropa3BeouHOM
YHuBepcuTeTe TOJ PYKOBOACTBOM IOKTOPOB (H3MKO-MaTeMaTHYECKHX HayK, mpodeccopoB A.A. HukutnnHa u
A.B. Ilerposa.
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B reonormueckom crpoennn CeBepo-YCTIOPTCKOIO PETMOHA BBIICISAIOTCS CTaOWIIbHBIE TJIBIOBI, K KOTOPBIM
OTHOCSITCSL €r0 BHYTPEHHHE PAHOHBI U KPYIHBIE THHEHHO-BBITSIHYThIe MOOMIbHBIE Nosica (LleHTpanbHO-Y cTrOpTCKas
cucremMa nuciokammid, [operii Manrsmuak, MOxHO-OMOeHckoe momHsATHE H Apano KeBpulkyMcKui Ba),
pacIosoXeHHbIE B IepU(EPUIHBIX 30HaX U BHYTPEHHUX «MOOMIIBHBIX YTJIax) 3TOr0 PETHOHA.

Ilo pe3ynpraTaM BBIOJHEHHBIX HCCICIOBAaHMHA B YCTIOPTCKOM DPETHOHE, IO XapaKTepy KOPPEIUpyEMOCTH
MOBEPXHOCTH (PyHIAMEHTa W Taje030s MOIOIIBBI IOPCKUX W MEIOBBIX OTJIOXKEGHHH BBIICICHBI B TPH TPYIIIHI
TEOCTPYKTYD.

B nepByto rpymniry reocTpyKTyp BOIUIN TTOJBIIKHBIE CKJIaA4aThle CUCTEMBI H «MOOWIBHBIC YIJBDY, B KOTOPBIX
KOX(PHUIHIEHTH KOPPEIIIUY BBIIIEYKa3aHHBIX TPAHUI] MPOSBILIIOTCS ciabo 6o He mposBisioTces BoBce (FOxHO-
OMbernckoe nommstue, Apano-Kenemkymcknii Bam, LleHTpambHO-YCTIOPTCKasg cHCTeMa IHCIOKAIWH, | OpHBII
Manrsmurak). K npumepy, Apano-Ke3smkyMckas cucteMa MOTHATHHA B CTPYKTYpe MOBEPXHOCTEH (QyHIaMeHTa u
aneo030s MPOSBISIET ce0s KaK BaJl, TOT/Ia KAK B CTPOCHUH IOPCKHUX U MEJIOBBIX KOMIUIEKCOB ITOPOJT 000co0IsIeTCs KaKk
MOTPY>XEHHas ACTpecCusl.

B nuHEHHO-BBITSHYTHIX TOABI)KHBIX CHCTEMax M MOOMIBHBIX YIJIax KOPPETHPYEeMOCTh MOBEPXHOCTH (yHIa-
MEHTa ¥ TaJC030MCKUX O0pa30BaHWM, MOAOMIBHI IOPCKHX M MEJOBBIX OTJIOXKEHHH MpOsBIsieTcst crmabo mubo He
MIPOSIBIISIETCS] BOBCE. 3/1€Ch 3TU TPAHUIBI Pasjielia 3a4acTylo 3aJeTatoT aHTH()OPMHO.

K mpumepy, Apano-Ke3puikymMckas cucTeMa NOOHATHN B CTPYKTYype TOBEPXHOCTEH (pyHIAMEHTa M Majeo30s
NpOsSIBISIET ce0si Kak BaJl, TOT/a KaK B CTPOCHHM IOPCKMX M MEJIOBBIX KOMIUIEKCOB IOpOJ 00ocoOusieTcss Kak
MOTpYXEHHas AeIpeccusl.

HOxHO0-OMOEHCKOE TOHATHE B CTPYKTYPE OTIIOKEHHUI BEPXHETO MAIE03051 U ME303051-KaifHO30sI TPEICTaBIIseT
co001f BaJI, TOTJa KaK B perbede MOBEPXHOCTH (QyHIAMEHTA MPOSABIIET ceOs Kak TITyOOKHuid Iporud.

Bropyto rpyniy ¢hopMupyroT BHYTpEHHHE MOOWIIBHBIE TPYTITEI, 000COOISIONMECs KaK KPYITHBIE TTOJI0KNATEIh-
HBIE CTPYKTYpBI, XapaKTEPU3YIONIHECs] KCTPEMAIbHO BBICOKUMH 3HAUCHUSAMH KO3()(GHINEHTOB KOPPEISLHUH II0
MOBEPXHOCTH (yHIAMEHTa M TIaneo30s, IOJOIMIBEI IOPCKHX M MEJOBHIX OTiIOXeHuH, (By3aumHcknii BbICTyTI,
Axrtymcykckoe nonusaTre, Kyansim-Kockanuucknit Ban, baituarsip-Spkumbaiickuii cBox).

Kondopmuoe 3aneranue nosepxHoct (GyHAaMEHTa W TAI€03051 M MOAOIIBHI IOPCKUX OTJIOKEHUH B BHUJIE BbI-
CTYIOB BBISIBIEHO B LleHTpanbHO-Y CTIOPTCKON CHUCTEME MUCIIOKAlMM, IeHTpaabHOl yactu ['opHoro MaHremuiaka.
[TonommBa MeNOBBIX OTIIOXKEHHH HE KOPPENIHPYeTcsl WM CJ1abo KOPPEIMpyeTcsl C BBIMICONMCAHHBIMHU T'paHULAMU
paszgena.

HcknroueHue coctaBisitoT by3aumHckuii BeICTyn, AKTyMcykckoe nmopHsaTtve, Kyansim-Kockanuuckuii Ban u
Baituarsip-SIpkumOaiickuii CBOJ, XapaKTEpU3YIOMINECS HKCTPEMAIbHO BBHICOKUMH 3HAYCHUSAMH KO3 QHUIMEHTOB
KOPPEJSLUY, TPOSBISIIOT ce0sl Kak KPYIHBIEC ITOJIOKHUTEIBHBIE CTPYKTYPHI MO BCEM aHAJIM3MPYEMBIM I'PaHUIIAM
paszena.

TpeTbto rpymnmy reocTpyKTyp 00pa3yroT TEeKTOHHYECKHE 3JIEMEHTHI BHYTPEHHHX paiioHoB CeBepo-Y CTIOPTCKO-
ro peruoHa (CeBepo-YcriopTckas cuctema mporudos, Yenkapckas u bapcakenbMecckasl IENpeccHH), XapaKkTepH-
3yIOIIMecs JUTUTENEHBIM M YHACIEAOBaHHBIM IporubanueM B (paHepo30oe W BHICOKOH KOPPETHPYEMOCTBIO MOBEPX-
HOCTH (DyH/IaMEHTa U MaJIe03051, HOAOIIBHI IOPBI 1 Mela.

Bo BHyrpennux paiionax Cesepo-Ycrioprckoro pernona (CeBepo-YcCTIOpTCKash cHCTeMa IIPOTrHOOB,
Yenkapckast u bapcakenbmecckas Aenpeccuu), XapaKTepU3yIOTCs AIUTENIBHBIM M YHACIEOBaHHBIM ITPOrHOaHUEM B
(hanepo3oe, HAOIIOAAIOTCS MMPOTHYTOE MOJI0KEHHE MTOBEPXHOCTH (DYHJAaMEHTa U 1aje030s, IOJIOUIBEI I0PEl M Mela ¢
BBICOKMMHU 3Ha4eHUAMH Kod(duimeHTa Koppensiuu.

Karouessbie ciioBa: CeBepHblil YCTIOPT, (GyHAaMEHT, HOBEPXHOCTH Malie030s, MMOJOMIBA FOPHI, MOOIIBA Mela,
K03(h(PUIMEHT KOPPEIISIHH.
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GEOLOGICAL-GEOPHYSICAL PROSPECTING INDICATORS
OF THE ARGANATY DISTRICT PREDICTIVE BLOCKS
(EASTERN BALKHASH)

Abstract. Ground-based magnetic exploration and electrical exploration geophysical studies are carried out on
the predicted areas of the Arganaty dictrict (Eastern Balkhash), revealed by the cosmological methods. The area is in
the zone of influence of Zhongar geosuture. Paleozoic rock masses developed in the area, starting from the Silurian
to Serpukhov-Middle Carboniferous. By a qualitative interpretation of magnetic data, a number of local and linear
anomalies identified. Electrical exploration made it possible to construct pseudo-sections of primary data, pseudo-
sections of 2D inversion in three profiles. At one of the projected sites, it was possible to establish a contact of the
intrusion hidden beneath the sediments, presumably of an average compaosition with the volcanic-sedimentary rocks
enclosing it. Both in the endo- and in the exocontact of the intrusion, by the presence of local magnetic anomalies
and anomalies of induced polarization (IP), areas, presumably sulphide mineralization, were established. It is
recommended to drill prospecting wells in these areas.

Key words: Magnetic exploration, Electrical exploration, Anomaly, Buried granitoid, Sulphide mineralization,
Prospecting drilling.

Introduction. The Arganaty district is located in the Eastern Balkhash region, on the territory of the
Alakol area of the Almaty region. The relief of the site is flat, in places it is slightly hilly. Most of the area
is occupied by ridge and hilly-dune sands, fixed by grassy, sometimes shrub vegetation. A low-mountain
plateau rises among the plains, the marginal parts of which are named after the Arganaty, Arkharly,
Kyskash mountains with the highest absolute altitudes of 700-750 m. The northern slopes of the Arganaty
mountains are steep, sharply dissected by a thick network of ravines, separated from the adjacent plain
from the north by a tectonic ledge 100-150 m high. They are limited to a high tectonic bench and are
similar in nature to the Arganaty mountains.

In the geological structure of the studied territory, the oldest deposits are the Silurian system, which is
represented by the sediments of the Wenlock series, which form a small tectonic block in the zone of the
regional Zhongar fault on the northern edge of the Arganaty mountains. As part of the Wenlock series, a
pack of normal-sedimentary rocks — siltstones, limestones, calcareous sandstones, and a bundle of
tuffogenic-pyroclastic rocks: crystalline and ash tuffs of acidic composition interbedded with tuffogenic
sandstones are distinguished. The Devonian system is represented by sediments of the Eiffel stage, which
are known on the northern edge of the Arganaty mountains, where they are separated by tectonic contact
from the Wenlock series. Tuffogenic sandstones and siltstones consisting of angular-rounded fragments of
acidic plagioclase, acidic effusions, less often quartz porphyrites and an admixture of pyroclastic material
— volcanic ash and larger fragments of acidic, less often than average volcanic glass — predominate in the
Eifelian section. Undifferentiated Devonian-Carboniferous systems represented by volcanogenic-
sedimentary deposits of the Tastau Formation (Ds-Cits), which agrees with a gradual transition lies on the
sediments of the middle Devonian. The retinue is represented by monotonous, predominantly fine and
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fine-grained tuffogenic and sedimentary rocks that have undergone secondary changes — silification,
sericitization, and chloritization. The Carboniferous system is represented by the deposits of the Visean
stage (C1v), developed in the Arganaty mountains. The lithological composition of the Visean deposits is
quite diverse. In the lower horizons, psammitic rocks predominate: polymictic and tuffogenic sandstones.
Conglomerate-breccia and fine-grained differences are of primary importance: siltstone, tuffogenic
siltstone, tuffite. Up the section, the psammitic formations replaced by a pack of uniform silty carbo-
naceous-clay shales, among which in a small amount there are siltstone, siliceous-clay, carbonaceous-
chlorite and mica schists. The total capacity of the Visean stage is up to 1100 m.

Cenozoic is represented by sandy-clay deposits in the composition of two Miocene suite: Aral and
Pavlodar, as well as pale-colored loam and gravelite and forest of Pliocene age. They come to the surface
in the central part of the area and exposed in separate areas in the south of it. The size of exposed areas
does not exceed 2-5 km.

Quaternary formations are widely developed on flat areas. They subdivided into alluvial, lacustrine,
deluvial-proluvial, takyr-salt bottom and aeolian deposits, the thickness of which varies from the first to
10-20 m.

Intrusive formations. Outcrops of intrusive rocks are represented by an insignificant area of quartz
diorites, located in the southwestern part of the Arganaty mountains. The rocks of the vein facies — the
veins and dikes of acid and medium composition — are much more widespread. An array of quartz diorites
is located at the northwestern margin of the Arganaty mountains, 0.8 km northeast of an altitude of 433 m.
The body of quartz diorite has a rounded shape, somewhat elongated from the southeast to the northwest.
The size of the array is 250 x 150 m.

Hornfelsification rocks, similar to those described in the exocontact of quartz diorite massive are also
noted in other areas, located mainly in the north-eastern part. The area of the largest of them reaches
16 km?. Hornfelsification of rocks can serve as an indication of the presence of an intrusive occurring at a
shallow depth that has not yet been eroded. Intensive development of vein formations is an additional
confirmation of this assumption. The presence here of unopened intrusion also confirmed by geophysical
data. Quartz diorite massive is probably the apical part of the dome of an intrusive body that has not yet
been exposed to erosion.

The presence of granitic pegmatites, granite-porphyre dykes and quartz porphyries among the gangue
rocks encountered in the area, which are apparently derivatives of unopened intrusion, indicates its acidic
granitoid composition. Of the rocks of the vein facies, dykes of medium composition are most common;
acid dykes and quartz veins are less common. On a separate site revealed the veins of granite pegmatites.
The following sequence of dykes introduction is planned for the district. The most ancient are, apparently,
granite-porphyre and quartz porphyre, followed by the introduction of dykes of medium composition, and
finally, granite pegmatites and quartz veins are formed [1].

Most of the described territory confined to the Tastau structural-formation zone (SFZ). Only the
extreme, north-eastern part of the area, covered by Cenozoic formations, belongs to the Alakol structural-
formation zone. The Tastau SFZ is separated from it by the regional Zhongar fault, traced 400 km from
the Zhongar gates to the Shubartau mountains in the Northern Balkhash region.

The extensive development of Cenozoic sediments within the region under consideration does not
allow deciphering the main Paleozoic structures with sufficient completeness. The geological data
obtained as a result of the survey and editorial work of the region indicate that the Tastau SFZ during the
Devonian and Lower Carboniferous was a deflection area, where continuous sedimentation occurred.
Here, in the marine and coastal conditions, thick strata of siliceous pyroclastic and terrigenous rocks
deposited.

The main linear folded structures formed after the deposition of the Visean stage. The upper horizons
of the middle Carboniferous, which characterized by gentle platform-type brachis-folds, are sharply
inconsistent with the lower mid- Carboniferous deposits. This indicates the average carbon age of the
formation of linear folded structures of Tastau SFZ.

A sinclinorium is confined to the Tastau structural-formation zone within the region under
consideration, the most submerged part of which is located on the site of the Arganaty-Arkharly
mountains. Sinclinorium is a large structure, complicated by smaller syncline and anticline folds, which
characterized by a steep fall of the wings, and vertical and overturned occurrences are often observed.
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In the Kyskash mountains region, several syncline and anticline folds are noted. In the Arkharly
mountains there are three syncline structures, the axes of which can be traced from the southern slopes of
the mountains in the north-west and then in the latitude direction. The cores of syncline folds are
composed of calcareous rocks, the wings and the anticlines that separate them are formed by shales, tuffs
and tuffites. Along the strike of syncline structures, centricline closures associated with uplift of their
hinges often observed. The axes of the folds are somewhat tilted to the south and southwest. The
southwestern wings of the synclines fall to the northeast at an angle of 50-60°, while the northeastern
wings have vertical or overturned beddings with a fall to the northeast at an angle of 80-85°.

Two syncline structures, the cores of which are made of calcareous rocks of the upper horizons of the
upper sub-suite of the Tastau suite, are observed to the south of the Arganaty mountains. The axes of the
synclines extend from the eastern border of the territory in question in the latitudine direction; in the
western part of the Arganaty mountains, they turn steeply to the south and north-west of the Kok-Donbuk
hill, extend in a sub-latitudine direction with a slight deviation to the south-west. There are also several
cases of centricline closure of synclines associated with the undulation of hinges.

In the Arganaty mountains, between the faults that flank the regional Zhongar fault, a graben is
formed, which is made up of intensively stationed Visean sediments. Breeds are collected here in steep
folds, the fall of the wings of which is 60-80°. Two anticline folds are outlined, the cores of which are
composed of sandstones and conglomerate-breccias of the lower horizons of the Visean stage. The wings
of the anticlines and the adjacent synclines formed by the carbonaceous-shale of the upper horizons of the
Visean layer. The axis of the folds extends in the northeastern direction.

Fault tectonics has a significant impact on the geological structure of the area. Two main fault
systems are clearly distinguished: the northwest and northeast. The most widespread and clearly expressed
faults of the north-west strike. This system includes the regional Zhongar Fault and several associated with
it faults in the area of the Arganaty mountains. The Zhongar fault has an ancient foundation and long-term
development. During the Devonian, Carboniferous, and Permian, it was the boundary of two structural-
facies regions. In the zone of the Zhongar deep fault, which is the eastern geosuture fragments between the
first and second core structures of the nuclear, large amplitude movements (up to 9 km) occurred, resulting
in contact of the Silurian and upper horizons of the Lower Carboniferous. The Zhongar fault in the
Arganaty mountains is fledged by small fracture faults along the latitudine and northeastern directions,
which by their significance are large faults limiting the Visean graben.

In the Remote sensing research process, the most promising areas were identified [2-5]. Ground
prospecting routes, areal geophysical studies: magnetometric and electrometric mappings were carried out
for the formulation of prospecting operations.

Methods and Results. Below are the results of ground geophysical works carried out on the research
area. Magnetometric work was carried out at 9 local sites. Electrical exploration by the method of induced
polarization (IP) carried out in an experimental method in the local area 4 (figure 1).

Magnetic exploration carried out using high-precision MM-61 proton magnetometers. Technical
characteristics of the device allow to achieve high accuracy of shooting. Before starting the survey, a
control point and a place for the installation of a magnetovarization station selected near the work site, one
place for all sites. The choice was made based on the requirements: the absence of a high magnetic field
gradient (less than 5 nT/10 meters) and sources of technical interference. The magnetometer MM-61,
operating in automatic mode with a measurement interval of 60 seconds, was used as a magnetovariation
station. Before starting work, the magnetometers synchronized in time to within one second. At the
beginning and at the end of each route, control measurements made at the control point. When processing
field observations, a correction for the variation of the magnetic field introduced. The results of
specialized observations calculated relative to the control point.

Control observations were carried out by independent flights or various instruments. These flights
were carried out in such a way as to ensure representative control over the number of measurements and
the area. On the basis of the common and control measurements, the values of the mean square error
calculated both for individual profiles and for the entire survey area according to the instruction (Magnetic
Survey Instructions, 1981). The value of the mean square errors for the site was +2,52 nT, with the volume
of control observations of 7%.
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Figure 1 — Promising blocks of Arganaty district (East Balkhash) and their numbers

Electrical exploration work was carried out in the modification of the profile soundings of the
induced polarization (IP) by the pol-dipole system in a separate designated area, where the anomaly was
identified by magnetic prospecting (section No 4 of the profile 1600, 2000, 2400).

In the process of performing electrical exploration work, the following equipment of the IP system
was used:

— 16 channel GDD IP ReceiverModel GRx8-32 (16-channel receiver IP/Resistance manufactured by
Canadian company Instrumentation GDD).

— GTT-30 Transmitter TX (Transmitter manufactured by Zonge Engineering and Research
Organization, Inc., USA).

— Generator15 kW manufactured by Zonge Engineering and Research Organization, Inc., USA.

The profile probing of the IP/Resistances carried out using a pole-dipole multi-electrode installation,
including a supply dipole (AB) and a receiving line consisting of 14 receiving dipoles.

When performing profile soundings with a step of 40 m, the following electrode alignment was used:
A =40 m, B = infinity (1000-3000 m), the distance between the measuring electrodes was 40 m, the
distance between the nearest measuring and power electrodes was 40 m. Metal stakes, up to 100 cm long,
stacked three to one ground in previously dug to a depth of 10-15 cm and poured with water. In the supply
line was used a copper cable with a section of 4 mm covered with a vinyl sheath. The installed electrodes
were filled with soil and poured on top with water while simultaneously mixing the soil. Non-polarizable
ceramic electrodes with a solution of copper sulfate, whose own EMF did not exceed 2 mIV, were used as
receiving electrodes. The diameter of the cross-section of an insulated eight-core copper wire of the UTP
5e category in the receiving line was 8x1 mm. The actual values of contact resistances at the dipoles of the
receiving line were within 6 kOhm. In general, they were distributed in the range of 1-4 kOhm.

The transmitter and receiver were synchronized according to the standard scheme for the equipment
used on the basis of the transmitter signals recorded at one of the receiving dipoles. During the
measurement, synchronization automatically maintained, as provided for in the hardware implementation.
The actual shape of the rectangular pulses generated by the transmitter and the decay curves for each of
the receiving dipoles monitored by the operator in the process of measuring the computer screen, which is

— 34 ——
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part of the registration system of the receiver. For the operator to enter data: profile, station, current,
distance and pitch of the receiving and supply lines.

The polarizability value recorded by the receiver for each of the specified time windows, having the
dimension [mV/V], recorded on each picket in the instrument file (date, time, profile, station, current,
polarizability, natural polarization of the field, error rate, resistance). In this case, a weighted average
calculated for all registration windows in the registration system processor, which was also recorded in the
instrument file.

When performing sensing at each picket of the profile, a series of measurements carried out,
consisting of 20-50 cycles of feeding and switching off polar opposite rectangular pulses. The duration of
the current pulse was 2 seconds, the interval between current pulses, within which the IP potential decline
recorded was 2 seconds. The process of stabilization of the measurement during many work cycles
controlled visually on the screen of a laptop computer connected to the receiver of the 1V. If necessary, if
the process of stabilization of measurements in the cycle was not stable, which controlled by the absolute
error values each receiving dipole in this series of cycles, the operator performed additional series of
measurements at this point (station), which subsequently averaged during processing.

When developing electrical survey profiles, repeated measurements taken at the beginning, at the end
and at each fifth point of the installation location of the dipole AB and 14 dipoles MN. Repeated measu-
rements carried out at different current values (+/- 5 %) in the supply line. Based on the convergence of
the measurements, the quality of the survey regularly monitored.

Control measurements were made of 6.43 %, the error in polarizability was 2.1 % and the resistance
of 1.9 %.

Processing of magnetic data divided into primary, carried out directly in the field and secondary
processing. Primary processing of field observations consisted in introducing corrections for the variation
of the geomagnetic field and calculating its values relative to the control point. Profile fragments worked
on different days were combined for each profile and the site as a whole. In addition, in the process of
field work, preliminary maps were prepared for the waste sections in the adopted profile/picket coordinate
system.

Subsequent processing included the transition from the profile/picket coordinate system to the WGS
84 system, the construction and interpretation of a magnetic field map.

Processing of the results of electrical exploration began with pre-processing, which carried out
directly in the field. The data obtained during each field day processed in the evening on the same day.
The results of the pretreatment presented in the form of pseudosections of polarizability and resistance in a
color graphic form.

The observed data for each profile for each picket, on which the repeated measurements taken, were
averaged by the number of repeated measurements. Directly in the field, pseudosections built and
preliminary data inversions carried out for each profile and for the entire section.

The final data processing was carried out after the completion of the field work and included the
following steps:

— Constructing pseudosections of polarizability and resistances;

— Solving the inverse problem for geophysical profiles using successive approximations of models for
polarizability and resistance (geophysical inversions 2D).

The pseudosections of polarizability and resistance obtained from electrical sounding data represent
the express visualization of the information obtained during the survey. At the same time, the accuracy of
mapping of geological objects depends both on the degree of severity of the objects themselves in
geophysical fields, and on additional factors, including electrode effects, screen influence of low
resistance zones. The main task in the analysis of data is to represent the objects being mapped while
reducing the influence of these additional factors on this representation.

This problem solved using 2D inversions, first resistances and then polarizability. In fact, inversion is
a modern implementation of the solution of the inverse problem in geophysics.

The solution of the inverse problem in inversion algorithms carried out using an iterative selection of
a physical model based on the observed distribution of potentials in the receiving dipoles, taking into
account the location of current sources. Previously, the lower half-space divided into a set of unit cells that
approximate the physical parameters of the lower half-space. The inversion of polarizability carried out
taking into account the distribution of resistances obtained from the results of inversion.
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Figure 2 — Map of magnetic field anomalies of Block Ne 4 (normal field 57734 nT)

Magnetic exploration. Geophysical magnetic exploration work performed on selected sites with high
quality and in full, provided by the task. The work performed allowed us to obtain a new, substantially
refined, more detailed and informative version of the magnetic AT maps of the 1:10 000 scale. Experi-
mental electrical exploration work performed at section 4 in the area of the identified magnetic anomalies
on individual profiles made it possible to construct pseudosections of primary data, 2D pseudosections
inversions along these three profiles (figure 2). By qualitative interpretation of magnetic data, a selection
of a number of local and linear anomalies carried out at sites.

Conclusion. Prospects for the Arganaty district sites, according to cosmogeological studies, are
associated with the possibility of detecting endogenous metal mineralization (gold, copper, molybdenum,
lead, zinc, tin, tungsten). This mineralization is most likely associated with the manifestation of intrusive
magmatism, indicators of which (single stock, thermal impact areas on host rocks, magmatic ring
structures, halos, and individual samples containing increased amounts of copper, lead, mercury, tungsten,
and gold) are detected within the area. Here you can expect a wide range of the above-mentioned metallic
minerals.

Ground-based geophysical works (magnetic exploration and experimental electrical exploration in the
modification of core soundings caused by polarization (IP) using the pole-dipole system) were performed
at 9 local sites based on remote sensing data and analysis of geological materials of the predecessors. As a
result, in almost all areas, by analyzing the obtained magnetic maps, it is possible to identify important
structural elements, relative to the occurrence of the Paleozoic basement rocks, various dyke formations
(especially of medium composition) giving distinct positive anomalies.

Interesting data obtained at site No 4, where it was possible to establish a contact of the intrusion
buried below the loose sediments of presumably medium composition with the Devonian-Carboniferous
volcanogenic-sedimentary rocks of the Tastau formation. At the same time, in both the endo- and
exocontacts, by the presence of local magnetic anomalies and anomalies of induced polarization (IP),
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areas allegedly enriched with sulfide mineralization identified. It recommended to drilling prospecting
wells.
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Republic of Kazakhstan 2018/BR05233713 “Integrated geological study of the subsurface for the
development of the resource base and new sources of ore raw materials in Kazakhstan”.
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APFAHATBI AYJJAHBI BOJIZKKAMBIK BOJIKINEJEPIHIH
TEOJOTHUAJIBIK-TEO®U3UKAJIBIK I3JIEY BEJI'TJIEPI (IHBIFBIC BAJIKAIIIMAHBI)

AnHoTanus. 3eprrenreH anaH LLereic bankanmManeHma, AnMaTel 0ONBICH AJTakes ayldaHBIHBIH ayMarblHIa
OopHaJIacKaH. AJaHHBIH Oenepi jKa3bIK, Kei jKepiiepiHe MareH Toberep 0ap. AlaHHBIH YIIKEeH OelliriHae KbIpKaitap
JKOHE KYM TeMIIeJepi-IIYHKBIpIapsl OpHANTAacKaH, ojlap OCKeH IIeNnTep TaMBIpeIMEH OeKiTiireH, keime Oyra
ociMIIKTep Je Ke3meceli. 3epIeieHreH ayMaKThIH I'eOJIOTHsUIBIK KYPBUIBICEIHAAFEl €H KOHE jKapaJbIMIapra CHIyp
JKYHWECIHIH TY3UTiMIepi JkaTaapl, ojlap BEHJIOK JIETiHIH Ty3uIiMaepineH Typansl. by Ty3imiMaep ApraHaThl TayBIHBIH
COJITYCTIK Ianraibinaa oHipaik XKoHFap »KapbUIbIMbl 30HACHIHJIAFbI LIAFBIH TEKTOHHKAJBIK OJIOKTHI Kypaiinsl. EHi
300-400 M >xoHE Y3BIHIBIFBI 15 KM OOJIATBIH CHIIYP Tay>KbIHBICTAPBIHBIH alllbUILIMAAPBI CHIIK CO3BUIBIMIbBI JKaphl-
JBIMIAPMEH IICKTENIN, OJlap COJTYCTITIHAEC OpPTaHFbI ICBOHHAH, &l OHTYCTITIHIAC CEPIyXOB-OPTaHFBI KapOOH
JKapalibIMIapbIHaH aKbIPaThuIaAbl. IHTPY3USUIBIK Tay>KbIHBICTApP allbUIBIMAAPHI ayAaHbl OOMBIHIIA IIAFBIH KBAPIITHI
JVOPUTTEp [EHENIEpIHeH Typajbl, onap ApraHaTbhl TaybIHBIH OHTYCTIK-OaTeichl OemiriHge opHanmackaH. JKemi
(hauMsCHIHBIH Tay KbIHBICTAphl AaWTApIIBIKTal KEH TapaliFaH, oJlapFa KbIIIKBUIIEI )KOHE OpTaIlia KypaMpl JKeJIiiep MeH
Jaiikanap »xaraabsl. KapacTeIpbuFaH ay/iaHHBIH KJIBIIITACYbl TAJIC030H IUTIOMIHIH opekeTiMeH OaiiinansicTsl JKoHFap-
Bamkarmn OWBICHIHBIH iIIKiI OeTiriHIe OpHANAacKaH xoHe Ka3akcTaHHBIH OipiHIN cakWHa KYPBUIBIMBI ayKBIMBIHIIA
OOJIBII TaOBIITAIbL.

ApraHaTbl alaHBIHBIH NEPCIEKTUBATAPEI SHAOTCHAIK MeTaiaap (ajThlH, MBIC, MOJHOCH, KOPFAChIH, MBIPHIII,
KaJlaiibl, BOJIb(paM) pylnanaHyjJIapblH aHBIKTay BIKTUMAJIBIFBIMEH OaiiaHbicThl. Byn pynanany eH anipIMeH
MHTPY3MSUIBIK MarMaTu3M OiTiHIMAepiMeH OaillaHBICTHI, OJIapIbIH Oenritepi (KeKeslereH ITOKTApP, CHIHBICTHIPYIIIBI
Tay>KbIHBICTAPFa TEPMaJbIK BIKHAJ €Ty Oeikiiesnepi, MarMaTOreHIiK CaKMHa KYpBUIBIMIAp, KYpaMbIHIA KOFapbl
MeJIIIEPAE MBIC, KOPFAChIH, CHIHAI, BOJIL(PAM KoHE alThIH Oap opeonaap MeH jKeKellereH ChIHaMasap) 3epTTeNreH
anaH ayKpIMBIHJIA aHBIKTaIFaH. MyH/ia j)KOoFapblia aTajFaH MeTajiap naiaansl Ka30anapblHbIH KeH CHEKTPIiH KyTyre
Gonanpbl.

JIMCTaHIMSIIBIK KOCMOTCOJIOTHSUIBIK 3€PTTEYJIep HOTHXKECIHAE €H NEepPCIEKTHBANbI €Ki OeJiKIle aHBIKTaJIFaH,
OCBHI JKepiiepie XKepOeTUTiK Teo(U3MKaNBIK 3epTTeyJiep MarHUTOMETPHSUIBIK JKoHE 3JeKTpOapiiay opicTepiMeH
KYpri3uireH. MarHuTOMETpUSUIBIK JKyMbIcTap 9 miekrteynmi Oediikmiene Kyprizinmi. DiekrpOapriay >KyMBICTapbl
MokOYpii monspusanus (MIT) omiciMeH miekTeym 4-0efikmiene ToKipHOETiK-9iCTEeMENiK HYCKala >KYTi3iIreH.
OnekTpbapiiay >KYMBICTapbl OAcTaIKbl JEpeKTEepiH MCEBIOKMMATApbIH TYPFBI3yFa MYMKIHIIK Oepli, ochlmaiiia
AIIBIHFAH YII KeCKiH OoWbIHIIAa 2D WHBEPCHSACHIHBIH MICEBIOKUMAIAPbI KacaIbl.

30HIBIIAY JKYPTI3TeH Ke3/le KECKIHHIH 9p MHUKETIHJE eImIeyJiep Jeri OpbIHAAIFaH, 9p JIeK 9pTYPJIl IMOJIOCTI TiK
OYpHIITE UMITYJIbCTEPl OepyniH koHe ceHnmipyaiH 20-50 mukmineH Typansl. TOK MMIyIBCIHIH Y3aKTBIFBI 2 ce-
KYHIATBI KYpaasl, aix aykeiMbiHAa MIT moTenuanbsIHeIH KATy IPOIECiH TipKey JKYPTi3UIreH HHTepBal 1a 2 CeKyHII.
KenTereH »yMbICTBIK LUKIIEpP aFbIMBIHIAFBI OJIIIEY MPOLECIHIH TYpPaKTalybl KOJIFa ajblll KYPETiH KOMITBIOTEpAiH
SKpaHbIHIA KO3MOJIIIIEPMEH KaJaraiaHraH, aja koMmmnbiorep MII pecuBepiMeH (KaObLImarbIbIMEeH) KochlIFal. Kaxker
OonraH Ke3Jle, erep IMKIJEri eNIeylepAiH TYpaKTaly IMpOoleci OpHBIKTHI OOJIMaraHza, OJ LUKIAEPIiH OepiireH
neringe opOip KaObUIIaHATHIH JTUIIONIL OOWBIHIIA aOCONIOT KaTeNIKTepAiH IIamajiapbl OOWBIHINA KaJlaralaHFaH.
Oneparop OepinreH HyKkTene (IIMKETTE) eJIIeyIep/aiH KOChIMILA JIEKTEPiH OpbIHIaFaH, apbl Kapail eHJey mpolecinie
OyJ1 eJIIIeyJIep i OpTaIia MOHI aHBIKTAJIFaH.

Toxipubenik snexrpOapiay >KyMbICTapblH WHTEpIIpETanysuay INPOLECiHAe YHEKTeNny/iH >koHe OaliKanaThlH
KEZEpTiHiH ICeBJIOKUMaNAphl TYPFBI3bUIFaH, COHBIMEH KaTap oJiap/blH 2D MHBEpCHsUIapBIHBIH IICEBIOKMMAIIaph /1a
TYpFBI3BULIEL. balikanranmai, ayaaHaarsl YHEKTENTIITIKTIH Taparybl BIKTUMAN OHIMII KaTKabaTTa cylbGUATEpIiH
AsUTBIK TapaTybIHBIH KOCBIHABI dcepiHe OaiimaHbpicThl O0ybl MyMKiH. Cynbdua MUHepainaHy 30HaNapbl Najae030i
OcriHeH OipHemIe METp TEPEHIIKTE XKaiFacKaH kepiepae aikeiH OutiHeTiH MIT ocepi Oalikanaasl, MyHIaW xKarganaa
JKOFaphl YHEKTENTIN 30Hanap anelK OimiHemi. Cyab(Qun MUHEpaIJaHy 30HACH Y3iK-Y3iK CHIAaTKa re OOIFaHa )KoHE
TepeHIe OpHaJlaCKaH aFmaiimapaa OeHKkoHTpacT aHOMamisuiap Oalkamamsl. byn anHoMammsnmapapl cynbGUATEPIIH
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JKEKeJNleTeH YCaK MIOFBIPIaHyJNapbIHBIH TapalyblHa OaiaHBICTHI TyBIHIAFaH aHOMAJl dCEpJEpiHEH aKbIpaTy KHBIH
6omael. 30HATIAp 9IETTE YHEKTENTIMTIK aHOMATHSUTAPBIHBIH KOFapFbI 06IiTiMeH COUKEeCTeH I piie .

Keneprinep (pk nceBmokumainapsl) qepextepi OOUbIHIIA, KeASPriIepIiH e3repyl Me3030iH-KaiHO301 KaTKabaThl
KaJIBIH/IBIFBIHBIH, apTyblHa OaillaHbICThl OONa/bl, OHBIH apTybIMEH Kelepri OOWbIHIIA KOPCETKIITep e e3repei.
DJIeKTp epicTepi TapalybIHbIH JKajIlbl KOPIHICI, MAarHUT OpICIHJEri CHAKTbI, ©pICTEpAiH OPHBIKTHI T'PaMEHTIH
KepceTeli. OpicTepaiH KapKbIHIBUIBIF OOTIKIICHIH CONTYCTIK OOIITiHIEe apTabl.

Marnurbapiay >KYMBICTapbl KOrapbl Joiaikti MM-61 HpOTOHIBIK MarHUTOMETpHAI NaijaiaHy apKbUIbI
Kyprizingi. KypanaslH TeXHUKAIBIK CHUITATTAMACKl TYCIPYIiH XKOFaphl TJITIHE KOJ XKETKi3yre okenemi. JKyMBICTHI
opeiHAay MarHuT epiciHig 1:10 000 macmTadTel AT KapTackIHBIH XaHa, OipImama JIoI )KOHE aKHmapaTThl HYCKACHIH
aiyra MyMKiHZIK Oepai. MarautOapiay IepeKTepiH caraibl HHTepIpeTanusIiay KoJIsIMeH Oedikmenepae OipkaTap
IIEKTEYIIi JKOHE CHI3BIKTHIK aHOMANWsUIap OeiKTepi aHBIKTanabpl. MarHuTOapiay aAepekTepi OOWBIHIIA €H KBI3BIFY-
IBUTBIKKA 4-0emikiie we. bemnikmenin MmarauT epici ekire 6emineni — CCII sxone OOB. Ocsl 6emikTepaiH meKkapackl
OotiprHamIa HONMIIK M30CH3EIK oTexi. Opictig CCLL Oeiri aifkeiH oH MoHAI (Tpamuenti AT 250 #Tn MoHI mamacsiHa
neitin). OOb Gemiri 6imama tepic rpamuentti AT -250 HTn momine neitin. Ex anmgpimen, oH moHIi epic (MII
aNIeKTpOapiay KecKiHAEpiHiH JAepeKTepl OOMBIHIIA CHSIKThI) TOPTTIK THICHI aCTBIHIA OpTalla KypamJbl WHTPY3HUs
MacCHUBI IIBIFYbIHA, OHBIH JHIIO- OHE DK30)KalCapbIHIaFbl METACOMATO3/bIK ©3TepPreH Tay)KbIHBICTAp 30HaJIaphl
OomybpiHa OalIaHBICTHI.

Tyiiin ce3mep: MaruutTi 6apiay, JIeKTp Oapiay, aHOMaJusl, KepJIeHI'eH TPAHUTOH/I, CyIb(PUATI MUHEpAIJaHy,
Oapnay OypreuIay.

A. B. Baiioarma’, A. Mymunckuii’

Satbayev University, Anmarsl, KazakcraH;
2VuusepcureT Anama Murkesuua, [Tosnans, [Tonbima

I'EOJIOT O-TEO®PU3NYECKHUE TIONCKOBBIE ITPU3HAKHA ITPOTI'HO3HBIX
YUYACTKOB PAMMOHA APTAHATHI (BOCTOUYHOE ITPUBAJIXAIIIBE)

Annotanust. MccnenoBannas ruoniaas pacroyioxkena B Bocrounom Ilpubanxaribe, Ha TeppUTOPUN AJTaKOIIb-
CKOTO paiioHa AIMaTHHCKOH oOnactu. Penbed miomany paBHUHHBINA, MECTaMU cl1ab0 XOJIMHUCTHIN. bonbmras yacTh
IUTOIIAIN 3aHATA TPSIOBBIMH M OYIPHCTO-TYHKOBBIMH NECKaMH, 3aKPEIUIEHHBIMH TPaBSHHUCTOM, WHOTIAa KycTap-
HUKOBOW PacTHUTENBHOCTHIO. B reoormyeckoM CTpOGHMH M3YYEHHOH TEPPUTOPHU CAMBIMHU JPEBHHMH SIBISIOTCS
OTJIOKEHHSI CHIIYPUHCKOM CHCTEMBI, KOTOpasl IPEACTABIEHA OTIOKCHHUSMH BEHJIOKCKOW CEpHH, CIIAralolliuMH He-
0OJBIION TEKTOHUYECKHH OJIOK B 30HE pernoHaIbHOTO JKOHTrapCcKOTO pa3jioMa Ha CEBEPHOW OKpanHe rop ApraHaThl.
Breixompl cwiypuiickux mopon mupuHOW 300-400 M m gmmHOH 15 KM OTpaHWYEHBI Pa3ioMaMy IIHPOTHOTO
MPOCTHPaHUs, KOTOPbIE OTACISIIOT MX OT CPEHEro JeBOHA Ha CEBEPE M CEPIyXOBA-CPEIHETO KapOOHa Ha IOTeE.
BI)IXO}II)I HUHTPY3UBHBIX ITOPOJ MNPCACTABJICHBI HE3HAYUTCIIBHBIM IO IIJIOMIaJW MAaCCHUBOM KBApICBBIX JUOPHUTOB,
pacrojoKeHHbIM B FOTO-3alaHOW 4acTh rop ApraHarbl. 3HAUUTENBHO 0OJiee IIMPOKO PacIpOCTPaHEHbI HOPOJIBI
JKUJIBHOM (halmyl — HJIbl U JAfiKK KUCIIOTO M CPEeIIHEro cocraBa. PaccmarpuBaeMblll paiioH NMpUypoueH K BHYT-
penneir 4actu JKonrapo-banxamickoro mporun6a, (opMHpOBaHHE KOTOPOTO CBSI3aH C JESATENBHOCTHIO Iajieo-
30MCKOT0 IIIIOMa U NpeJICTaBIseT co00M MepByIO KOIBIEBYIO CTPYKTYpy Kazaxcrana

[epcekTuBHI TUIONIAABI ApraHaThl CBSI3aHBI C BO3MOXKHOCTBIO OOHApY>KEHHSI SHJIOTEHHOTO METAIIMIECKOTO
opyzneHeHus1 (30J0TO, MeIb, MOJHMO/IEH, CBHUHEL, IIMHK, OJIOBO, BOJb(pam). DTO OpyIECHEHHE, BEpPOSITHEE BCETO,
CBSI3aHO C IPOSIBICHHEM WHTPY3MBHOTO MarmMaTH3Ma, MPHU3HAKH KOTOPOro (€IMHWYHBIN IUTOK, YYACTKH TEpMHUeC-
KOT'O BO3ZICHCTBHS Ha BMEUIAIOIINE MOPO/IbI, MAarMaTOTeHHBIE KOJIBIIEBBIE CTPYKTYPBI, OPEOIIB U OTAEIbHBIE MPOOHI,
CoJIeprKallie MOBBIIICHHBIE KOJIMYECTBAa ME/IM, CBHHIIA, PTYTH, BOJb(pama U 30710Ta) 0OHAPYKHUBAIOTCS B Tpejienax
UIOIIa M. 371ECh MOKHO 0XKHUAATh HIIMPOKUH CIIEKTp BBIICYTTOMSHYTHIX METAJUIN-UYECKHUX MOJIE3HBIX HCKOMAEMBIX.

B pesynbpTare QUCTaHIIMOHHBIX KOCMOTEOJIOTHYECKHX MCCIEIOBAHUN OBIIM BBIJEICHBI HanOOJIEe MEPCIIEKTUB-
HBIC YJaCTKH, Ha KOTOPBHIX IPOBEAEHBI Ha3eMHbIC Te0(U3NUECKHE UCCIEOBAaHUS ABYMsI MeToAaMHu. MarHuTomer-
pudeckue paboTsl OBUTH IPOBEIEHBI Ha 9 JTOKANBHBIX ydacTKax. DIEKTPOpa3BeJOIHbIe pabOoThl METOIOM BBHI3BaHHOMN
nonsipusanuu (BII) 6b11M poBefeHBl B ONBITHO-METOANYECKOM BapHaHTE Ha JIOKAIBHOM ydacTke 4. DieKTpopas-
Be/IOUHble pabOThl Jajli BO3MOXKHOCTb IIOCTPOMTH IICEBAOpPA3pe3bl MEPBUYHBIX NAHHBIX, INceBnopaspessl 2D uH-
BEPCHUH TI0 3TUM TpeM Npoduisim.

[Tpu BBINIOJIHEHUN 30HIMPOBAHMS HAa KAKAOM IHUKETE MPOQUIIS BBIIOJHIIACH CEpUSl 3aMEPOB, COCTOAIIAs U3
20-50 1MKIOB TOAAYM M BBIKJIIOYEHHS Pa3HOIMOJISIPHBIX MPSMOYTOJBHBIX HMITYJILCOB. JUIMTENBHOCTH TOKOBOTO
UMIIyJbCa COCTaBNIANa 2 CEKYHJbl, HHTEPBAJ MEXIYy UMIIyJIbCcaMHU TOKa, B IpeAerax KOTOPOTO OCYILIECTBISUIACh
peructpaiys npouecca crnana norenimana BT coctaBmsina 2 cexynabl. Ilporece cradbunm3anun 3aMepa B TEUCHHE
MHOXECTBa Pab0YMX IUKIOB KOHTPOJIMPOBAJICA BH3YAJIFHO HA SKPaHE MEPEHOCHOTO KOMIBIOTEPA, COSANHEHHOTO C
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pecuBepoM (mpuemuukom) BII. IIpu HEoOXOAMMOCTH, €CIM MPOLECC CTa0WIHM3AIMKM 3aMEpOB B IHKJIEC HE ObLI
YCTOWYMBBIM, YTO KOHTPOJMPOBAJIOCH IO BEIMYMHAM aOCOIIOTHBIX MOTPEUIHOCTEH MO KaXIOMy HPHEMHOMY
JUTIONIO B JAHHOW CEpUU ITUKIIOB, ONEPAaTOPOM BBIMOJIHSINUCEH JOMOJHUTENbHBIE CEPUM 3aMEpOB Ha JaHHON TOYKE
(nukeTe), KOTOpbIE B JajbHEHIIIEM OCPEIHSUINCH B IIpoliecce 00padoTKH.

B rmpoiecce uHTEpHpETalMM OMBITHBIX JJIEKTPOPA3BEINOYHBIX PalbOT OBLIM MOCTPOEHBI IICEBIOpa3pPe3bl
HOJISIPU3YEMOCTH M KaXXyILIErocs CONPOTHUBIEHHUS, a Talkke MceBaopaspessl ux 2D umHBepcuil. OtMmedeHo, 4TO
pacrpezeneHe Mmojsipu3yeMOCTH B pailoHe MOXKET OBITh 0OYCIIOBJIEHO CyMMapHBIM BJIMSIHHEM (OHOBOTO pacmpe-
JIeNIeHns1 CyJIb(GHI0B B BO3MOXKHOM MPOXYKTUBHOM Tomme. Tam, rie 30Hb! Cynb(UIHON MHUHEpaTH3aluy 3ajJeraioT
Ha NTyOMHE HECKOJIBKUX METPOB OT IIOBEPXHOCTH Iajie030s1, HAOIIOMaeTCs sIPKO BRIpakeHHBIH a3 ekt BII, koTopsrit
KOHTPACTHO BBIIEJISICT 30HBI C MOBBIIIEHHON NOJIIPU3yeMOCThI0. B ciydasix, koraa 30Ha cyiab(pHUIHOW MUHEpaH-
3aI[M UMEET NMPEPHIBUCTHIN XapakTep U HaAXOANUTCS Ha ITyOMHE, HAOII01al0TCsl HEKOHTPACTHBIE aHOMAJINH, KOTOpPhIE
TPYAHO OTACIHUTH OT AHOMAIBHOTO 3((eKTa, 00yCIOBIEHHOTO PACIPEACICHHEM OTACNBHBIX MEIKHUX CKOIUICHHH
cynb(umoB. 30HbI, KaK MPABUIIO, KOPPEIUPYIOTCS C BEPXHEH YAaCThIO aHOMAJIMH MOJISIPH-3yEMOCTH.

ITo nanHBIM compoTHBiIeHUS (TIceBROpa3pe3bl pk), M3MEHEHUST COMPOTHUBIICHHUS 3aBUCAT OT YBEIMUYCHUS MOII-
HOCTH M€30301-KaliHO30MCKOM TOJIIH, C €€ YBEITUICHUEM PacTeT U MOKa3aHMs 10 CONpOTHBIIeHU 0. O0IIas KapTrHa
pacupeneneHus dJIEKTPUUYECKUX II0J€H, KaK M MAarHUTHOTO IOJIS, IIOKAa3blBACT YCTOWYMBBIM TI'PAJUEHT MOJEH C
YBEJIMUCHUEM UX HHTCHCUBHOCTH B CEBEPHOM YacTH y4acTKa.

MarHuTtopasBeo4HbIe PadOThl OCYHIECTBIISUIUCH C HCIOJIb30BAaHUEM BBICOKOTOYHBIX MPOTOHHBIX MarHUTOMET-
poB MM-61. TexHudyeckne XapakTepUCTUKH MPHOOPA MO3BOJISIIOT AOCTUYb BEICOKOH TOYHOCTH ChEMKH. BhImosHeH-
Hble pa0OTHI TO3BOJIMIM IOMYYUTh HOBBIHM, CYIIECTBEHHO YTOUYHEHHBIH, Oojee AeTaubHBIH M HMH(OPMAaTHBHBIN
BapuaHT kapT MarautHoro nosst AT macmrada 1:10 000. ITyTemM kauecTBEHHOW WHTEpIpETallMM MarHUTOpa3Be-
JIOYHBIX JaHHBIX, TPOBEACHO BBIICIECHHE HA y4yacTKaxX psjAa JIOKAJIbHBIX W JIMHEHHBIX aHoManuil. Ilo naHHBIM
MarHUTOPa3BEeJOYHBIX PaObOT HamboJiee MHTEPECHBIC JaHHBIC MOMyYeHbI Ha y4acTke 4. MarHWTHOE MoJie ydJacTka
pa3ouBaercs Ha aBe yactu — CCB u FOIO3. Ilo rpanuniie 3THX y4acTKOB MpoxoauT HyneBas nzonuHus. CCB gacts
moJisi oT4YeTInBO TmojoxwutenbHa (¢ rpamguerToM mo AT 250 aTx). FOKO3 wacTe OTHOCHTENBHO OTpHIATENBHA C
rpaguenToM a0 AT -250 aTn. Ckopee Bcero, MoJIOKUTENbHOE mMojie (Kak M MO JAHHBIM 3JIEKTPOPa3BEIOTHBIX
npoduneit BII) cBsi3aHO ¢ BBIXOZAMH IOJ, YETBEPTUYHBIM YEXJIOM HMHTPY3UBHOTO MaccHMBa CPEJHEr0 COCTaBa, C
30HAMH METACOMAaTHIECKH U3MEHEHHBIX TTOPOJ KaK B 3HO-, TAK M B 3K30KOHTAKTaX.

KaioueBble ciioBa: MarHuTHas pa3BejKa, SJIEKTPOpa3BeKka, aHOMaIUs, NOrpeOeHHBIN TPAaHUTOU, CYJIb(GHUIHAS
MUHEpan3alys, TOUCKOBOE OypeHue.
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STATE OF STUDY, GEOLOGICAL STRUCTURE
AND OIL-AND-GAS-BEARING CAPACITY
OF THE NORTH KAZAKHSTAN SEDIMENTARY BASIN

Abstract. The North Kazakhstan sedimentary basin has great potential for identifying new hydrocarbon
deposits. The geological structure of the territory under consideration includes the formation of pre-Cambrian,
Paleozoic, Mesozoic and Cenozoic. They are divided into 3 different complexes: strongly dislocated and
significantly metamorphosed formations of the Precambrian and lower Palaeozoic, moderately dislocated sediments
of the middle-upper Palaeozoic and not dislocated - Jurassic, Cretaceous and Cenozoic ages. The first complex forms
a crystal base, broken through by granitoid intrusions. The second complex forms an intermediate quasi-platform
floor. The deposits of the third complex are part of the platform cover, 1200-1600 wmthick . Starting from the Jurassic
and downwards, the horst-grabeneriftogenic structures are showing up in the lower Mesozoic and upper Paleozoic,
which favours the area’s oil and gas potential.

The current paper reflects on the state of study and features of the geological structure and tectonics of the
North-Kazakhstan sedimentary basin, basing on generalization and analysis of all available geological and
geophysical materials, and considers the oil and gas content and the problem of further studies of the basin.

Therefore, it is desired to conduct a regional 2D-seismic survey to the north, in the area of the Bugrov,
Vinogradov and Voskresensk moulds, detected as per data acquired during the magnetoexploration.

Key words: sedimentary basin, rift structure, prospects of oil and gas bearing capacity, Jurassic deposits,
quasiplatform complex.

The North-Kazakhstan sedimentary basin with the area of 55,000 km? is attributed to the North-
Kazakhstan monocline, occupying the southern periphery of the vast West Siberian oil-and-gas-bearing
mega-basin. The North-Kazakhstan basin has a clear tectonic border in the south, where it is limited by the
Kokshetau massif. The northern limits coincide with the state border; in the west it gradually passes to the
North-Torgay basin, behind a conditional border of the 66° Easting and coincides with the border between
the Kostanay and North-Kazakhstan regions, administratively belonging to the latter (figure 1).

Geophysical studies of the North-Kazakhstan basin began in 1937, when, during magnetometric
surveys, a number of magnetic anomalies were revealed, subsequently becoming an object for the
reflection method(RM) and the correlation refraction method (CRM) of the seismic surveys.

During 1937-1943, based on the seismic and magnet surveys data, the West Siberian expedition
revealed local uplifts of Asanov, Tokushin, Yakovlev, Ryavkin and Oktyabrsk. Three wells were drilled at
the Asanov uplift in 1940-43 and13 wells at other uplifts during 1952-54. All wells opened Paleozoic
deposits and were stopped therein at depths 1200-1880 m. No signs of possible oil and gas were detected.

Early 1950s, the Omsk geophysical team carried out RM & CRM geophysical research to study the
Meso-Cenozoic sedimentary cover and Paleozoic deposits on the Asanov-Oktyabrsk group of structures,
and in 1951 along the regional railway route Petropavlovsk - Novosibirsk.

Since 1959, the North-Kazakhstan geophysical team carried out the CRM seismic surveys on regional
profiles. In northern profile sections, theRM seismic survey was implemented in small amount. Profiles
are mainly orientated submeridianally.

—— 40 ——
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Figurel — The map of tectonic zoning

It was established, that stratum of the Meso-Cenozoic cover increases gradually from south to north
and northeast, and the depths of the Palaeozoic surface from the first hundreds of meters on the southern
profile flanks up to 1500-1600 m on the border with Russia. The image of the areal geological structure
became clear. The main refractive boundary was traced: the eroded surface of Palaeozoic deposits and
some less significant boundaries in the Mesozoic strata.

Information on internal structure of Paleozoic deposits is practically absent but the boundary
velocities allow seeing changes in the Paleozoic surface lithology.

Although no oil and gas prospective objects were found and no recommendations for further
exploration were given, the oil and gas search within the North-Kazakhstan monocline continues to this
day. Later on, the Tevriz, Taytym, Prirakhtov fields were discovered in the territory of Russia,in the
Mesozoic deposits, 250-300 km north of Petropavlovsk, and 450 km to northeast, and the fields of
Maloich, Verkh-Tar, Urman, Kalinovin Paleozoic deposits.

The study of the North-Kazakhstan basin by deep drilling was conducted in two stages. Three wells
were drilled at the Asanov uplift in 1940-43, 13 wells at other uplifts during 1952-54. All wells opened
Paleozoic deposits and were stopped therein, at depths 1200-1880 m.

Based on results of the drilling operations, no oil and gas signs were identified in the well sections. This
amount of drilling work is not sufficient to assess the oil and gas potential of the territory of 55,000 km?, but
it makes a significant contribution to the study of the geological structure of the basin. According to the
data, acquired in the area, it was established the block structure of the paleozoic and the foundation and
the presence of possible riftogenic floor, beginning from the Jurassic and covering the whole of the upper
Paleozoic (figure 2) [7].

The geological structure of the territory under consideration includes the formation of pre-Cambrian,
Paleozoic, Mesozoic and Cenozoic. They are divided into 3 different complexes: strongly dislocated and
significantly metamorphosed formations of the Precambrian and lower Palaeozoic, moderately dislocated
sediments of the middle-upper Palaeozoic and not dislocated - Jurassic, Cretaceous and Cenozoic ages.
The first complex forms a crystal base, broken through by granitoid intrusions. The second complex forms
an intermediate quasi-platform floor. The deposits of the third complex are part of the platform cover,
1200-1600 mthick
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Wells no. 2, 3 were drilled on the Asanov area, 4 wells on the Yakovlev area:

Well no. Depth ‘ Age, tier Discovered rocks
the Asanov area
1va From the bottom hole at the lower Cretaceous, below red-coloured sand-c_lay-carbgnate deposits
1028m down to 1194m theValanginian layer of Paleozoic (Permian?)
2Ya F{(())rgotr:?tiztgﬁgrcg:eo?f upper Jurassic undividedPaIec;é?:(:),zgci)ssibly the lower
1050-1075m '
3va 1200 -1135 m below depJ(Ls,ri;zS(i)Z the upper the gray-%(])‘li)ouv:lee(: Elgryb-gz;g?;r;itse deposits
6Ya 1110 - 1200m Below the chalk bottom bottom carbon?
Well no. Depth Age, tier Discovered rocks
the Ryavkin area
1R 1485 - 1578.8m Below lower-middle Jurassic terrigenous-carbonate deposits of Civ1
below the lower Jurassic
3R 1465 - 1880.4 the lower Visean layer of the terrigenous-carbonate deposits
lower Carboniferous
4R Bottom hole of 1559m under upper Jurassic sediments lower Carboniferous sediments
5R 1362 - 1803.6 below the middle Jurassic lower carbon deposits
The Oktyabrsk area
10 1269 - 1331m Below the Ky sediments | PEEUELE0 the basement rocks cpresentcd
20 1360-1376 m below the lower Cretaceous granites of the lower Paleozoic age
30 1387-1395 m below the upper Jurassic porphyrites of the lower Palaeozoic

The foundation is composed of pre-Cambrian and lower Palaeozoic formations. The Precambrian
(Riffean-Vendian) formations compose separate blocks of the foundation, opened by single wells and
represented by gneisses, amphibolites, quartzites, and porphyritoids. The metamorphic rock strata were
conditionally attributed to the lower Paleozoic.

Formations of the lower Palaeozoic have a wide development and in the south reach to daylight
surface. These are mainly rhythmic alternations of argillites, siltstones, sandstones with limestones,
tuffaceous stones, tuffs and effusives of the main and middle composition. On the basis of the brachiopod
fauna, the thickness is attributed to the lower-middle Ordovician. Cambrian formations composed by
acidic effusives, their tuffs with interlayers of conglomerates, sandstones and siltstones, are exposed in the
north and northwest of the Kokshetau massif and were discovered along its periphery. At the
N-42-Xtrapezoid (the Asanov area), shales were opened in deep wells, broken through by diabase dikes:
due to their complex dislocation and high degree of metamorphism attributed to the lower Paleozoic age.
At the Petukhov area (N-42-1X), the wells penetrated brown metamorphosed sandstones with interlayers
of red-brown claystones, also conditionally attributed to this age. The quasiplatform complex is composed
of mid-upper Devonian, Carboniferous and Permian deposits.

The mid-upper Devonian sediments with erosion lie on the underlying lower Paleozoic rocks and
intrusive formations. In moulds of the Kokshetau Uplift, the middle-upper Devonian section is represented
by red, raspberry conglomerates, sandstones, siltstones and argillites. Moreover, coarse-grained rocks
occur at the bottom of the section. The thickness of red-coloured sediments is 400 m; probably, a similar
section and the same thickness of these sediments can be expected in the Petropavlovsk district.
Sediments, attributed to the lower Carboniferous, bear the central part of the superimposed mould and
were penetrated by deep drilling wells in the areas of Yakovlev, Ryavkin and Gankin. Their most
representative sections, confirmed by faunas of brachiopods and bryozoans, were noted at theRyavkinarea
(wellslR, 3R, 4Rand 5R) (figure 2). The lower boundary of these deposits has not been opened by wells.
Within the RyavkinUplift (N-42-XI), the deposits of the lower Carboniferous are represented by grey,
dark grey, greenish-grey argillites, siltstones, polymict sandstones and limestones alternating with each
other. Single thin interlayers of conglomerates, tuffaceous sandstones and tuffs were encountered. The
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rocks contain small plant remainders, leather coats, imprints and fragments of the brachiopod fauna,
bryozoans and fine aggregate pyrite. Falling angles of rocks vary from 5 to 17 degrees. By fauna these
breeds are attributed to the Visean. The opened thickness of these sediments within the limits of
superimposed mould is 442 m, the maximum thickness probably does not exceed 600-700 m. The Permian
deposits include rocks drilled by deep wells at the Yakovlev uplift. Though the drilling was not performed
till the end. The Perm deposits are covered by the lower Chalk sediments and are the central part of the
superimposed mould.
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Figure 2 — Comparison of deep well sections

They are represented by brown, reddish-brown, sometimes coloured mudstones, alternating with less
thick siltstones and light-gray, grayish-pink and red-brown sandstones; the stratum dip is up to 15°.
Paleontologically, these sediments are not characterized and were attributed to the Permian conditionally,
on the basis of comparison with similar formations in the southern regions of Northern Kazakhstan. Their
mid-late-Carbon age is not excluded. The penetrated thickness of the Permian sediments at the Yakovlev
area is 166 m (1Ya), the maximal one may go to 500-600 m.

The platform cover is composed of Mesozoic-Cenozoic sediments. Jurassic formations in the
Petropavlovsk district, like on the entire northern slope of the Kazakh Shield, have limited distribution.
Their accumulation took place mainly in the pre-Jurassic erosion trenches and paleovalleys of near-
meridional orientation. The Jurassic watersheds were areas of erosion and encrustation. Formations of the
Jurassic age are of the following tiers: the Tyumen (lower-middle Jurassic, including the Bajocian),
Toarcian (Bathonian-Callovian) and Marianov (upper Jurassic). Their distribution is clearly conditioned
by the complex formation pattern. The most ancient sediments (Ji-2) compose the narrow Talwegian parts
of paleovalleys, while the final sedimentation of the upper Jurassic clayey strata are more spread, usually
extending beyond the margins of sea cliffs.

The lower-middle Jurassic (TyumensuiteJi-2). Slightly thick formations (25-40 m) were identified by
drilling in the Ryavkin area, where they lie on the eroded surface of the ViseanCarbon formations. The
section is dominated by grey to black claystones, often carbonaceous, silty and sandy. The rocks contain
abundant plant detritus, small lenses of shiny brown coal and pyrite concretions. Among mudstones, there
are interlayers of grey, light-grey and often clayey siltstones and polymict sandstones.

The middle Jurassic (Tatarian suiteJob-kl). The suite formations were identified only in the Ryavkin
and Gankinareas, where they overlap the underlying sediments of the Tyumen suite or lie with erosion on
the foundation rocks. The suite is represented by the alternation of colourful clays, non-layered siltstones,
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siltstones with subordinate layers of gray, greenish-grey sandstones and siltstones, cemented with
carbonate-clay material. The suite sediments were not characterized paleontologically, and their
classification as middle Jurassic is conditioned by the position in the section between strata with the
established age. The thickness of sediments in the wells does not exceed 29 m.

The upper Jurassic (Marianov suiteJs). The suite formation with a maximum thickness of 103 m was
found in the Yakovlev, Ryavkin, Oktyabrsk and Gankin areas. They are found conformable to the
Tatarianrocks, or on deeply eroded foundation formations. The lower part of the section is dominated by
grayish, grayish-green argillites, siltstones with glauconite grains, inclusions of pyrite, plant detritus,
brachiopods, pelecypods, ammonites, belemnites, scales and fish remains. Above, gray and dark-grey
unevenly calcareous and siderizedargilliteslie with subordinate layers of gray siltstones and fine-grained
sandstones, less often with dark-gray clayed limestone. The age of the suite was defined by the fauna as a
Cimmerian and even

Valanginian. Therefore, some researchers raise the upper age limit of the Marianov suite to the lower
levels of the early Cretaceous (J3-K1). The Cretaceous system is represented by all times.

The ValanginiantierofthelowerCretaceousis represented by the Tar suite (Kiv). They were discovered
in the Yakovlev, Ryavkin, Oktyabrsk and Gankinareas and are located either on deposits of the upper
Jurassic or on rocks of the folded foundation. The suite 106-113 m thick is represented in all sections by
predominantly fine-grained light-gray and grey, unevenly calcareous sands. Interlayers of greenish-gray
clays and siltstones are of subordinate importance. Inclusions of pyrite, glauconite, charred plant remain
and semi-glossy coal interlayers are noted in composition of the rocks. There are layers of gravelites and
inequi granulars and stones noted in some sections at the suite base.

The Hauterivian-Barreme (Kiyala suite, Kih-b).The Kiyalasuite formation is eroded on the
foundation rocks, or without interruption on the Valanginian rocks. The suite is represented by a thickness
of coloured clays, alternating with subordinate interlayers of sand, sandstones and siltstones. The thickness
of units and interlayers of clays varies from 2-4 to 20-30 m. In the south direction, the role of sand
material in the section increases. In the upper part of the section, the clays are painted in red colours of
different tints, and in the lower part of the section, the greenish-grey and green colours prevail. They are
usually argillite-like, in some places of the siderizedmontmorillonite-kaolin composition. Sands and
sandstones are grey, greenish-gray, feldspar-quartzy, with admixture of glauconite. The suite thickness
varies from 60 to 360 m.

The Aptian-Cenomanian (Kia-Kzc, Lenkov suite). The suite formations are widespread, lying without
a visible break on rocks of the Kiyalasuite and in some areas on foundation rocks. Its thicknesses increase
from southwest to northeast from 20-50 to 350-400 m. The most complete sections of the Lenkov suite
were observed in the northeast of the territory, where it is discerned by composition into three strata,
which some researchers individuate as independent suits. The lower strata are characterized by a sharp
predominance of sandy and silty rocks. Sands are fine-grained, rarely coarse-grained, grey and light-grey
and interlayered with siltstones and sandy clays. Single interlayers of brown coals and gravelites were
noted. The thickness varies from 50 to 120 m. The average stratum of 50-110 m is composed mainly of
clays with sharply subordinated interlayers of sand and siltstones. The upper layer is represented by
uneven, sometimes thin, alternation of sands, sandstones, siltstones and clays of light-grey, grey and dark-
grey colour due to abundant plant detritus; the thickness from 115 to 170 m.

The Turonian (Kuznetsovsuite, Kot). This suite, like the underlain one, is spread everywhere, lying on
it with erosion (basal horizon with gravel and pebbles), but without visible angular non-conformity. The
composition is dominated by greenish-gray clays, thin-layered, and there are concretions of phosphorites,
pyrite, fish vertebrae, sponges, and fauna fragments. Sands, sandstones, siltstones, abruptly subordinated
in thickness, grey and greenish-grey glauconite-quartzy, inequigranula rwith gravel and pebbles. The suite
sediments are well characterized by foraminifer and radiolary fauna. The thickness varies from 4 to
45-60 m.

The Conacian-Campanian (Berezovskaya suite K>k-km).The marine sediments of this age have been
penetrated by all deep wells. The lithological composition of the complex within the district is not
constant. Within the Yakovlev, Ryavkin, Oktyabrsk and Gankin areas, the section is dominated by
greenish-grey and grey, silty and sandyopoka-like clays, in the lower levels, with significant participation
of sands and siltstones. The clay horizon is separated into theSlavgorodsuite (K;km), and the lower half
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(K2k-s) into the Ipatian unit (suite). The suite is well characterized by the fauna of foraminifera,
radiolarians and spore-pollen complexes.The penetrated maximal thickness of the sediments is 141 m.

The Maastricht (Gankin suite, Kom).The marine sediments of Maastricht with thickness varying from
18-20 to 140 m are represented everywhere by monotonous stratum of grey, dark-grey and greenish
limestone clays, siltstones and marls with subordinate interlayers of sandstones. The formations are
characterized by carbonateness and presence of fauna of peletsypods, ammonites and gastropods.

The Cenozoic deposits are omnipresent in the area and represented by marine and continental
formations. Marine sediments include the Paleocene and Eocene ages. The total thickness of the
Paleogenemarine formations reaches 400-460 m.

Continental sediments of the Oligocene-Pliocene with a total capacity of 100-140 m lie on the sea
clays of the Chegansuite with deep erosion. Their section is dominated by sands, siltstones and clays,
unevenly interchanged between each other.

As can be seen from the above, starting from the Jurassic and downwards, the horst-grabeneriftogenic
structures are showing up in the lower Mesozoic and upper Paleozoic, which favours the area’s oil and gas
potential. As the 2D-3D study surveys are badly lacking, it is difficult to determine the prospects of oil-
and-gas-bearing capacity. Therefore, it is desired to conduct a regional 2D-seismic survey to the north of
Petropavlovsk, in the area of the Bugrov, Vinogradov and Voskresensk moulds (Fig. 1), detected as per
data acquired during the magnetoexploration: the magnetoactive surface was submerged down to depths
of 3500 m, and a parametric well was drilled in the central part of the Bugrov mould with a design depth
of 3500 m.

9. b. Burapaes, J. C. Mycuna
Satbayev University, K. . CorbaeB aThIHIaFbI T€0JOTHANIBIK FRUTBIMAAP HHCTUTYTHI, AMaThl, KazakcTan

COJITYCTIK KABAKCTAH INOI'THAI BACCEﬁI—!IHIH I'EOJIOTUAJIBIK K¥PBIJIBIMBI,
3EPTTEJY KAFTJJAUDI ’)KOHE MYHAUI'A3 IEPCIHHEKTUBACBI

AnHoTanusi. Aynansl 55 mbiH. kM2 Contycrik-Kasakcran merinai anabsl yianraiiblp Bateic-Cibip MyHaiiras-
bl Mera-alaOBIHBIH OHTYCTIK INanFaiblH anbil katkaH Conrycrik-KasakcraH MOHOKIHMHANIHAE OpHAJIacKaH.
Conrycrik-Kazakcran merinzi anadsl oHTYCTIiriHAe Fana Kekmeray MacCHBIMEH MIEKTENIN aifKpIH [IeKapara ue, ajl
contycririnaeri mekapa periane KP memiexerTik mexapacsl ecenteneni. baTeichiHAa a aliKbIH MOP(HOIOTHSITBIK
1ekapa ok, 6ipkanbinTel Typae Conryctik-Toprail anabbina ynackin 66° HIBIFEIC GOMJIBIKTaH IIBIFBICHIPAK KEPIE
KP Kocranaii men Contyctik Kazakcran oOJbICTapbIHBIH apachlHAaFbl OKIMILIUIIK LIeKapara cail KeJNeTiH MIapTThl
HIeKapaMeH IeKTese . OKIMIIUIK Typrbiian anranaa anan Conrycrik Kasakcran oOIbICE ayMarbIHa OpHAJIaCKaH.

Conrycrik-Kazakcran anaOblHAarbl TeoQu3MKaIbIK JkymblcTap 1937 KbUIBI MarHUTOMETDIIK KYMBICTap
KYprisirynen 6acranapl. bipkatap MarHUTTIK aHOMaJMsJIap aHBIKTAIBIN, onapAblH aymarsiHaa 1ITO sxone CTKO
CeHCMUKATBIK YKYMBICTApBI XKYPTi3ii.

1937-1943 xox. bareic-Cibip 3KCTIeqUIUACHIHBIH TaC030H TY3UTIMICPIHIH YCTIHIE XKYPTi3reH reo()u3nKaIbIK
3epTTeyJNepiHiH HoTKeciHae (ceficMoOapmay, MarHuToOapiay) AcaHOBCKoe, TOKymIMHCKOe, SIKOBJIEBCKOE,
PsaxuacKoe xoHe OKTIOpHhCKOE KEeprilikTi KeTepimimMaepi ambsuiabl. AcaHoBckoe ketepimimiage 1940-43 sxok. ymr
YHFBIMA, all KarnFaHgapeiaa 1952-54 xok. — 13 yHFeiMa Oypreutanapl. bapiblk yHFBIMamap majieo3oil Ty3imiMaepin
amtel xoHE 1200 M-meH 1880 m-re neifiHTi TepeHOIKTepAe COX TY3UTiMAepAe TOKTaThuIAsl. blkTumanmpl mMyHan-
JIBUTBIKTBIH OeJrijiepi aHbIKTaIFaH KOK.

50-mri xbinap 6ackinaa OMObI reodusnkansik KeHceci AcaHoB-OKTAOphCKOE KYPBUIBIM TONTApbIHA HIOTiHI
ME3030MJIBIK THIC TICH MAJICO30MIBIK TY3UTIMACPIl 3epTTey MaKcaThIH A, al 1951 k. — TEeMIpIKoJ1 )KeiCiHIH OOHbIMEH
[erponasnoBck-HoBocubupcek aiimakThiK OarbiTbiHAa LIITO, CTKO myHait MeH ra3 reo(hM3uKaibIK KYMBICTapbIH
JKYPri3ai.

1959 x. aiimakTeik npodmibaep OoiibiHa CTKO ceiicmobapnay sxymbictapbia Conrycrik-Kazakcran reogu-
3MKaJIBIK 3KCIETUIUACH aTKapasl. [Ipoduibaepain conTycTik yaackenepinae marsH kenemzae LIITO ceiicmobapnay
xyprizingi. Ilpodunsaepain 6armaps! Heri3iHeH cyOMepHIMOHAIIBI OOJIIBL.

Me3okaitHa301 THICHI KAJIBIH/IBIFBIHBIH OHTYCTIKTEH COJTYCTIKKE )KOHE CONTYCTIK-IIBIFBICKA Kapai OipKaJbIIThI
apTybl, all maneo3oi OeTi TepeHMITiHIH OHTYCTIK OarbITTa OipiHIIi Xy3nereH merpaeH Peceiimen mekapama 1500-
1600 M-Te neifin apTybl aHBIKTAABL. AYMaKTBIH TeOJIOTHSUIBIK KYPBUTBICHI KaWJIbl TYCIHIK HAKTRUTAaHABL. BacTel ChIHY
mIeKapachkl — Maje030i TY3UTIMIEPiHiH ApO3UsUIaHFaH OeTi KoHe Me30301 KaOaThIHAArsl MaHBI3EI a3bIpakK OipHere
IIeKapa aHBIKTaJbIL.
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2J1 xone 3J] OTH 3amaHayn celiCMUKANIBIK 9IICTEpiH KOJJAaHFaH MYHal i37ey >KYMBICTaphl ajlall ayMarblHaa
xyprizinmmered. Kasipri KyH Ke3KapacbIMEH ajfaHAa ajan Hallap 3epTTeNTeH ayMaKTap KaTapblHa jkatanabl. Peceit
ayMarbIH/1a KeHiHT1 reosioro-reo(pu3nKaiblK Kymbictap kemeriMeH Ilerponasn kanackiHan 250-300 kM conTycTikTe
Mme3030it Ty3imimaepinae Tespusckoe, TaiiteiMckoe, [TpupaxToBckoe KeHOpbIHAAPHL, an 450 kM conrycrik-OaTbicTa
naneo3oi Tysinimzaepinae — Masounuckoe, Bepx-Tapckoe, Ypmanckoe, KannHoBoe keHopbiHIapsl ambuiabl. Con-
tycrik-Kazakcran anaObl ayMarbIH TepeH OypFbUIayMeH 3epTTey 2 Ke3eHJIe KYpri3iimi. AcaHOBCKOEe KeTepiliMiHzae
1940-43 oK. ym yHFbIMa, anl KanFanaapbiaa 1952-54 sok. — 13 yHreimMa Oyprbutanapl. bapiielk yHFbIManap nasneo-
300 TY3UIIMJAEPIH amThl oHe coll Ty3imimuepae 1200 m-men 1880 M-re mediHTi TepeHTIKTEPAE TOKTATBHUIIBL
KapacThIpBbUIBIT OTBIPFaH ayMaKThIH T'eOJOTHsUTBIK KYPBUIBICHIHIA JOKeMOpHil, maneo3oi, Me3030ii jKoHe KalHO30#
TYy3itiMzepi Kateicanpl. Kypambl, opHanacy nopexeci xxoHe opHaacy skarnaiiapsl OoibIHIIA onap 3 Typiii KelleHre
OeniHeni: DOKeMOpHIl MEH TOMEHI1 Maleo30iIbIH KATTHl OpPHANACKAH JKOHE aWTapibIKTail MeTaMop(hH3ICHTeH
TY3UTIMIepi, OPTaHFBI JKOHE >KOFApFBl IMMAIC030WIBIH OpTalia OpHAJNACKaH INeTiHAUIepl JKOHE CYachITHl KO3Fallbl-
CBIHIAFBI - I0pa, 0Op JXoHEe KaWHO30M >KacBIHAAFHl IIeriHmiurepi. BipiHm KemeH rpaHUTONI KypaMAbl HHTPY-
3MSCEIMEH JKapbUIFaH KPHUCTANIBI ipreTacThl Kypaimel. EXiHII KemeH apaiblK-KBa3H-IUIaThopMalblK Kadat
Kypaiiapl. YUIiHII KeleHHiH merinauiepi KanbiHabFsl 1200-1600 M-re sxeTeTiH iaTdopMaibiK THICTBIH KypaMbIHa
kipeni. IOpanan Gacram jxoHE TOMEH Kapail Me3030WIbIH TOMEHII JKarblHIa JKOHE JKOFapFbl 11aje030i1a ropcT-
rpabenai pudTOreHi KypbUIbIM OciHeneHeal, Oy ayJaHHBIH MYHAH-ra3fbUIbIFbl EPCICKTHBACHIHBIH KPHTCPHA-
JIepiH apTTHIPaJIbL.

Maxkanaga Contycrik Kaszakcran merinii OacceiHiHzmeri OapiblK Te0J0ro-reo(u3nKaiblK MaTepHaaapIbl
TOIITAIl JKOHE 3epAeney Heri3iHne, 6acCelHHIH TeOoNOTHSUIBIK KYPBUIBICHIHBIH JKOHE TEKTOHUKAIIBIK EpEeKIIeNIKTepi
KENTIPLIiN, COHAall aK MyHaWra3/IbUIbIK TYPFBICBIHAH OacCEeHHHIH 3epTTelly AEHreill MeH MyHalras IepCcrieKTHBachl
3epJIeJICHIeH JKSHE JIe apbl Kapai 3epTTey *KYMBICTapbIHBIH OaFbIThl aHBIKTAJIFaH.

Ocpiran OalJTaHBICTBI, MATHHUTTIK Oapiay aepekrepi OOWBIHINA aHBIKTANFaH byrpoBc, BuHorpamoB skxoHe
BockpeceHck Mynba aiiMarbiHga 2D celicMUKANBIK OapiayblH JKYPri3y YCHIHBLTAIEL.

Tyiiin ce3gep: Llerinmi 6acceitH, puTTIK KYpbUTBICH, MYHAWTa3dbUIBIK MEPCIEKTHBACKH, I0pa MeTiHAiIepi,
KBa3MILIAT(HOPMAIIBIK KOMILIEKC.

A. b. Burapaes, J. C. Mycuna
Satbayev University, TOO «1ucTutyT reonoruueckux Hayk uM. K. Y. CarnaeBay», Anmartel, Kazaxcran

COCTOSIHHUE U3YYEHHOCTH, OCOBEHHOCTHU I'EOJIOT'HYECKOI'O CTPOEHUSA
N NNEPCIIEKTUBbI HE@TEI'ABOHOCHOCTH
CEBEPO-KA3AXCTAHCKOI'O OCAJJIOYHOT'O BACCEUMHA

Annotanusi. Cesepo-KazaxcraHckuii ocanounslii 6acceiin ¢ miomanso 55 Teic. kM? npuypoued k Cesepo-
KazaxcTranckoil MOHOKIIMHAIN, 3aHUMAIOIIYO F0KHYIO Iepr(epuitHyo okpanHy obmupHoro 3amagao-Crudupckoro
HedTera3oHOCHOTO Mera-OacceiiHa. CeBepo-Kazaxcranckuii OaccefiH MMeEET UYETKYI0 TEKTOHHYECKYIO TpaHHILy
TOJIBKO Ha [Ore M orpaHuduBaeTcs KoKIIerayCcKMM MacCHBOM, CEBEPHOI I'paHHIEH YCIOBHO CIYy>KHT Tocynap-
crBeHHas rpanuna PK, a Ha 3amaje Takke He MMeEET YETKO MOP(OJIOTHYECKON I'PaHUIIbI, IUTABHO MEPEXOJUT Ha
Cesepo-Topraiickuii 6acceiin U oTAeNseTcs YCI0BHOM rpanuleil Bocrounee 66° BOCTOYHOM JOITOTEI, COBNAAIOMIEH
¢ aJAMUHHCTpaTUBHOHN Tpanuued mexnay Kocranaiickoit m CeBepo-Kazaxcranckumu obmactsmu PK. B agmunam-
CTPaTHBHOM OTHOILICHUH OaccelH pacroioxeH Ha Tepputopun CeBepo-KazaxcraHckoi obnactu

I'eopusnueckue nuccrenosanus B Cepepo-Kazaxcranckom Oacceiine Havatel B 1937 roay, Korma mpoBOIMINCH
MarHUTOMETpPHUYECKHE pabOThl, BBIIBUBIINE DPAJ MarHUTHBIX aHOMAJIUH, Ha KOTOPBIX BIIOCIEACTBHM OBUIM II0-
CTaBIIeHHI ceiicMuieckne padotst MOB n KMIIB.

B pesymnbraTe reodu3MUSCKUX HCCIENOBaHUH (celicMOpa3BelKa, MarHWTOpa3BeAKa), MPOBEACHHBIX B 1937-
1943 rr. 3amagHOo-CHOMPCKOHN JKCIEOUIHEH, 10 TOBEPXHOCTH IMAIE030MCKUX OTJIOKEHHH BEISBICHBI JOKaJIbHEIC
nomHATHA AcaHoBckoe, TokymmHCKoe, SIkoBneBckoe, PsBkuHCKOe 1 OKTAOpbCKOe. ACaHOBCKOE MOAHATHE paz0y-
peHo B 1940-43 1T. Tpems CKBaXHHAMH, OCTaJbHBIE MOAHATHS — B 1952-54 1r. — 13 ckBakuHamu. Bce CKBa>KUHBI
BCKPBUIM OTJIOKEHHSI TajJie03051 M OCTAHOBJICHBI B HUX IpH riryouHax oT 1200 mo 1880 m. IIpu3Haku BO3MOXKHOI
HeTera3oHOCHOCTH He ObUTH 00HAPYIKEHBI.

Owmckoii reousnyeckoil KOHTOpoi B Havaie 50-X TrofoB BBINOJIHSUIMCH TeO()U3UUECKHE HCCICIOBaHHS Ha
HedTh ¥ ra3 MOB, KMIIB 1o u3y4eHuo 0cajiouHOTO0 ME30KaiHO30MCKOTr0 YeXja M MaJle030MCKUX OTIIOKEHUH Ha
AcaHoBcko-OKTSOpbCKOI TpymIe CTPYKTyp, a B 1951 r. — no pernoHansHoMy Mmapupyty Ilerponasnosck — Hoo-
CHOMPCK BJIOJIb JIMHUH JKEJIE3HON TOPOTH.

C 1959 r. ceiicmopassenounsie pabotst KMIIB mo pernonansHbeiM npodmisim BemoinseT Cesepo-Kazax-
cTaHCKas reodusnyeckas skcneaunus. Ha ceBepHBIX ydacTkax mpodmieil B HeOOmbmmX 00bEMax BBITOJIHEHA
ceiicmopasBeaka MOB. OpueHTnpoBka mpoduieii, B OCHOBHOM, CyOMepuaAnaHaIbHasl.
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Y CTaHOBIIEHO MJIABHOE YBEIMUCHNE TOJIIMHBI ME30KaiHO30MCKOTO 4eXiia C I0ra Ha CEBEp M CEBEPO-BOCTOK, a
rIIyOMH TMOBEPXHOCTH Majie030si OT MEepPBBIX COTEH METPOB Ha IOKHBIX (uanrax mpodwuieir 1o 1500-1600 M Ha
rpanune ¢ Poccueil. Bpuin yTOYHEHBI MpeACTaBIEHUS O TE€OJIOTMUECKOM CTpoeHuH Tepputopuu. [Ipocnexena
OCHOBHasl IPEJIOMJISIOIIAs TPAHUIIA, — IPOJIUPOBAHHAS TOBEPXHOCTD MATIC030MCKUX OTIO0XKEHUI U HECKOIBKO MEHee
3HAQUYUMBIX I'PAaHUL] B ME30301CKOM TOJILIE.

Hedrenouckorie paboThl coBpeMeHHbIMU cericmuaeckumu metonamu OI'T 2] u 31 Ha Tepputopuu Oacceiina
He npoBoAWwINCh. C MO3ULMK CETOAHSIIHET0 AHs OacceiiH OTHOCHTCS K ciabo M3ydeHHBIM TeppuTopusM. boiee
MO3THUMH T€O0JIOrO-reopu3ndeckuMu paboramMu Ha TeppuTropun Poccuu, B ME3030MCKMX OTJIOXKEHHUSX Ha
paccrostanu 250-300 kM ceBepHee T. [lerpomaBnoBck ObuH OTKPHITH TeBpu3ckoe, TanTeiMckoe, [IpupaxToBckoe
MECTOPOXKICHUS, a B MAJCO30HCKUX OTIOXKEHUSIX — B 450 KM Ha CeBEpO-BOCTOK — MECTOpPOKAeHHs Maonickoe,
Bepx-Tapckoe, Ypmanckoe, Kammnosoe. W3yuenme teppuropun Ceepo-Kasaxcranckoro OacceiiHa TiryOOKHM
OypeHreM mpoBOAMIIOCH B /1Ba dTana. Ha AcanoBckoM nmogastud B 1940-43 1T. mpoOypeHs! 3 CKBaKUHBI, OCTaIHBIE
wromanu pazoypersl B 1952-54 rr. IlpoOypero 13 ckBaxkmH. Bce CKBaXWHBI OCTaHOBIIEHBI B IOPOJAAX Iajico-
30HCKOT0 BO3pacTa, CAUTABIIHECS TOrAa GyHAaMeHTOM Ipy riryomHax ot 1200 mo 1880 m.

B reosornueckoM CTpPOGHUHM paccMaTPHBAEMOMN TEPPUTOPUHM NMPUHHUMAIOT ydacThe oOpa3oBaHUs A0KeMOpusi,
maeo30s, Me3030s U KaitHo30s. 1o cocTaBy, cTeneHn AUCIONMPOBAHHOCTH M YCIOBHAM 3aJIeTaHUs OHU JENATCS Ha
3 pa3NMYHBIX KOMIUIEKCAa: CHIBHO IMCIOLHMPOBAHHBIE W 3HAYUTEIBLHO METaMOp(U30BaHHBIE 0Opa30BaHUS ITOKEM-
Opusl U HIKHETO MaJie030s, YMEPEHHO AMCIIONMPOBAHHBIE OTJIOXKEHHS CpPEIHEro-BepXHEro Majeo30s M HEeAUCIIO-
MPOBaHHbIE — IOPCKOTO, MEJIOBOTO U KalHO30HCKOTro Bo3pacToB. IlepBblii KOMIUIEKC 00pa3yeT KpUCTaTHYECKUI
(yHIaMeHT, IPOPBaHHbBIA WHTPY3USIMHA TPAaHUTOMIHOTO cocTaBa. BTopoil KomInieke oOpa3yeT — MpOMEKyTOYHbIN-
KBaszuIuaTGopMeHHbIH 3Tax. OTI0KEHHS TPETHETO KOMILIEKCa BXOAAT B COCTAB IUIATGPOPMEHHOT0 YeXJIa, MOLTHOCTh
koToporo mocruraer 1200-1600 m. Haumnas oT 10pBl M BHU3, BBIPHCOBBIBACTCS TOPCT-TPaOCHOBOE PHU(TOTCHHOE
CTpOEHHE B HM3aX Me303051 M B BEPXHEM IIaJc030€, YTO IOBHIMIACT KPUTEPUH B IOJIB3Yy IEPCIEKTHB HedTera-
30HOCHOCTH paioHa.

B cBsa3u ¢ 3TUM peKOMEHIAYETCsl MPOBEACHUE PETMOHANBHOWU celicMopasBenku 21 B paiione BbyrpoBckoi,
Bunorpanosckoil 1 BockpeceHCKOM MybJl, BBISIBJICHHBIX 110 JaHHBIM MarHUTOPA3BEAKH.

KaroueBble ciioBa: ocanoubslii OacceifH, puToBoe CTpOCHHUE, MEPCIEKTUBBI HE()TETa30HOCHOCTH, FOPCKHE
OTJIOXKEHHMSI, KBa3UIUIaT(GOPMEHHBIN KOMILIEKC.
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ENVIRONMENTAL IMPACT AND TOXICOLOGICAL PROPERTIES
OF MINE DUMPS OF THE LVIV-VOLYN COAL BASIN

Abstract. To date, the environmental status of mining areas is characterized as critical. The prerequisites for
this are the formation of artificial landscapes (waste heaps, mine wastewater, etc.), high concentration of mining
enterprises in mineral deposits, inefficiency of measures to maintain mining facilities in a safe state, low level of
continuous monitoring of environmental change. The uncontrolled impact of mining areas leads to a general
exacerbation of the environmental problems of the region as a whole, as well as to the depletion of surface and
groundwater and the contamination of surrounding metals by heavy metals due to their migration from the mine
heaps.

The article discusses the features of the Lviv-Volyn coal basin as a background for industrial development of
Western Ukraine. The characteristics of the dumps of the closed up mine of the basin has been carried out. The
toxicological composition of the dumps of the Novovolynska mine has been investigated and their environmental
impact has been defined. Waste dumps of mine rocks of Lviv-Volyn area have high acidity, considerable content of
various salts and sulfate ions. This high mineralization is caused by the movement to the water-collection points and
the interaction of such water with rock dumps besides, and its way waste water is enriched with products of rocks
destruction and coal.
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Introduction. Sustainable socio-economic development of modern society is impossible without
assessment of man-made impact on the environment. Nowadays, developmental challenges in different
Ukrainian regions are caused by anthropogenic processes that lead to environmental pollution. Particular
attention should be paid to the investigation of the regions in which the coal industry is developed [3].

During the period of coal mining and coal processing operations in the territory of Lviv-Volyn coal
basin the geo-ecological environment has undergone significant changes. This is primarily due to the
change in the natural landscape, the impact of the coal processing waste on the environment, as well as the
change of geochemical indicators caused by the additional discharge of chemical and mineral compounds.

One of the main sources of environmental hazards for the region is mine dumps. Thus, when coal is
extracted from the rock mass, which is brought to the surface, up to 75% of the raw material goes to waste
[5]. Mine rocks accumulate in waste dumps, sludge pits, ash dumps etc. The refore a reliable assessment
of toxicity of mine dumps is an important issue while designing environmental measures for minimizing
their impact on the environment.

Purpose, tasks and methods of research. Problems related to the impact of mine dumps on all
components of environment have been studied in Ukraine and abroad for a long time. The papers of
Ukrainian authors, in which environmental issues of mining were considered in the context of
environmental issues, contain analysis of the critical geo-ecological situation in specific regions and
methodological approaches for assessment of their urgency as well as the recommendations for their
solution. At the same time, the environmental issues of the Lviv-Volyn coal basin and the assessment of
mining waste impact remain relevant. The object of the paper is determination of environmental impact
and toxicological properties of mine dumps of the Lviv-Volyn coal basin (figure 1).
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Figure 1 — Cartographic map of coal mine dumps #2 Novovolynska,
#4 Novovolynska, #9 Novovolynska, #5 Velykomostivska, # 1 Chervonohradska

Results and their discussion. The Lviv-Volyn coal basin is located in Western Ukraine. It covers the
territory of the northwestern part of Lviv and southwestern part of Volyn region. The northern border of
the basin is defined by the line of Volodymyr-Volynskyi — Torchin, and the eastern border by the Torchin-
Olesko line. The coal here lies almost horizontally at a depth of more than 315-550 m [7]. The
geographical location of the Lviv-Volyn basin is generally favorable for its economic development. It
caused the intensive coal mining. In the second half of the twentieth century a powerful cross-sector fuel-
power complex was created. The main component in the functional structure of the basin is the coal-
energy production cycle, which includes the coal industry and related coal consumption sectors
(electricity, transport) and production services (production of building materials, building and
construction, repair of mining equipment). Basing on the coal and electricity industries, mechanical
engineering, chemical, food and consumer industries have also developed, an extensive industrial and
social infrastructure has been created, an area of intensive peri-urban agriculture has been formed [6].

In the early 90's the coal industry of the Lviv-Volyn coal basin included 21 mines and a central
processing plant. In the Lviv part of the coal basin there were 12 coal mines (in Hirnyk - 2, in Sosnovka - 3,
in Chervonograd - 7 mines). What is more the central Chervonograd processing plant was built in
Sosnovka. In the Volyn part of the basin there were 9 mines (2 in the village of Blagodatny (Zhovtneve)
and 7 in the Novovolynsk district). However, due to the economic crisis, the situation in the coal industry
of the Lviv-Volyn basin has deteriorated significantly. Due to the fact that coal production has decreased
significantly, the number of employees in the industry has decreased, renovation of production facilities
has stopped, and the process of unprofitable mining sites closure has begun.

Only since 2002 the slow revival of the Lviv-Volyn coal basin did begin. Unprofitable mines were
abandoned, and coal companies were reorganized into state-owned enterprises. Today, the Lviv-Volyn
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Basin coal basin industry includes two state-owned enterprises, Lvivvugillya and Volynvugillya,
comprising 9 and 4 coal mines respectively. The main consumers are Burshtyn, Dobrotvir, Ladizhin and
Kalush CHPPs, the regional fuel department of the western regions of Ukraine, some commercial
organizations and people [4].

As some mines within the Lviv-Volyn coal basin were closed, the problem of their technogenic risk
remained unresolved. The factors of man-made pressure on the environment of the basin are: flooding of
mines, blockages and landslides of mine shafts, subsidence of the surface, high radiation background of
waste dumps and terrain, the release of toxic elements, compounds and products of combustion into water
reservoirs, soils, air [2].

At the present time, considerable attention is paid to the environmental safety of the mine waste
dumps, as a large number of people living near these man-made objects suffer from smog, products of
self-ignition and smoldering of the rock, disfigurement of a landscape, etc. The main technogenic impact
of mine complexes is so-called technogenic landscapes - dumps of waste rock - waste heaps, which cause
a number of problems. They pollute almost all elements of the environment: air, ground water, land
runoff, soil, plants. In this regard, we decided to investigate the toxicological composition of the dumps of
mine # 9 "Novovolynska™ and their on environmental impact [9].

Mine # 9 "Novovolynska" belongs to the State Enterprise "Volynvuhillya" and is located on the
territory of Ivanychi region of Volyn region. Coal has been produced here since 1963. The flat dump is
located 150 m north of the industrial site. Its height is approximately 30 m. 5.5 million tons of waste
covers the area of over 120 000 m?. Samples were taken at a depth of 15-20 cm from the surface of the
dump. Investigation of the toxicological properties of waste heaps of mine # 9 "Novovolynska". The
results are in tables 1 and 2.

Table 1 — Characteristics of waste dumps of closed mines

. . - Shape of | Dump state burning, The organization to which
Dump Mine City, district the dump not burning) the dump was handed over

41 frustum The rock was taken out, the land
1 Chervonohrad not burning was handed over to the Chervonograd

Chervonohradska of a cone :

land fund in 2000

1 conical not burning
5 #5 Volsvyn, flat not burnin Handed over to the Volsvyn

Velykomostivska | Sokal region g (Sokal region) land fund in 2005
3 flat not burning
1 |# conical not burning Handed over to the

Novovolynsk -
2 Novovolynska flat not burning Novovolynsk land fund
1 #4 conical not burning o
Novovolynsk - - Under recultivation

2 | Novovolynska conical not burning
1 conical not burning
2 | #9 :';i):’]ad(:xiyv flat not burning Handed over to the Hrydiv
3 Novovolynska regign flat not burning (Ivanychi region) land fund in 2006
4 flat not burning

Table 2 — Toxicological properties of waste rock of mine # 9 "Novovolynska"

Index Unburnt rock Raw rock Southern slope Western slope

pH 3,63-4,81 5,59 7,18 8,4
Hydrolytic acidity mg-eq./100g of soil 10,6 0,21 0,22 0,29
Total absorbed bases (Ca+Mg), eq./100g. of soil 13,5 30,1 48,1 51,4
Humus, % 2,21-6,94 9,52 7,53 0,49
Nitrogen, mg/kg 49,8-59,9 29 14,2 16,9
P20s, mg/kg 13 214 11 28

K20, mg/kg 64 201 79 42
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Investigation of the toxicological properties of the waste rock of mine # 9 "Novovolynska" have
shown that the unburned rock is acidic: the pH of salt extract varies within 3,63-4,81. The hydrolytic
acidity is quite high - 10.6 mg/100g of soil and more. The soil on the slopes has an alkaline reaction and a
much lower hydrolytic acidity (0,22-0,29). The total absorbed bases (Mg and Ca) is minimal in the dump
rock and averages 16.29 mg/100g of soil. It is higher on the slopes - 48.1 mg/100g of soil. The humus index
of unburned rock ranges from 2,21-6,94%. The humus content differs in the samples taken on the western
and southern slopes (0,49% and 7,53%). The highest humus content is in the raw rock — 9,52% [1,12].

Technical unburned rock is characterized by a very low content of exchange nitrogen 49,8 mg / kg.
Much less N is present in soil on the slopes of the dump 14.2 mg/kg. The highest content of phosphorus
and potassium is found in raw rock. The mineral and chemical composition of the dump rock affects both
the geochemical environment of the region and the health of the population, as some trace elements
accumulated in the dumps lead to poisoning of flora and fauna and humans, since their content exceeds the
MPC [8]. The content of heavy metals in the waste dump is as follows (figure 2 and 3).

Co Pb Cd*10
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Figure 2 —Total content of heavy metals in the dump rock, mg/kg
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Figure 3 — Content of active forms of heavy metals in dump rock, mg/kg
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The distribution of lead in the dump is uneven. Higher concentrations of lead are found in the waste
rock, although the concentrations exceeding MPC are detected both on the slope of the dump and in the
rock itself. The average total zinc content in rocks and slopes reaches 0.3% of MPC. Most of the active
zinc can be found on the slopes of the dump. Its content doesn't exceed the acceptable limits.

The best aggregates for copper accumulation are unburnt rocks. The highest content of active copper
is defined in the technical soil of the slopes, while on the southern slope its content exceeds of the MPC by
more than 4 times. The slopes of the dump are characterized by a high content of cobalt that exceeds the
content in the rock by 4 times. The maximum concentration of the total cadmium is detected on the slopes
of the dump, the minimum - in the dump rock. In general, its content does not exceed the MPC in the soil
3.0 mg/kg. The maximum concentration of active cadmium is also detected on the slopes of the dump, and
the minimum - in the waste rock. In general, its content does not exceed the MPC in the soil 0.7 mg/kg
[10,14].

As a result, we should note that the accumulation of waste dumps of mine rocks causes the following
technogenic changes in the area around "Novovolynska™ mine # 9:

— accumulation of loose and unstable waste rock containing corrosive chemical substances;

— change of the groundwater balance and depletion of aquifers due to disturbance of natural
circulation;

— lands loss due to flooding and pollution;

— pollution of the atmosphere, soil and groundwater, especially by heavy metals;

artificial formation of an uncharacteristic microclimate around the mine.

Conclusions. The investigation revealed significant differences in the toxicological composition of
mine waste dumps in different locations. Unburnt rock is the most acidic in comparison to the raw one and
to the soil on the slopes of the dump. Raw rocks are rich in phosphorus and potassium and are also
characterized by a high humus content [11,13]. The best accumulators are the slopes of the dump.

Accumulation of toxic constituents in technological dumps creates a significant man-made danger. To
prevent the emergence of hazardous manifestations of sewage to the ecological situation in the study area,
it is necessary to use natural resources rationally, to timely carry out demineralization and reclamation,
phytomelioration of disturbed lands and use a method based on phytotechnology — a hydrophytic structure
of the type of bio-plateau, which performs the destruction, transformation and accumulation of nitrogen-
containing substances, heavy metals and other toxic substances, ensuring the biological purification of
water from pollutants.

IL. B. Bocax!, B. B. Ilonosu4, E. B. CrenoBas’, P. B. lynun®

1JIbBOB MEMIIEKETTIK TipIIiIK KayilCi3airi yHUBEpCUTET], YKpauHa;
2y KkpauHa YITTBIK OPMaH IIapyalibUIbIFbl yHUBEPCUTETI, JIbBOB, YKpauHa

IMAXTA TAMIIBIJIAPBIHBIH TOKCUKOJIOT'USJIBIK CUITATTAPBI
JIbBOB-BOJIbIH TAC KOMIPI ’)KOHE OJIAPJIbIH KOPINIAFAH OPTATA 9CEP ETVYI
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1IbBOBCKHMIt rOCYIAPCTBEHHBINH YHUBEPCUTET GE30TIACHOCTH KU3HEIEATENBHOCTH, Y KPanHa;
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TOKCHUKOJIOTHYECKUE CBOMCTBA OTBAJIOB IITAXTHBIX OoPOA
JIbBOBCKO-BOJIBIHCKOI'O KAMEHHOYTI'OJIBHOI'O BACCEMHA
N X BJIUSIHUE HA OKPYXKAIOIIYIO CPELY

AnHoTanus. Ha cerogHsmHmii AeHP 3KOIOTHYECKOE COCTOSIHHE TOPHOIPOMBIIIJICHHBIX PalfOHOB XapakTte-
pusyercsi Kak Kputnueckoe. [IpeanockuikaMy 3TOro sIBIsieTcsl 00pa3oBaHNe MCKYCCTBEHHBIX JIaHIIAQTOB (OTBAJIBI
HIaXTHBIX TOPOJ, CTOYHBIE IIAXTHBIE BOJBI), BBICOKAas KOHIEHTPAIUS TOPHBIX MPEINpPUATHH B MecCTax 3ajexxeil
TMIOJIE3HBIX MCKOTAEMbIX, HEI((PEKTUBHOCTh MEpP MOIAEPKKH TOPHO-TEXHOJIOTHYECKHX OOBEKTOB, HU3KHH YPOBEHB
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MOCTOSTHHOTO MOHHUTOPHHTA 32 U3MEHEHHEM 3KOJIOTHUYECKOTO COCTOSIHUS OKpYy»Karomiel cpenpl. HekoHTponupyemoe
BJIMSIHHE TOPHOIIPOMBIIUIEHHBIX PAHOHOB MPUBOAUT KaK K 00IIEMy OOOCTPEHHUIO SKOJOTHYECKHX MPOOJIeM PErHoHa
B ICJIOM, TaK U K MCTOUICHHUIO MOBCPXHOCTHBLIX W MOA3CEMHBIX BOA U 3arpsA3HCHUIO TAXKCIIBIMU MCTallllaMU IIpUJIc-
ralolyX TEPPUTOPUN B pe3yJIbTaTe UX MUTPALIUU C IIOPOJ, IIAXTHBIX TEPPUKOHOB.

CornacHo ¢uzuko-reorpaguyeckuM IMpHU3HaKaM Iuiona > HOBOBOJIBIHCKOIO TOPHONPOMBIIIIEHHOIO paiioHa
otHocutcst K Manomy [loneckro. C Havasa 10OBIYM KaMEHHOTO YIS AKOJIOTHYECKOe cocTossHue HOBOBOJIBIHCKOTO
TOPHOIIPOMBIIIUICHHOTO PETMOHa 3HAYUTENBHO YXYJIIWIOCh. BlIaronpusTHBIMH YCJIOBHSMH JUISI 3TOTO CTallo
00pa3zoBaHUE MCKYCCTBEHHBIX HMOPOJHBIX HACHINEH, TEXHOTEHHBIX ()OPM OTBAJIOB, HAKOIUICHHE INAXTHBIX OTXOJOB.
HoBOBOJIBIHCKHI TOPHONIPOMBIIVICHHBI pPalfOH HaXOJHUTCS IOl BJIMSHHWEM BO3AYIIHBIX MAaccC, MOCTYHAIOMIHUX C
ATIIaHTUYECKOTO OKeaHa M I0r0-3alajIHbIX KOHTHHEHTaNbHBIX Macc EBpombl. Takoe reorpaguueckoe MmojokeHHe
c(hOpMHUPOBATI0 OKEAHNIECKO-KOHTHHEHTAIBHBIN KIIMMAT, KOTOPBIH XapaKTepu3yeTcss HEyCTOWINBBIMHU TTOTOJHBIMU
YCIIOBHSIMH, BBICOKOW OTHOCHTEIBHOHW BIIAYKHOCTHIO, OOJBIIUM KOJIMYECTBOM OCAagKOB. EjxeromHo neicTByrommne
maxTel ropoga HoBoBombIHCKa BEIOpachiBalOT Ha MoBepXHOCTH Oomee 100 ThIc. TOHH OTBampHON mopoxasl. Ha
MOPOTHBIX OTBaJlaX HakomieHo Oomee 30 MIH. TOHH MIaXTHOH mopoabl. Pa3paboTka yrombHBIX MECTOPOXKACHUI
COITPOBOXKIACTCA BECOMBIMHU N3MCHCHUAMU re0JIOTHYECKOM Cpeanl, O6YCHOBJTCHHBIMI/I NEPEMECUICHUAMU 6OJ'IBI_HOFO
KOJIMYECTBA MaCCUBOB T'OPHBIX ITOPOI. B cocraB oTBanpHOM TOPOJbI BXOJAUT MHOT'O MHUHEPAJIBHBIX U XUMHUYCCKUX
BEILIECTB, YTO B HEKOTOPBIX CIIydyasx NMPUBOJUT K caMOBO3ropaHuio. IIporecc caMOBO3ropaHusl IIAXTHBIX TE€PPH-
KOHOB pErvOoHa HaOJI0/aeTcsi B BUJE: TOPMOXKEHHS Tpoliecca PeKyJIbTHBAIMH BCIIEICTBHE BBHITOPAHUS Ca)KCHIIEB
JIPEBECHBIX MOPOJI; BOSHUKHOBEHHS 3aBaJIOB, OIOJI3HEH; MOBBIIICHUS] TEMIIEPATYPhl OKPYXKAIOIIEH Cpelbl; BPEIHBIX
BBIOPOCOB IBIIM U Tra30B B aTMoc(epy; BEICOKOI KOHIIEHTPALMH OITACHBIX XUMHYECKUX COSANHEHUH B OKpYKarouien
cpexne ¥ T.4. Bo Bpems 001yBaHUsI BETPOM TEPPUKOHOB M OTBAJIOB IIAXTHBIX MOPOJ BO3/YX 3arpsi3HIETCS IBUIBIO U
raszaMu. BozsiHbIE TIOTOKHM CHOCSIT PBIXJIBIE TOPOABI B THAPOTPadHUYECKYIO CETh, 3arPsI3HS OaJIKH U PEUHBIE JOJIUHEI,
3amMBas MPYJIbl, PEKH, 03epa. DTO NPHBOAUT K YCTPAHEHHIO M3 MPUPOIHBIX MECT OOWTaHMS MHOTHX BHIOB
pacTeHuii 1 JKUBOTHBIX.

B cratpe paccmarpuBaioTcs ocobeHHocTH JIBBOBCKO-BousbIHCKOTO yromapHOro 0acceifHa Kak MpeArOCHUIKH
MPOMBIIINICHHOTO Pa3BuTHsA 3amagHoil YKpanHbl. OCYIIECTBICHO XapaKTEPUCTHKY IOPOJHBIX OTBAJIOB JIMKBHIH-
POBaHHBIX IIaXT OacceifHa, a TakKe W3yYeH TOKCHKOJIOTHYECKHHA COCTaB OTBajoB HOBOBOJBIHCKOM IIAXTHI U OIpe-
JIENICHO MX BIMSHHE HAa OKPYXKaIOIIyro cpexy. OTBajbl MaXTHBIX MOPoA JIbBOBCKO-BONBIHCKOrO KaMEHHOYTOIBHOTO
OacceliHa MMEIOT BBICOKYIO KHCIIOTHOCTb, 3HAYHMTENILHOE COJIEP)KAHUE Pa3lIMuHBIX COJed U Cysb(ar-MoHOB. JTa
BbICOKasi MUHEpaJIU3alnsa o6ycn013neHa JBHXXCHUCM K BO,E[OC60pHI)IM IIYHKTaM " BSaHMOHCﬁCTBHIO TaKoM BOJBI C
OTBOJIaM{ TOPHBIX IOPOJ, & TAKXKE €€ CTOUHbIE BOJBI OOOTalllAlOTCs MPOAYKTaMH Pa3pyllIeHHs TOPHBIX MOPOZ U
yris. MccnenoBaHus IIOPOJHBIX OTBAJIOB SIBISIETCS aKTYaJIbHBIM, TOCKOJIBKY €T BO3MOXKHOCTH OLIEHUTh HACKOJIBKO
TOKCHUYHBIM SIBJISIETCS] COOCTBEHHO TEPPUKOH U KaKyl0 OMAaCHOCTh OH MOXKET MPEZCTABIISITh ISl OKPY KAIOILEH Cpe/ibl.
C tex nop kak B ropojic HoBoBOJIBIHCKE Ha4YaaM JOOBIBATH YroJib, IKOJIOTHUECKOE COCTOSIHUE PErHOHa 3HAYUTEIILHO
yxyamuiock. [IpudanHoi 3TOro crano oOpa3oBaHHME HCKYyCCTBEHHBIX MOPOAHBIX HACHINEH, TEXHOT€HHBIX (OpM
OTBAJIOB, HAKOIJICHHUS IAXTHBIX OTXO/I0B, HEHAUIEKAIINH MOHUTOPUHT HAPYIICHHBIX 3€MEIlb.

Karouessie ciioBa: yromb, JIbBoBcko-BoslbIHCKHI yroibpHBIN OacceliH, OKpysKarolias cpea, OTBaJIbl, TOKCHKO-
JIOTHYECKUE CBOMCTBA.
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DEVELOPMENT OF A REHABILITATION METHOD
FOR SEVER TUNNELS AT THE JUNCTIONS
TO INSPECTION SHAFTS

Abstract. In the context of the underfunding of the sewer system sector and high depreciation of the
distribution system for wastewater disposal, operating companies conduct their business at the limit of their technical
and economic capabilities. The complexity of the operation of sewer tunnels resides in their non-repairability.
Therefore, a promising area of research is to extend their durability through the development of alternative repair
technologies from an economic point of view, which will ensure their smooth operation under conditions of limited
funding. The findings of the research on the causes of failures in operation of sewer tunnels are presented. Using the
expert evaluation method, it is found that the main cause of emergency situations is damage to the arched section of
tunnels at their junctions to inspection shafts. A new method was developed for rehabilitating sewer tunnels in places
where they adjoin inspection shafts using reinforced concrete rings with corrosion-resistant coating. A numerical
simulation of the stress-strain state of the tunnel’s reinforcement structure was performed. The expediency of the
proposed method for rehabilitating sewer tunnels at their junctions to inspections shafts was presented and
substantiated. Through the use of this method, the cost saving of financial resources for materials is tripled in
comparison with other materials.

Key words: sewer tunnel, deterioration, inspection shaft, corrosion, rehabilitation method.

Introduction. As numerous cases of collapsed sewer tunnels have shown, concrete and reinforced
concrete structures do not last for their guaranteed lifetime and frequently fail before their rated service
life (20 to 30 years) [1,2]. In this case, the main cause of the collapses is the susceptibility of their arched
section to the effects of biogenic corrosion. Particular attention, when considering the issue of
rehabilitating the structures of sewer tunnels, requires to be paid to the corrosion of concrete and
reinforced concrete structures, the widespread use of which has resulted in a situation where almost all the
tunnels erected and put into operation since the early 1950s, are currently in disrepair [3].

The development of sewer system operating services under conditions of limited funding for the
industry is aimed at increasing the durability of the distribution system by developing new technologies
for their repair and rehabilitation, which will ensure its smooth operation at optimum cost-performance
ratio. Furthermore, an increase in the amounts of rehabilitation work on sewer tunnels raises the
requirements as regards the environmental safety of construction work during the operation and repair of
distribution networks in the existing urban area conditions. Accordingly, this makes it necessary to use
technical facilities that ensure work is carried out according to the most appropriate methods in terms of
the cost-performance ratio [4,5].

It should be noted that in conditions of limited financial resources, additional attraction of financial
resources due to foreign loans is necessary [6].

The search for rational methods for repairing tunnels is relevant in connection with the reform of
Ukrainian environmental legislation to comply with environmental standards of the European Union [7].

This shows that the area of research on the development of rational methods for rehabilitating sewer
tunnels is relevant.

Literature data analysis and setting of the problem. Comprehensive studies on operating
reliability and trouble-free operation of wastewater pipelines of various diameters clearly show that
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currently, preference is given to using trenchless technologies that are more cost-effective than traditional
ones (open-cut involving excavation). The results of many years research on the cause-and-effect
relationship of emergency situations in the pipelines of the water and sewage utilities are consolidated in
the work [8], with particular attention paid to the impact of the technical condition of the system on the
quality of provided services. The issue of rehabilitating sewer tunnels from precast reinforced concrete
structures using multi-component building materials is considered in the work [8]. In the work [10],
particular attention is paid to filling the annular space using trenchless technologies. In this case, a
multicomponent mixture is used to reduce friction of surfaces and stabilize soils during the repair of
utilities, in particular when using the Relining technology. Multifactor studies on using polyethylene
pipes, polymer liners in the rehabilitation of pipelines over the course of their further operation are
presented in the work [11]. It should be noted that the above-mentioned works describe quite
comprehensively the issues related to the extension of the service life of utilities systems, while the
lifetime of a sewer tunnel has its own peculiarities of maintaining smooth operation.

The study [12] illustrates in detail the point repair of linear sections of pipelines using Quick-Lock
polymeric mechanical sleeves. Equally important is the environmental aspect of using *“closed”
technologies, especially when it is a case of sewer tunnels. The work [13] mentions an improvement in the
environmental component of the use of trenchless technologies.

With the implementation of IT systems, more and more attention is paid to simulating the processes
of repair and operation of pipelines. In order to predict the failure-free operation of utilities systems, an
integrated model for smooth operation failure in distribution networks has been proposed [14]. Based on
statistical data, it is possible to develop regression models that predict the operational and structural
conditions for the functioning of pipelines [15].

In the context of the study of the influence of factors on the trouble-free service life of linear utilities
systems, and the feasibility study of work performance indicators, it should be noted as follows:

— The research work [16] presents the results of a detailed study of the protection of reinforced
concrete wastewater disposal networks against corrosion of different origin;

— The work [17] gives numerical indicators of longitudinal bending in pipelines exposed to lateral
soil movements, which also plays an important role in the performance of construction work.

After reviewing the existing technologies of repair and rehabilitation of sewer networks [18-27], it
may be concluded that the organizational and technological solutions for trenchless repair of large-
diameter sewer networks of are being enhanced on an ongoing basis in order to improve the cost-
performance ratio. In turn, it is relevant to study in detail the issue of the service life of large-diameter
sewer tunnels, and to search for organizational and technological solutions to improve trouble-free
operation.

Purpose and objectives of research. The purpose of this work is to develop and study a new method
for rehabilitating sewer tunnels, which will allow it to be used in places where they adjoin inspection
shafts, and to reduce the duration and energy consumption when carrying out rehabilitation work.

To achieve the purpose in view, the following tasks were defined:

— To investigate the causes of the collapse of sewer tunnels;

— By using expert evaluation to identify technical parameters affecting the trouble-free operation of
large-diameter sewers;

— To develop a method for rehabilitating sewer tunnels in places where they adjoin inspection shafts;

— To obtain technical and economic results of the use of the proposed technology for sewer tunnel
rehabilitation.

Investigation on the causes of failures in smooth operation of sewer tunnels. The investigation of
the service life of sewer tunnels suggests that up to 80-90% of accidents in reinforced concrete pipelines
are due to corrosion processes. As the analysis of emergencies in reinforced concrete sewer tunnels shows,
the most critical areas of the wastewater disposal networks are areas in the vicinity of stilling pools or
inspection shafts. Specifically, in 2018, an emergency failure occurred at the crossover section of the Main
deep-laid sewer tunnel on Grekovskaya street in Kharkiv. The section of the collapse was located in the
immediate vicinity of the stilling pool of wastewater streams (figure 1).
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Figure 1 — Emergency failure of the sewer tunnel on Grekovskaya street (Kharkiv, Ukraine, 2017):
a — design solution of the stilling pool; b - the consequences of the accident;
¢ —design solution of the shaft; d- the consequences of the accident;
1 — sewer incoming into the stilling pool; 2 — arched sewer tunnel; 3 — the area of collapse

The main cause of the local collapse is damage to the reinforced concrete structure of the tunnel arch
as a result of exposure to biogenic corrosion. The wastewater in the stilling pool falls from elevation
95.8 to the elevation of the invert of the drainage sewer tunnel of 83.9 (H=11.9 m). As a result of the
segregation of the flow, sulfuric gas is extensively released, which in subsequent reactions is converted to
sulfuric acid of a high degree of concentration. Without any anticorrosion protection, the concrete lining
of the tunnel, which carries the load from the soil mass, is being deteriorated. Due to the disruption of the
supporting arch structure, the ground rock was carried out into the tunnel body, followed by the collapse
and sinking of the adjacent building. For similar reasons, the sewer tunnel collapsed in the area of the
Kharkiv Tractor Plant in 2015-2016.

Based on the monitoring of the service life of sewer tunnels, the main causes of failures in smooth
operation of distribution networks have been summarized. Each cause is assigned the symbol C1...C8
(table 1).

Table 1 — Causes of failures in smooth operation of sewer tunnels

Item No. Failure cause
C1 Deterioration of the tunnel invert by aggressive factors
Cc2 Systematic increase in wastewater aggressivity
C3 Deterioration of the arched section of the sewer tunnel structure
C4 Technical condition of inspection shafts, stilling pools, chambers
C5 Variations in wastewater volumes
C6 Intensive excavation near the tunnel’s route
c7 Deterioration of the arched section at the junctions to inspection shafts, stilling pools, shafts
C8 Drops in the invert’s elevations according to the longitudinal profile

According to the expert evaluation method, the ranking of the causes of failures in smooth operation
of sewer tunnels was performed [26]. When ranking, an expert in the field of sewer system management
arranges the main causes affecting the trouble-free operation of sewer tunnels in the order that they deem
to be the most rational and assigns ranks to these. In this case, rank No. 1 obtains the highest measure of
significance of impact, while rank No. N has the lowest. Consequently, the ordinal scale obtained as a
result of ranking is to meet the condition where the number of ranks “8” is equal to the number of ranked
causes of failures “n” [26]. Further, a summary table of ranks was compiled for all experts of the group
(table 2).
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Table 2 — Findings of the survey of experts included in the group

Failure cause Expert sum
1 2 3 4 5 6 7
C1 2 3 1 3 1 2 3 15
C2 6 5 5 5 4 5 5 35
C3 7 8 6 6 7 8 7 49
C4 5 6 8 7 6 6 6 44
C5 1 2 2 1 2 3 4 15
C6 4 4 3 2 3 4 2 22
Cc7 8 7 7 8 8 7 8 53
C8 3 1 4 4 5 1 1 19
Sum 36 36 36 36 36 36 36 -

To determine the consistency of experts, the coefficient of concordance W [26] is used. According to
the findings of the survey of the experts in the field of sewer network operation and calculations of their
consistency, the coefficient of concordance equal to 0.88 was obtained, which indicates a high degree of
consistency of opinions in the selected group of experts.

According to the data based on the expert evaluation findings, it should be noted that among the
above 8 causes of failures in smooth operation of sewer tunnels, the highest impact on the efficiency of the
sewer cleaning method is exerted by causes C7, C3, C4 (the summed rank of these phenomena is
minimal), specifically: deterioration of the arched section at the junctions to inspection shafts, stilling
pools, shafts; deterioration of the arched section of the sewer tunnel structure; technical condition of
inspection shafts, stilling pools, chambers.

Operating experience confirms the fact that about 80% of all collapses of sewer tunnels occur in the
area of inspection shafts and stilling pools, where the concentration of sulfuric acid is exceeded by ten
folds due to segregation of wastewater streams. It follows from the above that the issue of developing
technological solutions for the protection of sewer tunnels in the immediate vicinity of inspection shafts
and stilling pools is relevant.

Development of a rehabilitation method for sewer tunnels at the junctions to inspection shafts.
To deal with the problem of improving the operating reliability of the sewer tunnel section located in the
area of an inspection shaft or a stilling pool, the following technological solutions have been developed to
protect them against biogenic corrosion (figure 2).
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Figure 2 — Rehabilitation of the sewer tunnel at the junctions to inspection shafts:
a — erection process diagram for reinforced concrete rings; b — section 1-1; ¢ — section 2-2;
1 - reinforced concrete ring with corrosion-resistant coating ; 2 — sewer tunnel to be rehabilitated
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According to the results of teleinspection, the selected section of a sewer tunnel is additionally
examined for the nature and degree of susceptibility to biogenic corrosion, with the determination of the
exact length to be rehabilitated. After shutting down the movement of wastewater, the elements of the
tunnel reinforcement lining, made of reinforced concrete ring elements with corrosion-resistant coating are
put by means of winches down into the inspection shaft, previously prepared for rehabilitation work. Next,
the elements of the lining are secured in the design position and by the method of buildup are pressed into
the tunnel body. Jacks are used for pressing in the lining elements. The connection of the rings to each
other occurs by means of couplings or sockets. After completing rehabilitation work, the equipment is
dismantled from the shaft, test operations are carried out and the wastewater is started up.

Findings of research on the rehabilitation method for sewer tunnels at the junctions to
inspection shafts. Preliminary, the thickness of the reinforcement lining is assigned in view of the design
requirements and updated according to the results of the calculation by the finite element method
performed with regard to the proposed technology of the sewer rehabilitation process. As an example,
consider the rehabilitation of a sewer tunnel with a design diameter of 1840 mm, where the following
initial conditions are taken for the calculation:

1. The bearing capacity of the existing reinforced concrete lining is assumed to be secured for the
period of arrangement of the reinforcement structure, with the presence of localized damaged sections
with unsecured strength;

2. The following loading conditions are taken as the design cases for the prefabricated lining of the
reinforcement:

a) External hydrostatic pressure of the concrete mix during the concrete pouring the annular space;

b) External hydrostatic pressure of water filtered in the ground and penetrating through the reinforced
concrete lining structure;

c) External local asymmetric pressure on the arch section (the case of an emergency condition of the
sewer lining to be reinforced).

The design model for lining the reinforcement of the tunnel is a fragment of a cylindrical shell with a
design diameter of 1.44 m and a length of 1.0 m, consisting of flat quadrangular finite elements of the
shell measuring 0.1 x 0.1 m. The parameters of the material of the finite elements of the design model are
as follows: thickness — 180 mm; modulus of elasticity E = 1.4-10* MPa; Poisson's ratio v=0.3; ultimate
tensile strength — 170 MPa [3].

The boundary conditions are taken in the form of connections in individual units in the longitudinal
direction (along the axis of the sewer tunnel), and the coefficients of the elastic foundations for the plates,
corresponding to the conditions of the interaction between the reinforcement structure and the nominal
linearly elastic medium.

The results of the numerical simulation of the stress-strain state of the reinforcement structure are
given in figure 3.

T

e T )

a b c d

Figure 3 — Bending moments in the prefabricated lining structure of the sewer tunnel reinforcement,
KN-m: a — in MX direction; b —in MY direction; ¢ — in QX direction; d — in QY direction

To evaluate the expediency of using the proposed technology, three options have been considered:
lining the tunnel reinforcement using reinforced concrete rings with corrosion-resistant coating, lining
using SPIRO polyethylene pipes, and lining using fiberglass pipes. The comparison of the indicators in
terms of the cost of material is shown in table 3.
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Table 3 — Cost of technological solutions for rehabilitating a @1840 mm tunnel

Item No. : : -
of the rehabilitation Description of material . Nominal Unit of Cost per unit
diameter [DN] | measurement [UAH]

method

1 Spiro polyethylene pipe 1600 rm 29300.00

2 Fiberglass pipe 1600 rm 28400.00

3 Rel_nforced concrete rings with corrosion- 1440 m 9800.00

resistant coating

*prices are stated per 1 running meter as of November 2018

In conclusion, it should be noted that the application of the method proposed by the authors from the
standpoint of saving material in comparison with analogues is almost three times more cost-effective than
the use of polyethylene or fiberglass pipes.

Conclusions. In the course of the performed research the following results were obtained.

1. Areview was performed of the causes of failures in smooth operation of sewer tunnels;

2. Using the expert evaluation method, it was found that most failures of reinforced concrete sewer
tunnels followed by their collapses occur in the areas of their junction to the inspection shafts and stilling
pools.

3. As a result of the research performed, an economically and technically efficient technology was
developed for rehabilitating sewer tunnels at their junctions to inspection shafts (using lining for
reinforcement made of reinforced concrete elements with corrosion-resistant coating).

4. When comparing rehabilitation options involving various materials, it is noted that the proposed
rehabilitation method is more economically viable than those using polyethylene or fiberglass lining
elements.

J. ®. I'onuapenko, A. U. AneiinukoBa, A. B. YouiiBoBk

XapbKOB YITTHIK KYPBUIBIC )KOHE COYJIET YHUBEPCHUTETI, XapbKOB, YKpanHa

KAJJIBIKTAPMEH )KYMBIC ICTEWTIH KEH OPBIHJIAPBIHA KOCBLTY
AJIAHBIHJIA KENITIPY TYHHEJIBJAEPIH KAUTA K¥PY 9JICIH JAMbBITY

AHHOTAUMA. AFBIHABI CyTapAbl JKETKUTIKCI3 KapKbUIAHABIPY >KOHE CApKBIHABI CyJapAbl TapaTy >XKyHeciHiH
KOFapbl aMOPTH3aIMs JKaFJallbIH/Ia KYMBIC ICTEHTIH KCIMOPBIHAAP ©3/EpPiHIH TEeXHUKAIBIK jKOHE 3KOHOMMKAIBIK
MYMKIHJIKTepi 1erinae >kyMbic icreiai. Kopi3 TyHHenbIepiH maijananynblH KUBIHIBIFEI OlpkaTtap dakTopiapra
OaiinaHbICTHI OJIAPJIBbIH KaJlblHA KenMmeyinne. OxaplblH Herisriiepi: KypbUIbIMIApAbIH XKOFapbl TO3YbI; KYOBIPIbIH
MAaHBI3BI TEPCHIITT; aFbIMIAFEl )KOH/CY KYMBICTAPBIH JKYPri3yre apHalFaH TeTHYCKAIApIbIH OOJMaybl, OaKpLIay
OinmikTepi apacblHIOarbl KalIBIKTHIK | KM JEHiH JKeTyl MYMKiH; Kopi3 TyHHENIHJEri arpeccHBTi ra3 3aTTapbIHBIH
JKOFaphl KOHIICHTPAIMSICEIHA OalIaHBICTBI OmepaTopiiap YIIH ediM Kaymi. JleMek, 3epTTeyAiH MepCIeKTUBAIBIK
0aFrbIThl 9KOHOMUKAIBIK TYPFBIJAH KAIIbIHA KEITIPY/IiH OalamMalbl TEXHOJIOTUSIIAPBIH XKacay apKbLIbl OJIap/IbIH y3aK
eMip CYpyiH apTThIpy OOJIBIN TaOBLIAbI, OV MIEKTEYJi KapKbUIAHABIPY JKaFIaibIHAa OJIAPIbIH TYPAKThI dKYMBICHIH
KaMTaMachI3 eTeli. Makanana KaHaIu3alpsl TYHHEIBISPiHiH NMaiaanaHy CeHIMIUIIT Typaibl 9ieOHeTTepre oy
xacanaael. Kopi3 TyHHeNbAEPiHIH ICTEH MIBIFY ceOenTepiH 3epTTey HOTIKENEpi KeNTipiireH. AKayJIbIKThIH Kejeci
ce0enTepi aHBIKTAN/IbI: aArPECCUBTI IKOJOTHSUIBIK (haKTOPIAP/BbIH SCEPIHEH TYHHENb HayaChIHBIH TO3Ybl; CAPKBIHIIbI
CyJIapBIH arpecCUBTUIMIH XKYHWeTl TypAe apTThIpy; Kopi3 TYHHENIH CalyJblH apKaibl OOJriHiH TO3ybI; Kapay
OUTIKTEPiHIH, COHAIPY KaMepalaapblHbIH, MAXTAJAPbIH TCXHHUKAIBIK JKaFJaibl; CAPKBIHABI CY KOJCMIHJICTI aibIp-
MalllbUIBIKTap; TYHHEJb OTKEJIHIH KaHbIH/a KapKbIHIBI 1aMy; Kapay OUTiKTepi, aXbIpaTKbII Kamepajiapbl, OuTikTepi
Oap Tyilicnenepaeri KoWma Kuimi; OOMIBIK Npoduibre colikec HayaHbIH OenriiepiHieri ailblpMambUIbIKTap.
Capanramanslk Oaranay oHiCiH KOJJaHAa OTBHIPHIN, TOTEHINE >KarmainapIbliH OacThl cebeOdi TyHHENbICPHiH OaKbI-
Jmaymbl OUTIKTEPMEH TYHICETiH JKeplepiHAeTi 3aKbIMIATFaHABIFBI OOJBIN TaObuTafbl. Kopi3mik TyHHEIbIEPIi
KOppOo3usifa Kapchl kaObIHBI Oap TeMipOeTOH CaKMHAJapblH KOJJaHA OTBIPBIN, Kapay OiTiKTepiHe KOChLIATBHIH
JKepIiep/Ie KamblHa KeNTipyIiH jKaHa 9/ici »acaliapl. byJl arpeccuBTi aFbIHIBI CyJlapFa Te3iMIi, KalTa eHJIeNTeH
TIOJIMMEPJTI MaTepUaJIaH JKacaJfaH TYHHENb TOCEMIHIH JJIEMEHTTEPiH Ke3eH-Ke3eHMEH OaThipyFa HETi3/eITeH.
AJIpIH ana, TYHHEJbII apMaTypaniay/blH KaJbIHIBIFbI JKOOAIBIK TaJaNTaplbl €CKePe OTHIPHIN AHBIKTANIAIbI JKOHE
KaJIIbIHA KEJITIPY MPOLECIHIH YCHIHBUIFAH TEXHOJIOTHSCBIH €CKEepPE OTBIPBII OPBIHJIAIFAH COHFbI JJIEMEHTTEPII
ecenTey HOTIKenepi OOoMbIHIIA aHbIKTaaAbl. TYHHENbI HEIFAaUTy KYPBUIBIMBIHBIH KEPHEYIIi-IehOpMausIbIK KYHiH
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CaHBIK MOAENbACY XKyprizinmi. TyHHENbII apMaTypaiblK TOCEMHIH KOO0aIbIK CXeMachl IMIIMHAPIIK KaOBIKTHIH
(parmenTi 6ombi TaObIIaAbI. [llekapanbik mapTTap OOHIBIK OarbITTa (KaHATU3aIUs TYHHEIHIH 0Ci OOMBIMEH) KeKe
TyHiHAepaeri OaiaHbIC TypiHAe KaObUIIAaHA/bl, COHBIMEH Karap apMmarypa KYpbUIBIMbI MEH KOJIMIi CBHI3BIKTHI-
cepriMIi OopTa apachlHIarbl ©3apa SpPEKeTTeCy JKarnailylapplHa ColiKec KeJeTiH TaKTaWllajgapra apHalfaH CeprimIi
Heri3 koaddunmenTrepi KaObuiaHaabl. bakpulay OUTIKTEpiHE KaKbIH JKepieple KaHAIM3alMsUIBIK TYHHENbAEP.
KaJIbIHA KENTipy YIIiH YCHIHBUIFAH OJICTI KOJIJAHY OPBIHIBUIBIFBI YCBIHBUIFAH JKOHE HerizmenreH. OChl omicTi
KOJIJTaHy apKachlHAa KapacThHIPBUIFaH 0acKa HYCKaTapMEH CaJIbICTBIPFaHIIa KapiKbl PECYpCTaphIHBIH KYHBIH YHEM-
JIeyre KOJ RKEeTKi3UIIi.
TyiiiH ce3aep: Kopi3 TYHHEIbI, TO3YBI, TEKCEPY OIIr, KOPPO3Hs, KAJIIIBIHA KENTIpy 9/1ici

. ®. 'onuapenko, A. . AneiinukoBa, A. B. YouiipoBk

XapbKOBCKHI HAlIMOHAJIbHBIA YHUBEPCUTET CTPOUTEILCTBA U APXUTEKTYPbI, XapbKOB, YKpauHa

PA3PABOTKA METOJIA BOCCTAHOBJIEHUA KAHAJIN3AITMOHHBIX
TOHHEJIE B MECTAX IPUMBIKAHUS K CMOTPOBBIM IIIAXTAM

AHHoOTanusl. B yCIOBUSX HEJIOCTAaTOYHOTO (PMHAHCHPOBAHWSA OTPACIU KaHAM3AIMOHHOIO XO3SIHCTBA W
BBICOKOTO aMOPTHU3AIIMOHHOTO U3HOCA PACTIPEACITUTEIHHON CHCTEMBI BOJIOOTBEICHUS SKCILTYaTHPYOIIUE IPESATIPHS-
THS OCYIIECTBISAIOT CBOIO JNIEATENBHOCTh HA TIpeleNie CBOUX TEXHHYECKHX W JKOHOMHUYECKHX BO3MOXKHOCTEH.
CHOXHOCTh AKCIUTyaTallii KaHAIN3aIlMOHHBIX TOHHENEH 3aKII0YaeTCs B WX HEPEMOHTONPHUTOTHOCTH BBHUAY psAla
(hakropoB. OCHOBHBIMH W3 HHX SIBIITIOTCS: BBICOKAs CTENCHb TEXHUYECKOTO M3HOCA KOHCTPYKIIWIA;, 3HAYUTEIbHAs
riryOnHa 3aJ0KEeHUsT TPYOOIIPOBOIOB; OTCYTCTBUE TyONHUPYIOMIMX PACTIPENENUTENbHBIX JTHHAN UTSI OCYIIECTBICHHUS
TEKYILEro PEMOHTA; PACCTOSHIE MEXIy CMOTPOBBIMH IIIaXTaMH MOXKET JOCTHUTATh 10 | KM; CMepTenbHAas OMacHOCTh
JUIS OKCIUTyaTUPYIOIIMX CIIEIMAINCTOB H3-32 BBICOKOW KOHIIGHTPAIIMHM BEIIECTB arpecCHBHON Ta30BOW CpEAbI
KaHaJIM3allMOHHOI'O TOHHEJIA. CJ'IeJIOBaTeIleO, MEPCHCKTUBHBIM HAIIPpaBJICHUEM I/ICCJ'Ie[lOBaHI/lﬁ ABJISICTCS ITIOBBIIIC-
HUE UX JOJITOBCYHOCTH IIYTEM pa3pa60T1<14 AJIbTCPHATUBHBIX TEXHOJIOTUH PEMOHTA C YKOHOMHUYECKON TOYKHU 3pcHusd,
YTO TIO3BOJIMT OOECIEYUTh MX YCTOHUMBOE (DYHKIHOHMPOBAHUE B YCJOBHUSIX OrpaHMYEHHOTro (PMHAHCHpOBaHus. B
paboTe BEHITIONHEH 0030p JIHUTEPATYPHBIX HUCTOYHHKOB OTHOCHTEIIEHO TOBBIIICHUS IKCILTYyaTAIlMOHHON HaJIe)KHOCTH
KaHAIM3AMOHHBIX TOHHeNeH. [IpefcTaBieHBl pe3yiabTaThl WCCICAOBAHHS TMPHYUH OTKa3za (YHKIMOHHUPOBAHUS
KaHAIM3AMOHHBIX TOHHEJNICH. Y CTaHOBJIEHBI CIIEAYIONINE MPHYUHBI 0TKa3a: MU3HOC JIOTKA TOHHENS IOJ JICHCTBUEM
arpecCUBHBIX (PAKTOPOB CPEIbl HKCILTyaTaIllH;, CUCTEMATHUECKOE YBEIMUCHHE arpeCCUBHOCTH CTOYHBIX BOJI; M3HOC
CBOJIOBOM YaCTH KOHCTPYKIIMH KaHAIM3AHOHHOTO TOHHENS; TEXHHYECKOE COCTOSHHE CMOTPOBBIX IIAXT, Kamep
ralreHus, MIaxraM; nepenansl B 00bEMax CTOYHBIX BOJ; MHTEHCHBHAS BBIPAOOTKAa BOIHM3HM TPacChl TMPOXOKIACHHUS
TOHHEJISI; M3HOC CBOJA B MeCTaX NPUMBIKaHUS K CMOTPOBBIM INaXTaM, KaMepaM TallleHHs, IIaxTaM; I[eperaisl
OTMETOK JIOTKa COTJIACHO MPOAOIBHOr0 mpodmisi. C HCIOIB30BaHWEM METOa SKCIEPTHBIX OIICHOK YCTaHOBIICHO,
YTO OCHOBHOW MPUYMHOW BO3HUKHOBEHHS aBAPUMHBIX CUTYAIUH SBJISIETCS MOBPEXKICHUE CBOJOBOM YaCTH TOHHENEH
B MECTax UX NPUMBIKAHUA K CMOTPOBBIM MHIaXTaM. Pa3pa60TaH HOBBIHN METOZA BOCCTAHOBJICHHUS KaHaJIU3allMOHHBIX
TOHHEJICH B MECTaX MX MPUMBIKAHUS K CMOTPOBBIX IIAXT C HUCIIOJIb30BAHUEM JKEJIC300CTOHHBIX KOJICI[ C aHTHKOPPO-
3UAHBIM TOKPBITHEM. OH OCHOBBIBACTCS HA TIOSTAITHOM MOTPYKECHUH BJIEMEHTOB OOJICIIKA TOHHEIIS, BEIIIOJIHEHHOTO
W3 BTOPUYHOI'O TOJMMEPHOTO MaTepHalia CTOMKOrO K arpecCHBHON KaHAIM3aMOHHOW cpexe. [IpemaBaputenbHO
TOJIIIIMHA OOJICJIKH YCWJICHUS TOHHEIS HA3HAYACTCSl C YYETOM KOHCTPYKTHUBHBIX TPEOOBAaHU W YTOUYHSIETCS II0
pe3yimpTaTaM pacdeTa METOJOM KOHEYHBIX JJIEMEHTOB, BBHIIOJIHEHHOTO C yYETOM IIPEAIOaraeMoi TEXHOJIOTHH
mporecca BOCCTaHOBIECHUS. [IpoBeIeHO YMCICHHOE MOJEITHPOBAHUE HANPSHKCHHO-IC(QOPMUPOBAHHOTO COCTOSHUS
KOHCTPYKIIUW YCHJICHHUsS TyHHelns. PacdeTHas cxema OONENKH yCHJICHHS TOHHENS IMPEACTABISEeT cOoO0OH (parMeHT
MIINHAPUYECKOH 060moukn. ['paHWYHBIE YCIOBUS HMPUHSATH B BHIE CB3€Hl B OTHENBHBIX y3J1aX B MPOIOIHHOM
HampaBJeHUH (BAOJh OCH KaHATM3AIIMOHHOTO TOHHENS), a Takke KO3(P(GUIMEHTOB YIPYroro OCHOBaHUS MIJIs
IUTACTHH, COOTBETCTBYIOUINX YCJIOBHSM B3aUMOJCHCTBUS KOHCTPYKIIMH YCHJICHHS C YCJIOBHOW JHMHEHHO-YIIPYToit
cpenoii. [IpeacraBneHsl 1 000CHOBaHBI 11€7€CO00PAa3HOCTh MCIOJIB30BaHUS NPEII0KEHHOTO METO/1a BOCCTaHOBIIE-
HUsI KaHaJIU3allMOHHBIX TOHHEJIEH B MeCTaxX HUX IMPUMBIKaAHHUA K CMOTPOBBLIM HIaxXTaM. Bnaronapﬂ HUCIIOJIb30BAHUIO
TaKOTO METOJIa JIOCTUTAETCS SKOHOMHUS 3aTpaT (PMHAHCOBBIX PECYpPCOB, B CPABHCHHHU C JPYTHMMHU PACCMOTPEHHBIMHU
BapHaHTaMH.
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SUBSTANTIATION OF THERMOMECHANICAL TECHNOLOGY
PARAMETERS OF ABSORBING LEVELS ISOLATION
OF THE BOREHOLES

Abstract. The aim of the work is to improve the thermomechanical absorption insulation technology horizons
of drilling wells by the established regularities of change and the substantiation of its regime parameters from the
composition and physical-mechanical properties strengthen thermoplastic composite material and, on this basis,
development a technological regulation containing recommendations on the manufacture of composites and
organizations laying work, designing and isolation of the absorption zones of the washing liquid in the drilling rigs
wells. The tasks set were solved by complex method research that contains analysis and synthesis of literary and
patent sources, conducting analytical, experimental and industrial research. Experimental processing data was carried
out using methods of mathematical statistics. Experimental research is carried out using the provisions of the theory
of scientific experiment and theory random processes. The evaluation of the effectiveness of the results was carried
out in production conditions.

Key words: drilling of boreholes, isolation, absorbing level, melting, backfill materials.

Topicality. Drilling of both exploration and exploitation boreholes for exploration of deposits and
extraction of minerals in the area of iron-ore and coal basins is conducted in a high degree of development
and metamorphism, in strong and fractured rocks [1-10]. Rocks of mined levels are in complicated
stressed state [11-18] that during construction of mine workings only complexify the technology of their
installation [19-20].

Drilling of boreholes process involves geological complications. The most significant complication is
the absorption of flushing water [20]. A significant proportion of the time and funds is spent on drilling of
boreholes absorption. Absorption leads to disruption of drilling process mode, boreholes walls integrity,
provokes accidents [10-20].

Analysis of recent research and identification of the unsolved problem. The works of Basarygin
Yu.M., Brezhenenko A.M., Bulatov A.l., Vakhrameev I.I., Vozdvizhenskyi V.I., Volokitenkov A.A.,
Gaivoronskyi A.A., Dotsenko Yu.G., Ivachev L.M., Kipko E.J., Kotskulich Y.S., Krylov V.I., Kudryashov
B.B., Lipatov N.K., Martynenko I.I., Thinyuk M.A., Nikolayeva N.l., Polozov Yu.A., Rafieko I.I.,
Spichak Yu.N., Sudakov A.K., Stavnaya E.M., Titkova N.I., Tana P.M., Yakovlev A.M., Yasov V.G. and
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other authors were devoted to research in the area of development of backfill materials and technologies
for control of flushing water absorption. Analysis of their research is conducted in works [9].

Drilling of boreholes process involves geological complications. The most common types of
complications that disrupted drilling technology were the absorption of drilling fluids. At the same time,
annual time in the total balance sheet on drilling had been increased up to 23% and funds up to 10% in a
proper way.

In most cases, absorptions isolation is ensured by backfilling of the flushing water absorption
materials with solidifying or non-solidifying backfill mixtures by means of creating a waterproof shield in
the rock around the borehole.

Insufficiently effective backfill materials are applied for the absorption of flushing water isolation,
which are produced on a water base with addition of mineral-bearing or synthetic substances to its
composition.

In our view, these materials and technologies have exhausted their possibility of further improvement,
so the only way is to develop and apply technologies that based on materials with non-water base and
other processes of backfill stone formation for insulation of the boreholes. Such technologies include
technologies for creating a backfill stone that are based on the phenomenon of phase transition.

The thermoplastic materials mixes on the base of bitumen, sulfur and synthetic thermo-layers
(polyethylene, polypropylene) were applied up to the present moment.

However, the thermoplastic materials due to imperfections in technology, have not found widespread
application as backfill materials during absorbing horizons isolation of drilling boreholes.

In order to solve the problem of absorbing levels isolation, it is necessary to find fundamentally new
decisions. Therefore, the development of technologies for absorbing level isolation with application of
more efficient backfill materials has utmost significance.

This work has a great practical importance. It is dedicated to solving of current scientific problem,
which consists in establishing regularities of changing of axial load and rotation velocity during sub-
stantiation of mode parameters of effective thermomechanical technology of absorbing levels insulation
from average strength limit for uniaxial compression, depending on: composite structure, ratio of compo-
nents and type of filler; temperature of melting overheating, density, strengthening time and number of
melts of backfill thermoplastic compound material.

Purpose and objectives of the research. The purpose of work is improvement of thermomechanical
technology of absorbing levels isolation of boreholes by means of changing regulations and substantiation
of its mode parameters from composition and physical-and-mechanical properties of backfill thermo-
plastic composite material. As well as development of technological regulation that containing recom-
mendations for composite production and organization of backfilling operations, designing and zones of
flushing water absorption isolation in boreholes on this base.

The idea of work is in establishment and application of regularities of physical-and-mechanical
properties changing and advantages of backfill thermoplastic material for substantiation the mode
parameters and to introduce into production effective thermomechanical technology of absorbing levels
isolation of boreholes.

Statement of work. The composition is chosen and substantiated due to results of physical-and-
mechanical properties research of backfill thermoplastic composite material (TCM) on the base of
secondary polyethylene terephthalate (PET) is chosen and reasonable. The technology of TCM production
has been developed.

PET is one of the most common domestic waste. According to statistical data, its volume is up to
20...25% of the total mass of domestic waste.

As the result of analysis of well-known physical-and-mechanical properties of PET, it is possible to
apply it as binding material for absorbing levels isolation of boreholes [13-15]. Secondary PET.

Selection, substantiation and examination of the composition of TCM were conducted. Laboratory
research allowed to develop an optimal formulation of TCM that protected by patents for an invention of
Ukraine [16-18].

During laboratory examinations of physical and mechanical properties of TCM [12-20]:

- the necessity of filler entering into its composition is substantiated. Secondary PET in the molds
was collapsed due to radial deep cracks formation. In the fracture of the samples, the structure is highly
porous. All samples have a shrinkage phenomenon. Its size did not exceed 25%. On this basis, were made
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conclusions concerning to impossibility of PET application as backfill material. Therefore, with the
“clean” secondary PET, the work has been stopped;

- type and optimal concentration of filler is determined,;

- it is shown that TCM with filler size less than 0.5 mm in ratio 1:1;

- is “abrasive|” material despite the highest degree of wear and tear resistance.

Therefore, in order to the absorption flushing water isolation, it is recommended to apply PET- based
TCM with a granulated filler of less than 0.5 mm. Generalized physical-and-mechanical properties are
shown in Table 1.

PET-based TCM technology which consists of preparatory stage, production stage of a composite and
formation is developed.

During theoretical examinations, approaches to modeling of thermophysical processes of melting and
cooling at formation are considered. It is necessary for separation of rational thermophysical parameters of
TCM production technology.

The calculations allowed to determine the duration of technological operations for TCM production,
as well as the necessary energy costs.

Development of technology of absorbing levels isolation of boreholes with TCM application.

The method of absorbing level isolation with PET-based TCM application is developed and
substantiated, for implementation of which it is necessary to perform the following technical and logical
operations [11]: transportation of TCM to the absorbing level of the borehole, melting of TCM in the
borehole and pressing of TCM into absorption channels. The technology of transportation of cylindrical
briquettes of TCM along the borehole shaft and possibility of thermomechanical contact melting of TCM
in the zone of flushing water removal are substantiated. The method of absorbing levels isolation with
PET-based TCM application is defended by Ukrainian patents [1-11].

Technical advantages of the technology are following:

- possibility of TCM melting process management in the control area;

- possibility of TCM lag (jamming) isolation during transportation along the borehole shaft;

- absence of operation for removal of technological equipment from the borehole shaft and as a result,
reduction in span time.
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Figure 2 — Dependence of the average uniaxial compression
strength on TCM solidifying time of and cement mixture
during granulated filler concentration in the ratio of 1:3,
gravel size < 0.5 mm

Figure 1 — Dependence of the average uniaxial compression
strength from composition and concentration
of granulated filler

Table 1 — Generalized physical-and-mechanical properties of TCM

. Density, UnaX|a_I Melting Spreadability, | Hardness | Abrasion Permeability
Composition compression |temperature, . S of the sample,
kg/cu.m 0 ms coefficient | coefficient
strength, MPa C cu.cm
T :
PET + Gravel. Ratio 111 | 59, 52.6 246 16-18 19.8 2.0 absent
d<0.5mm
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The generated heat flux is extending into the body of the TCM briquette due to heat conduction.
Under the influence of thermal energy, TCM is heated, and upon reaching the surface temperature, the
phase transition value (melting temperature) melts up [18-19]. The molten part of the material is pressed
into the porous walls of the borehole 1 due to the pressure that generated by the tool.

In this work we apply the heat-conduction equation to determine the parameters of the heating
process in the form of

2
ﬂ=aat,r>0,0£y£oo, 1)
or 2
with initial condition
t=to,at =0 (2)
and limiting conditions
ot
—/15=qm,aty=o, 3)
t=to, at y—oo, 4)

where t — temperature, 7 — time, o — temperature conductivity coefficient, y — spatial coordinate, t = to —
initial temperature, A — TCM heat conduction coefficient, g,, — surface flux into heat of the material.
Heat flux on the working surface is determined from

Lk 7FDn
q,=—"a —
" S
where u — friction coefficient, k,, — coefficient that taking into account the fraction of friction heat for

TCM heating and melting, F — axial loading, D — diameter of friction surface, S — surface area of friction,
n — rotation frequency of the tool.

(®)

Figure 3 — Radius of TCM extent in the crack with opening of 30 mm: a — backfill stone in the level model, b - overhead view

ot
From the solution of task (1) - (4) with the help of Fourier’s law (= _kéiy and condition (5), an

expression is obtained, which establish relationships between mode parameters of technological process
and parameters of thermophysical processes during tool operation [18-20]

Fn

:/I—D(tf _to)v (6)
21K, 7T,

where z — time of surface heating to melting temperature, tt— TCM melting temperature.
The equation of heat balance is applied for determination of thermomechanical drilling velocity in the
form of

Om = Qmelt +02, @)
——— 66 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2020

where qmei —heat for melting of a layer surface of the material with thickness d¢ for the time dz. g, —heat

flow to warm up inner layers of material, determined by Fourier’s law. Heat flux gmer is defined by the
expression
dg

Umert = PLE, (8)

where L — internal melting heat of TCM. The velocity of thermomechanical drilling is defined as V=d &/ zd.
Therefore, from the equation (7), using the solution of a task (1) — (4) and defining 5 through mode

parameters of drilling, expression for the velocity of thermomechanical drilling is received

v :i(4ukan+ﬂ(tf _to)j.

oL D Jmar ©)
Analyzing (9) at t—, we will get a formula for the velocity limit of thermomechanical drilling
1 (4uk. Fn
Viim = _[ﬂ—mj (10)
pL D
Average velocity of thermomechanical drilling for the time T we will define as
1 T
Vo == [V(7)dz, (11)
Ty

where T — drilling time; V(z) — is determined by equation (10).
After integration (10) on time ranging from O to T with taking into account a condition £&=0 at =0 we
will receive expression for drilling depth during period T

ho 1 4,leanT+2/1(tf_t0)\/7
P D Jm . (12)

Results of performed analysis of calculation algorithm, as well as design dependencies of changing
the depth and rate of thermomechanical melting of borehole in time (Figure 6) are presented in the form of
alignment chart of dependence of mode parameters on rate of thermomechanical melting of TCM at
borehole face. Therefore, during an axial loading of 700 daN and a rotation velocity of 700 min®, the
design thermomechanical melting velocity of the instrument volume with a diameter of: 46 mm will be
equal to — 1.2 m/h; 59 mm — 1.0 m/h; 76 mm — 0.84 m/h; 93 mm — 0.74 m/h; 269 mm — 0.46 m/h.
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Figure 4 — Dependence of radius of TCM melt distribution Figure 5 — Dependence of radius of TCM melt distribution
on cracks extension for the borehole with a diameter of 59 mm on pressure drop in “seam-borehole” system
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- developed thermomechanical technology of flushing water absorption isolation with TCM appli-
cation has made it possible to reduce time consumption in the areas of Havrilovka village up to 15 h,
Romanki village — up to 8 h. The total costs at the first site respectively amounted to 24.2 thousand UAH,
at the second one is 12.1 thousand UAH (prices of March, 2018) with taking into account the cost of
materials, energy inputs and backfilling;

- developed technology allows to isolate absorbing level from borehole space qualitatively, with
minimum expenses.

The economic effect of the implementation of the developed method of backfilling in absorbing
levels isolation with TCM application is equal to 1.65 - 2.64 million UAH per year with the volume of
backfilling operations drivage in 100 wells.

Conclusions. The main scientific and practical results, conclusions and recommendations or executed
research:

1. The theory about conditions under fractured rock the application of water-based backfill mixtures
using various mineral-bearing and synthetic substances reached its limit of perfection has been further
developed. In recent decades, the work to improve the properties of backfilling materials has been limited
to solving local problems, rather than isolation, so the main disadvantage of it is dilution. As a result of
water-based backfilling solutions, there is their reduction, significant losses of backfilling materials and
time for flushing water isolation, and in general increasing the cost of boreholes by more than 20%. It is
possible to reduce these losses by filling the channels with non-diluted in-seam waters by melt of
thermoplastic material to form the isolation shell;

It is substantiated that applied thermoplastic materials due to imperfections of technologies,
instability of physical-and-mechanical properties, cancerogenity of their components have not found
widespread application as backfill materials during absorbing levels isolation of boreholes;

2. The necessary technological parameters of backfilling and dimensions of the isolation shell have
been established, which made it possible to substantiate and develop the “Technological Regulation of
Absorbing Levels Isolation of PET-based TCM” that acting as a normative document in the production
organizations of the State Service of Geology and Subsoil of Ukraine;

3. The results of the complex of theoretical and experimental research that was performed in PhD
thesis found practical application during conducting of experimental-industrial implementation of the
technology of flushing water isolation of TCM in the conditions of the commercial enterprise of LLC
Industrial and Geological Group “Dniprohydrostroi”
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JKYMBICTApbIH YHBIMIACTBIPY, YHFBIMaJIApABIH OYPFbUIaY KOHABIPFBUIAPBIHIA JKYY CYHBIKTHIFBIH CIHIpY allMaKTapbiH
Kobajay »KoHe OKaysnay OOWBIHINA YCHIHBIMIApAbl KaMTUTBIH TEXHOJOTHSUIBIK PErJIAaMEHT o3ipiey OO0k
TaObuiagsl. KolbutFaH MiHZETTEp oae0M JKOHE NATEHTTIK Ke3/Aepl Tanjgay MEH KOPBITYIbI, aHAJUTHKAIIBIK,
SKCIIEPUMEHTTIK JKOHE OHEPKACINTIK 3epTTeysiep XKYPri3yAl KaMTHUTHIH KEHIeHAI 3epTTey oSAiCIMEeH el
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JlepexTepai SKCIIEpUMEHTTIK OHJEY MAaTeMAaTHKAJBIK CTATHCTHKA SIICTEPiH KOJJaHy apKpUIBI XKYpri3inmi. DKcre-
pPUMEHTaNbl 3ePTTEY FBUIBIMH JKCIEPUMEHT TCOPHSICHIHBIH E€PEKENCPiH KOHE KE3AEHCOK MPOLECTEP TEOPHSCHIH
naiijanana OThIPBIN KYPri3ineai. AJbIHFAH HOTYKENIEPIH THIMALTITIH Oaraiay eHJIpICTiK Xarnainapaa skypriziii.

TepmomnactukanbK komno3unusuiblk Marepuanaad (TKM) TeryniH Kypambl MeH (U3MKaIbIK-MEXaHHKAJIBIK
KacverTepl OOMbIHIIA OHBI MaiijiaNaHy MIAPTTAPhIH HETi3Jley JKOHE ©3repTy 3aHAbUIBIKTApBIH Oenriney apKbLIbl
YHFBIMaJIap/IbIH CIHIpY JAEHreHiepiH OKIIayayAblH TepPMOMEXaHUKAIBIK TEXHOJOTHACHIH XeTinaipy. Ocbl Heri3zne
KOMITO3UTTI JaifblHIay >KOHE YHFbIMallap/iarbl JKyy CYBIHBIH a0copOuus aiiMakTapblH >kaly, »xobamay »KoHE
OKIIaysay OOMBIHINA SKYMBICTapIbl YHBIMIACTHIPY JKOHIHET] YCHIHBIMAAP/ Bl KAMTHUTBIH TEXHOJIOTUSUTBIK PETIaMEeHT
d3ipIIeHei.

Kofiburran MiHOETTEp KOMMYHHUKAIIUSHBIH KEIICHTI Sici apKpUIBl IICHIUINI, OFAaH 9O XOHE MATEeHTTIK
Ke3/epi Tanjay jkoHe KOPBITY, COHAal-aK aHAJIUTHUKAIIBIK, SKCIICPUMEHTTIK )KOHE OHEPKACIITIK 3epTTeyIIep Kyprisy
kipemi. ToxipuOernik nepekTep MaTeMaTHKAIBIK CTAaTUCTHKAHBI KojjaHa OTHIpHIN, JK-me eHmenmi. DxcnepumeH-
TaJIIBI 3€PTTEYICP FHUIBIMUA SKCIIEPUMEHTTIH KaJIbl TEOPHUICHIH JKOHE KE3JEHCOK IPOLECTEep TEOPHSCHIH KOJIaHa
OTBIPBINT JKYPri3uimi. AJIBIHFaH HOTWKENEepAiH THIMIUTCIH Oaranay OHIIPICTIK JXaFfaijapia ChIHAY >KOJIBIMEH
KYpriziii.

Baiinanbic a3ipienreH xone Herizaenren; TCM konmany MyMmkiziri pacranran. bpukerrenren TLM enaipy
MYMKIHIITT TEOPHSUIBIK JKOHE IKCIIEPUMEHTTIK Typae KepceriareH. bacrankel stamoHaslk oThiH ([IDT®) Herizinme
TCM enzipy TexHosoruscs! a3ipienai. TKM eHIipiciHIH YTIMABI TEXHOJOTHUIBIK pexxkumaepi Herizpenren. [19T
Herizinne TKM konjaHy apKbUIbl JKYTBUTY JEHTEHiH OKIIayliay TEXHOJOTHSCH J3ipJieHIl JKOHE HETi3/eNreH.
Ciniprim JeHreiyiepi OKIIayJlayJblH TEXHHUKAIBIK HETi3Zepl KarnaiaapiblH KeH ayKbIMBIHIA JKBUTyaJIMacy
IIPOLIECTEPIH ecenTeyre MYMKIHIIK OepeTiH Oarnapiamaiap >KUBIHTBIFBIH KYPY YIIIH ajJroputMi 6ap OayIKbITY.bI
KOJIZIaHa OTBIPBIIT 93ipJICHTEH.

Kaiitanmama [I9T® merizinme TKM konmaHy Heri3genreH >koHe amFam per gonennenred. Exinmn per [IDTD
konganyra HerizgenreH TCM yHFBIMACBIHBIH MPOOJIEMaNbIK aiMarblHIa TEPMOMEXAHUKAIBIK OaTKpITy MYMKIHJIT1
HeTi3/1eNreH koHe nanenaeareH. TCM TepMIsUTBIK OaNKBITY Ke3iH/e JKBUTY aIMacy MPOIECiH CHIaTTayFa MyMKIHIIK
OepeTiH oneyeTTi HeTi3eNTeH KOHE YKCIEPUMEHTANIBl pacTalFaH TeMIEPaTypalbIK YTl OJaH opi JaMyZIbl alfbl.
Anramr per THM O6ankpITyJpIH TEpMOMEXaHUKAIBIK MPOLECIHIH MOIBI MapaMeTpiepi MOHAEPIHIH OHBIH KBLIY
¢U3MKaNBIK KacHeTTepi MEH TEXHHKAJBIK CHMaTTaMalapblHa TOyeNnAuIiri anelkTanabl. Bipiami per 19T Herizinge
TIM-HBIH CiHIpY KaOiJIeTTUIINHIH )KapbIKIIaKTap IbIH allIbUTYbIHAH TOYEIILTIr aHBIKTAIIIbL.

Kaiitaiama [I9T® nerizinge TKM KkongaHa OTBIPBIN CIHIpY ACHIeHiH OKIIayjay TEXHOJOTHSACHIH KOJIIAHY
canacein Herizaey. II9T werizinme TCM neHreitin aOCOpOIMSUIBIK OKIIAyJIayFa apHAIFaH TEXHOJOTHSUIBIK Mapa-
MeTpJiepAl TaHaay OOWBIHINIA MMEPCHEKTUBANIBI YChIHBICTAp B! a3ipiey. Kaiitanama [I9T® nerizinge TKM ciniprim
TOPU3OHTTAPBIH OKIIayJIayblH NPUHIMUITI j)KaHa TeXHOJOorusIapbiH a3ipiaey. [I9T® werizinne TKM xacay TexHo-
JIOTHSICBIH d3ipiiey. 3epTrey Oarmapiamanapbl MeH dicHamanapbiH o3ipiey. TIIM nerisinae [19T okmiaynay sy
CIHIPTIII TOPU3OHTTAPBIH CiHIpYTe apHAIFaH TEXHOJOTHSIIBIK PETJIAMEHTTI 93ipIiey.

Tyiiin ce3nep: ¥HrbpIManapsl OypreIay, OKIIayiay, CiHipy AeHreili, OankpITy, MaTepuaniaps! xaoy.
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OBOCHOBAHHUE ITAPAMETPOB TEPMOMEXAHUYECKOM TEXHOJIOI MY U30JIALUHA
HOOorJiomMAIIMUX TOPU30HTOB BYPOBBIX CKBAXKUH

AnHotanust. Llenbro paboTHI SBIISETCS COBEPLICHCTBOBAHNE TEXHOJIOTHMH TEPMOMEXaHHYECKOHW abcopOIMoH-
HOH n30snnu «[ Opu30HTH OypEeHHs CKBa)KMH» TI0 YCTAaHOBJICHHBIM 3aKOHOMEPHOCTSIM U3MEHEHHUSI 1 000CHOBaHME
[IapaMeTpoB €€ PEeXUMa MO COCTaBy M (IU3MKO-MEXaHMYECKHM CBOICTBaM YNPOYHSIOMIETO TEPMOIUIACTUIHOTO
KOMITO3MIIMOHHOTO MaTepHajia W, Ha 3TOW OCHOBE, pa3pabOTKa TEXHOJIOTHYECKHH PErJIaMeHT, COMECPKAIIUi peKo-
MEHJALIUH 110 W3TOTOBJIEHHIO KOMIIO3UTOB M OPraHM3alMi YKIaJOYHBIX paOoT, MPOSKTHPOBAHUIO M M3OJSIHMU 30H
MOTJIOMIEH!SI MTPOMBIBOYHON JKHUAKOCTH B OYpOBBIX yCTaHOBKax CKBaKMH. [locTaBiieHHBIE 3a7aun OBIIM PEIICHBI
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KOMIUIEKCHBIM METOZOM WCCIICOBAaHMSA, COIEpXKAIlUM aHadu3 U O0O0O0OIIeHHEe IHUTepaTypPHBIX M IATEHTHBIX
HUCTOYHUKOB, MIPOBEICHUE aHATHUTUICCKHUX, IKCIIEPUMEHTAIBHBIX U MPOMBIIIICHHBIX UCCIEIOBAaHMA. DKCIEPUMEH-
TajbHas 00pabOTKa JaHHBIX MPOBOMIACH C HCIOJIH30BAHUEM METOJIOB MAaTEMATHYCCKONH CTATUCTHKU. JKCIICPHU-
MEHTaJIbHOE UCCIIeI0BaHUE MPOBOJUTCS C UCIIOJIB30BAHUEM TOJIOKEHUI TEOPUU HAYYHOTO SKCIIEPUMEHTA U TEOPUHU
ciyyaiHbIX TporeccoB. OreHka 3QQEeKTUBHOCTH MONYYSHHBIX pPe3yJbTaTOB MPOBOAWIIACH B IPOU3BOJCTBEHHBIX
YCIIOBUSIX.

CoBepIIEHCTBOBAHUE TEPMOMEXAHUUYECKOW TEXHOJIOTMHM M30JSIUUU MOIJIOMIAIIINX YPOBHENW CKBAXKHUH MyTEM
YCTaHOBIICHHSI 3aKOHOMEPHOCTE W3MEHCHHs W OOOCHOBAHUS YCJIOBHH €€ SKCIUIyaTalldd 10 COCTaBY U (PH3UKO-
MEXaHHUYECKHM CBOMCTBAM 3aCHIIIKHA M3 TEPMOIUIACTHYHOTO KomIo3umuoHHoro Mateprana (TKM). Ha atoit ocHOBe
pa3pabaThIBaeTCs TEXHOJOTHYECKHN pETrJIaMEeHT, COAEp)Kalluid PEKOMEHIAIMH M0 IOATOTOBKE KOMIIO3HTA M
OpraHu3auy padoT Mo 3aCHIKe, IIPOSKTUPOBAHHUIO U U3OJSIINH 30H a0COPOIIH TPOMBIBOYHON BOJBI B CKBAKHHAX.

[TocTaBieHHBIE 3a7aul PEIIATHCH C MOMOIIBI0 KOMIIEKCHOTO METO/a KOMMYHHKAIIWH, KOTOPBIA BKITIOYAET
aHaM3 U 0000IIeHNe TUTEePaTypPHBIX U NAaTEHTHBIX HCTOYHUKOB, a TAKXKe MIPOBEACHNE aHATUTHIECKUX, IKCIICPUMEH-
TaJBbHBIX U IMPOMBIIUICHHBIX HCCIE0BaHNI. DKCIIEpIMEHTaIbHBIE JaHHBIe 00pabaTeBanuch Ha [IK ¢ mpumenernem
MaTEMAaTHYECKOH CTATHCTHKH. 9KCHepI/lMeHTaJ'H)HI)Ie HCCICJOBaHUs MPOBOAMINUCH C IMPUMEHCHUCM 06LLICI71 TCOPUUN
HAY4HOT'O SKCIIEPUMEHTa U TEOPUM CIy4aiHbIX mpoieccoB. OueHka 3((eKTHBHOCTH MOIyYEHHBIX pPe3yJIbTaTOB
mpoBOANJIaCh MMyTEM HUCIIBITAaHUH B MMPOU3BOACTBECHHBLIX YCIIOBHUAX.

CoenuHenne ObUIO pa3paboTaHo W 000cHOBaHO; Bo3moxkHOCTh mpumeHeHuss TCM Obuta MOATBEpXKICHA.
Bo3MoskHOCTE Tpon3BocTBa OpuKeTHpoBaHHOTO TIIM Mmoka3aHa TEOPETUIECKH U IKCIIEPUMEHTaIbHO. Pa3paborana
TexHoJioruss mpomsBojcTBa TCM Ha OCHOBE MNMEpPBUYHOrO ASTalioHHOTO TorumBa (IIDT®). OOocHOBaHBI paIHoO-
HaJIbHBIC TEXHOJIOTHYECKHE PEXUMBI mpousBoiacTBa TKM. Pa3paborana m 000CHOBaHA TEXHOJOTHS HW3OJIILIUN
ypoBHs morjomeHus ¢ npuMmeHeHneM TKM nHa ocHoBe I1OT. TexHwueckne OCHOBBI HM3OJISAIMH ITOTJIOMIAIONTUX
YpOBHEH pa3paboTaHbl C MPUMEHEHHWEM IUIaBKHA C aJTOPUTMOM IS CO3MaHHMA Habopa MporpaMM, IO3BOJISIOLINX
PacCcYUTHIBATh MPOIIECCH TEIIOMAacCOOOMEHa B MIMPOKOM JHAIra30He yCIOBHH.

ITpumenenne TKM Ha ocHOBe BTOpmuHOTro IIDT® OBUTO 00OCHOBAHO W NOKa3aHO BHepBble. OOOCHOBaHA
JIoOKa3aHa BO3MOXHOCTh TEPMOMEXAaHHYECKOTO IUIaBJICHUA B MpoOsieMHON 30He ckBakuHBI TCM, OCHOBaHHOH Ha
npuMeHeHnr BTopuyHOro [I19T®. [NoTeHanbHO 000CHOBAHHAS U KCIEPUMEHTAILHO TOATBEPIKICHHAS TEMIICpa-
TypHas MOJI]Tb, MO3BOJISIIONIAS OMUCATh MPOIECC TEIIOOOMEHa MpU TepMuueckoMm IwaBieHurn TCM, momyuuia
JanbHeiiee pa3BuTue. BriepBble yCTaHOBJIEHA 3aBUCUMOCTD 3HAUEHUH MOJIOBBIX MApaMETPOB TEPMOMEXAHUUYECKOTO
nporecca wiaBieHus TLIM oT ero TemnoGu3n4ecKux CBONCTB M TEXHHYCCKUX XapaKTEPHCTUK. BriepBhie ycTaHOB-
JICHa 3aBUCHMOCTH NpoHuKaromei crnocooHoct TIIM Ha ocHoBe IIDT OT pacKphITHS TPEIIUH OT YPOBHSI TOTJIO-
IICHUS.

O6ocHoBaHNE 007acTH MPUMEHEHHS] TEXHOJIOTHH H30JIALHN YPOBHS IOTJIOIMICHUS ¢ mpuMeHeHneM TKM Ha
ocHoBe BTOpHUYHOTO [TOT®. PazpaboTka MepcreKTUBHBIX PEKOMEHIAITNH 110 BBIOOPY TEXHOJOTHISCKUX ITapaMeTpOB
U1t abcopOIMoHHON mM3oisanuu ypoBHs: TCM Ha ocuoBe IIDT. Pa3paboTka MPHUHIMIHAIBLHO HOBBIX TEXHOJIOTHH
M30JISIMH TIOTJIOaImux ropu3oHToB TKM Ha ocHOBe BTopraHOTO [I9T®. PazpaboTka TEXHOIOTHUH U3TOTOBICHHUS
TKM Ha ocuHoBe IIDT®. Pa3zpaboTka ucCiIeqOBaTENbCKUX MPOrpaMM U METOIOJOTHH. Pa3zpaboTka TEeXHOJIOTH-
YECKOTr0 perjiaMeHTa Jijisl MOTJIOIIEeHHUS OTJIONIAIoIIMX Topu30HTOB M3osauuu 19T Ha ocHoBe TLM.

KuroueBble cjioBa: OypeHHe CKBaXHH, H30JISIIUs, TOTJIONIAOIINN YPOBEHb, IIABKa, 3aChINKA MATCPHAIIOB.
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ON THE NEED FOR DIFFERENTIATED ACCOUNT
OF PROPERTIES OF THE GEOCOMPLEX
OF TERRITORIES IN PAVEMENTS DESIGN

Abstract. The article presents the results of a comprehensive study of the relationships and regularities that
affect the quality of the pavements design for roads of the West Siberian region. It is shown that the properties of
clay soils of the subgrade in the area under study determine their composition, which is formed under the influence
of the geographical complex characteristic for the region. The original approach to accounting peculiarities of natural
and climatic conditions when zoning the territory is reflected in the taxonomic scheme «zone - subzone - road
region». For the road areas identified in the II, 1l and IV road climatic zones the design characteristics of the
subgrade soils of the roads and the study area are assigned. Recommended values of clay soil characteristics differ by
up to 40% from those recommended by current standards, which indicates the importance and practical value of the
results presented in the article.

Representativeness of samples of strength and deformation parameters in clay soils defined for road districts
within West Siberia region is confirmed by the volume of tested soil samples (in the order of 1.2 thousand pieces), as
well as by using the methods of probability theory and mathematical statistics when analyzing the test results.

A complex of simulation models is offered that accounts specifics of moisture accumulation in seasonally frost-
susceptible road structures of West Siberian roads. The complex advances and adds forecast algorithms for spring
and fall soil moisture values which were previously suggested by Prof. I.A. Zolotar. Considerably high consistency
was found when comparing forecast and experimental values that characterize design soil moisture of capping layer
of the subgrade within the locality of type 2 and 3. For the geocomplex of the 11 road climatic zone the value of linear
correlation coefficient is r>0.82, for the III road climatic zone it is r>0.82. Within the IV road climatic zone the
coefficient value for spring design moisture of silty loam is 1>0.90.

The outcomes of the study in question enabled to refine spread the boundaries of I-11, 1I-111 and I11-1V climatic
zones; to define 112 road sections within 14 administrative territorial units of West Siberian region; as well as to
substantiate design characteristics of the most widespread soil type. The presented recommendations are designed to
increase the time between overhauls for the operating road network of West Siberia.

Key words: Road, geocomplex, climatic zoning, pavement, subgrade, clay soils, design values of the soil of the
capping layer of the subgrade.

Introduction. Peculiarities of geocomplex zones features shall be accounted in road design to
provide their reliable operation. Worldwide experience in the field of research on the account of the
geographical complex features for road design purposes is integrated in standards, regulations and
guidelines that are currently effective in the UK [1], PRC [2], the USA [3], FRG [4], Sweden [1], and
other countries, including CIS countries (M.N. Guzinsky [5], B.B. Karimov [6], V.P. Koryukov,
R.Z. Poritsky [7], B.B. Teltaev [8], and others).

Presently, the road pavement design theory has gained considerable development in studies
performed by S.K. lliopolov [9], V.A. Kulchitsky [10], V.P. Matua [11], A.E. Merzlikin [12],
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B.S. Radovsky [13], A.V. Smirnov [14], B.B. Teltaev [15], E.V. Uglovaya [16], etc. It shall be noted that
the reliability of the design values of soil parameters used in the currently effective and developed design
methods does not always comply with those required by science and practice.

The suggested research results are based on long-term study of water and thermal regime of road
subgrade soils of the 11, 111 and IV road climatic zones in the West Siberia region [17,18,19].

In 1963, Prof. N.A. Tsytovich noted that “physical and geographical environment has immense
impact on the formation of soils composition and their properties” [20]. This conclusion is validated and
advanced by the specialists of M. Lomonosov Moscow State University [21, 22]. The main law of soil
science formulated by Prof. V.T. Trofimov [23] may be interpreted as follows: composition and properties
of soils, their structure and condition to a considerable extent define their origin, formation history,
manner of spatial location, as well as peculiarities of human-induced impact in the developed territories.
Based on the above, one may conclude that consideration of specific features of natural and climatic
conditions ensures quality of road structures design.

Unfortunately, the road pavement design regulations currently effective in Russia (ODN 218.046-01
and PNST 265-2018) recommend generalized design values of shear properties and elastic moduli of
subgrade soil subtypes, and in most cases they are irrespective of the zone location of the designed object.

With the account of the above, studies on composition and properties of clay soils of road subgrades
are characterized by scientific novelty, relevance and have practical value.

Methods. A network of about 100 road sections for intermittent long-term observations was assigned
for the purpose of studying the features of water-heat processes in the road structures of the West Siberia
region.Prior to selection of the sections in the territory under study, the stages of design documents
analysis, pre-design inspection and technical condition assessment of the object were performed.

Decisions on assigning the basic road sections located in representative natural and climatic
conditions for the administrative unit were made on the alternative basis. The selection criteria were
compliance of structural and technological solution of the object with the requirements stated in the
regulatory documents, access to the operating hydrometeorological station, and vehicle access for visual
and instrumental observations irrespective of the season.

When sampling soil monoliths from the base layer on the road section under study, vertical trial holes
were made in the roadpavement grooves. Monolith and soil samples were taken from the depth of
0.1...0.2 m from the pavement bottom. Laboratory research include definition of grain size composition,
natural, relative and optimum moisture content and maximum density, moisture conductivity coefficient,
as well as strength parameters of subgrade soil. General elastic modulus, the value of elastic moduli of
pavement layers and subgrade were found as a result of plate bearing tests. Standardized methods and
equipment were used while testing.

When planning field and laboratory research, preliminary calculations of minimum required amount
of samples were made depending on the accuracy factor A, mean squared deviation ¢ and confidence
coefficient P. In total, around 900 subgrade soil samples were tested in the laboratory.

Results. Laboratory research of grain size composition of clay soil samples taken from the West
Siberian road subgrades revealed that silt fractions (0.05-0.005 mm) are contained in the amount up to
82.3%in sandy clay, and in the amount up to 81.6% in loamy clay. Clay fraction content (<0.005 mm) for
sandy clays does not exceed 20.3%, and for loamy clays it is no more than 32.3%.

The given values are close to our recently obtained research results for clay soil samples (silt loam)
taken from the right bank of the Tom river nearby Loskutovo village. The studied soil has non-
homogeneous structure (saturation level = 11.4), it contains 17.9% of sand fraction, 62.6% of silt fraction
and 19.5% of clay fraction.

The results of mineralogical composition studies showed that it is quartz (crystalline silica) that
prevails in clay soil in the amount of 60.7%, the content of plagioclase is 15.4% and of montmorillonite —
14.5%. The total content of calcium, chlorite, illite and potash feldspar taken together is 3%.

X-ray study of the samples indicated that the dominating clay minerals have mixed-layer non-
homogeneous structure with regard to ratio of alternating textures.
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In the samples’ chemical composition the most dominant are silicon oxides (SiO,) with 62.8%,
aluminum oxides (AlO3) with 13.5% and iron oxides (Fe;Os) with 5.5%. The samples have neutral
pH = 7-8. In the light fractions of the samples the dominant positions are taken by quartz (around 70%)
and feldspars (20-25%).

The studies of Prof. V.I. Korobkin [13] performed for European Russia showed that the content of silt
and clay fractions in the samples is higher than 25 and 50% respectively, which makes a considerable
difference from clay soils of West Siberia region. Assessment of mineralogical composition of clay soils
indicates that the light fractions are rich in quartz with its percentage higher than 70%, carbonates (calcite)
in the amount up to 11.3%, and feldspars (orthoclase) between 7.2 and 10.2%.

The amount of calcedony and rock fragments content in the samples is between 6.4 and 11%. Heavy
fractions are rich in ilmenite, magnetite, limonite, leucoxene, etc. Hydrous micas, like illite, are
dominating in the mineral composition of clay fraction.

Comparison of the given outcomes of clay soils composition studies performed for West Siberia and
south of European Russia districts confirms the validity of previous suggestions [20,22,23] that diverse
genesis and age of surface deposits and selective weathering processes in mantle rock formation define the
features of composition, condition, structure, and texture of surface soil layer material.

Considering the fact that soils composition significantly defines their properties, when designing road
structures one should account the diversity of natural and climatic conditions that also affect road
subgrade soil composition and characteristics [20].

For that reason, to provide high quality design and ensure the required service life of roads it is
necessary to use the complex of design values for soils of subgrade capping layer determined for their
location with individual geographical complex, rather than generalized values taken from regulatory
documents, which are developed for vast territories.

To increase time between overhauls and life cycle of roads with enhanced heavy-duty road surfacing
one requires detailed zoning of the territory obtained in the previous studies on road climatic zones with
specification of their boundaries, and a database that includes design values of soils parameters peculiar
for the region. Such developments can be exemplified by the effective regulatory documents of Germany,
the USA, China, etc.

The map of road climatic zones of West Siberia (figure) region is based on the common ideology
described in [17-19], as well as on the studies by Prof. A.l. Yarmolinsky and Prof. V.A. Yarmolinsky
[24]. It consists in distinguishing uniform territories with respect to the geocomplex within the
administrative boundaries of regions and districts. The suggested approach to the technology of road
climatic zoning is substantiated by the argument that the main network of roads located within an
administrative unit is represented by a network of roads of regional or district importance.

Unlike the effective standardized zoning in Russia provided by the Code of Regulations
(SP 34.13330.2012), the suggested territorial division of West Siberia presents in considerable detail
natural and climatic conditions for such taxons as zone, subzone, road district. Each of the zones
distinguished in the territory of the Russian Federation occupies a significant area and represents a single
geographical unit that includes various enclaves with diverse combination of geographical components.
Zoning of the Russian Federation fixed in the regulatory documents does not correspond to the results of
long-term studies and fails to provide high quality of road design.

The outcomes of laboratory tests of soil samples taken from the subgrades of West Siberian roads that
occupy the Il climatic zone revealed that the upper layer of subgrade primarily consists of silt loams
(69% of samples taken during field research), with plasticity index I, = 0.02...0.07. Variation of the
natural moisture content observed in silt loams is W, = 0.14...031, and in sandy silt loams it is W, =
0.09...0.16. It is peculiar that the range of relative humidity variation Wge for loamy clays is 0.42...0.69
and for sandy clays it is WreL = 0.40...0.69. With respect to the value of liquidity index I the studied soils
are divided into loamy clays, from solid to semi-solid, and solid sandy clays.The variation range of
porosity ratio for silt loams is eo = 0.401...0.870, and for sandy clays — eq = 0.370...0.737.

In the West Siberian territory located in the 11l road climatic zone, man-made soils of the subgrade
body are represented by silt loams with plasticity index 1, = 0.09...0.17 and by sandy silt loams with
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I,=0.04...0.07. The observed values of natural moisture content belong to the following range:
W.=0.11...0.31 - for loamy clays and W, = 0.07...0.22 for sandy clays. The variation range for relative
humidity values are WgeL = 0.41...0.75 for loamy clays and Wgreg = 0.31...0.55 for sandy clays. Based on
the liquidity index I, the following classed are distinguished: loamy clays — solid, semi-solid and of low
plasticity, and solid sandy clays. Porosity variation observed for loamy clays is e; = 0.117...0.957 and for
sandy clays — ep = 0.323...0.707.
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Base map of road climatic zoning of the territory of Western Siberia:
I, 11, I, IV — road-climatic zones based on the results of TSUAB research;
F, U, M — the subzone by the type of relief (flat, undulated, or mountainous);
1-5 — numbers of the road districts.

In the West Siberian territories that belong to the IV road climatic zone the most spread subgrade
soils are silt loams with plasticity index of 1, = 0.07...0.17 and sandy silt loams with plasticity index of
I, = 0.06. Values of natural moisture content W, varied in loamy clays between0.14 and 0.24, and in sandy
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clays it was W, = 0.22. The following values of relative humidity were observed: Wgg_ = 0.44...0.58 for
loamy clays and WreL = 0.62 for sandy clays. With respect to the liquidity parameter I._the following types
of soil are distinguished: solid and semi-solid loamy clays and solid sandy clays. The value of porosity
ratio eo for loamy clays varied between 0.441 and 0.698 and for sandy clays — between 0.338 and 0.411.

Grain size composition of clay soil samples showed that the content of silt fraction in clay subgrade
soils of the roads of the 11 climatic zone does not exceed 81.6% for sandy clay and 82.3% for loamy clay.
The content of clay fractions in sandy clays is no higher than 10.7% and 28.6% in loamy clays. Subgrades
of road sections that belong to the Ill climatic zone are mainly represented by clay soils and are
characterized by high content of silt fractions — up to 80.8% for sandy clays and up to 80.6% for loamy
clays. The percentage of clay fractions reaches 12.2% in sandy clays and 29.7% in loamy clays.

The studied road sections located in the IV road climatic zone with upper layer of subgrade consisting
of clay soils are characterized by a decrease in content of silt fractions to 64% for sandy clays and to
77.5% for loamy clays. The amount of clay fractions grew up to 20.3% for sandy clays and up to
32.3% for loamy clays.

Representativeness of samples of clay soils parameters determined for uniform features of territories
occupied by the zones of West Siberia is confirmed by the amount of tested soil samples, as well as by the
use of probability theory and mathematical statistics methods while analyzing the test results.

Conclusion. Based on the performed research a set of recommendations were developed for
administrative units of West Siberia region. They contain a complex of design values of the most spread
parameters in the region of clay subgrade soils (for example table 1, 2) with the account of new data on
regularities and connections that define features of water-heat processes in structures of roads with
uniform geocomplex characteristics located within the studied administrative unit.

Table 1 — Estimated values of the characteristics of clay soils of the subgrade of road sections
with deep occurrence of the groundwater level
(type 1 of area by nature and degree of moisture allocated in the territory of Kemerovo region)

Tvpe of road Calculated relative Elasticity Angle of internal Specific cohesion
Road districts ygurface moisture of soil, modulus, friction, P Ces (MPa) '
Wy (Uf) Ess (MPa) Qss (0) =
U1 A 0.82 15.6 9 0.041
. B 0.79 184 10 0.043
U2 A 0.80 22.5 13 0.049
T B 0.79 23.0 13 0.049
U3 A 0.86 22.0 11 0.009
T B 0.82 25.0 12 0.011
L.M.2 A 0.90 195 11 0.007
o B 0.86 22.0 11 0.009
ILE.2 A 0.77 22.0 16 0.019
o B 0.76 22.5 17 0.020
NLE.1 A 0.76 30.0 14 0.016
o B 0.71 37.0 16 0.022
NIE3 A 0.76 30.0 14 0.016
o B 0.71 37.0 16 0.022
N.U1 A 0.75 32.0 14 0.017
T B 0.70 38.5 16 0.023
Note: A —advanced coatings of capital type; B — advanced lightweight coatings
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Table 2 — Values of the calculated characteristics of the clay soil (silty loam)
for the road district 111.U.2 allocated in the territory of Novosibirsk region

Hydraulic The level of ground Calculated values of soil indicators
Ccoone(]jclfjiitilglr:? fr%rn?lirr]?fgp\,\g% e C_alculat_ed Elasticity ) Angle.of_ Spe_cific
K1 (cm?/h) subgrade, Hh (m) | TSRO TOSIS | MRS | ImemeL o | eoron &
0.5 0.76 24 14.2 0.051
1.0 0.69 28 17.0 0.055
1.0 15 0.61 33 21.2 0.061
2.0 0.58 37 24.0 0.065
2.5 0.56 38 25.2 0.068
0.5 0.77 24 13.7 0.050
1.0 0.70 27 16.6 0.054
15 15 0.62 33 21.0 0.060
2.0 0.58 37 23.9 0.065
25 0.56 38 252 0.068
0.5 0.79 23 13.3 0.050
1.0 0.71 27 16.3 0.054
2.0 15 0.62 32 20.8 0.060
2.0 0.58 36 238 0.065
2.5 0.56 38 25.1 0.067

Continuation of the table 2

Calculated values of soil indicators

Hydraulic The level of ground

conductivity or surface water - .
coefficize nt, from the top of the relact:ie\lllg l#leg?s(:ure IrEnI(ijfitl:(I:lIJtsy inte'rar;r;ﬁJ Ifii(():rion, coﬁgsi(c:)lrf\jccss

Ki (em?h) subgrade, Hw (M) | ¢ 6001 w(u.f) E<s(MPa) 2 () (MPa)

0.5 0.79 23 133 0.050

1.0 0.71 27 16.3 0.054

2.0 15 0.62 32 20.8 0.060

2.0 0.58 36 23.8 0.065

25 0.56 38 25.1 0.067

0.5 0.80 23 13.0 0.049

1.0 0.71 26 16.0 0.053

25 15 0.62 32 20.6 0.060

2.0 0.58 36 23.7 0.065

25 0.56 38 25.1 0.067

0.5 0.81 22 12.7 0.049

1.0 0.72 26 15.7 0.053

3.0 15 0.63 32 20.5 0.060

2.0 0.58 36 23.6 0.065

25 0.56 38 25.1 0.067

Considerable differences were found in comparison of the values recommended by the regulatory
documents ODN 218.046-01 and PNST 265-2018 with the substantiated standardized design values of
clay subgrade soils parameters for road districts under study. For instance, the value of elastic modulus for
silt loam given in the regulatory documents is higher than the actual one by 25-40% depending on the
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relative moisture of the soil. At the same time, the values of angle of internal friction are lower than those
experimentally obtained by 5-30%, and the value of specific cohesion is lower by 10-45%. The given
research results indicate the ability to increase time between overhauls for road structures.

B. H. E¢umenxo?, C. B. E¢pumenxol, b. B. Tenraes?, A. B. Cyxopykor!

1ToMcK MEMIIEKETTIK CoyJIeT-KyphUIbIC yHUBEpCUTETIHIH, ToMCK, Peceii;
2«Ka3akcTaH 5011 FhUILIMU-3€pTTeY MHCTUTY T AK, Anmarsl, Kasakcran

7KOJ TOCEMEJIEPIH /KOBAJIAY KE3IHJE CA3/Ibl TOIIBIPAKTAP/IBIH
KACHUETTEPIH CAPAJIAII ECEIIKE AJIY KAXKETTIJIIIT TYPAJIBI

AnHoranusi. Makananga bareic CiOip aiiMarbIHIAFbl aBTOMOOWJIb SKOJIIAPBIHBIH JKOJ TOCEMECIH jkobajay
carachblHa BIKMAJI €TETiH OaillaHbICTAp MEH 3aHIBUIBIKTApbl KEHICHII 3epTTEey HOTWXKENIepl KenTipiimi. 3epTrey
ayMarbIH/IaFbl XKep TOCEMIHIH Ca3/bl TONBIPAKTAPbIHBIH KaCHETTEPI aiiMaKKa ToH reorpadusuibiK KelieH OenrijepiHin
OCepiHEH KaJIbIITAaCaThIH KYPAMbIH aHBIKTANIbI. « AMIMaK - Killli aiiMaK - KOJI ayIaHbD» TAKCOHOMIUIBIK CXEMaChIHIa
ayMaKThl ayJaHAacThIpy Ke3iHJeri TaOWFU-KIUMATTBIK KaFIaillap/IblH epPeKIIEIIKTepiH €CernKe aly/blH epeKIie
tocini kepcerinren. I, III xone IV sxon-knumarThlk aiiMakrapaa OeNiHreH KON ayJaHAapbl YIIiH aBTOMOOWIb
KOJIIAPBIHBIH KEP TeCBMi TONBIPpAKTapPbIHBIH, 3CPTTCY ayMarbIHbIH eCCHTiK cumnaTTamMaiapbl TaFaI\/’IBIHlIaH}II)I. Ca31151
TOIBIpaK CHUIIATTaMaJapBIHBIH YCBHIHBUIATHIH MoHAepi 40% meiliH YCHIHBUIFAH KOJJAHBICTAFbl HOpMalapAaH
epeKmeneHe i, Oy Makanaia YChIHBUIFAH HOTHKEIEPiH MAaHbI3IbUIBIFEI MEH TOXKIpHOei KYHABUIBIFBIH KOPCeTe .

batpic-Cibip aiiMarbIHIaFbl aliMakTap LIETIHAETI KOJ ayJaHIapbIHBIH ayMaKTaphbl YIIiH ONTiICHreH ca3ibl
TOTBIPAKTAP/IbIH OEPIKTIK KoHE JIe(OpMAIMSUIIBIK CHIIATTAMATIAPBIHBIH MOHJEPIH IPIKTEeYIiH perpe3eHTaTUBTIIIr
CBIHAK HOTIKEJICPiH OHACY Ke31HAe BIKTUMANIBIKTAP TEOPUSACHl MEH MaTEMaTHKAJIBIK CTATUCTHKA OJ[ICTEPiH KOJIIaHy
apKBUTBI CHIHAJIFAH TONBIPAK ChIHAMAaJIapbIHBIH KeJleMiMeH (IamMaMeH 1.2 MbIH) pacTajFaH.

byran peitin npogeccop U. A. 3070Tapb YChIHFAH TOMBIPAKTHIH KY3rl KOHE KOKTEMII BUIFANIbUIBIFBIHBIH
IraMaiapslH 00JpKay adrOpUTMICPIH TaMBITATHIH KOHE TONBIKTHIpaThIH baTric-Cibip eHipiHiH aBTOMOOHIB KOJ/a-
PBIHBIH MayCBIMIBIK KATBIIl KAJIFAH KOJ KYPBUIBIMIApBIHIA JKHHAKTAY EPeKIIeTIKTepiH eCKepeTiH MMHTALUSIBIK
MoOJIeNbep KeleHi YCHHBUIABL. JKeprinikTi skepaiH 2 xoHe 3 TUITepi KaFJaibIHaa )Kep TOCEMECIHIH KYMBIC KaOaThl
TONBIPAFBIHBIH €CENTIK BUFAIIBUIBIFEIH CHIATTANTBIH OODKaMABI KOHE SKCIIEPHMEHTAIBIK OeNrijieHreH mama-
JapABl CANBICTHIPY HOTIDKENEPl COMKECTIKTIH JKETKUTIKTI JKOFaphl JOpEeKeCiH KyonaHAslpamasl. Il reokemeH ymiiH
KON-KIMMATTHIK aimakrap (JKKA) ymria 1>0.82 koppenmsmus ChI3BIKTHIK Kod¢¢unumentinig MoHi, I11 XKKA ymin
r>0.82. IV J)KKA xarmaiibIHIa KOKTEMT1 €CEeNTIK BUTFAIIBUIBIKKA apHAIFaH MIaHIs! ca3nak 1>0.90.

Kapacteipsusin oteipran 3eprreynepai HoTmkenepi I-11, -1 sxone HI-IV xox-KIMMaTTHIK aiiMaKTapIbIH
KeH Tapajly IIeKapalapblH HakTbUiayra, batbic-Cibip aliMarbIHBIH 14 OKIMIIITIK-ayMakKTHIK KYPBUIBIMBI IICTiHIIE
112 >xon aymaHbIH Oeryre MYMKIiHIIK Oepai. ¥ ChIHBUIFaH YChIHBICTap baTtric-Cibipae maimanaHbIIaTEIH aBTOMOOWITH
JKOJITAPHI JKEeNiCIHIH JKOHIeYapablK Mep3iMIepiH apTThIpyFa OaFbITTaFaH.

Tyiiin ce3aep: aBTOMOOHIIB YKOJIBI, TEOKEIIEH, JKOJI-KIMMATTHIK ayAaHAacTBIPY, JKOJ TOCEMECi, xKep TeceMec,
ca3Ipl TOIBIPAK, JKeP TOCEMECIHIH KYMBIC Ka0AThI TOMBIPAFBIHBIH €CETTIK MOHI.

B. H. Epumenko’, C. B. Epumenxko?, b. B. Tearaes?, A. B. Cyxopykos!

ldenepanbHoE TOCYIapCTBEHHOE BIOKETHOE 0OPA30BATENBHOE YUPEKICHUE BHICIIETO 0OPa30BaHHUS
«Tomckuii rocy1apCTBEHHBIN apXUTEKTYPHO-CTPOUTENIBHBIN YHUBEpCUTET», ToMck, Poccust;
2A0 «Ka3axcTaHCKUH JOPOXHBIH HAYYHO-HCCIIEN0BATENBCKUN UHCTUTYT», AnMathl, Kazaxcran

O HEOBXOJIUMOCTH JUPDPEPEHIIMPOBAHHOI'O YUETA CBOMCTB
INIMHUCTBIX 'PYHTOB ITPU ITPOEKTUPOBAHUNUN JOPOKHBIX OAEX]]

AHHoTanusi. B craTtbe mnpuBeneHBI pe3yibTaThl KOMIUIEKCHOTO H3y4YEHHs CBSi3eH U 3aKOHOMEPHOCTEH,
BJIMSIIOIINX Ha KA4ECTBO IMPOEKTUPOBAHUS JOPOXKHBIX OJIEXK]T aBTOMOOMIIBHBIX J1opor 3anaHo-CHOMPCKOTro pertuoHa.
IToxa3aHo, 4YTO CBOMCTBA INIMHUCTBIX I'PYHTOB 3€MJISHOTO IIOJIOTHA Ha TEPPUTOPUU HCCIEIOBAHUS ONPEIENIeT UX
cocTaB, (HOPMUPYIOLIMICS 1O/ BIMSHUEM NPU3HAKOB Treorpauyeckoro KOMILIEKCa, XapaKTEePHBIX Ul PErHOHA.
OTpak€H OpUTHHATIBHBIN MMOJXO0/ K YUETY 0COOCHHOCTEH MPUPOJHO-KIMMATHYECKUX YCIOBUI IPH pailOHMPOBAHUU
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TEPPUTOPUHM B TAKCOHOMHUYECKON CXEME€ «30Ha — IO0J30HA — JIOPOXKHBIM paiion». J|JIsl JOpOXKHBIX pailOHOB, BBIJIE-
nersbix Bo I, 1 u IV mopoxHO-KIMMaTHYeCKUX 30HAX, HA3HAUEHBI PACUETHBIC XapaKTEPUCTUKH TPYHTOB 3EMIISI-
HOTO TIOJIOTHA aBTOMOOMJIBHBIX JIOPOT, TEPPUTOPUM HCCIEIOBaHMA. PeKOMEHIyeMble 3HAUCHMS XapaKTEPUCTHK
TJIMHUCTBIX TPYHTOB 110 40% OTJIMYAIOTCSA OT PEKOMEH/I0BAHHBIX JCHCTBYIOIMMH HOPMaMH, YTO CBUJIETEIbCTBYET O
Ba)XHOCTH U NTPAKTHUECCKOI ICHHOCTH MPE/ICTABICHHBIX B CTATHE PE3YNIbTATOB.

Penpe3eHTaTHBHOCTh BBIOOPOK 3HAYEHWH INPOYHOCTHBIX M Ae(OPMAIMOHHBIX XaPAKTEPUCTUK TIIMHHUCTHIX
TPYHTOB, YCTaHOBJICHHBIX 11 TEPPUTOPHH JOPOKHBIX PaiOHOB B IpeAeiax 30H B 3anagHo-CHOMPCKOM pETHOHE,
MOJTBEPXKIeHAa 00BEMOM HCHIBITAHHBIX POO TpyHTa (0K0i0 1.2 THIC.), MPUMEHEHHEM TIPH 00paboTKe pe3yTbTaToB
UCTIBITAHUN METO0B TEOPUH BEPOSTHOCTEH U MATEMATUIECKON CTATHCTUKH.

IIpeanoxeH KOMIIEKC WMHUTAIMOHHBIX MOJENEH, YUHTHIBAIOIIMX OCOOCHHOCTH HAKOIUIEHHS B CE30HHO
MIPOMEP3AIOIIHNX JOPOKHBIX KOHCTPYKITUSAX aBTOMOOMIBHBIX Aopor 3amagHo-CHOUpCKOTo pernoHa, pa3sBUBAIOIINN 1
JOTIOTHSAIOMNI aJITOPUTMBI TIPOTHO3MPOBAHMS BEIWYMH OCEHHEH M BECEHHEH BIAXHOCTH TPYHTOB, paHee
npeanoxeHabie mpodeccopom M.A. 3omorapéM. Pe3ynbraTel comocTaBieHNs IPOTHO3HBIX M 9KCHEPHMEHTAIBHOTO
YCTAQHOBJICHHBIX BEJINYMH, XapaKTEPU3YIOIUX PacdETHYIO BIAXHOCTh IPYHTa pabOdero cios 3eMJITHOTO MOJIOTHA B
YCIOBUSIX 2 W 3 THIIOB MECTHOCTH, CBHUAETEIBCTBYET O JOCTATOYHO BBICOKOW CTENeHH coBmaneHus. s reo-
komrutekca |l mopoxxHo-kimmMaTiaeckue 30861 (JIK3) 3HaueHne nuHeltHOTO KO3 dummenTa Koppensmauu >0.82, xus
111 AK3 r>0.82. B ycnoBusx |V K3 st BeceHHel pacu€THO BIaXXKHOCTH CYTIIHMHKA meiieBaroro >0.90.

Pe3ynbpraThl paccMaTpHUBAaEeMBIX HCCIICIOBAHMNA MMO3BOJMIM YTOYHHUTH PacmpocTpaHeHHe (ObUIO pacmpocTpa-
HEHHBIX) Tpanul [-11, 1I-1IT u III-IV gopoxHO-KIMMAaTHYeCKAX 30H, BRIACTUTE 112 MOPOXKHBIX pallOHOB B Mpenenax
14 agMUHHCTPATHBHO-TEPPUTOPHANBHBIX OOpa3oBaHMi 3amagHo-CHOMPCKOTO pernoHa, 0OOCHOBaTh pacuéTHBIC
XapaKkTepUCTHKH Hamboliee paclnpocTpaHEHHOTO TrpyHTa. [IpeacraBieHHBbIE PEKOMEHOAIWHM HAIpaBICHbI Ha
YBEIMYECHNE MEKXPEMOHTHBIX CPOKOB CETH KCILTyaTHpyeMBIX B 3anaiHoii Cnonpy aBTOMOOMIBHBIX JIOPOT.

KnioueBble cjioBa: aBTOMOOMIIBHASL 1OPOTa, TEOKOMITIEKC, IOPOKHO-KIMMAaTHIECKOe palfOHNPOBaHUE, JOPOK-
Hasl O/IeXIa, 3€MJISTHOE IOJIOTHO, TNIMHUCTBIE T'PYHTHI, PACUETHBIC 3HAUYEHHS T'PYHTOB pabodyero cCiios 3eMIISTHOTO
TMIOJIOTHA.
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METHODS FOR CALCULATING CAVITATORS
FOR DEVICES DESIGNED BY SATBAYEV UNIVERSITY
FOR CLEANING OIL AND GAS WELLS

Abstract. The article says that with long-term exploitation of oil and gas wells, production wells lose design
capacity over time, and injection wells lose injectivity. After a certain period of time, these wells undergo repair and
restoration work in order to restore the project flow rate and injectivity. One of the reasons for the failure of the wells
is the overfilling of the filter zone with products of chemical and mechanical mudding and the deposition of
mechanical suspensions in the well sump, as a result of which the productivity of the wells decreases below the
permissible limits required by the production regulations.

It is proposed to use special shells designed by Satbayev University for cleaning oil and gas wells using
cavitated liquid as a cleaning agent.

A technique is proposed for calculating the cavitators of these devices for oil and gas wells depending on the
number of cavitation, the flow rate of the flushing fluid, the hydrostatic pressure of the fluid in the well, and the
working pressure of the flushing pump. An example of the calculation of cavitators for the wells of the fields of
JSC "Ozenmunaygas" is given.

Key words: Well productivity, throttle response, repair work, cavitation, hydrostatic pressure.

With long-term exploitation of oil and gas wells, production wells lose design capacity over time, and
injection wells lose injectivity. After a certain period of time, these wells undergo repair and restoration
work in order to restore the project flow rate and injectivity. One of the reasons for the failure of the wells
is the overfilling of the filter zone with products of chemical and mechanical mudding and the deposition
of mechanical suspensions in the well sump, as a result of which the productivity of the wells decreases
below the permissible limits required by the production regulations.

At the Department of Petroleum Engineering, Satbayev University, in the course of research work,
shells were developed for cleaning geotechnological wells that are used for underground leaching of
uranium ores [1,2]. As a cleaning agent, cavitated process water was used. Production tests of these
devices have shown their high efficiency [3,4].

Given the positive effect of the use of these shells, the authors recommend the use of these shells for
cleaning oil and gas wells.

However, due to the fact that the geological and technical conditions of oil wells are fundamentally
different from geotechnological wells (large depths, diameters, used equipment, etc.), there is a need for
theoretical studies to calculate certain units of the device for oil and gas wells.

Special devices create cavitation using sound waves in a fluid. Cavitation bubbles, collapsing, give
rise to shock waves, which destroy particles of contaminants or separate them from the surface. Thus, the
need for hazardous and unhealthy cleaning substances is reduced in many industrial and commercial
processes where cleaning is required as a stage of production.
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Cavitation number. The cavitation flow is characterized by a dimensionless parameter (cavitation
number) [5]:

K =0 1)
)

where Pg is hydrostatic pressure of the oncoming flow, Pa; Py is pressure of saturated vapor of a liquid at a
certain ambient temperature, Pa; p is the density of the medium, kg/m3; v, is flow rate at the system inlet,
m/s.

The cavitation number can take different values, but cavitation occurs only in the range K= 0.1 - 0.6.
It is known that cavitation occurs when the flow reaches the boundary velocity, when the pressure in the
flow becomes equal to the vaporization pressure (saturated vapor). The boundary value of the cavitation
criterion corresponds to this speed.

For well conditions, the flow pressure depends on the operating pressure of the pump P,, the
hydrostatic pressure of the fluid Py located in the well, and the pressure loss in the pipelines P, through
which the working fluid is transported to the working body, that is:

Po=PB—(P,+P) 2

Naturally, the magnitude of the hydrostatic pressure of the fluid Py located in the well should be less
than the value of the working pressure of the pump and it is determined:

Py = pgH (3)

where, p is the density of the fluid in the well, kg/m®; g is the acceleration of gravity, m/s?; H is the depth
of the well at which hydrostatic pressure is measured, m.

The magnitude of the pressure loss in the pipelines through which the working fluid is transported to
the working body can be determined by the method described in [5] and the program developed at the
former Department of Technology and Technique for Drilling Wells of KazNRTU named after K.
Satbayev [7].

Due to the fact that process water is used as a cleaning agent (possibly heated to clean tar and paraffin
deposits), the pressure values of saturated vapor of a liquid at a certain ambient temperature are given in
the table below [8].

With an interval of one degree, the pressure (P) of water vapor from the melting point to critical is
given. Up to 100 ° C, the table contains the value of P, expressed in kPa and mmHg, above 100 ° C, the
P value is indicated only in kPa.

Table 1 — Saturated vapor pressure of water from 0 ° C to 374 ° C

t,°C P t,°C P t,°C P

kPa mmHg kPa mmHg kPa mmHg
0 0.61129 4.585 34 5.3229 39.93 68 28.576 214.3
1 0.65716 4.929 35 5.6267 42.20 69 29.852 223.9
2 0.70605 5.296 36 5.9453 44.59 70 31.176 233.8
3 0.75813 5.686 37 6.2795 47.10 71 32.549 244.1
4 0.81359 6.102 38 6.6298 49.73 72 33.972 254.8
5 0.87260 6.545 39 6.9969 52.48 73 35.448 265.9
6 0.93537 7.016 40 7.3814 55.37 74 36.978 277.4
7 1.0021 7.516 41 7.7840 58.38 75 38.563 289.2
8 1.0730 8.048 42 8.2054 61.55 76 40.205 301.6
9 1.1482 8.612 43 8.6463 64.85 77 41.905 314.3
10 1.2281 9.212 44 9.1075 68.31 78 43.665 3275
11 1.3129 9.848 45 9.5898 71.93 79 45.487 341.2
12 1.4027 10.52 46 10.094 75.71 80 47.373 355.3
13 1.4979 11.24 47 10.620 79.66 81 49.324 370.0
14 1.5988 11.99 48 11.171 83.79 82 51.342 385.1
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15 1.7056 12.79 49 11.745 88.09 83 53.428 400.7
16 1.8185 13.64 50 12.344 92.59 84 55.585 416.9
17 1.9380 14.54 51 12.970 97.28 85 57.815 433.6
18 2.0644 15.48 52 13.623 102.2 86 60.119 450.9
19 2.1978 16.48 53 14.303 107.3 87 62.499 468.8
20 2.3388 17.54 54 15.012 112.6 88 64.958 487.2
21 2.4877 18.66 55 15.752 118.1 89 67.496 506.3
22 2.6447 19.84 56 16.522 123.9 90 70.117 525.9
23 2.8104 21.08 57 17.324 129.9 91 72.823 546.2
24 2.9850 22.39 58 18.159 136.2 92 75.614 567.2
25 3.1690 23.77 59 19.028 142.7 93 78.494 588.8
26 3.3629 25.22 60 19.932 1495 94 81.465 611.0
27 3.5670 26.75 61 20.873 156.6 95 84.529 634.0
28 3.7818 28.37 62 21.851 163.9 96 87.688 657.7
29 4.0078 30.06 63 22.868 1715 97 90.945 682.1
30 4.2455 31.84 64 23.925 1795 98 94.301 707.3
31 4.4953 33.72 65 25.022 187.7 99 97.759 733.3
32 4.7578 35.69 66 26.163 196.2 100 101.32 760.0
33 5.0335 37.75 67 27.347 205.1
t, °c P, kPa t, °c P, kPa t, °c P, kPa t, °c P, kPa
100 101.32 147 438.67 194 1368.0 241 3403.9
101 104.99 148 450.75 195 1397.6 242 3463.9
102 108.77 149 463.10 196 1427.8 243 3524.7
103 112.66 150 475.72 197 1458.5 244 3586.3
104 116.67 151 488.61 198 1489.7 245 3648.8
105 120.79 152 501.78 199 1521.4 246 3712.1
106 125.03 153 515.23 200 1553.6 247 3776.2
107 129.39 154 528.96 201 1586.4 248 3841.2
108 133.88 155 542.99 202 1619.7 249 3907.0
109 138.50 156 557.32 203 1653.6 250 3973.6
110 143.24 157 571.94 204 1688.0 251 4041.2
111 148.12 158 586.87 205 1722.9 252 4109.6
112 153.13 159 602.11 206 1758.4 253 4178.9
113 158.29 160 617.66 207 17945 254 4249.1
114 163.58 161 633.53 208 1831.1 255 4320.2
115 169.02 162 649.73 209 1868.4 256 4392.2
116 174.61 163 666.25 210 1906.2 257 4465.1
117 180.34 164 683.10 211 1944.6 258 4539.0
118 186.23 165 700.29 212 1983.6 259 4613.7
119 192.28 166 717.83 213 2023.2 260 4689.4
120 198.48 167 735.70 214 2063.4 261 4766.1
121 204.85 168 753.94 215 2104.2 262 4843.7
122 211.38 169 772,52 216 2145.7 263 4922.3
123 218.09 170 791.47 217 2187.8 264 5001.8
124 224.96 171 810.78 218 2230.5 265 5082.3
125 232.01 172 830.47 219 2273.8 266 5163.8
126 239.24 173 850.53 220 2317.8 267 5246.3
127 246.66 174 870.98 221 2362.5 268 5329.8
128 254.25 175 891.80 222 2407.8 269 5414.3
129 262.04 176 913.03 223 2453.8 270 5499.9
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130 270.02 177 934.64 224 2500.5 271 5586.4
131 278.20 178 956.66 225 2547.9 272 5674.0
132 286.57 179 979.09 226 2595.9 273 5762.7
133 295.15 180 1001.9 227 2644.6 274 5852.4
134 303.93 181 1025.2 228 2694.1 275 5943.1
135 312.93 182 1048.9 229 2744.2 276 6035.0
136 322.14 183 1073.0 230 2795.1 277 6127.9
137 331.57 184 1097.5 231 2846.7 278 6221.9
138 341.22 185 1122.5 232 2899.0 279 6317.0
139 351.09 186 1147.9 233 2952.1 280 6413.2
140 361.19 187 1173.8 234 3005.9 281 6510.5
141 371.53 188 1200.1 235 3060.4 282 6608.9
142 382.11 189 1226.9 236 3115.7 283 6708.5
143 392.92 190 1254.2 237 3171.8 284 6809.2
144 403.98 191 1281.9 238 3228.6 285 6911.1
145 415.29 192 1310.1 239 3286.3 286 7014.1
146 426.85 193 1338.8 240 3344.7 287 7118.3
288 7223.7 310 9860.5 332 13187 354 17348
289 7330.2 311 9995.8 333 13357 355 17561
290 7438.0 312 10133 334 13528 356 17775
291 7547.0 313 10271 335 13701 357 17992
292 7657.2 314 10410 336 13876 358 18211
293 7768.6 315 10551 337 14053 359 18432
294 7881.3 316 10694 338 14232 360 18655
295 7995.2 317 10838 339 14412 361 18881
296 8110.3 318 10984 340 14594 362 19110
297 8226.8 319 11131 341 14778 363 19340
298 8344.5 320 11279 342 14964 364 19574
299 8463.5 321 11429 343 15152 365 19809
300 8583.8 322 11581 344 15342 366 20048
301 8705.4 323 11734 345 15533 367 20289
302 8828.3 324 11889 346 15727 368 20533
303 8952.6 325 12046 347 15922 369 20780
304 9078.2 326 12204 348 16120 370 21030
305 9205.1 327 12364 349 16320 371 21283
306 9333.4 328 12525 350 16521 372 21539
307 9463.1 329 12688 351 16725 373 21799
308 9594.2 330 12852 352 16931 373.98 22055
309 9726.7 331 13019 353 17138

To determine the flow rate at the system inlet, we proceed from the following considerations.
It is known that the flow rate depends on the fluid flow rate and the cross-sectional area along which
the flow moves and is determined from the known expression

Q =FV, (4)
where Q is the fluid flow rate (pump capacity), m%h; F is the cross-sectional area along which the flow
moves (F = 0.785D2), m?; V is the fluid velocity, m/h; D is the diameter of the input section of the
cavitator, m.

Moreover, given that the fluid moves in a circular section (cavitators have a cylindrical shape), the
speed will be equal to

v==% 5)

D2

—— g4 ——
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Substituting expressions (5) and (2) in (1), and solving with respect to D, we obtain the required
diameter of the inlet of the cavitator system

(6)

Based on the foregoing theoretical calculations, a calculation was made to determine the diameter of
the cavitator for a projectile for cleaning oil and gas wells for the conditions of Ozenmunaygas JSC fields.
In order to reduce the time for hoisting operations for cleaning, it is recommended to use a coiled tubing
installation, and for supplying a cleaning agent, it is recommended to use a cementing unit CA - 320
(ANTs-320), with a maximum discharge pressure of 40 MPa and a maximum ideal flow rate of
26 dm?® /from.

The calculation of the input diameter for the cavitation number 0.1 is 6.6 mm, and for the cavitation
number 0.6 is 10.5 mm. Thus, the input diameter of the cavitator system for the conditions of the deposits
of Ozenmunaygas JSC should be in the range of 6.6 to 10.5 mm.

Conclusions. 1. Based on the foregoing, a methodology has been proposed for determining the
geometric dimensions of cavitators depending on the pressure of the pump, hydrostatic pressure of the
fluid, the wells located, and the number of cavitation.

2. The input diameter of the cavitator system for the conditions of the deposits of Ozenmunaygas JSC
was determined.
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MYHAWTI'A3 YHFBLJTAPBIH TA3AJIAYFA APHAJIFAH
SATBAYEYV UNIVERSITY K¥PbUIFBICHI YIITH
KABUTATOPJIAPJbBI ECEIITEY 9IICTEMECI

AHHOTanmsl. Makanaja MyHal-ra3 YHFbUIAPBIH Y3aK KOJJIaHy OapbIChIHAA NaijaliaHy YHFbUIAPBIHBIH
KO0AJBIK OHIMJILIIT, all alijay YHFbUIAPBIHBIH KaObUIIayhl TOMCHICHTIHI JKOHIHAC alThUTazbl. JK0OAIBIK OHIMILTIK
MeH KaOBUTAAayblH KaJMbIHA KETipy MaKcaThlHAa Oyl YHFbUIapja OipmiaMa yakpITTaH KEWiH JKeHJIey-KaJlblHa
KEJTipy KYMBICTaphI XKYPri3iieai. ¥ HFbUIAPIbIH iCTEH IIBIFy ceOenTepiniy 0ipi — Cy3ri MaHbl aliMaFbIHBIH XUMHSITBIK,
JKOHE MEXaHUKAJBIK KOJBMATAIMS OHIMICPIMEH TYTAChIN KATYbl XKOHE YHFBI TYOiHJEe MEXaHUKAJBIK TYHOAIAP IBIH
meryi OO TaObUTABI, OHBIH HOTHKECIHIC YHFBI OHIMALTITT OHIIpY periaMeHTIMEH Talall eTiICTIH MEeKTI MOHHEH
a3aiplIl KeTeIl.

MyHaii-ra3 YHFBUTApBIH Ta3zanayra Satbayev University KYpbUIBIMBIMCH Ta3ajiay arcHTI PETiHAC KaBUTAIIHS-
JIAHFaH CYMBIKIICH XXYMBIC ICTEUTIH apHAibl CHAPSIITAP/IbI KOJIAHY YCHIHBLIA B

Byn crapsiarap «Kazatomnpom» KEAK HeicanmapsiHia ypaH pyAaidapblH jKepacThl CIITUICHAIPY MaKcaThIHIIA
OypFbUIaHFaH T€OTEXHOJIOTHSIIBIK YHFBUIAP/BI asKTay Ke3eHIHIE, COHMail-aK KOJIJAHBICTaFbl LIBIFApy JKOHE ainay
YHFBUIAPBIH/A KOHICY-KalbiHa KenTipy skymbictapbi (JKKKIK) xyprizyne eHIipicTIK ChIHAKTaH ©TKI31III.

OHJIIPICTIK CHIHAKTAp OJNAPJbIH JKYMBICKA JKapaMIbUIBIFBIH JKOHE T'€OTEXHOJOTHSUIBIK YHFBUIAPIBI Tazanay
Ke31HJIe THIMIUTITiHIH )KOFapbl €KeHIH KOPCETTI.

MyHaii-ra3 YHFBUIAPBIHBIH T'€OJIOTHSI-TEXHUKAIBIK IIaPTTapbl TCOTEXHOJOTHSUIBIK YHFBUIAPIAH KYPBUIBICHI
OoiibIHIIA, Ka0aT KbICHIMBIHBIH MOHI, YHFBI TEPEHJIri, KOJIAaHBUIATHIH Ka0JbIK OOMBIHINA epeKIIeIeHeTIHIIKTeH
MYHali-ra3 YHFBUIAPEI JKaFJaiibIHa apHAIFaH CHAPS]] JICMEHTTEPIH eCenTey KaKCSTTLIIr TYBIHIAHTBL.

MyHaii-ra3 YHFBIMAJIaphl JKaFJalblHIa OChl KYPBUIFBLIAP/BIH KABUTATOPJIAPHIH KABHUTAIUS CAHBIHAH, XYY
CYWBIFBIHBIH IIBIFBIHBIHAH, YHFBIIAFbl CYWBIKTHIH THUAPOCTATHKAIBIK KBICBIMBIHAH, JKYY COPAaOBIHBIH JXYMBICTBIK
KBICBIMBIHAH TOYEJJi €CenTey 9icTeMeci YChIHbUIFaH. «O3eHMyHairaz» AK KeH OpHBIHBIH YHFBUIAPBI YIIiH
KaBUTATOPJIAPbI €CETITEY MbICAIIBI OCPIITeH.

Tyiin ce3mep: YHFBIHBIH OHIMIUII, KaOBUIAAYBI, JKOHICY-KANIBIHA KENTIPY >KYMBICTaphl, KaBUTAIW,
THPOCTATUKAIIBIK KbICHIM.
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METO/IMKA PACUETA KABUTATOPOB JIJIsSI YCTPOMCTB KOHCTPYKIIUU
SATBAYEYV UNIVERSITY IO OYUCTKE HE®TET'A30BbIX CKBA’KUH

AnHoTanus. B cTatbe roBOpPUTCS, YTO MPHU UITUTSILHON 3KCILTyaTallMd He()TEra30BbIX CKBAXKHH CO BPEMEHEM
IKCIUTyaTaIMOHHBIC CKBAKUHBI TEPSIOT MPOCKTHYIO MPOU3BOIUTEIBHOCTD, & 3aKaYHBIC CKBAXHHBI — IPUEMHICTOCTb.
DOTH CKBaXHHBI Yepe3 OIMPEICIICHHBIN MPOMEKYTOK BPEMEHHU IOABEPralOTCs MPOBEICHUI0 PEMOHTHO-BOCCTAHO-
BUTENIFHBIX Pa0OT C IENBI0 BOCCTAHOBJICHHS MPOCKTHOrO JaeOuTa W mpueMucTocTH. OTHON W3 NMPUYUH BBIXOJA
CKBXXHH M3 CTPOS ABJSICTCS 3apacTaHue MPU(UIBTPOBOI 30HBI MPOAYKTAMH XUMHUCCKOW U MEXaHUUCCKOW KOJTbMa-
TaIlMl U OCAXKICHUEM MEXaHHYECKUX B3BeCEH B OTCTOMHUK CKBAKHHBI, B PE3yJbTaTe YETrO MPOU3BOAUTECIHLHOCTH
CKBQ)XUH CHIKAETCS HIDKE JIOIYCTUMBIX TIPE/IENIOB, TPEOYEMBIX PErIIaMEHTOM JTOOBIYH.

[peanaraercst sl YUCTKU HE(PTEra3oBbIX CKBXHH HCIOJIb30BATh CIEIHUANBHBIC CHAPSIbI KOHCTPYKIUH
Satbayev University ¢ HCITOTTF30BaHAEM B KAUECTBE OUYHUCTHOTO areHTa KaBUTHPOBAHHYIO KUAKOCTb.

DTH cHapsIIBI TPOLLUIH MPOMBIIICHHBIE HCIIbITaHUS Ha 00bekTax HAO «Kazaromrpom» Ha CTaIuy 3aKaHYMBAHHS
TEOTEXHOJIOTHYECKHX CKBAXKUH, MPOOYPEHHBIX C LEJbI0 TOJ3EMHOrO BBILIENAYMBAHUS YPAHOBBIX PYH, a TAKKe MpU
MPOBEICHUU PEMOHTHO-BOCCTAHOBUTENBHBIX PadoT (PBP) akCIuTyaTHpyeMbIX OTKAYHBIX U 3aKAUHBIX CKBAYKHH.

[IpOMBIIIICHHBIC HCIBITAHUS IOKa3aJd HX PabOTOCIIOCOOHOCTh M BBICOKYIO 3(PGEKTHBHOCTh NMPH YHUCTKE
TCOTEXHOJOIMYCCKUX CKBAYKUH.

B cBsi3U ¢ TeM, YTO reoJOrO-TEXHUYCCKHUE YCIOBUS HE(TETa30BBIX CKBAKHUH OTIMYAIOTCS OT T'€OTEXHOJIOTHU-
YECKHX CKBXXHH MO MX KOHCTPYKIIMU, BEJIHMYUH TUIACTOBOTO JABIICHUS, TITYOHH CKBaXXWH, IPUMEHIEMOTO 000pYy/10-
BaHUS TOSABJSICTCS HEOOXOIUMOCTh MPOBEICHUS PACYCTOB 3JICMECHTOB CHApSJA C IEIbI0 MOTYYCHUS KaBUTHPOBAH-
HOW KHUJIKOCTH JIJIsl YCIIOBHIA HeTEra30BhIX CKBAKHH.

[IpemnokeHa MeTOqMKa pacdeTa KaBUTATOPOB 3THUX YCTPOMCTB IS YCIIOBHHA HE(PTETa30BBIX CKBAXKHH B
3aBHCAMOCTH OT YHCIIa KaBUTAIMHU, Pacxoja MPOMBIBOYHOW KHUIKOCTH, THUAPOCTATHICCKOTO JABICHUS KUIKOCTH
HaXO/JISIIIEroCsl B CKBaYKMHE, pabouero AaBjeHus MPOMBIBOYHOrO Hacoca. [IpuBeqeH mpuMep pacdera KaBUTATOPOB
U CKBaXXHH MecTopokaeHnit AO «O3eHMyHanTas».

KawoueBbie cii0Ba: MPOU3BOUTEILHOCTh CKBAXKHUHBI, IPUEMUCTOCTh, PEMOHTHO-BOCCTAHOBUTEIBHBIE PA0OTHI,
KaBUTAIHsl, TUIPOCTATHYECKOE JaBJICHHE.
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TRANSFORMATION OF THE RARE EARTH ELEMENTS
AND IMPURITY ELEMENTS COMBINATIONS IN THE COURSE
OF pH PREGNANT SOLUTION MODIFICATION

Abstract. Currently, the scientific and engineering progress is mainly associated with the rare earth elements
application. A lot of spheres of effective REEs use are numbered as in military so the civil industries. Additional raw
materials sources of the REEs concentration and probable extraction are explored due to the increased demand in the
last two decades. The man-made mineral formations (MMF) after phosphate ores processing is one of them. The
REEs’ content reaches 5.0%. The MMF processing technology consists of the following stages: a feedstock
development; pregnant solutions treatment from impurities; and the REEs concentrate extraction. A loss of 30% of
REEs at the second stage is the main failure, which is due to their co-precipitation with the impurity elements at pH
pregnant solution adjustment. To find means and methods of making the REEs co-precipitation lower the solutions
and residues generated in the course of pH standardized test solutions modification set based on the REEs and
impurity elements content in the pregnant solutions have been studied by the physical and chemical methods. As part
of studies, the pH initial solutions were improved within the values range of 1.7-4.0 pH by sodium hydroxide and
ammonia. According to a counteracting solution, the various ways of combinations transformation of the REEs and
impurity elements are provided. Appropriate conditions of pregnant solutions treatment are determined at driving to
the least of the REEs co-precipitation based on the results.

Key words: rare earth elements, man-made mineral formations (MMF), pH solution, physical and chemical
researches.

Introduction. Increasing demand for the REES is explained by its application in various spheres. The
rare grounds are the major asset to the production of the material for the high technology spheres of
consumption, such as electron and electro-optic branches, information technology, biomedicine,
environment protection, energy-saving [1-3].

Increased demand for the REEs in the last two decades forces them to find out the new raw sources
containing the REEs and to improve the methods of their extraction [4-11]. Among these are the man-
made mineral formations after the phosphate uranium ores processing the REESs concentrate is acquired
from in SARECO LLP - an affiliate of Kazatomprom NAC [12-14].

Research procedure. The standardized test solutions of the following composition were used as the
feedstock, g/dms3: Fe-5.5; P - 7.2; La -2.1 and Fe-5.5; P - 7.2; CE -2.1. pH value of the solutions equaled 0.6.

The REEs sulphates of chemically pure qualification, state standard 6-09-4676-83 and sodium
orthophosphate reagent grade qualification, state standard 245-76 were used to prepare the standardized
test solution. Considering the feedstock contains Fe in various modifications we have synthesized and
identified oxide ferrum hydroxide and the standardized test solution of the above composition has been
prepared based on it.

X-ray phase analysis identified the synthesized substance as a mixture of Fe,O; ¢« H,O and
Fez04 ¢ H-0.
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Sodium hydroxide of the reagent grade qualification, state standard 4328-77, 25% of ammonia, of
reagent grade qualification, state standard 3760-79 were used as the reagents to counteract the standar-
dized test solution. Sulfuric acid was used as well of chemically pure qualification in this study, state
standard 4204-77.

The standardized test solution adjustment to the determined pH values was carried out with sodium
hydroxide and ammonia. The adjusted solution at a certain pH, after 0.5 hours, was filtered; the filtrate
and the precipitate were analyzed to have components by physical and chemical methods.

Methods of analysis. The REEs quantitative content was determined using an atomic emission
spectrometer with an inductively coupled plasma Optima 8300DV, and phosphorus and iron according to
the generally accepted methods [15]. The solutions spectra were obtained by Infrared Fourier spectrometer
“ALPHA” in the spectral range of 4000-400 cm™ PLATINUMATR module. The precipitation spectra of
the 1st and the 2nd series of the experiments were obtained using Infrared Fourier spectrometer ALPHA,
ALPHA-T module (pellets with KBr) and Avatar 370 (Nujol Mull) in the 4000-400cm™* spectral range.

The X-ray phase analysis method data were obtained using a D8 ADVANCE (Bruker) Set of Cu Ka
radiation, a tube voltage of 40 kV, a current of 40 mA. The processing of the obtained diffractogram data
and the calculation of the interplanar distances were carried out using the EVA software. The
Search/match program with the powder diffractometric database of PDF-2 was used to sample decoding
and phase search.

The results of researches. The REEs content within the man-made mineral formations used by
SARECO LLP to obtain a concentrate exceeds 5.0% and may well compete with the mineral. The light
group elements are predominate. The main impurities are iron, phosphorus, magnesium, calcium,
aluminum in a smaller amount.

The technology of Man-made Mineral Formations (MMF) processing with obtaining the REESs
concentrate includes the following processing stages: raw materials development; pregnant solutions
treatment from impurities; obtaining the REEs concentrate.

The REEs lost is mostly remarkable at the second stage - pregnant solutions treatment from
impurities. This stage involves the ferric iron and phosphorus precipitation, the most representative
impurity elements, as well as, to a lesser extent, aluminum, calcium and magnesium. Up to 30% of the
REEs are co-precipitated together with the above elements, which are subsequently difficult to separate
from impurities and isolate from the sediment. In this regard, the REES co-precipitation reducing issue
during the pregnant solutions treatment from impurities is challenging for production.

In order to find a method of the REES co-precipitation reducing of the rare-earth elements with
impurities, their performance in the process of pH change of the pregnant solution is necessary to be studied.

After examining the statistical data of the individual elements content in the pregnant solutions over
the year, we have prepared the standardized test solutions that, by the main components (iron, phosphorus,
REEs total), duplicate the original pregnant from sulfuric acid leaching of MMF. The lanthanum
concentration in the first solution and cerium in the second was equal to the REEs total. These elements
were chosen to take into account the REES composition in the pregnant solution, where the light group
prevails.

Considering that the main components of the pregnant and standardized test solutions are iron,
phosphorus and the REES, the iron orthophosphates and the REES can be assumed to be produced while
adjusting the pH values. The literature references speak of pH orthophosphates formation of the individual
REEs varies widely. Thus, the pH formation of praseodymium orthophosphate —PrPO4 * nH,O — is 1.5, the
samarium orthophosphate — SmPQO, * nH,O — 1.7; gadolinium orthophosphates — GdPO,4 * nH,0 and ytterbium
-YbPO, * nH2O. At the same time, the iron phosphates formation is observed at pH 1.5-1.7 [16-18]. Based on
the literature data, we have chosen the alteration range of pH solution varying from 1.7-4.0.

As part of the study, the initial standardized test solutions were successively counteracted to pH
values of 1.7; 2.5; 3.2; 4.0 by sodium hydroxide in the first set of experiments and ammonia in the second.
As mentioned above, the improved solution was filtered, the filtrate and sediment were analyzed for the
content of the component by chemical method, and the states of their availability were analyzed by IR
spectroscopic and X-ray diffraction methods. The results of chemical analysis of the initial solutions and
after improving the pH values by sodium hydroxide are provided in table 1.
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Table 1 — Precipitation rate of rare earth and impurity elements by the sodium hydroxide depending on pH solution

. A precipitation rate,% A precipitation rate,%
pH solution
Fe P La Fe P Ce
1.7 89.0 44.7 25.0 90.0 40.7 22.8
25 91.9 48.3 79.8 93.9 47.3 80.9
3.2 95.2 49.9 85.7 94.1 50.9 91.7
4.0 99.0 51.1 98.1 98.9 58.1 95.0

As of the table as far as the pH values of standardized test solutions increase from 1.7 to 4.0, the iron
sedimentation rate increases to almost 98-99%, phosphorus increases to 45-50%, the rare earth's sediment
intensively in the 1.7-3.2 pH range, then the sedimentation process slows down. At a pH value of 1.7, the
degree of co-precipitation of the REES is 25-26%, and at 2.5 is over 80%.

IR spectroscopic studies of the initial lanthanum-containing solution and adjusted at different
pH values have testified that in the spectrum of the initial solution (2) there are absorption bands of
v (OH) - 3359 cm™ valences, bending SHOH-1632 cm™ fluctuations of molecular water. The ion
hydrosulfate — HSO,~, coordinated by the metal — 1175, 1045, 880, 579 cm™ [19].

b
Figure 1 — IR spectra of the initial standardized test solution (a) and adjusted at 1.7 pH (b)

The solution spectrum obtained at 1.7 pH differs from the previous one. The spectrum shows
absorption bands of v (OH) - 3354 cm™ valence, and bending SHOH-1640 cm™ fluctuations of the
molecular water [20].

An ion sulfate - [SO4* - 1085, 981, 604 cm™ [18, 19] prevails over an ion hydrosulfate -
HSO, - 1189, 887, 587 cm™[18]. Phosphate absorption band appears: a [PO4] * group - 1085 cm™[21].

The spectra of improved at pH 2.5; 3.2; 4.0 solutions should be noted to have a similar profile, a shift
of the v3 [SO4] # band to the long-wavelength region is observed with increasing content of [PO4] * ions,
which indicates a change in the concentration of the component. The v [OH] ~ and v3 [SO4] > band
intensity redistribution give evidence of the salt background change of the solution.

IR spectroscopic studies of precipitations obtained in the process of pH changing of the initial
standardized test lanthanum-containing solution are provided in figure 2 and table 2.

An analysis of the studies performed the sediment spectrum obtained at pH standardized test
lanthanum-containing solution adjusting to pH = 1.7 one fluctuation band v3 (F») and two bands v4 (F,) of
the tetrahedral ion [SO]* describing the sulfate symmetry phase ion D2, which corresponds to
Na,SO, thenardite is traced. As the pH of the initial solution changes from 1.7 to 4.0, the intensity of the
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fluctuation band v3 (F2) increases and at 3.2 and 4.0 pH it splits into two (figure 2), its intensity increases
3 times (table 2), respectively another sulfate phase dominates.

An increase of the v3 band intensity may indicate both an increase in the sulfate content and the
formation of a new sulfate phase, for example, REE double sulfates. If a phase can be stated as an
impurity at 1.7 and 1.8pH, then at 3.2 and 4.0pH is as an established independent phase.

Absorbance Unls

Figure 2 — IR spectra of a sediment obtained at 4.0 pH precipitation by sodium hydroxide

Table 2 — Bands intensity values of the IR spectra of sediments obtained by pH standardized test solution adjustment

pH value Fluctuation frequencies vs Relative intensity Fluctuation frequencies v Relative intensity
10-101.7 1128.67 1.194 638.24 0.107
616.94 0.560
13-131.8 1128.55 1.391 637.96 0.127
616.71 0.623
14-1425 1129.97 1.555 638.21 0.143
617.04 0.669
15-153.2 1148.40 3.852 638.36 0.425
1106.35 0.933 616.98 1.210
16-16 4.0 1154.78 3.936 638.41 0.464
1104.06 1.118 616.94 1.289

The double salt availability is confirmed by the X-ray phase analysis according to which the main
components of the lanthanum-containing sediment are the double salt of NaLa(SO.), and sodium sulphate
- Thenardite - Na;SOa.

X-ray diffraction data maintain that the iron in the sediment is Iron Oxide Sulhate Hydrate -
Fe1403 (SOs) 18 * H20; Iron Phosphate - FePO4 and Iron Oxide - Fe;Os, i.e. in the process of pH solution
adjustment, iron is partially transformed into ferric iron phosphate and sulfate of a complex composition.

The study of cerium-containing solutions with comparable concentrations of components and
pH values has demonstrated the similar results.

Thus, the data obtained speak of that in the course of pH initial solution (pH = 0.6) process
adjustment the hydrosulfates are transformed into sulfates with the subsequent formation of double
sulfates of the rare-earth elements, phosphates from hydro and dihydrogen phosphates into
orthophosphates, with the formation of iron orthophosphate. The iron is present also in the form of sulfate
of complex composition.

At the second stage of the research, the initial lanthanum and cerium containing solutions were
adjusted with ammonia.

Changes in the composition of the precipitate obtained in the process of adjusting the initial solution
with ammonia are most clearly seen in the example of cerium-containing solutions.

Figure 3 shows the precipitation spectra obtained in the process of improving the pH of the initial
cerium-containing standardized test solution.

It follows from the figure that an increase in the intensity of the absorption bands is observed in the
ranges of sulfate ion and phosphate ion fluctuations with increasing pH values in the range of 1.7-4.0. In
view of overlapping the absorption areas of the sulfate ion and the phosphate ion, an increase in the total
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content of the compounds that comprise these groups is possible to observe. A redistribution of the
intensities of the bands was observed at wavenumbers of 1148, 1107, 1063, 615, 596, 574 cm™, which is
due to the ratio variation of the salts present in the samples. In the long-wavelength area of all spectra, a
peak at 596 cm™ was recorded corresponding to the NaCe (SOa)2¢(H20) compound. In the spectra of the
samples obtained during precipitation, in the pH range of 2.2-4.0, a peak is observed at a wavenumber of
615 cm™, which falls within the range of fluctuation of v4 sulfate-ion in sodium sulfate, ammonium sulfate
and v4 phosphate-ion fluctuation is in the CePO, compound [19-23].

According to X-ray phase analysis, in all samples of cerium-containing sediments a double salt of
NaCe (SOa).¢(H20) compound, cerium orthophosphate CeO., and iron in the form of FeO (OH)
compound are available.
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Figure 3 — IR precipitate spectrum obtained at 1.7 pH by ammonia precipitation of 1-4 pH values, respectively: 1.7; 2.2; 3.2; 4.0

By the ammonia precipitation the double salt is may be assumed to be formed due to sodium ions of a
standartized test solution introduced in the form of sodium orthophosphate and its amount is limited by the
sodium concentration in the solution. Double salt of lanthanum or cerium with ammonia under these
conditions is not formed. Excess REEs is mixed with phosphorus into the REEs orthophosphate.

Thus, according to the researches and the results, the transformation of the compound of the rare-
earth elements can be assumed to proceed not in the same manner when pH values are adjusted by sodium
hydroxide and ammonia. Provided that in the first case, the formation of double salts prevails, in the
second is REEs orthophosphate.

At the same time, the literary sources [17] reveal the solubility of the double salts of rare-earth
elements increases with a decrease in the temperature of their precipitation. In this regard, we carried out
the precipitation of the impurity elements from the pregnant solution at 1.7 pH by sodium hydroxide under
standard conditions and during cooling. The results are provided in table 3 and in figure 4.

Table 3 — Source data of the REEs content in the pregnant solution

Contentmg /|
pH La Ce Dy Er Eu Gd Ho Lu
102 103 58.0 27.0 3.9 65.0 13.1 5.1
0,6 Nd Pr sm Tb Tm Y Yb
132 413 34.0 9.9 47 436 26.6
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Figure 4 — Individual REEs precipitation, depending on the conditions

The given results make it clear the solution is under cooling within the precipitation of impurity
elements process, leads to the solubility of the rare-earth elements sulfates increase, and their co-
precipitation with sediment decreases. The data provided demonstrate the content of all rare-earth
elements in the solution in the process of pH solution values improvement under the cooling conditions is
higher than under standard conditions, but to the different extent. This is especially evident as concerns
cerium and yttrium and, to a lesser extent, lanthanum, dysprosium, gadolinium and praseodymium. This
effect is not observed when improving the pH solution values with ammonia.

Thus, using this technique in production to achieve the desired results, the precipitation is preferably
carried out with sodium hydroxide, or in the 2 stages with sodium hydroxide to 1.0 pH and then ammonia
to 1.7 pH.

Conclusion. The development and improvement of technology in the metallurgy for the production
of rare and rare earth metals for different industries has been carried out by Kazakhstani scientists [24-28].
These studies of standardized test solutions were conducted to resolve co-precipitation issue of the REEs,
which compound is mainly duplicate the initial pregnant MMF after sulfuric acid leaching. The
improvement of pH standardized test solutions was in the range of 1.7-4.0 by sodium hydroxide and
ammonia.

The sediment and filtrate after the standardized test solutions adjustment were analyzed to have
components content by chemical method and the states of their availability were analyzed by
IR spectroscopic and X-ray diffraction methods. Irregular combinations were observed in the process of
pH improvement by various counteracting reagent as the results provided. Double salts prevail affected by
sodium hydroxide, and ammonia is the REESs orthophosphate is prevailed.

Considering the double sulphates of the REEs possess abnormal properties, their solubility increases
when the solution temperature decrease (Figure 4) — the impurity elements precipitation when cooling in
production will result in the REEs co-precipitation decrease. To reach the result precipitation is preferable
by sodium hydroxide or in the second stage by sodium hydroxide to 1.0 pH value and further by ammonia
to 1.7 pH value.
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YPAICTE OHIM/I EPITIHAIJIEIT pH ©3T'EPYIHE KAPAM, CHPEK KE3JIECETIH
7KOHE KIPME 2JIEMEHTTEP KOCBIJIBICTAPBIHBIH O3I'EPTLIY1

Annoranus. Cuperxxep amementrepine (CXKD) sxorapel CypaHBIC OHBIH TYpJi canaja HaiganaHbUTYyBIMEH
OaitnanpicTEl. CXKD KONIAHBICTHIH YKOFAPBITEXHOJIOTHSIBIK - DJICKTPOHABIK JKOHE JJICKTPONTHKAIBIK, aKIapaTThIK
TEXHOJIOTHsIap, OMOMEeIUINHA, KOpIIAFaH OpPTaHbl KOPFay, SHEPIUSHBI YHEMIEY CHSAKTHI cajajapblHa apHAFaH
MaTepHalgap eHAIpiCiHae Heri3ri akTHB OOJIBIN TaOBLIA B

Cownrbl xubIpMa xbULAbIH iminae CXKD nereH cypaHbICThIH apTybiHA OaiiIaHBICTBI, OJIAp/Ibl KOHLIEHTPIIEY JKOHE
MYMKIHJIrHIIE OeJlin ajy YUIIH KOChIMIIA MIMKI3aTTap 13JeCTipiIin Kenedi, ojapiabl Oeuinm anmy oaicrepi
xerigipinyne. OcwutapabiH OipiHe, ¢ocdaTThl ypaH KEHAEPIH KalTa eHAErcHiae maina OOoJaThiH TEXHOTCHII
munepangsl Ty3inimMaep (TMT) xaransl, onap «SARECO» XKIIC — «Kazarommpom» ¥AK ¢unmnaneiHga anbiHa bl
Onparsr CKD-iH yneci 5,0 %-1pl Kypaiapl KoHE MHHEPAIMCH TOJBIKTall Oocekenece anansl. KypaMbiHIa XKEHLT
3JIEMEHTTEpIiH TonTapbl 6ackiM. Herisri Kocnanaps! 60bI TeMip, pocdop, MarHui, KaJIbIHi JKoHE a3 MeJIepiae
anmfomuHU TaObuTagel. TMT TEXHONOTHACHIH KaWTamaH eHACY, Kelecimeil: OacTamkpl MIMKIi3aTTHI amlry; ©HIMIl
epiTiHaiepai KocnanapaaH Ttasanay; C)KD KOHIEHTpaumsChIH ary CHAKTHI OerimuepiHeH Typansl. By texHo-
JIOTHSIHBIH HETI3T1 KeMIIUTIKTepiHiH Oipi, eKiHmm caThlia, IeMeK eHIMIi epiTiHmiHiH pH perrey ke3iHme Kocma
3JIeMEHTTepIMEH Koca oJlapAblH Oipre merinryine 6ainaneicTsl maMamer 30 % CXKD xoramazpl.

CXD-nix Gipre meriryiHiH TOMEHAETY TOCIIAEpi MEH ONapIbIH JKOJIAPHIH i37ey YIIiH, OHIMII epiTiHaiIepaeri
CHUPEKIKED JKOHE KOCIa JIEMEHTTEPIH YJICCTIK KOPCETKIIITEpiMEH, api MOAEIbal epiTinaigeri ypaictep pH e3re-
PYiHEH KaJIBIITaCKaH MIeT1HAUIep MEH epiTIHAUIepIiH KypaMbl, (PU3UKaIBIK-XUMHUSUIIBIK 9[ICTEPMEH 3€PTTEiHII.

3eprrey OaprichiHAa, Oactankel epiTinainepain pH mexreiti 1,7 — 4,0 apaisiFbIHIAFB], aMMHAK KOHE HATPUI
THJPOTOTBHIFBIMEH peTTeNiHl. beltapantay—epiTiHAICIMEH CHUpPEKXKep KOHE KOcCIa AJIEMEHTTEP KOCHUIBICTAPBIHBIH
©3repTyJICPIHCTI OPTYPII KOIAAPHI KepceTulai. ANbiHFaH 3epTTey HoTmkenepimer, C)XKD anarypibiM ToeMeH Oipre
HIerUIIIpreHieri OHIMIII epiTiHAiIep Il Ta3anay/bIH OHTAHIbI XKaF/Aaibl aHBIKTAJI/IbL.

Kenripinren KOpbITBIHIBUIAPIAH epiTiHIIHI TyHOanay kesinae cybity CXXD cynbdarTapbHBIH epirimririn
apTTBIpyFa >KOHE OJIapJbIH TyHOaMeH Oipre MeryiH TOMEHJEeTyre oOKeNEeTiHIH TYCiHyre Oojaipl. AJBIHFaH
manimerTep pH MoHiH xakcapty kesiHne epitinaine Gapnbik CIKD OOonyBIHBIH CTaHIapTTHI IapTTapFa KaparaHjaa
CYBITY Ke3iHJe TYPJI JopeKene KOFaphl eKeHiH kepceTeni. by, acipece, nepuii MeH UTTpuiire, )aHe a3 MeJIIepIe
JIAHTaH, JUCTIPO3HUH, TATOIMHUN KOHE TPa3e0IUMIe KaTHICTHI aHBIK. byt kepiHic amuuarst 6ap epitinninig pH MoHIH
JKaKcapTy Ke3iHe OaifKaiMaiiib.

Ocsraiinia, OYJT TEXHOJNOTHUSHBI KAXKETTI HOTIDKETe JKETy VIINIH eHAIpiCTe KOJJaHFaHAa, TYHABIPYIB! HATPUi
THUIPOTOTHIFBIMEH HeMece 2-TIIi Ke3eHe HaTpuil TuapoToTeiFeiMeH 1,0 pH-ka neifin, an keiin ammuakmeH 1,7 pH-kxa
KYPri3zy Kaxer.

Tyiiin ce3mep: cupekke3leceTiH aieMeHTTepi, TexHoreHai muHepamabl Ty3imimaep (TMT), pH epirinmici,
(M3HKAIIBIK-XIMISIIBIK 3€PTTEY.
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TPAHC®OPMAIIUA COEJJUHEHUM PEJIKO3EMEJIBHBIX U IPUMECHBIX JIEMEHTOB
B IMTPOLNECCE UBMEHEHUSA pH NPOAYKTUBHOI'O PACTBOPA

Annotauusi. Pactymmit cnpoc Ha penxosemenbibie dmemeHThl (P3D) 0OBACHSIETCS €ro NMPHUMCHCHHEM B
pasnu4HbIX cdepax. P3D sBISAIOTCS OCHOBHBIM aKTHBOM B IIPOM3BOJCTBE MATEPHAJTIOB ISl BEICOKOTEXHOJIOTMYHBIX
chep morpeOieHMs, TaKUX Kak DJICKTPOHHAs M 3JIEKTPOONTHYECKas OTPaciy, WH()OPMAIHMOHHBIC TEXHOJOTHH,
OmoMenuITNHA, 3aIIKTa OKPY>KaIOIIeH Cpebl, SHEProcOepeKeHHE.
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B cBs3u ¢ BO3poCHIMM B TMOCIEAHWE JABA JECATWIECTHS CIpocoM Ha P33, M3BICKMBAIOTCS MOMONHUTEILHBIE
CBIPBEBBIC HCTOYHHUKH WX KOHIICHTPUPOBAHUS W BO3MOXKHOTO HM3BJICUCHHUS, COBEPIICHTCBYETCS METOIBI MX TOIy4e-
Huss. OZHUM M3 HHUX SIBISIIOTCS TEXHOI'CHHble MHHepaibHble oOpasoBanus (TMO) ot mepepaborku QocdaTHbIx
ypaHOBbIX pya, kotopsie mpuodperarorcst B TOO «SARECOy» — dunnan HAK «Kazaromnpomy. ComepikaHue B HUX
P33 nocturaer 5,0 % u BmoSHE MOXET KOHKYPHUPOBATh ¢ MUHEpPAIOM. [ pymma Jerkux 3JEMEHTOB MPeo0JiaaroT.
OCHOBHBIMH TIPUMECSIMH SIBJISIOTCSL JKene30, (Gocdop, MarHWi, KajblLWi, allOMHHHH B MEHBIIEM KOJINYECTBE.
Texnonorus nepepadbotku TMO BKITIOUaeT cienylomye nepeienbl: BCKPhITHE HCXOAHOTO ChIPhsI; OYMCTKA MPOIYK-
TUBHBIX PAaCTBOPOB OT IPHUMeECEH; MOIydYeHHEe KOHLEHTpaTa PEAKO3eMENbHBIX 371eMEHTOB. OIHHMM U3 OCHOBHBIX
HEJ0CTAaTKOB JAHHOM TeXHOJIOTUU siBsieTcs notepst moutu 30% P39 Ha BTopoll craguu, B CBSA3U C COOCAXKIEHUEM HX
C TIPUMECHBIMH 3JIEMEHTAMH MIPH KOPPEKTHPOBKE pH MPOXyKTHBHOTO pacTBOpa.

s morcka myTeit u crnocoOOB CHIKEHUS COocaxaeHus P32 Obur n3ydeHbl GU3UKO-XUMAICCKIMU METOTAMHU
COCTaBBI PACTBOPOB M OCAIKOB, 00pasymoIIuXcs B Ipolrecce M3MEHEHHs pH MOIENbHBIX pacTBOPOB, CHOPMHPO-
BaHHBIX HAa OCHOBE JAHHBIX O COJEP)KaHUH PENKO3EMENFHBIX M MPUMECHBIX 3JIEMEHTOB B MPOIYKTHBHEIX. B x01e
uccrepoBanuii pH HCXOAHBIX PacTBOPOB KOPPEKTHPOBAIH B Auamna3zone 3HaueHuid pH 1.7-4.0 ruapokcuaoM HaTpus
u amMmmuakoM. [loka3aHbl pasHble MyTH TPaHC(HOPMAIMK COSTUHEHHI PEIKO3EMENBHBIX U IMPUMECHBIX JJIEMEHTOB B
3aBHCHMOCTH OT pacTBOpa-HelTpanuzaropa. Ha ocHOBaHMM MOTyYeHHBIX PE3yJIbTATOB OIMpPECICHBI ONTUMAIbHBIC
YCIIOBHSI OUYHCTKH IIPOAYKTUBHBIX PACTBOPOB ITPU MUHUMU3UPOBAHUH coocaxkaeHus P30.

[IpuBeneHHbIE pe3yIbTAThl JAIOT MOHATh, YTO PACTBOP NPHU OXJAKICHHUU B IPOLIECCE OCAKACHUS MPUMECHBIX
3JIEMEHTOB MPUBOINT K YBEIMYECHUIO PACTBOPUMOCTH Cyib(haToB P3D M yMEHBIIEHNIO UX COOCAKICHUS C OCAIKOM.
IIpencraBneHHble JaHHBIE JEMOHCTPUPYIOT coepkaHue Bcex P33 B pacTBope B mpolecce ynydileHus 3HaueHuil pH
pacTBOpa B YCJOBHSX OXJIaXICHHUS BBIIIE, YeM B CTAaHJAPTHBIX YCJIOBHSAX, HO B Pa3HOH CTeNeHH. DTO OCOOEHHO
OUYEBUJHO B OTHOLIEHUM LEPUS U UTTPUS W, B MEHBIIEH CTENEHH, JIAHTaHA, JUCIPO3Hs, TaJOINHUSA U MIPa3eoauMa.
OT1oT 3pdeKT He HaOMoIaeTCs IpH YIyqIIeHHH 3Ha9eHui pH pacTBopa ¢ aMMHaKOM.

TakuMm 00pa3oM, HCIIONB3YS 3Ty TEXHOJOTHIO B IMPOU3BOJICTBE UL IOCTIDKCHHS JKEIACMBIX pPE3yJIbTaTOB,
OCaX/ICHUE TPEAIOYTUTEIHHO POBOIAT THAPOKCHIOM HATPHS WK Ha 2-H cTaguu ruapokcunoM Hatpus ao 1,0 pH,
a 3areM ammuakom 110 1,7 pH.

KiloueBble ciioBa: peaxo3eMenbHBIE 3JEMEHTH, TEXHOTCHHBIE MHUHepanbHbIe oOpaszoBanms (TMO), pH
pacTBopa, PU3UKO-XUMHUIECKHE HCCIECIOBAHNS.
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QUALITY ASSESSMENT OF MULTI-PARAMETER CONTROL
OF VEHICLE COMPLEX SYSTEMS EFFICIENCY

Abstract. The aim of the study is to quantify and predict the risks of diagnosing multi-parameter systems of
vehicle

The object of research is the process of technical maintenance of multi-agent systems.

The subject of the research is the process of quantitative evaluation and prediction of the risks of working
capacity in the process of diagnosing vehicle multi-parameter systems.

To achieve goal the following aim is fulfilled in the article: sources of errors on the trajectory of the formation
of the total measurement uncertainty were identified on the example of monitoring phase parameters of diesel engine
fuel supply. A vehicle is considered as a complex multi-parameter multi-agent system with feedback to restore
system performance. The control process is accompanied by errors in the form of a false and undetected defect.
Probable errors determine risks of two types: risk of vehicle health checker and risk of a customer. For a quantitative
assessment of these risks random and simulation models have been developed. Models allow to investigate the
influence of statistical characteristics of modeling agents on control risks. For the integral assessment of the quality
of maintenance, a “fuzzy” model and algorithm were developed by the example of the “personnel quality” criterion.
Reliability and effectiveness of modeling is tested by a computer experiment based on a simulation approach. The
developed mathematical model and simulation algorithm are universal and can be used in various scientific and
technical practical applications. The authors proposed a new multi-approach method for quantitative assessment of
decision-making risks in a multi-parameter control and management system using differentiated and integral
functional indicators of the object under study.

Key words: vehicle, agent, system, model, probability, control, process, diagnostics, standard, accuracy, errors,
risks.

Introduction. The performance of a complex system is an integrated composition of functional
indicators taking into account the effects of the external environment [1-5]. The performance of the
vehicle in accordance with the maintenance regulations is subject to periodic monitoring in order to
quantify the compliance with the established standards (tolerances) of the current measured values of
some of the most important technical and economic processes. From the stages of the car's life cycle, this
paper considers the stage of its operation. From the point of view of system dynamics, this stage is a set of
complex interconnected multi-agent processes United by a single goal [6]. In this composition of
processes, it is necessary to distinguish the maintenance process (maintenance), which largely determines
the economic, environmental and social indicators of vehicles. The main task is to maintain the
operational reliability of the vehicle in the broad context of this requirement [7].

The maintenance process relies on knowledge from such subject areas as: mathematics, economics,
management, diagnostics, ecology, computer science, artificial intelligence, etc. In this context, “agents”
combine such properties and concepts as: software - hardware, technologically target entity; joint solution
of a common problem through aggregation systems; inter-agent exchange of information and knowledge;
providing local and aggregate robustness; modularity; system scalability and adaptability; multipath in the
process of formalizing the functionality of agents; system openness [8,9].

The control system and support of the operational reliability of a vehicle should contain a monitoring
that includes procedures (subprocesses) of measurement, comparison of the measured value with the
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normative meaning and decision making [9].The process of managing the operational reliability of a
vehicle consists at least form the following agents: the object of control, control, analysis, decision-
making and the agent for restoring the regulated functionality. The controlled parameters may have value
of a specific physical quantity that in real conditions has a probabilistic nature, and be approximated by
some distribution law f(x). If it is not possible to measure a physical parameter directly we need to control
its derivative called a diagnostic parameter S, which also has a probabilistic nature with a distribution
density function f(S) [10].

Scientific problem. The measurement procedure in modern industrial and social technologies is often
carried out by instrumental means, expert methods or their combination with technical means, and in some
cases, especially in the control loop based on information systems that gives rise to the “human factor”.

It is traditionally considered that the determining factor in the assessment of the reliability of control
is the measurement error. But as it shown above, control is a complex systemic composition of agents with
non-linear characteristics. An important condition in many well-known technologies for diagnosing road
transport is the absence of standards, but the recommended technical conditions for carrying out
diagnostic work and the regulatory framework are based on statistical data that suffer extreme
heterogeneity, which makes the results of monitoring substantially uncertain. All of this led to the idea to
use uncertainty as a measure of accuracy [11,13].

Modern methods of integrated assessment of vehicle performance include the use of complex
diagnostic systems. Diagnostic algorithm appears to be a fuzzy multiparameter process. In such systems, a
differentiated approach is used to assess the diagnostic qualities of the parameters according to their
informativeness about the technical and economic performance of the engine. They are: environmental
friendliness, connection with vehicle operational safety and fuel consumption. It is usual to proceed from
their own experience and preferences to determine the optimal set of diagnostic parameters, especially in
practice. Some studies recommend to use the methods of expert assessments and to determine the weight
of individual diagnostic parameters. Therefore, there is a need to use some integral indicators calculated
by factor aggregates using the fuzzy sets apparatus, leaned on linguistic qualitative assessments [9].

Research methods. A systematic approach was used as a methodological base for research. Within
the scope of theoretical studies, scientific hypotheses were put forward, the purpose, criteria and
objectives of research were determined. Formalization tool like a multi-approach methodology involving
expert estimation, the theory of fuzzy sets, mathematical statistics, agent-based and simulation modeling
are suggested. A wide range of sections including mathematical apparatus is because the task has a semi-
structured and multifactorial type and the modeling is carried out under conditions of statistical
uncertainty.

Research result. The model of structural uncertainty, based on the example of measuring the most
important diagnostic parameter of a diesel engine - the fuel injection advance angle, is formed by the
following sources: 61 - error of applying the base mark (marks on the crankshaft pulley); 6, - the error of
applying the base label (marks on the crankcase); 65 - TDM sensor installation error; 64 - the error
determined by the instability of the speed mode of rotation of the engine crankshaft; 6s- error due to the
dynamic instability of the fuel supply process; G¢- error of visual fixation of dynamic marks (in
stroboscopic measurements); 67 - error of reading information (in analog devices).

These structural components are of a statistical nature, independent and uncorrelated. The first two
uncertainties are determined by factory documentation. Then, the resulting uncertainty is estimated from
the expression 6% =\ {6%}.

Control risk modeling with one limit standards. Let’s consider some conventional complex multi-
parameter system quality control. As functional processes, measurement and decision making are
investigated. In this task, the control process is considered as a multi-agent system, where agents should
be distinguished: agent - external environment; agent - object of control; agent - the measurement process;
agent - standard consumption; agent - decision making system.

Process quality indicators, according to existing technical regulations, should not exceed some of the
permissible standards. Standards (limits) can be one-sided (top or bottom) and two-sided. The case of two-
sided limitation is called limiting.

Mandatory control procedure is measurement. Measurement is considered as an independent agent,
which possesses characteristics independent in the control process - the distribution law and the
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corresponding statistical characteristics. During the research of a multi-agent system, these characteristics
may vary in order to find the optimal values. This approach is applicable and to other agents.

The term and technological procedure “measurement” in this context can be understood broadly for
any object (parameter, process, event) regardless of its nature [12]. Under the measuring instruments
(meter, “device”) there can be physical instruments, instruments and methods of measurement, methods
and resources for identifying data on documents, the subject and the resources used to identify the
necessary information. The result of the measurement is always a number (or a set of numbers), giving a
guantitative estimate of the measured value in some pre-selected units. The set of measurement results is
the set of numbers from a certain range of possible values.

As shown above, control is a sequence of measurement procedures, comparing the measured value
with the standards and making decisions based on the principle “a controlled object is suitable”,
“a controlled object is unsuitable”. The final decision "suitable-unsuitable”, as a rule, generally accepted
by man.

Due to the fact that the measurement process is accompanied by random errors, control errors occur.
Control errors are usually divided as false and undetected defects (false and undetected failures).
Quantitatively, these errors are estimated by the corresponding probabilities, in this case, Pw Is the
probability of a false defect and Py is the probability of an undetected defect. These probabilities are also
sometimes given a sense of the risks of the producer of the work and the customer of the work,
respectively.

In this way, initially there arises the general task of developing mathematical models for the
guantitative estimation of these errors (risks) as a function of the statistical characteristics of all
components of the multi-agent model: measurements, standards, and decision-making procedures. At the
first stage of modeling it is considered that the standards are deterministic values.

For an integral assessment of the quality of measurement information, reliability as an indicator is
often used. The reliability of the control is the degree of confidence that the measured values truly reflect
the object's state of interest [9]. The expression for assessing the reliability is as follows:

D=1- (Pfd - Pud).

The case of a single-limit restriction of the controlled parameter S “from below” by the standard S,
will be considered as the first variant of the model. From a probabilistic point of view, we will be
interested in two events:

- the true value of the parameter is higher than the standard (Si> Sy), i.e., the monitored parameter is
normal (fit), and the measured value as a result of random error turned out to be lower than the standard
(Simeasur <Sn) (not valid), which is a false marriage;

- the true value of the parameter is lower than the standard (Si <S), i.e., the monitored parameter is in
the "invalid" field, and the measured value as a result of random error turned out to be higher than the
standard (Simeasur™> Sn) (valid), which is an undetected marriage.

Initially assumed that distribution densities of the monitored parameter f(S) and random error j(y) are
approximated by normal laws. Then the expressions for estimating the probabilities R, and R, will have
the following form.

n b 1 + =
Py =Z—tje 2dt-E_jwe 2z )

The expression for estimating undetected defect Py, will be:

P, Zn: L J'ltz jezdz )
t

t=1 27T

The variable t is a centered variable with respect to the average value of the monitored parameter and
normalized with respect to the standard deviation (uncertainty). The variable z is the normalized quantity
with respect to the standard deviation of the density function of the measurement error distribution.
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Analytical models (1) and (2) allow to investigate and quantify the impact of all statistical characteristics
of the control system on the likely risks of Py, Pug and reliability D.

In the study of more complex processes, such as tolerance control, the probabilistic model is
burdened by additional sources of computational errors. In this case, the most acceptable and effective
method for modeling control errors under tolerance standards, as established by the authors, is the use of
simulation modeling. The simulation model algorithm for this case contains:

The first block is the input of the initial statistical characteristics of the laws of distribution and the
number of simulation cycles - N. The second, third and fourth blocks, as follows from the explanations in
the blocks, are random number generators. Blocks 5 and 6 contain the logical condition IF (branching)
V; <Vi<Vy and V1<Vimea < VL.

Blocks 7 and 9 are event counters. In block 10, the calculation of the risks of R¢; and R, is carried
out, and in block 11, the integral indicator of the quality of control is calculated - reliability.

In the results of a computer experiment, it was found that the probability of a false defect of R is
most affected. If the value of measurement uncertainty o, is comparable with the value of os, the risk can
reach 25%. At the same time, it was found that the impact of variation in standards on reliability is
significantly higher than the effect of measurement uncertainties. Analysis of the simulation data showed
that the systematic relationship of the statistical characteristics of the process and control parameters leads
to non-linear results and eliminates the possibility of linear quantitative predictions of reliability and
control risks. Effective design of such systems is provided by formal methods implemented in the form of
software applications. The results obtained are extremely important when choosing alternatives in the
control paradigm, it means which one should prefer the accuracy parameters of the instruments or the
regulatory framework.

Based on the research results, the following conclusions can be drawn:

To control the quality of decision making in a complex multi-parameter system, to increase the
reliability and efficiency of this process, it is necessary to involve formal mathematical and simulation
methods. In the quality management of multi parameter systems, the control process plays a crucial role,
at which stage management risks are formed. It is rational to control by two algorithms: differentiated
according to the set of indicators of the quality of system functioning and on the basis of an integral
indicator that aggregates differentiated estimates in the form of convolution. The control contains
procedures: measurements, comparison of the measured result with the standard, decision making. Risks
are control errors and are quantified by the probability of a false defect and the probability of an
undetected marriage. For the quantitative measurement of control errors in the work, probabilistic and
simulation models of estimating confidence, as well as false and undetected defects are proposed. For
theoretical modeling and practical use in the design of complex diagnostic systems, a software package
has been developed. The results of computer simulation showed the following:

1. The analysis of computer-aided customer risk assessment data also confirms the presence on the
surface of the response line of the maximum, passing for the case of a normal distribution of Y and S at
values of 10.58%, 16.5%, 25.95%, 27.05%, 29.63%, 31.3%. For the case of the distribution of Y under the
normal, and S under the uniform laws, the maximum values are 5.5%, 11.5%, 14.5%, 16.9%, 18.8%,
21.3%.

2. Simulation of the manufacturer’s risk level confirms that there is a maximum value that
corresponds to the values of 10.85%, 19.25%, 23.9%, 28.85%, 30.8%, 34%, but for the values of Sa,
equal to 1.3 and 1.4. For the case of a normal distribution of Y and a uniform distribution of S, the
maximum values are 5.9%, 12.4%, 19.4%, 25%, 29.6%, 29.7%, respectively, to the levels of variation
indicated above. The maximum corresponds to the average value of S, equal to 1.5.

3. The loss level for the uniform distribution law S is lower than for the normal law and the maximum
value shifts towards a larger value of the average value S, which has a certain economic meaning in the
process of implementing the decisions. The mathematical explanation of the presence of mini - max levels
can be considered as a consequence of the conjugation of two smooth nonlinear forms, as a result of which
a third, clearly nonlinear form is generated.
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ABTOMOBWIBAIH KYPJIEJI ’KYUEJEPIHIH )KYMBICKA KABLTETTLIITTHIH
MYJIbTHKOPCETKIIITIK BAKBLIAYBIHBIH CATTACBIH BAFAJIAY

AnHoTanusi. 3epmmeydiy Mmaxcamesl aBTOMOOWIb KYHeJEpiHIH KONKOPCETKIMTIK JAWarHOCTHKAIaybIHBIH
TOYEKeJIIIriH Ooinkay MeH caHbIK Oaranay 00BN TaObLIa bl

3epmmeyoin Hblcanbl KOTIATCHTTIK XXYHeTIepIiH TEXHUKAIBIK KAMTaMaChI3 CTYIHIH Yp/ici OOJBIT TaObLIA b

3epmmeyoiy noni aBTOMOOWIBIIH KOIKOPCETKIIITIK >KyHeNepiH JWarHoCTHUKanay YpHIICIHIETi >KYMBICKA
KaOiIeTTUTIKTI OaKpuIay ToyeKeNIirin 0oyrKay MEH CaHJIbIK Oaranay ypaici 00 TaObUIaIbL.

Koiipuiran MakcaTka KeTy YIIIH MakKaslaja MIHIETTep IIEeIIUIi: JU3eib KO3FaJITKBIIIBIHBIH OTHIH OepyiHiH
(hazayblk KOpCeTKIIITepiH OakpLiay MbICAJbIHIAA OJIICYAIH XHUBIHTBHIK OENTICI3AiriH KaJBINTACTBIPY TPACKTOPHS-
CBIHJIA JIQJICI3/IIK KO3/ICPiH aHBIKTaFaH.

TeXHUKaNBIK KBI3MET KOPCETY pPErIAMEHTTEPIHE COHKEC aBTOMOOWIIBIIH >KYMBICKAa KaOUIETTLIIri Kehoip
HEFYPJIBIM MaHBI3/Ibl TEXHUKAJIBIK-OKOHOMUKANBIK YPIICTEPIH aFbIMIaFbl OJIICHETIH MOHJEpiHIH OenrijIeHreH
HOpMaTHBTEpre (pykcarrapra) COMKeCTIMiH caHIBIK Oarajay MakcaThlHAA aFbIMIBIK Oakputayra skaTajipl. by
JKYMBICTa aBTOMOOMIIBIIH OMIpJTiK IUKITIHIH Ke3eHICPIHCH OHBI Maliiagany Ke3eHi KapacThIPhLIaIbl.

Bakpuiay ypuiciHiH anropuTMi OaKbUIaHATBIH KOPCETKIIITIH KacHeTTepi MeH MoHJEpiHe, HOPMAaTHBTIK
MOHJIepre, Taljiay oMdici MEH KypalJapblHa »OHE IIelliM KaObuimay ykeciHne OaitmaHbicThl Oomanmel. Erep
HOPMaTHBTIK (yHKUMSUIApbl KalblHA KENTIpy KaKeTTIri Typajbl MIeliM KaObulaaHca, OHJa OOBEKTire Kepi
OaiilaHbIC HBICAHBIHA peTTey (TY3eTy) acepi KonmaHbuiazsl. Kepi OaiiaHbic 0apiiblK TEXHHKAIBIK KBI3MET KOPCETY
YPAICIHIH TYNKUIIKTI HOTHXXEJUINiH aHBIKTaW/bl, OWTKeHi Kepi OaiinaHbicchi3 Oackapy OapliiblK MarblHACHIH
YKOFAJITAJIbI XKoHE OOJIBIN JKaTKaH JKaFdai bl )kail FaHa oiijlayFa aifHanmaabl.

ABTOMOOWJIBIE TEXHUKAJBIK KBI3BMET KOPCETYIIH COHFBI HOTHXKECI MalanaHy CEHIMAUINIH apTTHIPYFa,
OKOJIOTHSUIBIK KayINTUIIKTI TOMEHIETyre J>oHe YHEMAUIriH apTThipyFa OaFbITTanybl Tuic. KenmkepcerkilmTik
JIMarHOCTUKA OCBI MIHIETTEP/i ey ieri THIMAI Kypas 0okl Tabbutaapl. COHBIMEH Karap, )KOFapbla KOpCeTiIreH
enemiep OOWBIHIIA JAMATHOCTHKAIBIK KEIIeHIl OOBEKTHUBTI TaHJay ouicremeci ic ky3iHie oK. Kentipinrexn
Mocese OOMBIHILIA IIEIIiM KaObULIayIblH OOBEKTHBTLIII MEH camnachl Koyja 0ap TeXHUKaJIbIK Oa3aHbl MaijanaHy
TOyeKeJZIepiH Oaranayra yKOHE 3epTTEJIeTiH MACelieHl IIenly/ie MHHOBAIUSUIBIK TeXHUKAIBIK-YHBIMIACTHIPYIBLIBIK
TocUIiepl eHri3y Ke3iHjae ojapisl OoypKayFa MYMKIHAIK OepeTiH (opMalibabl KypajlapAbl €HTI3y >KOJBIMEH
KOFapbLIaybl MYMKiH.

Kypmem KenmkepceTKIITIK JXKy#enae IernM KaObUIgay camachlH OackKapy, OChl YPIICTIH HAKTBUIBIFBI MEH
KEJCNIriH apTThIpy YLIH (OpMalibAbl MaTEeMATHKAIbIK JKOHE MMHUTAIMSIBIK SAICTepAl TapTy Kaxker. Kemkep-
CeTKILITIK JKYHeNnepAiH camachlH Oackapyna Oakpuiay ypiici HIHIyIIi pesi aTKapalbl, OHBIH Ke3eHiHIe Oackapy
ToyeKenaepi KaJbIITacaibl.

ABTOMOOWJIb, KYHEHIH *KYMbICKa KaOUICTTUIIrIH KaiiTa KajIblHA KeNTIpy MakcaThiHIA Kepi OaitnaHbickl Oap
KYpIesi KOeIKepCEeTKIMTepAiH KOeNareHTTIK >XyWe peTiHAe KapacThIphUIagsl. bakpuiay ypziciHe KajiFaH >KoHE
TaObUIMaraH akay TYpiHIeri KaTenep araisl. bIKTMManm KaTenmep €Ki Typleri ToyeKenAepAi AaHBIKTaWmbl:
JTUATHOCTUKANBIK JKYMBICTApIbl OHIIPYIIHIH TOyeKell >OHE JKYMBICTapFa TalCBIPBIC OCpYUIiHIH ToyeKemi.
Kepcerinren Toyexenaepai caHIpIK Oaranay YIIiH BIKTHMAJIABIK XOHE HMUTAIMSIIBIK YITLIEp KacalbHIBL YJITiIep
Y/ITiNey areHTTepiHiH CTaTUCTHUKAJIBIK CHUIAaTTaMaJapbIHBIH OakpUIay TOyEeKeNJepiHe ocepiH 3epTTeyre MYMKiHIIK
Oepeni. TexHUKAIBIK KbI3MET KOPCETY JKYMECiHIH camachlH MHTETPANIBIK Oarayiay YIIiH «aHBIK €Mec» YTl jKOHE
«TepPCOHANABIH Ccanackl) KPUTEpHUHi MBICABIHAA ANTOPHTM 93ipJeH[i. YJITUIeYAiH AYPHICTHIFBI MEH HOTHIKEILTIri
MMUTALUSUIIBIK TOCLT HET131H/Ie KOMITBIOTEPIIK SKCIIEPUMEHTIICH TeCTIIeHel. O3ipIeHIeH MaTeMaTHKANBIK YT )KOHE
WMHUTALOMSUIBIK alTOPUTM oMOe0am CHIlaTKa He KOHE OpPTYPJIi FRUIBIMH-TEXHHUKAIBIK TOHKIPHOSTIK KOChIMITamapaa
KOJIJAaHBUTYBl MYMKiH. ABTOpJIapMEeH 3epTTeNeTiH 0O0BeKTiHIH auddepeHnnanapl xoHe MHTErpangsl QyHKIIHOHA-
IIBIK KOPCETKIITepi OOMBIHIIA KONIIapaMeTpilik O0aKpIIay KoHe OacKapy KyHeciHme memnriM KaObuiaay ToyeKenaepin
CaHIBIK OarayayablH XKaHa KOITICUIII 9icTeMeci YCHHBIIIBL.

Tyiiin ce3mep: aBTOKOIIK, areHT, XXYWe, YT, BIKTHMaJ, OaKkplUIay, YpAic, JUaTHOCTHKA, HOPMATHBTI, ITHIHAMEI,
KaTeep, TOYeKel.
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OIEHKA KAYECTBA MYJbTUITAMETPUYECKOI'O KOHTPOJIA
PABOTOCHOCOBHOCTH CJIOXKHbBIX CUCTEM ABTOMOBWJIA

AHHoTaums. [lenvro uccredosanus SBISETCS KOJMYSCTBEHHAs OLCHKA M MPOrHO3UPOBAHUE PHCKOB JUArHOC-
THPOBAHUSI MHOT'OIIAPAMETPHYECKUX CUCTEM aBTOMOOMIISL.

Obvexmom uccne008ans ABISLETCS NPOLECC TEXHUYECKOT0 00CITy)KUBAHMS MHOTOar€HTHBIX CHCTEM.

Ilpeomemom uccredosanus SIBISETCS NPOLECC KOTMISCTBEHHON OLICHKH M IIPOTHO3UPOBAHMS PUCKOB KOHTPOJIS
PaboTOCIIOCOOHOCTH B IIPOLIECCE JUArHOCTUPOBAHUS MHOTOIIAPAMETPHUYECKUX CUCTEM aBTOMOOHIIS.

I[J'[S[ JOCTHXKCHUSA MOCTaBJICHHOM SN B CTAaThb€ PCUICHBI 3aJavu: BBIABICHUEC HCTOYHHUKOB HOFpeIHHOCTeﬁ Ha
TpaekTopuu (HOPMHPOBAHUSI CyMMapHON HEONPEAEICHHOCTH N3MEPEHHsI Ha IpUMepe KOHTPOIIs (a30BbIX HapaMeT-
POB TOINIMBOIIOAAYN AU3CIIbHOIO0 ABUTATCIIA.

PaboTocrocoGHOCTE aBTOMOOMIISI B COOTBETCTBUH C PErIaMEHTaMH TEXHHMYECKOTO OOCIY)KMBAHHUS MOJJIEKAT
MEPUOANIECKOMY KOHTPOJIIO C LIENBI0 KOJMYECTBEHHOH OIIEHKM Ha COOTBETCTBHME YCTaHOBIICHHBIM HOPMaTHBaM
(morryckaMm) TeKyIIMX M3MEPSEMBIX 3HAUCHHH HEKOTOPBIX HanOoJiee BaXKHBIX TEXHHKO-3KOHOMHYECKHX ITPOIIECCOB.
W3 3TanoB »XM3HEHHOTO IMKJIa aBTOMOOMJISL B IAaHHOM paboTe paccMaTpUBAETCs 3TAIl €r0 AKCIITyaTaliy.

ANTOpuTM TIporiecca KOHTPOJISI 3aBUCUT OT CBOMCTB M 3HaYEHHH KOHTPOJIMPYEMOTO MapameTpa, HOpMaTHBHBIX
3HAUCHWH, METOJa M CPEICTB aHajlM3a M CHCTEMbl NPUHATHA peuleHus. Ecnu npuHUMaeTcss peleHue o
HE00XOJMMOCTH BOCCTAHOBIJICHUSI HOPMATUBHBIX (DYHKIMH, TO IPEINPUHUMAIOTCS PETryINPOBOYHbIE (KOPPEKTUPYIO-
mre) BO3ACHCTBHS Ha 00BEKT B (hopMme 0OpaTHOI cBsi3u. OOpaTHas CBSA3b ONpenesieT KOHEUHYIO Pe3yIbTaTUBHOCTh
BCETO IpoLecca TEXHUIECKOro 00CITyKHMBaHUS, TaK Kak 0e3 0OpaTHOM CBSI3M yIpaBJeHHE TepsAeT BCAKUH CMBICH H
IPEeBPAIIaeTCs B CO3EPLAHNE IPOUCKOIAIIETO.

KoHeuHbI pe3ynbTaT TEXHHYECKOTO OOCITY)KMBAHHS aBTOMOOWIIS NOJDKEH OBITh HAIENeH Ha MOBBIIICHUE
SKCHﬂyaTaLIHOHHOﬁ HaJAC)KHOCTH, CHUXKCHUA J9KOJIOTUYECKOM OITACHOCTH M MOBBIIIEHUS 3KOHOMHYHOCTH. MHoromna-
paMeTpuuecKasl JMarHOCTHKA SIBJIAETCS B HEKOTOPOM 00beMe 3(h(heKTHBHBIM MHCTPYMEHTOM B PEIICHHU 3TUX 3aiad.
BmMmecre ¢ Tem, MeTOIMKa OOBEKTHBHOTO BHIOOPA JMAarHOCTHYECKOTO KOMILIEKCA MO YKa3aHHBIM BBILIE KPUTEPHIM
MPaKTHYECKH OTCYTCTBYeT. OOBEKTHBHOCTD U KQUECTBO NMPUHSATHS PEIICHHS IO IPUBEJCHHON NPOOJIeMaTHKE MOXKET
OBITH HOBBIIIECHBI IyTEM BHEAPEHUS (pOpMaJbHBIX HHCTPYMEHTOB, KOTOpPBIE TPEIOCTaBAT BO3ZMOXHOCTH OILIEHUBATH
PHCKH HCIIONIb30BAHMSI MMEIOMICHCS TEXHMYECKOW 0as3bl M IIPOTHO3MPOBATH MX NPH BHEAPEHHUH WHHOBAIMOHHBIX
TEXHUKO-OPraHU3AIIMOHHBIX IOAXOI0B B PEIICHUE UCCIICTYEMOH IPOOIEMBI.

JInst ynpaBiieHnsT Ka4eCTBOM MPUHATHS PEIICHUH B CIOKHOW MHOTONApaMeTPUYECKOW CHCTEME, HOBBIILICHUS
JOCTOBEPHOCTH M OIEPAaTHBHOCTH 3TOTO Ipolecca HeoOXOOMMO NpHUBIEKaTh (OpMalbHBIC MaTeMaTHYeCKHe M
UMUTAIMOHHBIE METOIBl. B ympaBieHHM KadyecTBOM MHOTONAPaMETPHYECKHX CHCTEM pEIIAIOIIyl0 POJb HUIPaeT
nporecc KOHTPOIIS, Ha dTare KOTOPOro (JOPMHUPYIOTCSI PUCKH YIIPABICHHS.

ABTOMOOWJIb paccMaTpUBAETCsI KaK CJIOXKHAs MHOrOIapaMeTpuyeckasi MHOTOAreHTHas cucreMa ¢ oOpaTHOU
CBSI3bIO C 1I€JIbI0 BOCCTAHOBJICHUSI PabOTOCIIOCOOHOCTH cUCTeMbl. [Iporieccy KOHTpPOJSI CONMYTCTBYIOT OLIMOKH B
(hopMe JIOXKHOTO M HEOOHAPY)KEHHOro Opaka. BeposTHbIC OIMOKH ONMPEIEIIOT PUCKU IBYX THUIIOB: PHCK MPOHM3BO-
JUTENsT JMarHOCTHYECKUX pabOT M PUCK 3aKa3uuka pador. [ KONMYECTBEHHOH OIEHKM YKa3aHHBIX DPUCKOB
pa3paboTaHbl BEPOSITHOCTHBIE M UMHUTAIIMOHHBIE MOZETH. MoJeny MO3BOJISIOT UCCIIE0BaTh BIUSHNAE CTATUCTHYEC-
KX XapaKTEPUCTUK areéHTOB MOJEJIMPOBAHUS HA PUCKH KOHTPOJsL. J[s MHTErpajabHOW OLIEHKH KayeCcTBa CHUCTEMBI
TEXHHYECKOTO OOCIYXKMBaHMS pa3padoTaHa «HEYETKas» MOJENb W aJrOPUTM Ha IpUMEpe KPHUTEpHs - «KayecTBO
nepcoHaja». JJoCTOBEpHOCTb W Pe3yNbTaTUBHOCTH MOJEIMPOBAHHS TECTUPYETCS] KOMIBIOTEPHBIM AKCIIEPUMEHTOM
Ha 0a3e MMHUTAIMOHHOTO Nojaxoxa. PaspaGoraHHas MaTeMaTHdeckash MOJENIb M WMHUTAIMOHHBIA alrOPUTM HOCST
YHUBEPCAIBHBIA XapaKkTep U MOTYT HCIIOJb30BAThCSA B Pa3IMYHBIX HAYYHO-TEXHHYECKHX NMPAKTHYSCKHX IPUIIOKE-
HUAX. ABTOpaMH MPEIJIOKEHA HOBask MHOTONIOAXOIHAS METOMKA KOJMYECTBEHHOTO OLICHHBAHUS PUCKOB IPHHSATHS
peLICHHI B MHOTOIIApaMETPUYECKOM CHCTEME KOHTPOJIS ¥ YIIPaBIIeHUs 110 JudepeHIIMPOBaHHBIM H UHTETPaIbHBIM
(YHKIMOHATIBHBIM NOKa3aTeIsIM HCCIeyeMOro 00beKTa.

KnroueBble cjioBa: aBTOMOOMIJIb, areHT, CHCTEMa, MOJEIb, BEPOSTHOCTb, KOHTPOJb, MIPOLECC, AUArHOCTHKA,
HOPMATHB, IOCTOBEPHOCTb, OLIMOKH, PUCKH.
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RK PROBABILISTIC HYDROGEOLOGICAL MAP

Abstract. Hydrogeological maps are currently one of the most important elements of the image of the
hydrogeological situation in both regional and local representation. In accordance with the existing instructions, they
are compiled on the basis of t opographic, geological and tectonic maps of various scales based on the results of
hydrogeological surveys and reflect the boundaries of the distribution of aquifers and complexes, confined, as a rule,
to geological-stratigraphic and tectonic formations and their real manifestations on the ground (sources, wells,
drilling wells). In addition to the General hydrogeological maps described above, special hydrogeological maps and
sections are compiled that reflect the individual sides of the hydrogeological process — maps of the depths of the
groundwater level, maps of the filtration properties of the host rocks, maps of the water supply and the level of
aquifers, maps of the chemical composition of groundwater and others.

All the above-mentioned hydrogeological maps and sections are static and do not reflect the dynamics of the
hydrogeological process in time. They only reflect on the geological and tectonic basis obtained during the
hydrogeological survey process one-time field initial hydrogeological parameters (flow rates of individual sources
and hydrogeological wells, the chemical composition and physical quality of groundwater, some hydrogeological
parameters of aquifers). For these reasons, they can not serve as a benign basis for predicting the further development
of the hydrogeological process. Forecast hydrogeological calculations based on such initial data are not characterized
by high accuracy and reliability, usually not higher than 15-30%.

In the present article on the basis of our own research we propose new principles and provide specific
examples of building a fundamentally different type of hydrogeological maps that reflect the dynamics of the
hydrogeological process in time, significantly increasing the accuracy and reliability of predictive hydrogeological
calculations and hydrogeological-reclamation forecasts (up to 1-5%). Such maps are built on the basis of long-term
monitoring data on the regime of groundwater and its chemical composition, pre-processed using mathematical
methods of probability theory and the theory of random functions on the actual material typical for the South of
Kazakhstan Tashutkul Irrigation massif. As a result, probabilistic hydrogeological maps of the position of
groundwater levels, aquifer capacity, groundwater resources of varying degrees of security (5, 25, 50, etc.,%) were
obtained. Received cards of various types of probability distribution and forecasting of hydro-geological process, etc.
In such complex probabilistic hydrogeological maps are sufficiently benign basis for prediction of the
hydrogeological-reclamation situation on irrigated tracts and can serve as a reliable basis for projecting the resource
potential of the groundwater of certain regions and social formations.

Key words: Existing hydrogeologiczny maps, cross sections. Static maps. Insufficient accuracy of existing
hydrogeological calculations and forecasts. Probabilistic hydrogeological maps. Monitoring baseline data. Methods
of probabilistic data processing. Significantly improved the accuracy of hydrological calculations and drainage-
hydrological forecasts.

Introduction. The deterioration of irrigated land in Kazakhstan [2,10,14,17,22,31] requires the
search for new, more economical methods and technologies of irrigation, and in addition new, primarily
local sources of irrigation water. This category includes groundwater with significant potential resources
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in Kazakhstan [2,8,9,14,17,19-22,31]. Analysis of the publications known in the scientific literature
[3,4,7,6,11,13,17,19,21-23,32,34,39-43] shows that despite the abundance of calculation formulas and
methods, a number of important issues arising in the calculation and design of vertical drainage on
irrigated areas and in the use of groundwater for irrigation remains to this time insufficiently studied.
These include: the need to take into account the regime of irrigation water infiltration at the upper
boundary of the flow, the definition of inter-drainage distances, taking into account the boundary
hydrogeological conditions, the definition of the reclamation effect of water intake, taking into account
changing natural and anthropogenic conditions.

Outlined above specific scientific issues addressed in the process of implementing a special State
research program for the study of the state Testconsole array of irrigation, which are typical for arrays of
river valleys and rivers of southern Kazakhstan (figure 1). As a result of improper operation of irrigation
systems there is a progressive rise of groundwater levels predetermining further salinization of soils and
groundwater [5,7,22,17]. Hydrogeological parameters of aquifers and hydrogeological wells were
investigated on the site of the existing vertical drainage in the novotroitskiy state farm in the field, water
balance observations and studies were carried out. As a result, the discrepancy of hydrogeological
parameters was established, obtained from surveys and data exploitation. The material on the regime of
groundwater for the entire available observation period (5-25 years) was collected and generalized for a
total of 256 observation points.

rn B, R ; e o,
1 v » r 2

P

Figure 1 — Physical and geographical map of southern Kazakhstan. Main irrigation areas:
1-Kyzylkum, 2 - Arys Turkestan, 3 - Talas, 4 - Tashutkul

On the basis of the statistical analysis of the data of regime observations, probabilistic and statistical
maps of groundwater levels, evaporation power and resources of different availability were constructed.
On the basis of the use of the materials of such maps, a method for calculating the supply at the upper
boundary of the groundwater aquifer and the use of this value in the calculations of groundwater intakes
[6,17,22] has been developed. Water balance studies have shown that in irrigated areas more than 90% of
groundwater supply is lost from irrigation networks and irrigation fields. When using the developed
original scheme of water management calculation of vertical drainage on the irrigation massif, irrigation
water saving will be up to 20 - 30% with simultaneous improvement of reclamation and hydrogeological
conditions. Been zoning Testconsole array of irrigation in terms of application of the developed methods
of calculation of underground water intake [17,22,41].

Methods of work. In accordance with the currently existing instructions [24-30,35] hydrogeological
maps are compiled on the basis of topographic, geological and tectonic maps of different scales on the
results of hydrogeological surveys and reflect the boundaries of the distribution of aquifers and
complexes, confined, as a rule, to geological-stratigraphic and tectonic formations and their real
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manifestations on the ground (sources, wells, boreholes). They are simultaneous, static, to a certain extent
random.

In our studies, forecast probabilistic and statistical maps were built on the basis of probabilistic and
statistical analysis of monitoring data on the network of observation wells. Generally, a series of
observations of at least 10 years in length for each well is recommended. The accuracy and reliability of
the maps themselves is determined by the density of the observation network. For maps of scale 1:100000
the density of the reference (opened underground water) network is considered sufficient in the presence
of an average of one point per 1km?. with a sparser grid mapping schema. Points with short series of
observations in our case resulted in a long representative series of wells with similar hydrogeological
conditions. Then, using the research methodology of the statistical population, we obtained the theoretical
law of probability distribution corresponding to the essence of the process [15,16,18,22,36,37]. On
integral curves of securities calculated the value of the securities of the depths to the water at each
observation well.. Under normal and lognormal laws, probabilistic paper (Hazen fiber) was used, on which
the curves acquire the character of straightened lines [36,37].

The most important hydrogeological information for the preparation of various water management
projects is usually contained in the level maps 1-,5-,50-,75-,95%-of security or repeatability in 1, 5, 20,
50 times per 100 years. Having a corresponding distribution curve for each well, we obtain depths
corresponding to the probability of repetition in a given number of years. Thus, groundwater levels of
50 % of availability serve as a source material for mapping the average annual depth of groundwater. Of
particular note are forecast maps of the depths of groundwater of rare occurrence (I every 100 years). Such
levels are usually not practically observed, but which can be expected with security of 1 and 99 %.

In principle, it is possible and practical to draw up probabilistic and statistical maps of other
hydrogeological parameters - amplitudes of fluctuations in levels, resources, supply and evaporation of
groundwater to others, some of them are given below. The principles of their construction are similar.

The analysis of the actual predictive probability and statistical cards for example Testconsole
array of irrigation. The starting material for predictive probabilistic and statistical maps of
hydrogeological parameters for the site Testconsole array of irrigation, based on data from regime
observations for 230 wells network Dzhambul hydro-geological expedition of the Kazakh SSR MG (66
SLE.), Chimkent hydrogeological expedition reclamation of Gavrilovskaya Mivh of the USSR (110 SLE.)
and Dzhambul of oblselvodkhos of the Kazakh SSR (54 SLE.). The longest series of observations were
available for wells DGE (average 10-25 years), slightly lower (up to 5-8 years) on the network CHGME
and the least long (up to 3-5 years) on the network Dzhambul regional meliovodkhoz. The latter were used
only for data interpolation and boundary refinement (figure 2, table 1).

Table 1 - The depth of groundwater levels of different security in the territory Testconsole array of irrigation (km?/ %)

Provision, Groundwater levels, m
% 0-1 1-3 3-5 >5
1 70 461 61 71
10,1 70,2 9,2 10,3
5 36 445 72 100
54 67,1 10,8 15,0
25 25 434 94 110
3,77 65,5 14,8 16,1
50 12 370 144 137
1,8 55,8 21,8 20,6
75 10 276 251 131
1,6 41,6 38,6 19,8
95 8 224 270 141,
1,2 36,8 40,2 21,7
99 - 208 265 190
32,5 40,0 27,5
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Coctasunu: E.W. Narytun, M.B. Nyauna.
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Figure 2 — Map of the location of the monitoring network on the Tashutkul irrigation array. Made: E.I. Lagutin, M.V. Luzina

With the area of the characterized part of the array about 37 thousand hectares (see table 1), the
density of the observation network is about 6.1 points per 10 km? of array area, including about 1.4
representative points with long-term series of observations. This ensures the reliability of hydrogeological
parameters in relation to the scale of about 1:50000.

In figures 2-6 shows maps of groundwater levels of the Central part of the array Testconsole
irrigation of various degrees of security. For the comparative analysis the generally accepted gradations of
depth of groundwater levels - up to 1 meter, 1 - 3 m, 3 -5 m and more than 5 meters were chosen. In table
1 it is shown that with the increase of security (maximum depth) levels vary significantly, so 1 every
2 years (50 % security) groundwater levels up to 3 meters occupy 58 % of the area. Other depths (3-5 m
and more than 5 m) occupy about 40 %, 1 time in 20 years close (up to ZM) occurrence is possible by
73 %, and 1 time in 100 years these areas are about 90 %, including depths up to 1 meter are assumed to
0.1 % of the area. On the contrary, with high reliability in 19 years out of 20, depths up to 1 meter occupy
about 1%, 1-3 to 38.8% of the area. About 60 % of the area is characterized by a depth of more than
3 meters.

It should be noted that the concept of “security of the process” in refraction to the assessment of
groundwater levels is somewhat different from that adopted in hydrology. A wide variety of cutting
factors and their combinations determine the diversity of their impact on groundwater levels over time and
the corresponding diversity of the distribution of the process security over the area of the massif. for
rice.3-4 two maps are presented: a Map of the depth of groundwater levels of Tashutkul massif on a
specific date - March 1 and a Map of statistical security (%) of groundwater levels on the same date.
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Figure 3 - Figure 4 -
Map of groundwater levels in the array Map of probabilities of exceedance levels
Testcursor irrigation (pre-vegetation period). of groundwater Testcursor array of irrigation
Made: E.I. Lagutin, M.V. Luzina (after the vegetation period).

Made: E.I. Lagutin, N.G. Vorodgeeva

Of particular interest is the Map of groundwater table (figure 4), the analysis of which shows that
with the overall prevalence of levels of 50 - 75 % of security on the array as a whole, there is a significant
diversity. Some very large areas of intensively irrigated land are characterized by relatively low security
(25-50 =%), in other cases, on the contrary, the security is relatively high, up to 75-95% or more (figure 5, 6).
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Figure 5 - Figure 6 —
Depth map of groundwater levels (25 % security). Depth map of groundwater levels (75 % security).
Made: E.I. Lagutin, N.G. Vorodgeeva Made: E.I. Lagutin, N.G. Vorodgeeva
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The importance to ameliorative hydrogeological evaluation to justify the design of drainage measures
for the calculation of underground water have special hydrogeological maps obtained from the use of data
on fluctuations of groundwater levels. These include, first of all, maps of the amount of evaporation
(supply) of groundwater through the aeration zone, maps of "pulsation” of supply, maps of the rates of
change of groundwater levels and maps of groundwater resources of different security.

In other words, the amount of feed per time interval (At) is proportional to the change in groundwater
levels over the same time interval.

Maps of evaporation and groundwater supply are obtained from the analysis of the General equation
of groundwater supply.

w (GH/G) = T (82H/0x2) + T (92H/dy2) + OW/ot 1)

For point conditions, where the left side characterizes the change in moisture, the right - the
distribution of pressure and power, the equation takes the form:

HAN/At = AH/At @)

In our calculations Ax = 1 month.,, a AH=NT+1-Ht , that is. changes in groundwater levels for
1 month were analyzed, then the data were recalculated in another series (m3/day per 1 ha of area), after
which they were subjected to statistical processing. According to the results of statistical processing maps
of groundwater evaporation were constructed (figure 7, 8).
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Figure 7 - Figure 8 —
Map evaporation of groundwater Testcursor array of irrigation Map of local modules groundwater Testconsole array
(75 % security). Made: E.I. Lagutin, N.G. Vorodgeeva of irrigation. Made: E.I. Lagutin, N.G. Vorodgeeva

Analysis of such maps of different security for Tashutkul massif shows that in the year of 50 %
security or in every second calendar month evaporation of groundwater occurs only in the Central part of
the massif in small areas. On the overwhelming area of the massif there is the presence of groundwater
supply in sizes up to 5 - 10 m*/day per 1 ha, which indicates the rise of groundwater levels at a rate of up
to 0.01 - 0.1 m per month. The distribution of these values over the area of the array is very variegated.
However, there is reason to believe that higher rates of level fluctuations are due to artificial reasons, i.e.
intensively irrigated areas. Conditionally it is possible to allocate zones with speeds more than
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0,1 m/month and less than 0,1 m/month and the first to carry to conditions of intensive irrigation and
irrigation losses and the second — to conditions of weak irrigation losses. This situation, however, requires
further study and is not the subject of this study. In periods 5% probability of the process, i.e. 1 time in
20 months the evaporation is negative, ie groundwater is fed in the sizes of 25 - 50 m®day per 1 ha on the
predominant areas of the Central part of the massif, 10 - 25 m®day per 1 ha on the southern part,
50-75 m*/day per 1 ha - in the Northern and North-Eastern parts of the massif.

At 95 % of the provision of the process, that is, 1 time in 20 months, evaporation from the surface of
groundwater occurs, and on the vast majority of the array (up to 90%) it is up to 25 m*/day per 1 ha. At
99% of the provision, i.e. 1 time in 100 months. (1 time in 7.5 years) the process is characterized by
increased evaporation. While in the Central and southern parts it is 25-50 m3/day/ha, in the Northern part
of the massif it is mainly 50 - 100 m*day/ha and more than 100 (see figure 8) so of interest is the forecast
Map of mathematical expectations of the values of evaporation (power) of groundwater. On this map,
which contains essentially the average annual situation, separate zones are clearly distinguished,
characterizing the tendency to the total consumption of groundwater and to reduce their levels in
sufficiently large sizes (up to 0.1 m*/day/ha) and zones characterized by some average annual nutrition
(also in sizes up to 0.1 m® /day/ha). The first are arranged in two horizontal bands at latitude G. Chu -
S. Novotroitskoe in the Northern part of the massif, also in irrigated areas of removal cones in the foothills
of HR. Khantau in the Eastern part of the massif (see figure 1B9.). In the rest of the territory there is a
supply of groundwater. These are primarily irrigated areas in the head parts of the left-Bank and right-
Bank main canals, in the Central part of the left Bank and in the Northern part of the district. The long-
term trend towards rising groundwater levels in these areas requires active intervention to prevent
salinization of soils and groundwater. The map of annual amplitudes of groundwater levels is made on the
basis of statistical data processing of annual changes in the amplitude of the wells of the regime network.
The most common annual amplitude in the range of 1-2 meters. On the Eastern edge of the massif with the
approach to the middle parts of the removal cones amplitudes increase to 2-3 and more meters.
Amplitudes on actively irrigated areas adjacent to the head of the left-Bank and right-Bank channels are
also high.

Based on the Map of annual amplitudes of groundwater level fluctuations (figure 7) a Map of
groundwater resource modules (figure 8). The module of groundwater reserves is the value of natural
reserves formed per unit area. Following this definition, annual groundwater volumes per 1 ha per year
were calculated in cubic metres. From the analysis of the map it follows that annually about
1.5-3.0 thousand m®/ha of ground water is formed on the overwhelming area of the massif. In some
significant areas in the Eastern part of the array modules reach values of 3.0-4.5 thousand m3/ha. Even
higher modules of 4.5-7.5 thousand m3/ ha are observed in the head part of the left-Bank and right-Bank
channels on the areas of intensive irrigation

It should be noted that due to the rather good conditions of internal outflow in these areas, the
groundwater reserves indicated on the Map are drained, mainly in the autumn-winter period and replenish
the main drainage of the district - the Shu river.

Conclusion. The probabilistic hydrogeological maps of groundwater levels presented in this article
and the special hydrogeological maps obtained on their basis described above can and should be widely
used in the practice of design of reclamation measures in the development of the irrigated massif,
including the calculations of groundwater withdrawals and vertical drainage. In meliorative-
hydrogeological constructions, in particular, specific figures and areas of 5 and 25% of security are
important, which corresponds to a minimum of 75 % and 95 % of security. This means that these
minimum levels are possible once every 4 years (75 %) and once every 20 years (95 %). Can be used as
input data in the design of reclamation drainage, including vertical, appropriate level of security. Security
is 1 %, i.e. 1 every 100 years is very important in the design of foundations of critical structures, in order
to assess their possible subsidence. Maps of 75 % and above (maximum) can be used in the design of
groundwater intakes, and in accordance with the necessary design security, that is, the depth of
groundwater levels should not be below 75 % of the security specified in 15 cases out of 20. In addition,
such maps will be very useful in urban studies, predictive micro-seismic zoning, military engineering
surveys, airfield construction, etc.

We recommend you to authorized organizations (GKZ) to produce the estimated acceptance of the
protected categories of groundwater for deposits of underground water, drawing it on offer in this article a
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probabilistic methodology for hydrogeological maps, which certainly enhance the objectivity and
scientific conclusiveness protected final numbers and results.

Gratitudes. Deep gratitude to colleagues and companions in work in expeditions and further
processing of initial monitoring information - G.G. Loshkov, |.Zh. Kadyrova, M.V. Luzina,
N.G. Vorozheeva, E.A. Koytunenko.
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MAHBI3JIbI THAPOTEOJOI'USIJVIBIK KAPTAJIAP

AHHoTauus. ['MApOreoNorHsITBIK KapTanap Ka3ipri yakpITTa eHIpIiK jKOHE JKEePTiTiKTiI KOpiHICTEeTi THAPOTreoIo-
THSUTBIK, JKaFnaiinpl OeifHeneyiH MaHbI3 A6l SIeMeHTTepiHiH 6ipi 6oxpm Tadbuianel. KonmaHsIicTarsl HyCKayIbIKTapFa
coiikec onap THIPOTEOJIOTHMSUIBIK TYCIpUTIM HOTHXKesepi OOWBIHIIA Op TYpJii MaclmTaOTarbl TONOrpausUIbIK,
TeOJIOTMSUIBIK JKOHE TEKTOHMKAIIBIK KapTajap HEri3iHJe jKkacajaJbl )KOHE OJIETTE TeOJIOTHSUIBIK-CTPATHIPaPHSIBIK
KOHE TEKTOHHKAJBIK TY3UTIMIEpre YIITACTHIPBUIFAH CY TYTKBIII JEHIeKHEKTep MEH KelleHJep-IiH Tapajiy
IIEKAPACHIH JKOHE OJIap/bIH KEPruliKTi jKepAeri HaKThl KepiHicTepiH (Ke3xep, KyAbIKTap, Oyprbulay YHFbIMaJIaphl)
kepcereni. JKorapblia cunarTaiFaH >KaJlbl THAPOTreOJIOTHUIBIK KapTajlapAaH 0acka THIpOreosorHsIbIK TPOLECTiH
JKEKEJIEreH JKaKTapblH KOPCETETIH apHalbl TMAPOreOJOTHUIBIK KapTajap MEH TITIKTEp — JKep acThl CyJaphl JIeH-
TeliHIH >KaTy TEpPeHMIriHIH KapTajapbl, CHIMBICEIMIBI XBIHBICTAPABIH CY3y KacHEeTTepiHIH KapTajapbl, Cy OTKi3-
TIMITITIHIH JKOHE Cy TYTKBII KaOaTTap[blH IEHTeH OTKI3TIMITITiHIH KapTajaphl, KEp acThl CYIapbIHBIH XHMHUSIIBIK
KYPaMBIHBIH KapTajapbl )&aHe OacKanap jkacaiaipbl.

Korapriga OenriieHreH OapibIK THIPOTEOJOTISUIBIK KapTajap MEH TUIIKTED CTaTHKANBIK JKOHE THIPOTeoio-
THSUTBIK TIPOIECTIH YaKbIT AWHAMHKACHIH KepceTmermi. Omap TeK THAPOTreoNIOTHIBIK-TYCIpy mporeci OapbIChHIa
QJIBIHFaH T'e0JOTMSIIBIK-TeKTOHUKAJBIK Heri3ae OipMeMEHTT] Jananblk GacTankel THAPOTEOJIOTHSUIBIK ITapaMeTpiepai
(>kekenereH Ke3gep MEH I'MAPOTCONIOTHSUIBIK YHFBIMalapIblH AeOUTI, Kep acThl CybIHBIH XUMHUSUIBIK KypaMbl MEH
(U3MKANBIK camackl, Cy TYTKBII KabaTTapblH KeHOip THAPOreooTHsIIBIK mapamerpiepi) kepcereai. Kepcerinren
cebenTep OOWBIHIIA OJIAP TUAPOTCONOTHSIIBIK MPOIECTIH OIaH i JaMybIH OOJDKAYIbIH camachl3 HEeri3i 0oa aamai-
Il MyHzaii Oacrankel Jiepekrepre HerisuenreH Ooypkamiabl [maporeonorusuiblk ecenreyiep, anerre 15-30%-nan
JKOFaphl eMec JIQNIIKIICH JKOHE CEeHIMIUTIKIIEH epeKuIeeHoei .

Ocpl Oamta €3 3epTTEyNepiHiH HeridiHAe Oi3 jkaHa KaFWAaTTapAbl YCBIHAMBI3 JKOHE THAPOTCOJIOTHSIIBIK
KapTajap/AblH NPUHIUNTI 0acka TYpiH KypyAblH HaKThl MbICAJJIapbIH KENTipeMi3, 0N yakbIT OOMBIHIIA THAPOTEO-
JIOTHSUIBIK TIPOLIECTIH JTUHAMHUKACBIH KepceTell, OoinkamablK [MapOoreonorusiblk ecenrteyiaep MEH THIpOreolio-
THSUTBIK-METHOPATHBTIK OOJDKAMAAPIBIH JIONIITT MEH IYPBICTHIFBIH aWTapiblkTail apTTeipansl (1-5%-ra meiiin).
MyHnpnaii kapranapasl 0i3 jkep acThl CyJIapbIHBIH PEXKUMI KOHE OJNAPJABIH XUMHSIBIK KYpaMbl Typajbl KOIl >KbUIIBIK
MOHHUTOPHUHITIK ModiMerTep GasachiHna, KasakcTaHHBIH OHTycTiriHe ToH TamryTkyn cyapy ajkaObIHBIH HAKTHI
MarepHablHIa bIKTHMaIIBIKTap TEOPUSACHIHBIH MaTeMAaTHKAJBIK 9IICTEPiH KoHE Ke3leHcoK (QyHKIMsIap TeopHs-
CBIH IaiiaaHa OTBIPHIN aJJbIH aja eHuenreH. HoTwkecinne xep acTbl Cyaapbl AHIeHiHIH, Cy TYTKbIII KaOaTThIH
KyaTTBUIBIFBIHBIH, KAMTaMackl3 eTiry aeHreii optypii Xep actsr cymapsr pecyperapbinsid (5, 25, 50 xone 1.6., %)
JKaF/IalibIHBIH BIKTUMAJl THUIPOTeONIOTHSIIBIK KapTajiapbl ayibiHabl. Komekere MyHal bIKTUMaJ THIPOTEOIOTHSIIBIK
Kaprajgap cyapMalibl aJIKanTapAarsl THAPOre0JOrHsUTBIK-MEINOPATUBTIK YKaFdai sl 00JDKay YIIH KETKUTIKTI caraibl
Heri3 OOJBIN TaObIIa bl KoHE JKEKEJIETeH OHIpIiep MEH 9JI€yMETTIK TY3UIIMIEPAiH Kep acThl CYJapbIHBIH PECYPCTHIK
aneyeTiH OoJpKay YIINiH CeHIMII HeTi3 0oJia aaibl.

Tyiiin ce3nep: Kazipri rugporeonorusuibik Kapranap, Titikrep. Kapranapapia cratukanbuibiebl. KosaHeicTarsl
THIPOTEOJIOTHSIIBIK €cenTep MEeH OoJDKaMAapAbIH JQJJITT JKeTKiTiKci3. bIKTMManm ruaporeolorusuiblK KapTranap.
MoHHTOPHHTTIK OacTankel Jepekrep. JlepekTepii BIKTUMAIIBIK OHJICY oJicTepi. [Maporeosornsuiblk ecenteyiep
MEH METHOPATHBTIK-THIPOTCONTOTHSIIBIK OOIKaMIapAbIH eIoyip KOFAPhI TOIIIITI.
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BEPOATHOCTHBIE T'HIPOTEOJJOI'MYECKHUE KAPTBI

AHHoOTauMs1. [MAPOreoIOrndecKre KapThl SBITIOTCS B HACTOSIIEE BPEMS OIHHUM M3 BaKHCHIIHX 3JIEMEHTOB
H300pakeHHUsT THAPOTCOIOIMYECKOM CHUTyallud KaK B PETHOHAIBHOM, TaK W B JIOKAJHHOM MPEACTaBICHHH. B
COOTBETCTBHH C CYIICCTBYIOIINMH HHCTPYKIIUSIMH OHHM COCTABIISIIOTCSI HA OCHOBE TONOIPaHUECKUX, FCOJIOTHISCKIX
M TEKTOHUYECKUX KapT Pa3IYHOTO MacIITada o pe3yiibTaraM I'HIPOTreOI0rHYSCKON CheMKH M OTPaXKaroT MPaHUIIbI
pacmnpocTpaHeHHUs] BOJOHOCHBIX TOPHU30OHTOB M KOMIUIEKCOB, MPHUYPOUCHHBIX, KaK MPABUIIO, K T'€0J0ro-cTpaturpadu-
YECKUM M TEKTOHHYECKMM OOpa30BaHMSIM, U HX PEAJbHBIC MPOSBICHUS HAa MECTHOCTH (MCTOYHHUKH, KOJIOIIIBI,
OypoBbIC CKBaXXHHBI). KpoMe OIMUCAHHBIX BBIINIC OOLIMX THUAPOTCONOTHYCCKHX KapT, COCTABISAIOTCS CIICIHAIbHBIC
TUIPOTCOJIOTUYCCKHAE KApThl U pPa3pe3bl, OTPAXKAIOIIUE OTACIBHBIC CTOPOHBI THIPOTCOJIOTHYECKOTO Iporecca —
KapThl TIIyOWH 3ajJeraHus YPOBHS IMOJ3EMHBIX BOJ, KapThl (DMIBTPAIIMOHHBIX CBOMCTB BMEIIAIOIIUX TOPOJ, KapThI
BOJIOIIPOBOJIMMOCTH M YPOBHEIPOBOJHOCTH BOJIOHOCHBIX TOPU30HTOB, KAPThl XMMUYECKOTO COCTaBa MOJA3EMHBIX BOJI
U JIpyTHe.

Bce 0003HauCHHBIE BBIIIE THAPOTEOIOTHIECKIE KapThl U Pa3pe3bl €ANHOMOMEHTHBI M HE OTPayKar0T THHAMUKY
THIPOTreOJOrHYECKOro mporecca B0 BpeMeHrn. OHM JIMIIb OTPayKarOT Ha Ie0JIOr0-TEKTOHUYECKOM OCHOBE IMOJIYYCH-
HBbIE B XOZ€ T'MIPOre00ro-ChbeMOYHOr0 IPOIECCa IOJIEBbIE MCXOMHBIC T'MIPOTCOJOIHYCCKUE MapaMeTphl (IeOUThI
OTICIBHBIX HCTOYHUKOB M THAPOTCOIOTHICCKUX CKBAKHH, XHMUYCCKHIA COCTaB M (PU3NUECKHE KaueCTBa MOA3EMHOM
BOJIbI, HEKOTOPBIC THUAPOTCOJIOTHYCCKHIE MapaMeTphl BOJOHOCHBIX ropu30HTOB). 10 yKa3aHHBIM NMPHUYMHAM OHU HE
MOTYT CIIy’KUTh JOOPOKaYeCTBEHHONW OCHOBOHM MPOTHO3UPOBAHMS JATBHEUIIETO PA3BUTHUS THAPOTE€OJOTHUCCKOIO
nporecca. [IporHo3HbIe THAPOreOJOTHUSCKUE PACUEThl, OCHOBAHHBIC HA TAKHUX HCXOMHBIX JAHHBIX, HC OTIHYAIOTCS
BBICOKOH TOYHOCTBIO M JJOCTOBEPHOCTHIO, 00BIYHO He BhIme 15-30% .

B Hacrosimeit ctarbe Ha OCHOBaHHWH COOCTBCHHBIX HCCIICIOBAHWUN HAMH IPEJIATalOTCsS HOBBIC IPUHIIMIBI U
MPUBOIATCS KOHKPETHBIC MPUMEPHI OCTPOCHUS MPUHIUITAATBHO JPYTOro THIA THIAPOTCOJIOTHICCKUX KapT, OTpa-
JKAIOIINX JMHAMHKY THAPOr€0JOrHYECKOro MpoIecca BO BpEMEHHM, CYIICCTBEHHO IOBBIMIAOIINE TOYHOCTh U JOCTO-
BEPHOCTH TMPOTHO3HBEIX THIPOTEONOTHYECKUX PACUETOB W THAPOTEONIOTO-MEIHOPATHBHEIX TPOTHO30B (10 1-5%).
Takue KapThl IIOCTPOCHBI HAMU Ha 0a3e MHOTIOJIETHMX MOHHUTOPHHIOBBIX JAHHBIX O PEKHAME IOA3EMHBIX BOI M HX
XMMHYECKOM COCTaBe, OOpabOTaHHBIX IMPEIBAPUTEILHO C HCIOIB30BAHHEM MAaTEMAaTHYECKHX METOAOB TEOPUH
BEPOSITHOCTEH M TEOPUHU CIIydalHbIX (QYHKIMA Ha (PaKTHYSCKOM Marepualie THIHYHOro it rora KaszaxcraHa
TamyTKyIbCKOTO0 MacCHBa OPOIICHUS. B pe3yasrare ObLIM MMOJYYCHBI BEPOSTHOCTHBIC TMIPOTCOIOIHYCCKUE KapThI
MOJIOKEHUST YPOBHEH TPYHTOBBIX BOJI, MOIIIHOCTEH BOJOHOCHOTO FOPH30HTA, PECYPCOB MOA3EMHBIX BOJ Pa3IMYHON
crenenn obecnedeHHocTH (5, 25, 50 u T.4. %). bbuin mosy4eHsl KapThl pa3JIMYHBIX THIIOB PACHPENEIICHUS] BEPOSIT-
HOCTEH W TPOTHO3UPOBAHUS THIPOTCOJIOTHMYCCKOTO IPOIecca. B KOMIUIEKCE Takue BEPOSTHOCTHBIC THIIPOTEOJIO-
TUYECKHE KapThl CIYXkAaT JOCTaTOYHO NOOPOKAYECTBEHHOW OCHOBOM ISl MMPOTHO3UPOBAHUS THAPOTECOIOTO-MEIHO-
paTMBHOW CHUTyallid Ha OpOIIACMBIX MACCHBAX W MOTYT CIIY)KUTh HAJIC)KHOM OCHOBOH I MPOTHO3UPOBAHUS
PECYpCHOTO MOTEHIIMAIIA MTOJ3EMHBIX BOJ] OTACIBHBIX PETHOHOB U COIUAIBLHBIX 00pa30BaHMUA.

KmoueBble ciaoBa: Cywecmsyiowue uopozeonozuyeckue xapmel, paspesvi. CTarn4HOCTh KapT. Hemocra-
TOYHAsl TOYHOCTh OCHOB2aHHBIX HA HHUX CYIICCTBYIOIIMX TI'HIPOTCOIONMYECKUX PACYETOB M MPOTHO30B. Beposim-
HOCmHble 2udpozeonocuieckue kapmol. MOHUTOPHUHIOBBIC HCXOAHbIC JaHHBIC. BeposiTHOCTHAsS 00paboTKa.
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CREATION OF COMPUTER MODELS OF THE MAPS
OF GROUNDWATER AVAILABILITY IN KAZAKHSTAN

Abstract. The impact of anthropogenic load and climate change on groundwater requires a comprehensive
study of the underground hydrosphere. The large volume of various data used for solving this problem requires
development of specialized information systems.

The geoinformation and analytical system “Resources and reserves of groundwater in the Republic of
Kazakhstan” developed by the Institute of Hydrogeology and Geoecology includes computer models of the maps of
groundwater resources availability in Kazakhstan. They serve as a basis for development of specialized hydro-
geologic maps.

Computer models of the maps are created using the geographic information system and included in the graphic
database. They are built in the same coordinate system, with the same scale and using a single cartographic basis.
The values of resources are calculated for various territorial objects (hydrogeological basins, water management
basins, administrative districts) and included in the semantic database. Graphic objects displayed on a map and tables
of the semantic database may be linked up after introduction of an identifier field. The maps of groundwater
resources availability are built within the boundaries of administrative regions and contain areas singled out based on
operational reserves availability and forecast resources for various purposes.

Attributive data are presented in the maps in the form of diagrams of resources distribution according to various
criteria (mineralization, purpose, category etc.).

The geoinformation and analytical system of resources and reserves of groundwater in Kazakhstan is also
supplemented with computer models of the maps of natural reserves, forecast resources, operational reserves of
groundwater in Kazakhstan, as well as with computer models of the maps of groundwater resources availability in
the Republic of Kazakhstan. It is an open information system that will be supplemented with map options developed
based on various methods of groundwater resources calculation.

Key words: groundwater, information systems, groundwater resources.

Climate change and significant anthropogenic impact have a considerable influence on the distri-
bution, formation and conditions of groundwater occurrence. Therefore, much attention is currently being
paid to the study of the processes taking place in the underground hydrosphere. An information system
may provide a comprehensive picture of groundwater interaction with other environmental objects.

One of examples is the Global Groundwater Information System created by the IGRAC [1]. The
AguaBase geoecological monitoring system is designed for analysis of groundwater resources data [2].
The US National Groundwater Information System contains materials about groundwater resources and
methods for its assessment [3]. The groundwater data are included in the Atlas of Groundwater-Dependent
Ecosystems of Australia [4]. A dedicated information system was designed to assess and comprehensively
manage the groundwater resources of China [5]. A thematic map of the groundwater potential of West
Bengal in India was prepared using the ERDAS Imagine and ArcGIS programs [6]. A cartographic
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information system and modeling of geo-filtration processes were used to create a thematic map for
assessing soil salinity hazard in the Jezre’el Valley in Israel and information support for planning an
effective drainage system to prevent soil salinization of irrigated lands [7]. A detailed overview of the
information systems including groundwater data is presented in our article [8]. The geoinformation and
analytical system “Resources and reserves of groundwater in the Republic of Kazakhstan” developed by
the Institute of Hydrogeology and Geoecology includes document databases, bases of graphic and
semantic data and bases of mathematical models [9,10]. The system also contains such elements as
computer models of the maps of groundwater resources and groundwater availability in Kazakhstan [11].

Depending on the methods used for calculating hydrogeological parameters there are many options
for building maps of groundwater resources and groundwater availability [12]. By computer models of the
maps in the geoinformation and analytical system we mean the maps built in the same coordinate system,
with the same scale, using a single cartographic basis and containing areal objects the attribute information
of which should be taken from the data on groundwater resources and reserves retrieved from the tables of
the semantic database. Maps are built using the geographic information system. It should be noted that
groundwater resources and reserves can be systematized according to various criteria [13]. The structure
of the presented information system reflects one of the options for their division into classes (figure 1).
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Figure 1 — Information structure of the “Groundwater Resources and Reserves” block

Groundwater resources are calculated for various territorial objects: hydrogeological basins, water
management basins, administrative districts. Traditionally, we distinguish natural, forecast and operational
groundwater resources. The maps are built according to this classification [14]. The maps of groundwater
resources availability are built within the boundaries of administrative regions.

The maps show the diagrams reflecting the values of explored operational reserves and forecast
groundwater resources differentiated in terms of mineralization, intended use and others. It should be
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emphasized that the basis for computer models of the maps «Resources of groundwater in Kazakhstan» u
«Groundwater availability in Kazakhstan» is formed by the data from the tables of the semantic database.
Computer models of the maps of natural groundwater reserves distribution across hydrogeological
massifs and basins of the plain territory of the Republic of Kazakhstan. According to the completed
hydrogeological zoning based on the geological and structural principle, hydrogeological structures are
divided into two main categories of structures - hydrogeological massifs and hydrogeological basins
which are represented as the main units of hydrogeological zoning of the first order [15,16]. Natural
groundwater reserves distribution across hydrogeological massifs and basins of the plain territory of the
Republic of Kazakhstan is reflected on a corresponding map of the information system (figure 2).
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Figure 2 — Map of natural groundwater reserves distribution across hydrogeological massifs and basins of the plain territory
of the Republic of Kazakhstan

Computer models of the maps “Forecast Groundwater Resources in Kazakhstan™. The maps were
designed based on the classification of groundwater by its mineralization. The maps were built for the
zones associated with water management basins, hydrogeological basins and administrative regions. To
ensure a better visual presentation of the data the maps include diagrams of forecast resources distribution
by mineralization across certain selected territories. A water management basin is a river basin within its
natural boundaries or a part thereof characterized by uniform natural conditions [15, 16]. There are 8 water
basins in the territory of Kazakhstan. The largest volume of forecast fresh groundwater resources is
concentrated within the Balkhash-Alakol Water Basin and constitutes about 37% of the total volume of
forecast groundwater resources [14,17]. The map of distribution of forecast groundwater resources of
Kazakhstan across water management basins with consideration of its mineralization is introduced in the
system.

The territory of the Republic of Kazakhstan consists of 14 administrative regions. Uneven
distribution of groundwater resources in the republic is associated with the peculiarities of geological
structure, hydrogeological and climatic conditions. The map of distribution of forecast groundwater
resources across administrative regions of the Republic of Kazakhstan with consideration of their
mineralization was introduced in the information system [14,18].

Classification of hydrogeological groundwater basins was carried out based on two main criteria:
form of bodies of groundwater accumulation (or types of accumulation) and dynamics (groundwater head
and direction of groundwater runoff). In [19] hydrogeological zoning of the territory of Kazakhstan was
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carried out according to the following system of subordinate taxonomic units of regional zoning: region,
basins of first and second order acting as separate hydrogeological structures with the same or similar
conditions for formation of both free and pressure groundwater.

The presented principles of hydrogeological zoning in Kazakhstan allowed identification of the
following seven hydrogeological regions. The regions, in their turn, are divided into basins of the first
order which are complex groundwater basins. In Kazakhstan, based on the principles of hydrogeological
zoning, there are 21 basins of the first order. Two groups of hydrogeological structures of the second order
can be distinguished based on the conditions of distribution and circulation within these systems. The
system is also supplemented with maps of forecast groundwater resources distribution with consideration
of their mineralization across hydrogeological regions, structures of the first and second orders of
Kazakhstan [14].

Computer models of the maps “Operational Groundwater Resources in Kazakhstan. Operational
groundwater reserves are estimated for administrative regions, water management basins and
hydrogeological structures (basins). Each type of territorial objects has its own models of the maps of
operational groundwater reserves distribution by intended use, genetic types of deposits and categories.
The maps of operational groundwater reserves distribution are built for the water management basins. The
majority of groundwater deposits were explored for utility and drinking water supply. The information
system was provided with the maps of operational groundwater reserves distribution by intended use
within the territory of the water management basins of the Republic of Kazakhstan [14,20].

According to the existing classification and based on a set of geological and hydrogeological factors,
groundwater deposits of Kazakhstan are divided into five genetic types. Almost a quarter of groundwater
deposits are associated with river valleys. Total operational reserves constitute 21 % of the explored
reserves of Kazakhstan. Most of operational groundwater reserves are concentrated in alluvial cones of
aggradational benches and intermountain troughs of South and South-East Kazakhstan. It is shown on the
map of operational groundwater reserves distribution by genetic types of deposits within the territory of
the water management basins of the Republic of Kazakhstan which was introduced into the information
system.

Depending on a degree of exploration the operative reserves can be divided into four categories —
A, B, C; and C.. The largest operational groundwater reserves are concentrated in the Balkash-Alakol
water basin. The information system was provided with the map of operational groundwater reserves
distribution with consideration of their categorization within the territory of the water management basins
of the Republic of Kazakhstan [14].

The maps of operational groundwater reserves distribution are built for the administrative regions of
the Republic of Kazakhstan. Their estimation was carried out according to their intended use, genetic
types of deposits and categories. The largest operational groundwater reserves (16721.778 thousand
m?/day) are typical for the Almaty Region. These data are presented in the information system in the form
of the map of operational groundwater reserves distribution by intended use.

The largest explored operational reserves are concentrated in the Almaty Region in alluvial cones of
aggradational benches and intermountain troughs (14550,327 thousand m?/day). The map of operational
groundwater reserves distribution by genetic types of deposits with a breakdown into administrative
regions of the Republic of Kazakhstan was introduced into the information system [14]. The maps of
operational groundwater reserves distribution are built by hydrogeological structures of the Republic of
Kazakhstan. Maps of operational groundwater reserves distribution were introduced into the information
system with consideration of the intended purpose and categorization by hydrogeological structures
(regions) of the Republic of Kazakhstan; maps of operational groundwater reserves distribution across
hydrogeological basins of the first and second orders with consideration of the intended purpose and
categorization of the Republic of Kazakhstan.

Computer models of the maps of groundwater resources availability in the Republic of Kazakhstan
When saying “the availability of utility and drinking groundwater to the population” we mean as a
possible degree of satisfaction of current and future needs of the population in drinking water through
forecast resources and explored groundwater operational reserves [17]. The map of availability of forecast
resources and explored groundwater operational reserves uses bar diagrams for showing the ratio of
forecast resources, operational reserves and groundwater extraction values (figure 3). The map of
groundwater resources availability [20] was also introduced in the information system. Along with circular

— 117 ——




N E W S of the Academy of Sciences of the Republic of Kazakhstan

diagrams which indicate the percentage of values of forecast groundwater resources with different
mineralization and groundwater operational reserves of various categories, it also shows the data on areas,
population, operational groundwater reserves for utility and drinking purposes per capita across all
administrative regions. The territory of Kazakhstan is fully provided with forecast and proven
groundwater reserves of different intended use, although its uneven distribution causes shortage of fresh

groundwater in a number of localities.
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Figure 3 — Map of availability of forecast resources and explored groundwater operational reserves in the Republic of Kazakhstan

When creating computer models of the maps the semantic database was completed using Excel [21]
whereas the graphic database — using ArcGIS and Maplnfo applications [22,23].

Therefore, the geoinformation and analytical system of resources and reserves of groundwater in
Kazakhstan is now supplemented with computer models of the maps of natural reserves, forecast
resources, operational reserves of groundwater in Kazakhstan, as well as with computer models of the
maps of groundwater resources availability in the Republic of Kazakhstan.

The created models of the maps can be used by regional and republican administrative structures for
forecasting the development of regional economies, planning economic activities and initiating the

environmental measures.
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AnHoTanus. JKep acThl CynapslHa aHTPOIIOTEHAIK KYKTEMENEpIiH ocepi KoHe KIMMATTHIH 3repyi Kep acThl
runpodepacslH KemeHai 3eprreyai Tajmam eremi. OCkl MIHACTTI MICNTy YIIiH TapTBUIATBIH 9P TEKTi OepeKTepIiH
YJIKeH KeJIeMi MaMaHAaHIbIPbUIFaH aKIapaTThIK JKYHeIepal KypyAbl Tanar eTes.
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I'uaporeonorus ’xoHE TEOIKOJOTMSA MHCTUTYThIHAA KypburFaH «KazakcraH PecrmyOnMKachIHBIH Kep acThl
CYJIapBIHBIH PECYPCTapbl MEH KOPJIAapb» re€0aKNapaTThIK-aHATUTHKAIBIK JKYHEC] JKep acThl CyJIapbIHBIH PECypcTapbl
MeH Ka3akcTaHHBIH JKep acThl CylapbIMEH KaMTaMachl3 €Ty KapTalapblHbIH KOMIIBIOTEPIIK MAaKEeTTEpPiH KaMTHIIBI.
Osap MaMaHIaHABIPBUTFaH THAPOTEOTOTHSIIBIK KapTalapabl xKacay YIIiH HeTi3 O0JbI TaOblIaib.

Kapramap ruaporeoorusuiblK mapaMeTpiaepai ecenTeyAiH KOMAaHbIIAThIH dlicTeMeNepine OalIaHbICThl KYPBI-
Ja/Ibl J)KOHE eCelTey HOTIDKENIEPiH KOPCETETIH Ma3MYHIBIK aKmapaTIeH KaTap OCHl ecelTep HeTi3iHAe KYPri3iireH
KOCBIMIIIa MOIIIMETTEP i KAMTHIBL.

AKMapatTThIK JXYHere AOCTYPIIi THAPOTEOJOTHSUIBIK KOpiHiCTepIi KOPCETETIH KIKTEMeTe ColKec KapTalapIblH
MakeTTepi eHri3inmi. JKep acTel CymapeIHBIH pecypcTapsl MEH KOpJIapbl opTypiii Oenrimepi OoMbIHINA KyHeneHyi
MYMKiH. ¥ CBIHBUIFaH aKMapaTTHIK KYHEHIH KypbUTBIMBI OJIapbI KiIacTapra 0Ty HyCKalIapbIHBIH OipiH KepceTei.

KapranapapiH KOMIBIOTEPITIK MakeTTepi T€0aKNapaTThIK KYHe KypaljapbIMeH KYpbUIaJIbl XKOHE TpadUKaIbIK
nepekrep OasacwiHa Kipeni. Omap Oip koopamHaT xyiecinae, 6ip MacmTabTa, OipbIHFail KapTOorpadUsIIbIK HeTi3ne
canblHFaH. PecypcrapplH maMachkl opTYPIIi ayMaKTHIK 0OBEKTiiep (THIPOTeoNIOTHIIBIK OacceHaep, Cy mapyarrbl-
TWBIFBL OaccefHmepi, OKIMIIUTIK ayZaHAap) IIEHOEpIHIE E€CENTEeNTeH >KOHE CEMaHTHKAIBIK JepeKTep Oa3achIHIa
ycrananel. Kapraga OefiHeneHeTiH rpaduKabK 00BEKTIICPAiH KOHE CEMAaHTHUKAJIBIK epeKTep 0a3achl KeCTelepiHiH
OaiimaHbpICH HICHTU()UKATOP-OPICIH CHTI3y KOJBIMEH XKY3ere achIpbuIansl. JKep acThl CylnaphIMEH KaMTaMachl3 eTy
KapTajapel OKIMIIUTIK OONBICTApIBIH IIEKapachlHAA CaJbIHFAH JXKOHE MaimaiaHy KOpJapbIMEH >KOHE OpTypdi
MakcaTTap YIIiH 00JDKaMIbI pecypcTapMeH KaMTaMachl3 €Tyl OOWbIHIIA OOTiHTeH atMaKTapAbl KAMTHIBL.

ATpHOYTTHIK AEpEeKTep KapTalapia SpTypii Oenrimep (MUHEpanmaHy, HbICAHAJIBl MaKCaThl, CAaHATHI JKOHE T.0.)
OoiipIHIIa pecypcTapabl Oeiry auarpaMMainapsl TYPiHIE YCHIHBUIFAH.

KazakcTaHHBIH JKep acThl CyJapbhIHBIH PecypcTapbl MEH KOPJIAPBIHBIH T'€O0aKMapaTThIK-TaljaMalIbIK sKyheci
KazakcTaHHBIH Xep acThl CYJAPBIHBIH TaOMFH KOpJIapbl, OOIDKaMIpl pecypcTapbl, MaijanaHy KOopiapbl KapTaia-
PBIHBIH KOMITBIOTEPIIIK MakeTTepiMeH, coHnaii-ak Kasakcran PeciyOianKachIHBIH JKep acThl CyIapbIMEH KaMTaMachl3
€Ty KapTaJapbIHBIH KOMIBIOTEPIIIK MaKeTTEPIMEH TOJIBIKTHIPBUIFAH.

Taburu Kopaaps! 66Ty KapTacsl THAPOT€OJIOTMSUIBIK ajlanTap MEH JKa3blK ayMaKTapIblH OacceiHepi merinie
Kanblnrackad. boinkamablK pecypcrap KapTajapbl JKep acTbl CyJapbIHBIH op TYpii ayAaHaap IneHOepiHxe MuHe-
panyany OoiibIHIIa OeiHyiH KkepceTeai. TyIsl )kep acThl CyJIapbIHBIH HeTisri pecyperaps (59,3%) oHTycTik eHipae,
Anmatsl, XKamObu1, Ke3puopaa sxone TypkicTan oOJBICTapbIHa IIOFBIPJIAHFaH, OPTAIBIK, COITYCTIK JKoHE OaThic
eHipnep Oo/pKaMIBl pecypcTapAblH TOMEH IIaMachbiMeH epekmieneHneni. JKep acTbl cynapblHBIH OOJDKaMIIbl
naiinanany pecyperapsl I xxaHe 11 peTTik ruaporeosorusuiblk Oacceinaep 0oibIHIIA OaranaH/IbL.

AyMakTBIK 00BeKTiIepaiH apOip Typi YIIIH MaijanaHy KOpJapblH HbICAaHAIbl MakKcaThl, KEH OPBIHIAPBIHBIH
TeHETHKAJIBIK TUITEpPi, caHaTrTapbl OOHbIHINA Oeily KapTalapblHBIH MakeTTepi canbiHraH. JKep acTwl cymapbl KeH
OPBIH/IAPBIHBIH HETI3ri caHbl MIapyallbUIbIK-aybl3 CyMEH Ka0JbIKTay YIIiH, an KeWOip 'Karnaiiapaa — mapyarisl-
JIBIK-aybI3 CYMEH a0JIbIKTay YIIiH XoHe 0acKa Jja MakcaTTap YIIiH — XepJli CyJlaHIbIpy HEMECce TEXHUKAIBIK CyMEH
»kaOapIKTay yiIiH Oapnanras. JKep acTbl cyJnapbIHBIH NaiaaHbUIaTEIH KOPJIAPBIHBIH HEri3ri kejaeMi OHTYCTIK jKoHe
Onrycrik-1lIbrpic KazakcTaHHBIH Tay OoKTepiHaeri nueipTep MeH Tayapaliblk olNaTTap/bl MIbIFapy KOHyCTapbiHIa
HIOFbIpianFaH. JKep acTbl cynapblHBIH €H Kell naiaanany Kopsl (16721,778 mbiH M3/Toyn) AnMaTbel oONBICEIHA, all
eH a3bl Contyctik KazakcTan 0OJBICEIHA TOH.

XKep actpl cynmapbIMEH KaMmTamachl3 €Ty KapTajapbl OOJDKambl pecypcrap MEH JKep acThl CyJIapbIHBIH
OapianraH naiiaiany KopJiapbl €ce0iHeH XalIbIKThIH aybl3 CYFa aFbIMIAFrbl )KOHE TEePCIEKTHBANBIK KQKETTUTIKTEPiH
KaHaraTTaHJbIpy JAdpexeciH kepcereni. Kapramap MuHepaimaHybl SpTYpJi XKep acThl CyJapbIHBIH OOJKaMIbl
pecypcTapbl HIaMaiapblHbIH, 9PTYPJIl CaHATTaFbl KEp acThl CyJapbIHBIH MaiJaaHblIaThIH KOPJIapbIHBIH, )KEP acThl
CyJapblH aJyAblH apakaThIHACBIHBIH JUarpaMMaiapblH KaMTHObl. Ka3akcrtaH ayMarbIHBIH OpTYpJIl HbICaHaJIbI
MaKcaTTarbl JKep acThl CyJapbIHBIH OOJDKaM/bl JKoHE OEKITUINeH KOpJapbIMEH KaMTamachl3 eTilyl Typaibl
KOPBITBIH/IBI JKacalybl MYMKIiH, OipaK oJapIblH TapajybIHbIH OipKenki OonMaysl OipKarap aynaHaapaa TYIIBL JKep
aCThI CYJIaPBIHBIH TAIIBUIBIFBIH TYIbIPAIbI.

CanplHFaH KapTajaplblH MakeTTEepiH OOJIBIC 9KOHOMHKACHIHBIH IaMYbIH OOJDKay, IIapyanibUIbIK KbI3METTI
)Kocmapiay, SKOJOTHSIIBIK, ic-Iapaiap/ sl 93ipsiey MPOIECiHAC OOIBICTHIK KOHE PECIYyOIUKAIBIK OKIMIIUIIK KYPBI-
JIbIMZAp TMai1anaHa anaibl.

AKnaparThelK JKyHe ambIK OOJIBIN TaOBbUIAABI JKOHE JKEp acThl CyJapbl PecypcTapblH €cenTey.iH opTypii
9/licTeMelepiHiH HeTi3iH/Ie CANbIHFaH KapTalapIblH HYCKaIapbIMEH TOJIBIKTHIPHIIATHIH 00TaIbl.

Tyiiin ce3mep: sxep acThl CyJaphl, aKMapaTThIK XKYHeep, )Kep acThl CyJIapbIHbIH PECYPCTapHI.
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CO3JAHUE KOMIIBIOTEPHBIX MAKETOB KAPT
OBECIIEYEHHOCTHU KA3AXCTAHA INOA3EMHBIMHA BOOJAMUA

AHHoTanusi. Bo3znelicTBue aHTpPOIIOreHHBIX HArpy30K M M3MEHCHMS KJIMMaTa Ha INOJ3EMHBIE BOIBI TpeOyeT
KOMIUTIEKCHOTO M3y4YeHHs Moa3eMHOU rumpocdepsl. [IpuBriexaembrii A pemieHns 3Tod 3agadu OONbIION 00beM
Pa3HOPOAHBIX JAHHBIX TPEOYET CO3AAaHMS CIIEHNATN3UPOBAHHBIX HH(POPMALIMOHHBIX CUCTEM.

Co3nmaBaemass B VHCTHTyTE THIPOTEOJIOIMH M TEOIKOJIOTHH TEOMH(OPMAMOHHO-aHAIUTHYECKas CHCTEMa
«Pecypchl u 3amacsl moa3eMHBIX BoA PecryOmmkn KazaxcTan» BKITIOYAeT KOMIIBIOTEPHBIE MAaKEThl KapT PECYypCOB
MOA3EMHBIX BOX M O0ECHEYEHHOCTH MOA3eMHBIMU BoAaMu Kazaxcrana. OHHM SIBISIOTCS OCHOBOW JUIS CO3JaHMS
CTELHUATM3UPOBAHHBIX THAPOTCOIOTHIECKHUX KapT.

Kaptsl cTposiTcsi B 3aBUCHMOCTH OT HCHOJIB3YEMBIX METOAMK PAcdeTOB THAPOTEONOTHUECKUX MapaMeTpoOB H
HapsALy C coAepiKaTelbHOW WH(OPMAIe, OTpakalomield pe3ylbTaThl BEIYUCICHHH, BKIIOYAIOT JOTIONHUTEIHHBIE
CBEJICHNUS, HA OCHOBAHNH KOTOPBIX 3TH PacuyeThl IPOBOANINCE.

B un(popMmammoHHy0 cHCTEMy BHECCHbI MakKeThl KapT B COOTBETCTBHUHM C KJIACCH(HMKALUEH, OTpaKaromien
TPaJULIMOHHbBIE THAPOTE€OIOTHIECKUE TIPEICTaBICHU. Pecypchl 1 3amachl MOA3EMHBIX BOA MOTYT OBITh CHCTEMATH-
3MpOBaHBl 10 pa3HbIM TNpu3HaKaM. CTPyKTypa NpEICTaBICHHOW HWH(POPMAIMOHHON CHCTEMBI OTpa)kaeT OAWH M3
BapUaHTOB MX Pa3J/ICJICHNs Ha KJIACCHI.

KommbloTepHbIe MakeThl KapT CTPOSATCS] CPeACTBaMH I'eOnH(pOPMAMOHHON CHCTEMBI M BXOIAT B 0a3y rpadu-
YecKHX JaHHBIX. OHHM MOCTPOCHBI B OIHON CHCTEME KOOPIHMHAT, OJHOM MacmiTabe, Ha eIMHOM KapTorpadudeckon
OCHOBE. BenMumHbI pecypcoB pacCUNTaHbl B PaMKax pa3indHBIX TEPPUTOPHATBHBIX OOBEKTOB (THAPOTEOIOTHIECKIX
GacceifHOB, BOIOXO3HCTBEHHBIX 0acCEHOB, aJIMHHUCTPATHBHBIX PAallOHOB) M coiepkarcsi B 0a3ze CEMaHTHUECKUX
JIaHHbIX. CBs3b 0TOOpaXKaeMbIX Ha KapTe rpaduyecknx 0OBEKTOB M TAOMHI 0a3bl CEMAHTHYECKUX JAaHHBIX OCYIEC-
TBIISIETCS ITyTEM BBEICHHS MOI-MIeHTHU(HKaTopa. KapTel obecredeHHOCTH MOJA3EeMHBIMH BOAAMH ITIOCTPOCHBI B
TpaHMIaX aJAMUHHCTPATUBHBIX OOJIACTEHl M COXEpXKaT DPErvoHBI, BBHIJEICHHBIC IO OOCCIIEYEHHOCTH JKCILTyara-
LHUOHHBIMU 3allacaMy U MPOTHO3HBIMH PECYPCaMU JUIsl Pa3JIMYHBIX LIETIEH.

ATpuOyTHBHBIC JaHHBIE IPEICTABICHBI Ha KapTax B BHJC JAUarpaMM paclpeeeHUs] PECypcoB 0 Pa3INyHbIM
Npu3HaKaM (MHHEpaIn3aluy, [eJIEBOMY Ha3Ha4eHHUI0, KaTerOpHUH | JIp. ).

leonnpopMaoOHHO-aHATNTHYECKAsl CHCTEMa PECypCOB M 3aracoB IHOA3eMHBIX Boja KazaxcraHa IoroiHeHa
KOMIIBIOTEPHBIMH MAaKeTaMH KapT €CTECTBEHHBIX 3alacoB, MPOTHO3HBIX PECYPCOB, IKCIIYaTALMOHHBIX 3alacoB
noj3eMHbIX Boj Kaszaxcrana, a Takke KOMIBIOTEPHBIMM MakeTaMH KapT OOECIIe4eHHOCTH MOA3EMHBIMH BOJaMHU
Pecmry6onmuku Kazaxcras.

Kapra pacnpeznesnenust ecTeCTBEHHBIX 3amacoB c(hopMHpoBaHa B IpenesiaXx I'MIPOre0JOrMYeCKUX MAacCHBOB U
GacceiiHOB paBHHUHHBIX TEpPPUTOPHL. KapThl MPOTrHO3HBIX pecypcoB 0TOOpaXKaloT pacnpenesieHHe TOI3EMHbIX BOJ 10
MHUHEpaJIM3allid B paMKaxX pa3luuHbIX IUiomaneid. OCHOBHBIE pecypchl MPECHBIX MOA3eMHBIX Box (59,3%)
COCPEIOTOUCHBI B I0OXXKHOM PErHoHe: B AJIMaTHHCKOH, XKamObuickoi, Ker3putopaunckoit u TypkecTaHckol o6nacTsx,
LIEHTpaJIbHbIE, CEBEPHBIC U 3allaJHbIC PErHMOHbI OTIMYAIOTCS HU3KOH BEMYMHON MPOTHO3HBIX pecypcoB. IIporaos-
HBIE SKCIUTyaTal[IOHHBIE PECYpPCHl MOJI3EMHBIX BOJ OLEHMBAIKCH 110 rHiporeosiorndeckum Oacceitnam I u II mo-
PSAKOB.

JAnst KaKA0T0 TUIA TePPUTOPUATBHBIX 0O0BEKTOB MOCTPOEHBI MAKEThl KapT Paclpe/esIeHns] SKCIUTyaTallMOHHBIX
3aracoB IO 1LIEJI€BOMY Ha3HAYEHMIO, TE€HETHMUYECKHM THUIAM MECTOPOXXKIEeHUH, kareropusM. OCHOBHOE KOJIMYECTBO
MECTOPOXKJCHUI TMOA3EMHBIX BOJ pa3BelaHO Ul XO3IHCTBEHHO-TUTHEBOTO BOJOCHAOXKEHMS, a B PAIC CIy4aeB —
COBMECTHO JIJII XO35HICTBEHHO-TIUTHEBOTO U JUIA APYTHX LieJIeH — OpOIICHHs 3eMellb WM TEXHUYECKOTO BOJOCHA0-
skeHua. OCHOBHasl BeNMYMHA 3KCIUTyaTallMOHHBIX 3allacoB IOJ3EMHBIX BOJ COCpPElOTOYEHa B KOHYCax BBIHOCA
NPEArOpHBIX IUIEH(POB U MeXTopHbIX BraauH IOxxHoro u HOro-Bocrounoro Kazaxcrana. Haubosbmme sxcrutyara-
IIMOHHBIE 3amachkl moa3eMHbIX Boxa (16721,778 Tmc.M%yT) XapaKTepHBI I AJIMAaTHHCKOW 00JacTH, a HaWuMEHb-
e — it CeBepo-Kazaxcranckoit obmactu.

KapTer o0OecrieueHHOCTH NMOJ3EMHBIMU BOAAMH OTPAXAIOT CTEMEHb YAOBICTBOPEHMS TEKYIIUX M MEPCIEKTUB-
HBIX NTOTPEOHOCTEN HACENEHNs B MTUTHEBON BOJIE 32 CUET MPOTHO3HBIX PECYPCOB U Pa3BEIaHHBIX SKCILTyaTallMOHHbBIX
3aI1acoB IOA3EMHBIX BoJ. KapThl BKIIOYAIOT AUarpaMMbl COOTHOIIEHHS BEJIMYMH ITPOTHOZHBIX PECYPCOB MTOA3EMHBIX
BOJl C pa3IW4YHOW MHUHEpanu3alyel, SKCIUTyaTallMOHHBIX 3allacoB IOJ3EMHBIX BOJ Pa3IMYHBIX KaTETOPHH,
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M3BJICYEHUS TIOJI3EMHBIX BOJ. MOXeT OBITh CleNiaH BBIBOJ 00 oOecrmeueHHOCTH TeppuTopuu KazaxcraHa IpoOrHO3-
HBIMH M yTBEPKICHHBIMH 3allacaMy MOA3EMHBIX BOJI PA3JIMYHOTO LIEJIEBOr0 HA3HAYCHHS, XOTS X HEPAaBHOMEPHOCTh
pacpocTpaHeHusl CO3/IaeT B psijie paiioOHOB JAeMUIMT MPECHBIX MOA3EMHbBIX BOJI.

Co3/1aHHbIE MaKeThl KapT MOTYT HCIOJIb30BAThCS OOJIACTHBIMH M PECIyONMKAaHCKUMH aJIMUHUCTPATUBHBIMU
CTPYKTYypaMH B TpoOlecCe MPOTHO3MPOBAHUS PA3BUTHS 3KOHOMHKH OOJIacTel, IUIAHMPOBAHUS XO3SMCTBEHHOMN
JIeSITEIbHOCTH, pa3pabOTKU IKOJIOTHYECKAX MEPOIPHUSITHI.

HudopmannonHas cucteMa sSBISETCST OTKPBITOM U OyJeT AOTONHITHCS BapHAHTAMHU KapT, MOCTPOCHHBIMHU Ha
OCHOBaHHH Pa3JIMYHBIX METOJUK PAacueTa PECypPCOB MOA3ZEMHBIX BOJI.

KioueBble cj10Ba: 0A3eMHbIE BOJIbI, HH(OPMAIIMOHHBIE CUCTEMbI, PECYPChI MOJ3EMHBIX BO/I.
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ECOLOGICAL AND WATER ECONOMIC ASSESSMENT
OF THE YESIL RIVER BASIN CATCHMENT AREA

Abstract. Based on the system analysis of the long-term information and analytical materials of the RSE
«Kazhydromet» on water pollution in the Yesil river basin and the use of the Shannon index and the maximum
pollution coefficient V.V. Shabanova made an assessment of water quality by hydrochemical indicators on a spatial
and temporal scale in the conditions of anthropogenic activity to identify the causes and consequences of the
formation of the hydrochemical regime of water bodies. On the basis of the conducted multivariate assessments and
rationing of the water resources of the Yesil River, the directivity and intensity of changes in water quality, that is,
their pollution with the main ions (Cl, Na, SOs), biogenic elements (NHa, NO,, NO3) and heavy metals (Cu, Zn) are
shown on a spatial-temporal scale which are one of the main environment-forming systems for the life of the
population of Central and Northern Kazakhstan. In this case, the maximum pollution coefficient (K;) in the
catchment area of the Yesil River Basin on a time scale from the hydrological station - the village of Turgenevka to
the village of Dolamatova are increasing and, by degree of pollution, mainly refers to the contaminated and trophic
status of E.S. Shannon - eutrophic, which must be considered when developing environmental protection measures to
restore and improve the eco-capacity of water bodies in Central and Northern Kazakhstan.

Key words: analysis, assessment, pollution, water, state, hydrochemistry, system, elements, ions.

Introduction. At the present time, in the catchment area of the Yesil river basin, there is a difficult
water-ecological situation, which is explained, first of all, by its transboundary position, and also due to
the upper and middle parts of the basin to the arid inland regions of Northern Kazakhstan, where the river
almost does not accept tributaries. The situation is aggravated by the fact that it is in these areas within
Kazakhstan and the Russian Federation that the Yesil River is the main waterway and the source of water
supply for the population and various sectors of the economy. The main areas of population, as well as
industrial and agricultural development, are gravitated to its valley. Irrational economic activity in the
catchment area, including the use of water resources, also has a great influence on the ecological status of
the catchment area of the Yesil river basin.

Thus, the catchment area of the Esil river basin is under a multifactorial anthropogenic impact that
affects the biotic and abiotic characteristics of them, and in order to effectively manage their hydro-
ecological state, it is necessary to have long-term information and analytical data, characterizing the state
of the managed system, which are obtained during hydrological, hydrochemical and hydrobiological
observations of water bodies, as well as data on all significant factors affecting this state using methods of
comprehensive assessment of the state of natural systems, allowing to evaluate water quality.

The purpose of the research — on the basis of long-term information and analytical materials of RSE
«Kazhydromet» on the pollution of the water resources of the Yesil River, to determine the features of the
formation of their hydrochemical regime in the conditions of anthropogenic activity.
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The object of research. The Yesil River originates in the low Niyaz mountain range of the Kazakh
Hills and over 775 km flows from east to west, receiving a number of large tributaries flowing from the
Kokshetau Upland from the spurs of the Ulytau Mountains. In the upper reaches flows mainly to the
north-west and west, mainly in a narrow valley, in the rocky shores [1].

Below Astana, the valley widens, south-westward beyond Atbasar. At 1578 km near the town of
Derzhavinsk (conditional boundary of the upstream Yesil), the riverbed drastically changes its direction to
the meridian - from south to north. Below Sergeevka, the river enters the West Siberian Plain and flows
along the flat Yesil plain in a wide flood plain with numerous waters, in the lower reaches it flows among
the marshes and flows into the Irtysh near the village of Ust-Yesil [2,3].

The Yesil river catchment area is 177,000 sg.km, of which about 20% of the area falls on the territory
of Russia, within which about 30% of the flow is formed.

The main tributaries (on the territory of Kazakhstan): the right - Kalkutan, Zhabay, Akkanburlyk,
Imanburlyk, the left - Terisakkan. The main tributaries of the Yesil (in Russia): the right - Karasul (flows
into the Yesil, near the village of Burovoye), Ik, the left - Badger.

The catchment area of the Kalkutan River is 17,400 sg.km, length - 233 km, the average height of the
catchment area is 360 m, and the density of the river network is 0,10 km / sq.km. The catchment area of
the Zhabay River is 8,800 sq.km, the length is 196 km, the average height of the catchment is 364 m, and
the density of the river network is 0,11 km/sg.km. The catchment area of the Terisakkan River is
19,500 sg.km, the length of the river is 334 km, the average height of the catchment is 350 m, and the
density of the river network is 0,15 km / sg.km. The Akkanburlyk River originates from the Zhaksy-
Zhangiztau lake from the west bank, flows into the Yesil river to the right at 1,280 km from the mouth,
1,176 km long, the catchment area is 6,720 sq.km, including 731 sq.km of non-flowing river, the total fall
of the river is 188 m, average slope is 1%.

The Yesil river nourishment predominantly snow. The river freezes in early November, opens in
April - May. The average water discharge at the village of Vikulovo 100 km from the mouth is 56,3 m3/s,
the largest 686 cub.m/s. The maximum water discharge of the Yesil River in the upper reaches near the
Astana city is 1080-1100 cub.m/s, the annual flow volume is 1,299,967 thousand m3/year. Average annual
water consumption 1,11cub.m/s.

The annual flow rate of the Yesil River, or the average long-term flow, is the main and stable
characteristic that determines the total water content of the river and potential water resources[3].

The research of the regularity of the intra-annual distribution of the flow of the Yesil River is one of
the most important issues, a solution that is necessary for the rational and integrated use of water resources
for various purposes of the national economy. In general, the assessment of changes in the intra-annual
distribution of runoff in a year depends not only on the methods of analyzing and comparing the monthly
runoff and its distribution in a multiyear context with the dynamics of economic activity on the catchment
area, but also to a certain extent on comparing the natural and disturbed flow distribution. In general, the
relative stability of the intra-annual and seasonal distribution of the flow of the Yesil River in natural
conditions is confirmed by data on the relative distribution of the flow over the seasons in the context of
weak economic development of the region and after the construction of large reservoirs (figures 1, 2).
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Figure 1 — Intra-annual distribution of the flow Figure 2 — Intra-annual distribution of the flow
of the Yesil River (Astana gauging station) of the Yesil River (Peropavlovsk hydropost)
of different supply (1-25%; 2-50%; 3-75%) of various types of supply (1-25%; 2-50%; 3-75%)
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One of the factors affecting the formation of the socio-economic complex of the Yesil river basin
catchment is the development of economic activity, that is, the main water consumers are agriculture
(regular and estuarial irrigation, hayfield, agricultural water supply, watering of pastures), industry and the
housing sector.

The volume of water consumption within the Republic of Kazakhstan is currently about 217,7 million
cub.m and by 2020 the volume of water consumption will increase to 480,2 million cub.m.

Water consumption in the Russian part of the Yesil River Basin is an order of magnitude less than in
the Republic of Kazakhstan, its volume currently stands at 16,0 million cub.m, an increase by 2020 is
planned to 28 million cub.m [1].

Very high population density among the Akmola and North Kazakhstan regions, which constitute
12,46 people/sg.km, a high share of industrial production of 36,5 thousand dollars/sq.km, the maximum
plowing of the territory (60%) and livestock loading in the range of 14,6 head/sg.km showed that within
the Republic of Kazakhstan the catchment area of the Yesil River basin has an average degree of
anthropogenic load. At the same time, the largest anthropogenic load falls on large industrial cities, the
average is typical for agricultural areas, low prevails in areas with low population density [1].

The magnitude of the load on water resources is estimated by the coefficient of water use (K”“P ),
equal to the ratio of total water consumption to available water resources, showed that the largest water
load falls on large industrial cities and amounts to 40%, which corresponds to a high load, and in general
the Esil river basin on average, water loads make up 14 -16%, which characterizes a moderate load on
water resources.

Changes in the quality of water resources in the Yesil river basin occur under the influence of a
number of reasons, the main of which was the development of economic sectors and, as a result, environ-
mental pollution and water bodies. At the same time, the main sources of pollution of water resources in
the watershed of the Yesil river basin, that is, from the sources of rivers to the Sergeyevsky reservoir, are
industrial, household and mine sewage of enterprises of Karaganda-Temirtau industrial region [1].

In the Yesil river basin, the total volume of discharges is currently 94,28 million cub.m, including
26,34 million cub.m to natural surface water bodies. The main part of the discharge was wastewater —
86,62 million cub.m and mine- 6,40 million cub.m, collector-drainage water is formed in an insignificant
amount — 1,26 million cub.m. In the future, a significant increase in total discharge is projected at 134,87
million cub.m, that is, up to 229,15 million cub.m, but the increase in natural surface water bodies is
expected to be insignificant, only by 1,28 million cub.m. The main increase in discharges will occur due to
wastewater, the volume of which will increase by 120,19 million cub.m [1].

Research materials. When solving the tasks set in the work, the long-term information and
analytical materials «Annual data on the quality of surface waters» of the Republic of Kazakhstan of the
RSE «Kazgidromet» and the Newsletter of the RSE «Kazgidromet» «On the state of the environment in
the Republic of Kazakhstan» of MEWR RK in the period 1990-2012 were used years and studies of
perennial stock and literature sources on hydrochemical indicators [4,5], including biochemical oxygen
consumption(BODs), ammonia nitrogen (NHg),nitrite nitrogen (NO-), nitrate-nitrogen (NOs), chlorides
(CI), sulfates (SOa), copper (Cu), zinc (Zn), natrium (Na) and petroleum products. The research methods
of RSE "Kazgidromet" of the Republic of Kazakhstan are based on systematization, system analysis and
synthesis of monitoring results, which were carried out on the basis of the "Manual hydrometeorological
stations and posts (part 3.1 - Hydrological observations at posts. Almaty, 2004)", according to which
observations on transboundary sections are held at least 36 times a year [6].

At the same time, Horiba U-50 series (measuring the physicochemical parameters of water), the
bottom grab gear and Peterson (for sampling macrozoobenthos) and the Jedi network (for sampling
zooplanktons) were used to determine hydrobiological indicators and sampling.

Research methods. For evaluation and standardization of water quality in the river basins in the
Americas and Europe uses water quality index CCME (CCQE WQI) - it is a tool to simplify the presen-
tation of water quality data [7] as the only tool for managing water bodies. A significant contribution to
the development of the theoretical base of the water quality index CCME (CCQE WQI) have been made
by D. Couillard and Y. Lefebvre[8], D.G. Smith [9], M.A. House and J.B. Ellis [10], J. Saeger [11],
P.A. Zandbergen and K.J. Hall [12], S. Hébert [13], R. Rocchini and L.G. Swain [14], S. Munger [15],
W. Hart [16], B. Phippen [17], T. Husain [18], C.R. Wright, K.A. Saffran, A-M. Anderson, D. Neilson,
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N.MacAlpineandS. Cooke [19],H. Khan [20], as well as some work done by Canadian scientists W. Hart,
Earle Baddaloo, Jackie Shaw, Kim Hallard, Murray Hilderman, Peter Rodgers, Karl Lauten, llze Reiss and
Herb Vandermeulen, Scott Tessier and Margaret Gibbs in the implementation of the project «Canadian
recommendations on water quality for the protection of aquatic life and fauna: water quality index
CCME»[7].

For assessing the quality of water resources and the ecological state of aquatic ecosystems in the
practice of water management in the Russian Federation and the Republic of Kazakhstan, methods based
on the use of complex indicators, that is, the definition of limits of permissible changes (LPC) are widely
used [21], critical threshold action (CTA) [22], maximum permissible concentration (MPC) [22],
hydrochemical pollution index (HPI) [22],as well as methodological support of N.G. Bulgakov [23], V.P.
Yemelyanova [24], T.N. Moiseenko [25], M.Zh. Burlibayev [26] and V.V. Shabanov [27].

In this case, to assess the water quality and ecological status of water bodies in the Yesil river basin,

the method of V.Shabanov is used, by using the maximum pollution coefficient ( Kns’) [27-29]:

1 N ¢
Kns = 2 ;!
i—1 [AK; ,

where i — number of the water pollutant; N - quantity of substances taken into account; MPC; - maximum
permissible concentration of substances to be taken into account; C; - actual concentration of substances
taken into account; K, - coefficient of pollution that characterize water quality, the state of the river water
body and its water management value, which are estimated in accordance with the classification given in
table 1.

Table 1 — Classification of water quality according to the coefficient of maximum pollution (Kns)

Very clean Clean Moderately clean Polluted Unclean Very clean

<-0.80 -0.80-0.0 0.0-1.0 1.0-3.0 3.0-5.0 >5.0

To assess the degree of water pollution in river basins used trophic status of E.S. Shannon (table 2) [30].

Table 2 — Classification of water quality index by Shannon (H) [30]

Trophic

Oligotrophic Mesotrophic Meso Eutrophic Eutrophic Polyetrophic Hyper eutrophic

3,06-1,89 1,89-1,69 1,69-1,52 1,52-1,35 1,35-1,25 1,25-1,11

Research results: Based on the methodological approach of V.V. Shabanov based on the coefficient
of maximum pollution (K,;) with the use of long-term information and analytical materials of RSE
«Kazhydromet» on water pollution in the Yesil river basin and integral maximum allowable concentration
criteria (MAC) for fishery water use [3; 4; 31] the water quality was assessed by hydrochemical
parameters (figure 3 and 4).

Thus, the assessment of the quality of water in the catchment area of the Yesil river basin carried out
on a spatial-temporal scale, starting with the flow formation zone (hydrological station Turgenevka) to the
mouth of the river (hydrological station Dolamatova), made it possible to determine the directivity and
intensity of their pollution with the main ions (Cl, Na, SO4),biogenic elements (NH4, NO2, NO3z)and heavy
metals (Cu, Zn). As can be seen from table 3, the waters in the catchment area of the Yesil river basin are
mainly polluted with heavy metals (Cu, Zn), sulfates (SO4)and petroleum products, which requires the
need to take into account when developing environmental protection measures. It should be noted that the
coefficient of maximum contamination (K,;) in the watershed of the Yesil River Basin on a time scale
from the hydrological station, the village of Turgenevka to the village of Dolamatovo increases and by
degree of pollution, mainly refers to polluted (Figure 3), where the water pollution is represented by the
trophic status of E.S. Shannon [30].
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Figure 3 — Changes in water quality according to the limiting Figure 4 -
pollution factor in the Yesil river catchment area in the space- The probability curve of the coefficient
time scale: 1 - very clean (oligotrophic); 2- pure (mesotrophic); of maximum pollution (Ky3)

3 - moderately polluted (meso-eutrophic)

As can be seen from figure 3, water quality assessment by pollution factor was carried out in a
multiyear section (1990-2012) and on a spatial scale, which allowed us to obtain water quality
characteristics for years of varying degrees of supply and various hydrological posts located along the
catchment area of the Yesil basin (figure 4).

To assess the ecological state of the aquatic ecosystem in the catchment area of the Yesil river basin
the Shannon index (H) dependence is used and pollution limit coefficient of V.V. Shabanov (K,;), which
has the following form: H =3,06-exp[-0.23(K ;5 +2)].

Based on the coupling equation characterizing the dependence of the Shannon index and the pollution
limit coefficient (K,;) their quantitative values were determined by hydrological posts located in the
catchment area of the Yesil river basin on a time scale (table 3).

Table 3 — Comparative assessment of the ecological state of the aquatic ecosystem in the catchment area
of the Yesil river basin using the Shannon index (H) and coefficient of maximum pollution (Kns)

Years
Hydrological 1990 2000 2005 2012
posts
Kns H Kns H Kns H Kns H
Turgenevka village -0,264 2,050 -0,243 2,041 0,072 1,900 -0,117 1,983
Astana city -0,470 2,151 -0,385 2,111 0,120 1,876 0,146 1,867
Kamennyi quarry village -0,291 2,066 0,309 1,799 0,078 1,897 0,168 1,860
Sergeyevka city -0,181 2,013 0,168 1,860 -0,002 1,934 -0,169 2,007
Petropavlovsk city -0,222 2,032 -0,100 1,977 0,220 1,836 -0,406 2,121
Dolamatovo village -0,120 1,986 0,131 1,876 0,288 1,805 0,146 1,870

Thus, on the basis of systematization and system analysis, as well as predictive calculations to
determine the pollution limit index and the Shannon index, it was possible to evaluate the water quality
and ecological state of the aquatic ecosystem in the Yesil river basin in the space-time scale, that is, the
water quality in all hydrological posts are estimated at the level of «moderately polluted (mesoeutrophic)»
and «polluted (euthophic)».

Discussion. Currently, the hydrological regime of the Yesil river basin has changed under the
influence of anthropogenic activities, that is, 80% of the river flow is completely regulated by the
construction of large and small reservoirs to meet the water needs of growing and developing industrial
facilities, cities and agriculture.

The volume of water consumption within the Republic of Kazakhstan is currently about 217.7 million
cub.m and by 2020 the volume of water consumed will increase to 480.2 million cub.m.
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Most of the wastewater from the Esil river basin is formed in the catchment areas of the Kazakhstan
part, which in the future from 134.87 million cub.m to 229.15 million cub.m, are the main sources of
chemical and biogenic pollution of surface runoff.

The magnitude of the load on water resources was estimated by using the coefficient of water
resources use (K.q),equal to the ratio of total water consumption to available water resources showed that
the largest water load falls on large industrial cities and makes up to 40%, which corresponds to a high
load, and in general, the Yesil river basin has an average water load of 14 -16%, which characterizes
moderate load on water resources.

The quality of water in the catchment area of the Yesil river basin carried out on a space-time scale,
starting from the runoff formation zone (hydrological station Turgenevka) to the mouth of the river
(hydrological station Dolamatovo), made it possible to determine the direction and intensity of their
contamination with the main ions (Cl. Na, SO4), biogenic elements (NHs, NO,, NO3) and heavy metals
(Cu, Zn). At the same time, it is mostly contaminated with heavy metals (Cu, Zn), sulfates (SO.) and oil
products, which requires the need to take into account when developing environmental protection
measures. It should be noted that the coefficient of maximum pollution (K,;) in the catchment area of the
Yesil river basin on a time scale from the hydrological station of the Turgenevka village to the
Dolamatovo village increases.

Assessing water quality and the ecological status of the aquatic ecosystem in the Yesil watershed by
using the coefficient of maximum pollution (K,;) and Shannon index (H) allowed to determine the degree,
intensity, direction and nature of pollution of water bodies in the space-time scale and to obtain the
dependence of the coefficient of maximum pollution (K,;) and Shannon index (H) in the estimated
provision (P), which showed that the quality of water for all the considered hydrological posts is estimated
at the level of «moderately polluted (mesoeutrophic)» and «polluted (euthophic)».

At the same time, the obtained information on the current state of the aquatic ecosystem of the
catchment area of the Yesil river basin within the Republic of Kazakhstan makes it possible to develop a
system of measures for the rational use of natural resources and the prevention of possible emergency
situations based on the quantitative characteristics of natural self-purification.

K. C. Mycragaesl, O. T. Kosbikeepa’, A. H. Kanmamosa®,
A. E. Anpusiposal, Apsunac Iosunaiiruc?

1Kazak yITTBIK arpapisik yHuBepcuTeti, Anmarsl, Kasaxcran;
?ButosTa Benukoro yHusepcuteri, Kaynac, JIutsa

ECIJI ©3EHIHIH CY )KUHAY AJIABbBIH DKOJOI'USJIBIK-CY
IMAPYAIIBUIBIK TY¥PEFBIJA BATAJIAY

Annoranus. Kazipri yakeirta Ecin e3eHiHIH OaccelHIHAE KYP/Ei Cy-IKOJOTHIIBIK KaFaail OpbIH ajFaH, Oy,
€H aJIIbIMEH, IIeKapaapaliblK OPHATACYBIMCH, COHBIMCH KaTap ©3¢H OacCeHHIHIH KOFapFbl XKOHE OPTAaHFbI OOIriHIH
Contycrik KazakcTaHHBIH KYpFakK kepliepiMeH OaiylaHbICTBI 0OJybIMEH TYCiHIiputeai. JKarnaiapl oaH opi yIIBIK-
TeIpaThiH Macene Kaszakcran men Peceit ®enepaumsiceiHblH mierinae Ecin e3eHi XaJbIKTHI jKOHE SKOHOMHKAHBIH
OpTYpJI cajajapblH, TYPFBIHIAPABIH HETI3rl aynaHJapblH, COHIAl-aK ©HEPKACINTIK JKOHE aybLINIapyallbUIbIK
JIlaMybIH MaruCTPaJIbJIbIK Cy JKOJIbI )KOHE CyMEH KamMTaMachl3 €Ty Ke3i 0oubin tadbuiansl. Cy xuHay aaObIHAAFBI Cy
pecypcTapblH THIMCI3 Naiananyasl eckepeTiH Ooscak, Ecin e3eHi OGaccelHiHIH SKOJOTHAJIBIK >KaFiaiiblHa YIIKEeH
acep erei.

Ecin e3eHiniH OacceitHiHmeri ToriHai cymapabiH ke Oemiri Kazakcran OeliriHiH Cy XKHHAY ydacKelepiHme
KaJpImTacazpl, onap Oonamakra 134,87 muH M3-nieH 229,15 muH M°-re neifin 6eTKi aFbIHAbI JIaCTayIbIH XUMUSIIBIK
KOHE OMOTEH/IIK HeT13ri ke3aepi O0JIBI Ta0bLTa B

Axmosa xone Conrycrik KazakcTan o6IbICTaphl apachlH/a XalbIKThIH THIFBI3IBIFLI 12,46 anam/km?, eHepKacin
eHIipiciHiN sorapbl yiieci 36,5 MbIH fosuiap / KM%, ayMakTa >Kepjii *KbIPTY/bIH JKOFaprbl kepceTkimni (60%) xoHe
14,6 man 6ackl/kM? xargaiinarsl Man 6achIHbIH kykTeMeci Kaszakcran Pecry6nukachiHbIH ayMarbiHaa Ecin eseni cy
KHMHay anaObIHIaaHTPOIOTI€H/IIK KYKTEMEHIH eJoyip OFaphl €KeH/IrH KOpCeTTi, OYJI )Kep YCTi Cy pecypcTapbIHbIH
XMMUSUTBIK )KOHE OMOTeH]Il JTaCTaHybIHBIH KaJIBITACybIHA 3CEP €Tel.

Ocpunaiitia, Ecin e3eHiHIH Cy XUHAY ana0bl OHBIH OMOTHKAJBIK JKOHE aOMOTHKAJIBIK CHUMIATTaMalIapblHA dcep
€TeTiH Ko (aKTOpPJIbl AHTPOIIOTEHIIK acep e 00a Ibl, ©3CHHIH THIPOIKOJIOTHSIIBIK XKaFJaiblH THIMAL OacKapy YIIiH
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Cy HbICaHIApbIHA TMAPOJIOTHSIIBIK, THAPOXUMHUSIIBIK JKOHE THAPOOHOIOTHSIBIK 3€PTTEYIIep JKYPri3y Ke3iHAe ajblH-
FaH OaKpUIAHATHIH JKYHEHIH jKaFIalfblH CHITATTAWTBHIH Y3aK MEP3iMIl aKMapaTTHIK KOHE aHATUTHKAJIBIK MOTIMETTEp
0o0JTyBl Ka)XKET, COHBIMEH KaTap OFaH dcep eTeTiH OapIblK MaHbI3Ibl (haKkTOpiap Typasbl MaJiMeTTep Oipre CyIblH
carachblH aHbIKTayFa MYMKIHAIK OepeTiH TaOuFy >KYHEeHIH jKaFraaiblH KaH-)KaKThl Oarajiay 9JIiCiH maiiianaHy Kaxer.

Makanana Ecin eseniHiy OaccelHiHzeri cyaplH Jjactanybl Typanbl «Kasruapomer» PMK yzak mepsimpai
aKnapaTThIK-aHAIUTHKAIBIK MaTepHalJapbiHbIH Kyienik tanaaysl, [llennon uanekci meH B.B. 111abaHOBTHIH Mak-
CHUMAIIZIBI JIACTaHY KOX((UIIMEHTI HETi31HIe CY HBICAHIAPBIHBIH KCHICTIK-YaKbIT MACIITAOBIHIAFbl THIPOXUMUSITBIK
KepceTKilTepi OOMBIHIIA CY/ABIH camnachl OaraJlaHbIN, aHTPONOTEHMIK acep Ke3iHAe THIPOXUMMUSUIBIK pPEXUMIHIH
maiina 6oy cebenTepi MeH calTapblH aHBIKTAIIB. ECin @3¢HiHIH Cy pecypcTapblH KeHICTIKTIK-YaKBITTHIK MacIITad-
Ta Oaranay YIIiH K.pTi3iIreH 3epTTeyiep HETi3iHAe Cy pecypCTaphIHBIH XYKTEMECi Cy pecypCTaphlH MalianaHy
ko3 durmentin (Kyqp) KOJIIAHA OTBHIPBIM, CYy PECYPCTAPBIHBIH KAl CyIbl TYTHIHYABIH KOJ XKETIMII Cy pecypc-
TapblHa KAaTIHACHI apKbIIbI €CENTENreH, €H YJIKEH Cy JKYKTEMecC! ipi eHepkocinTik Kananapra 40% neitin xerti, Oy
KOFapbl )KYKTeMere ColKec Kenei, aj anmsl Ecin e3eHiniy 0acceliHiHe cy xykremeci opraiia ecenmer 14 -16%
Kypazpl, OYJ1 Cy pecypcTapblHa TYCETIH )KYKTEMEHIH KaJIbIIThI )KaFAaiiblH CHIIATTAbI.

Ecin e3eHiHIH Cy pecypcTapbiHa KEHICTIK-yaKbIT MacIITaOBbIHIA JKYPTi3UIreH KON IoNeiaeMelti Oaraiay by
’KOHE MeJIIepIIey/1iH HeTI3iH/Ie CY/bIH CalachiHbIH ©3repyiHiH OaFbIThl )KoHE KapKbIHBI KOpceTiireH, sFHU OpTajbIK
xoHe Conrycrik KazakcTaHHBIH TYPFBIHAAPBIHBIH TIPIILTIK KBI3METIHHIH OpTa XKYHECIH KYPYIIbI HETi3ri HOHJapMeH
(CI, Na, SO.), 6uorennik snementepmer (NHs, NO2, NO3) xoHe aysip Meranaapmed (Cu, Zn) nactany aspesxeci
kepcerinreH. ConbiMeH, Ecin e3eHiHIH cyKHHAy alaObIHBIH YaKbIT MacTIITAaOBIHAAFbl HIEKTENIeH JIaCTaHy KepceT-
kimi (Kn;) TypreHeBka aybUTBIHBIH TYCBHIHAAFBI THAPOJOTHAIBIK OekeTTeH JlomaMaToB aybUIbIHA JCHiH JIACTaHy
JIopexeci ecelli KoHe JlacTaHy adpexeci Ooiprama ac xoHe E.C. IIIeHHOHBIH TpoQuKaibslk MopTeOeci OoiibIHIIa
IBTpO(UKANBIK TOMKA >aTaipl, an OyHbIH ©3iH OpranblK sxoHe Contycrik KaszakcTaHHBIH Cy HBICaHAApBIHBIH
SKOJIOTHSUIBIK CHBIMIIBUIBIFBIH KaNIIbIHA KEJNTIPy JKOHE XKAaKCapTyFa apHAJIFaH TaOWFaThl KOpFay IIapajapblH Kypy
Ke3iHJe ecKepy Kepek.

Conrver katap, Kazakcran PecryOmukaceianarsr Ecin e3eHi OacceiiHiHIH Cy alIBIHBIHBIH CYy AKOXKYHECiHIH
Kazipri jkarjaiibl Typajibl ajblHFaH aKmapaT TaOuFu pecypeTapibl YTHIMIbI MaiifanaHy >XOHE MYMKIH OOJIaThiH
TOTEHIIE JKaFJaiinaplplH alJblH ay OOWBIHIIA MIapanap jXyHeciH TaOWFW >Kydenepai TaOWFHM ©3iH-31 TazapTy
MPOLIECTEPIHIH CaH/IBIK CHITATTaMaJIapbIHa CyieHe OTBIPBIIN XKacayFa MyMKIHIIK Oepei.

Tyiiin ce3nep: Tannay, 6aranay, JacTany, cy, arIaibl, THAPOXUMHUS, KYHE, DIEMEHT, HOHap.

K. C. Mycragaes’, A. T. Kosbikeena’, A. H. Kanmamosa?,
A. E. Anmmponal, Apsuaac HoBuaaiiTuc?

1Ka3axckuii HallMOHATBHBIN arpapHbIi yHUBEpCUTET, AnMarhl, Kazaxcran;
2Vuusepcurer ButosTa Benuxkoro, Kaynac, JIuta

3KOJIOI0-BOIOXO03IMCTBEHHAS OIIEHKA BOJJOCEOPA BACCEMHA PEKH ECUJIb

AnHotanus. B Hactosiiee Bpems B BojocOope OacceiiHa pekd Echib ClIoXHIach CIIOKHAsI BOJHO-3KOJIOTH-
yeckasi 0OCTaHOBKA, YTO OOBSICHSETCS, MPEXKIE BCEro, €ro TPAHCTPAHWUUYHBIM IOJIOXKEHHEM, a TaKXe IpPUypOuYCH-
HOCTBIO K BEpXHEH W cpenHel uyacteil OacceiiHa K 3aCyNUIMBBIM BHYTPUKOHTHHEHTAIBHBIM paiioHam CeBepHOro
KazaxcraHna, rie peka oyt He IPUHAMAET NPUTOKOB. Y CyTyOIIsieT CUTYalMIo TO, YTO MIMEHHO Ha 3THX Y4acTKax B
npenenax Kazaxcrana u Poccuiickoii denepannu pexa Ecuib sBnsieTCss OCHOBHOM BOAHON apTepuel U HCTOUHUKOM
BoJl0OOECTICUeHHsI HACENEHHUs W Pa3iIMYHBIX OTpaciied XO3siCTBA, K €ro JOJIMHE TATOTEIOT OCHOBHBIC apeaiibl
3aCeNEHHOCTH, a TAK)KE IPOMBIIIJICHHON U CEIbCKOXO03HCTBEHHOW OCBOEHHOCTH. HepanmoHanbHas X039HCTBEHHAS
JESITEIFHOCTD Ha BOJOCOOpE, BKIIIOYAs MCIOIb30BAaHNE BOJHBIX PECYPCOB, TAKXKE OKA3bIBAET OOJIBIIOE BIMSHHE HA
9KOJIOTUIECKOE COCTOSHUE BoJocOopa OGacceiina pexn Ecuib.

Bonpimast wacte cTouHbeIX BOX OacceiiHa pexu Ecuip dopmupyercss B BOJOCOOPHBIX TEPPUTOPHSIX Kas3ax-
CTaHCKOIl yacTu, kKoTopas B nepcrexTuse oT 134,87 mmn. m® 10 229,15 M. M%, ABIAIOTCS OCHOBHBIMH MCTOYHH-
KaMU XUMHUYECKOTo U OMOTEHHOTO 3arpsi3HEHUS TIOBEPXHOCTHOTO CTOKA.

OdeHb BBICOKasl TJIOTHOCTH HaceneHud cpenu AxmonuHckoi n CeBepo-Kazaxcranckoi oOracteid, KOTOpbIE
coctaBnsiorT 12,46 4en/km?, BhICOKas J0Js MPOMBIILIEHHOTO MPOU3BOACTBA 36,5 ThIC. N0JUIap/KM%, MakcUMalbHas
pacnaxanHocTh Tepputopuu (60 %) U KUBOTHOBOMUECKON HArPy3KH B mpenenax 14,6 yci. rosi/km? mokasaim, uTo B
npenenax Pecry6nuku Kazaxcran BogocOopHslii 6acceliH pexu Ecnitb MMeeT 10CTaTOYHO BBICOKYIO aHTPOIIOT€HHYIO
Harpy3Ky, OKa3bIBaIOUIMX BIMSHHE HAa (DOPMHUPOBAHUS XUMHUYECKHX M OMOTCHHBIX 3arpsA3HEHHH IMOBEPXHOCTHBIX
BOJIHBIX PECYPCOB.

Taxum obpazom, BogocOop GacceifHa peku Ecuinbs HaxoanTces 1o MHOTO(haKTOPHBIM aHTPOIIOTEHHBIM BO3/IEH-
CTBHEM, KOTOpPOE BO3ICUCTBYET Ha OMOTHYECKHE W a0MOTHYECKHE HX XapaKTePUCTHKH, YTO I 3(PPEKTHBHOTO
YIPaBICHUS UX THIPOIKOJOTMYECKUM COCTOSIHUEM HEOOXOJMMO HMMETh MHOTOJETHHE WH(OPMaINOHHO-aHAIIHU-
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THUYECKHE JaHHbIC, XapaKTEPH3YIOIINE O COCTOSHUM YNPABIIEMON CHCTEMBI, KOTOPBIE HOIY4YaroT MPU MPOBEACHUN
THAPOJIOTNYECKUX, THAPOXUMUYECKUX M THAPOOHMOIOTMYECKUX HAONIOICHUHM 32 BOIHBIMH OOBEKTaMH, a TaKXke
JIlaHHBbIE 000 BCEX CYNIECTBEHHBIX (DAaKTOpax BIIMSHMUS HA 3TO COCTOSHHE C UCIIOJIB30BAHMEM METOJIOB BCECTOPOHHEH
OLIEHKH COCTOSIHHMS IIPUPOAHBIX CUCTEM, TIO3BOJISIFOLIMX OIIEHUTh KauyeCTBO BO/IbI.

B craThe Ha OCHOBE CHUCTEMHOTO aHaJM3a MHOTOJETHHX MH()OPMAlMOHHO-aHAJIUTHUeCKUX MartepuanoB PI'TI
«Kasrunpomer» no 3arpsisHeHHIO BOABI B OacceiiHe peku Ecunb u ncnons3zoBanust nnaekca lllennona n xoaddu-
IMeHTa npeaenbHoi 3arpsasHeHHoctd B.B. 11labanoBa npon3BeseHa oleHKa KayecTBa BOJBI MO THAPOXUMHYECKAM
MOKa3aTeJsIM B IPOCTPAHCTBEHHO-BPEMEHHOM MacIITa0e B YCIOBHIX aHTPOIIOT€HHOH JIESITebHOCTH JJIs BBISIBIICHUS
NPUYMH U CIEACTBUS (POPMHUPOBAHMS THAPOXMMHUYECKOTO PEKMMa BOJHBIX 00BekTOB. Ha OcHOBE MpOBEAEHHBIX
MHOTO(AKTOPHBIX OIEHOK M HOPMHPOBAaHUsS BOJAHBIX peCypcoB peku Ecuiabp B IIpOCTpaHCTBEHHO-BPEMEHHOM
MacmTabe BeJIMYMHA Harpy3kd Ha BOJHBIE PECypChl OLICHHMBAJIACh depe3 KOI((HUIMEHT HCIIOIb30BaHMS BOJHBIX
pecypcoB (Kiep), PaBHBIH OTHOIIEHHIO TTOJIHOTO BOJIOIOTPEOICHUS K PacIoyiaraeMbIM BOIHBIMHU peCypcaM IoKasal,
4TO HauOOJbIIAs BOJHAS HArpy3Ka MPUXOMUTCS HAa KPYIHbIE IPOMBIIIICHHBIE TOPOAa U cOCTaBILIOT 10 40%, uTo
COOTBETCTBYET BBICOKOH Harpyske, a B II€J0M OacceiiH peku Ecuib B cpefiHeM BOJHBIE HArPY3KH COCTaBIISIOT 14 -
16%, uT0 XapakTepu3yeT yMepeHHYI0 Harpy3Ky Ha BOJIHbIE PECYPCHI.

KavectBo Bombl B BojocOope OacceiiHa peku Ecuiib NMpOBEJIEHHOrO B MPOCTPaHHO-BPEMEHHOM MaciuTade,
HauuHas C 30HBI (POPMHUPOBaHMS CTOKA (TMAPOJOTHYECKHH MOCT ceno TypreHeBKa) MO YCThs PeKH (THIPOJIOTH-
4yeckuil moct ceno JlomamMaToBO) MO3BOJIJIO OINpPEICIUTh HAINPABIEHHOCTH M HMHTEHCHBHOCTH WX 3arps3HCHUS
rnaBHbiME HoHamu (Cl, Na, SO4), 6uorennsivu snementamu (NHa, NOz, NO3) u msokensiMu metamiamu (Cu, Zn).
[Tpu >TOM B OCHOBHOM 3arpsi3HeHa TsDKeibiMu Metamiamu (Cu, Zn), cymedaramu (SOs) U HEPTEIPOAYKTAMH, UTO
TpeOyeT HEoOXOAMMOCTH YYHMTBHIBATh INPU pPa3pabOTKe MPHUPOAOOXpaHHBIX Meponpustuil. Ilpm stom cremyer
OTMETHTH, YTO K03 PHImeHT npenenpHoi 3arps3aeHHocTd (Kn;) B Bogocbope Oacceitna pekn Ecuinbs Bo BpeMeHHOM
MacuTabe OT F’HAPOJIOrHIECKOro ocTa ceno TypreneBka o cena Jlo1aMaToBO yBEIUIHBACTCS.

O1eHKH KauecTBa BOJIBI M SKOJIOTMYECKOT0 COCTOSIHUSI BOZHON 3KOCHCTEMEBI B BoJocOope O6acceiina peku Ecunb
¢ wmcrosb3oBaHueM Koddduumenta npenensHoi 3arpssHeHHOCTH (Kn;) m mHzmekca llennona (H) mo3Bommmu
OIPEJENUTh CTeNeHb, HHTEHCUBHOCTD, HAIIPABIEHHOCTh M XapaKTep 3arpsi3HEHUs] BOJHBIX 0OBEKTOB B IMPOCTPAHCT-
BEHHO-BPEMEHHOM MaciiTabe W TONYYUTh 3aBUCHMOCTh Kod(duimenta npesenbHoit 3arpssHeHHocTH (Kn,) ©
unnekca lllennona (H) B pacuerHoit obecniedenHoctu (P) , koTopas mokasaina, 4To KayecTBO BOJBI IO BCEX pac-
CMaTpHBAEMBbIX T'HJPOJIOTMYECKUX IOCTaX OLICHWBACTCS HA YPOBHE «yMEPEHHO-3arpsi3HEHHasl (ME309BTPO(HBIC)» 1
«3arpsizHeHHast (3BTO(HBIE)Y.

[Ipn sToM monydeHHass WHGpOPMAaNMs IO COBPEMEHHOMY COCTOSHHMIO BOIHOW 3KOCHCTEMBI BOJOCOOPHOM
Tepputopun Oacceitna pexu Ecuip B mpenenax PecryOnmukm Kasaxcran maet BO3MOXKHOCTB pa3paboTaTh cHCTEMY
MEPOIIPUATHH 1O PAIIMOHAIEHOMY HPHPOJONOIb30BaHUIO M MIPEAOTBPALICHUIO BOBMOXHBIX YpE3BbIYalHBIX CHUTYya-
I Ha OCHOBE KOJIMYECTBEHHOM XapaKTEPUCTUKH MTPOIIECCOB €CTECTBEHHOTO CAMOOUHIIIEHHSI IPUPOTHBIX CHCTEM.

KiroueBble c10Ba: aHau3, OLIEHKA, 3arPSI3HEHNE, BOJIA, COCTOSTHHE, THAPOXUMHUS, CHCTEMA, JJIEMEHTHI, HOHBI.
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THE NEGATIVE IMPACT OF ANTHROPOGENIC FACTORS
ON THE STATE OF GROUNDWATER OF KAZAKHSTAN

Abstract. This article reviews the negative impact of anthropogenic changes on groundwater.

The main changes in physical and geographical conditions that occur under the impact of anthropogenic
pressures and that have the most significant influence on the state of groundwater, as well as a negative impaction the
conditions of the formation of groundwater are: changes in the landscape caused by agricultural works, mining,
construction of settlements, etc.; changes in the hydrographic network caused the construction of hydroelectric power
facilities; changes in the composition of the atmospheric air; changes in the groundwater level regime, climatic
conditions. The most significant factor of change in groundwater formation conditions is the progressive
anthropogenic pollution of groundwater. It negatively influences the number of resources and their quality.

Key words: Groundwater, anthropogenic changes, groundwater pollution.

Introduction. The features of climatic conditions have left their mark on the formation of the river
network. The increasing anthropogenic impact on the environment results in quantitative and qualitative
changes in the state of the environment, including changes in hydrogeological parameters of aquifers and
aquifer systems.

Water resources of Kazakhstan have decreased by 20 km?® per year over the past 50 years, and this
process is going on. The decrease in water volumes is associated with global and regional climate changes,
and most of all with increased water withdrawal from both groundwater resources and from transboundary
rivers in neighboring countries. Large rivers flowing through our country’s territory originate in
neighboring countries. This led to the problems in the rational use of transit rivers and their ecological
state.

The most significant factor that causes changes in the state of groundwater is progressive
anthropogenic pollution. It does not directly affect the volume of resources but, in some cases, reduces the
volume of available groundwater resources because water quality characteristics do not comply with
sanitary norms [1,2]. For example, during exploitation of the Almaty groundwater deposit in the city of
Almaty, as a result of pollution, aquifers lying at a depth of less than 150 m, according to the requirements
of sanitary and epidemiological authorities, can only be used for technical purposes and are not suitable
for drinking water supply.

Groundwater deposits in the city of Astana are not exploited due to progressive pollution [3]. In the
Republic of Kazakhstan, there is groundwater pollution in Aktobe, Akmola, Almaty, East Kazakhstan,
South Kazakhstan regions. It causes restriction of use and, consequently, reduction of operational
groundwater reserves.

It was established that the biggest changes in the state of groundwater caused by anthropogenic
factors occur in the industrial centers, urban agglomerations and in the ecological disaster zones in the
Aral Sea region and at the Semipalatinsk nuclear test site.
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Methods. A comprehensive analysis of hydrogeological materials on the territory of Kazakhstan was
used as a research methodology to determine the negative impact of anthropogenic factors on the state of
groundwater.

Anthropogenic impact on landscapes. The diversity of geological-geomorphological, climatic, soil
and vegetation conditions of the territory of Kazakhstan determines the diversity of landscapes. As solar
heat increases from the north to the south and precipitation decreases, there is a consecutive change of
natural zones: forest-steppes, steppes, semi-deserts and deserts.

Technogenic impact on landscapes of Kazakhstan is quite significant. The change of landscapes
results in overwetting of lands, swamping, oppression of natural vegetation and its replacement by
hydromorphic species. The share of landscape areas in terms of the degree of anthropogenic impact is as
follows: the areas of medium and strong disturbance are approximately equal and reach 42% in total; the
areas of light disturbance make up 38%; the areas of very light and insignificant anthropogenic impact
make up 20%.

According to the land balance data, as of November 1, 2017, there were 247.7 thousand hectares of
disturbed lands in the Republic of Kazakhstan. There are quarries, overburden rocks and mining dumps,
tailing dumps, ash dumps, oil fields and barns on these lands. In all industrial regions there are
ecologically dangerous zones that have a negative impact: spoil tips, dumps, quarries, drilling wells,
wastes of mining production; they occupy a total area of more than 60 thousand hectares and constantly
pollute the soil [4].

Diverse anthropogenic impact on nature leads to significant changes in the natural zones. Agricultural
production has the most significant impact on the natural territorial complexes of Kazakhstan. 85.3% of
the land of the country is used for agricultural production; it significantly affects the landscape and
ecological status of the land. An agrogenic impact, impact of reclamation and impact of pasture are the
main agricultural impacts on landscapes. Steppe landscapes disappear; indigenous forest landscapes are
replaced by derivatives; swamps are drained; deserts are irrigated, etc.

Change in natural hydrogeological conditions. An anthropogenic impact on groundwater has become
particularly significant in this century due to the development and intensification of industry and
agriculture, the growth of large cities and the expansion of urbanized areas. It manifests itself in the
depletion of groundwater resources and deterioration of their quality.

The anthropogenic intervention in the natural groundwater regime has a significant impact on
ecosystems. Intensifying anthropogenic pressure on groundwater resource potential leads to progressive
deterioration of ecological and hydrogeological conditions in Kazakhstan. This is primarily associated
with the depletion of groundwater resources, formation of cones of depression and water afflux zones,
groundwater pollution, which significantly impacts the environment (including the geological
environment) and human habitats. These negative changes happen with the most intensity in the areas of
development of mining, oil and gas production and chemical industry [2,5].

Significant changes in natural hydrogeological conditions occur when groundwater is exploited for
water supply, irrigation, watering of pastures. Aquifers are depleted, i.e. overlying and adjacent aquifers’
groundwater reserves are exhausted; extensive cones of depression occur; hydrogeological conditions in
oil and gas aquifers change during the development with maintenance of reservoir pressure, which
contributes to the penetration of aggressive oil and gas fluids into the upper aquifers; groundwater and
surface water are polluted; chemical composition of groundwater changes [11].Thus, at the oil fields of the
Yuzhno-Embinsky oil and gas production complex, about 18-20 million m® of produced water is extracted
in the process; only about 30% of it is re-injected into the oil-bearing formations to maintain reservoir
pressure; the remaining water is discharged into the nearby salinas.

Hydrogeological conditions significantly change on the irrigated lands: water and salt balance of the
irrigated zone changes; there is an increase of groundwater level; groundwater is polluted with toxic
fertilizers and chemicals, i.e. their hydrochemical regime changes; there is (widespread) soil salinization,
which is the main scourge of irrigated agriculture and one of the important negative factors of impact on
the geological environment.

Influence of groundwater exploitation for various purposes (water supply, irrigation, watering of
pastures, etc.). Great changes in natural hydrogeological conditions of a particular area occur under the
influence of groundwater exploitation for water supply, land irrigation and, considerably on a smaller
scale, for watering of pastures.
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All the negative processes manifested themselves particularly strongly at large exploited groundwater
deposits used for the water supply of Almaty, Taraz, Shymkent, Kentau, Ust-Kamenogorsk, Semey,
Kyzylorda, Baykonyr, Zhezkazgan and other cities (table 1) [6].

Tablel —Formation of cones of depression in the areas of large water intakes

Administrative

Settlements,

The maximum decrease

The cone

regions districts in the groundwater level, m | of depression’s area, km?
West Kazakhstan
Aktobe city 25-30 40-45
Aktobe Khromtau town 20-25 30-35
QOil fields 120-170 7,000-9,000

Atyrau Qilfields 130-200 22,000-24,000

Uralsk city 30-35 35-40
West-Kazakhstan il fields 100-150 5,000-6,000
Mangistau Oil fields 130-190 10,000-12,000
North Kazakhstan
Kostanay Kostanay city 25-35 25-30
North-Kazakhstan Petropavlovsk city 15-20 15-20
Akmola Kokshetau city 15-20 20-25
. 15-20 15-20
Pavlodar Pavlodar city 50-60 70-80
Central Kazakhstan

Karaganda city 60-120 80-200
Zhezkazgan city 80-130 80-250
Karaganda Baikonyr city 40-60 50-70
g Shakhtinsk town 50-100 70-110
Temirtau city 50-100 70-110

Balkhash city 40-90 50-90
East Kazakhstan

Ust-Kamenogorsk city 35-60 30-40
East-Kazakhstan Semey city 15-20 25-30
30-50 35-40
South Kazakhstan
Taldykorgan city 20-25 30-40
Almaty city 20-40 140-150
Almaty Talgar town 70-80 140-150
Ushtobe town 30-35 40-50
Dostyk railway station 30-40 60-70
Zhambyl Taraz city 65-70 >100
Karatau town 80-100 60-65
Turkestan city 10-15 15-20
Turkestan Shymkent city 25-30 110-120
Kentau town 550 >1500
Kyzylorda city, 40-45 =90
Kyzylorda . >25,000
East Sub-Aral area Qil fields 130-150 3,000-5,000

Cones of depression with the area of 140-150 km? each occurred at the exploited Almaty and Talgar
groundwater deposits (an alluvial fan).

A typical example of the influence of drainage of mine workings during long-term exploitation of
solid mineral deposits is the Mirgalimsayskoye polymetallic deposit, which is karst carbonate rocks of the
Karatau mountain range. For the 25-year period of industrial development of the deposit area, the total
reduction of the level of fissure-karst water in the center of the minefield reached 550 m and a huge cone
of depression with the area of more than 1500 km? occurred. The processes of intensive drainage of water-
bearing limestone and drainage of the territory not only led to a radical change of the conditions for the
formation of the regime of fissure-karst water but also caused a significant violation of the natural regime
of almost all types of groundwater which are common in the deposit area.
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Fluctuations of groundwater levels. Another type of anthropogenesis of the natural groundwater
regime is the increase of its levels which is accompanied by flooding of various structures and which
spreads on the larger area [7]. About 300 settlements in Kazakhstan are periodically hit by flooding to
some extent. Among them, there are such large cities as Nur-Sultan, Almaty, Karaganda, Kokshetau,
Atbasar, Shchuchinsk, Pavlodar, Atyrau and others[1,5,8,9].

1. Areas that are drained and heavily drained with terrain fragmentation of >50 m and prevailing
groundwater depth of more than 3-5 m, less frequently 10 m. These territories occupy 15-20% of the area
of the Republic of Kazakhstan and are located mainly in the Central Kazakhstan Uplands, the Mugodzhar
Hillsand mountain systems of the orogenic belt of Eastern and South-Eastern Kazakhstan.

2. The edges of the main river basins of Kazakhstan represented by deltaic strata, floodplains of river
valleys, numerous lake systems and water reservoirs are the complete opposite of intensively drained
mountain and lowland areas. These areas are periodically flooded by river water during high water and
flood periods. The groundwater depth is less than 2 m during most of the year. The drainage of these areas
is extremely low - the depth of terrain fragmentation is usually less than 5 m.

3. Weakly and medium-drained areas with terrain fragmentation of <50 m and with groundwater
depth of 3-5 m have an intermediary position. Geomorphologically, these areas belong to the southwestern
part of the Caspian Plain - its sandy plains, the Ural-Emba denudation plateau, the central part of the
Mangistau Plain, the Karatau mountain range and the most part of the Mugodzhar area’s uplands, the
southern part of the Torgay table plain and the northern part of Aral Sea region, the eastern part of the
Aral structural-denudation-accumulative plain, the denudation plain of the Kazakh Uplands, the northern
and southern parts of the Shu-Sarysu denudation-accumulative plain; the western, southern and eastern
parts of the Syrdarya accumulative plain and the most part of the Balkhash-Alakol Plain.

From the anthropocentric point of view, it is necessary to identify degrees of territorial disturbance of
landscapes, ecosystems and their corresponding zones [10,11]:

- environmental well-being; in this case, the state of natural complexes is close to their natural
functioning, ensuring traditional forms of economic activity without damage to the health of the
population; these are lands of the first category;

- environmental risk; in this case, there is a fixed change in the natural properties of natural
complexes which leads to negative consequences for nature and people; these are lands of the third
category;

- environmental crisis; in this case, the change in the properties of natural complexes poses a threat to
economic activity and people's health;

- environmental disaster; in this case, negative changes of natural complexes lead to disruption of the
existing economic activity; to a significant increase in human morbidity; a serious system of measures is
required to eliminate the damage;

- environmental catastrophe; in this case, negative changes of natural complexes lead to the impos-
sibility to conduct traditional economic activity and human habitation; a vivid example is the environ-
mental catastrophe of the Aral Sea which passed consistently through the environmental crisis and
environmental disaster.

Anthropogenic pollution of groundwater. Groundwater in Kazakhstan experiences various hydro-
geological conditions and suffer from severe anthropogenic impact. It is primarily manifested in the
pollution of groundwater. The main sources of groundwater pollution are industrial wastes of mining
complexes and oil and gas production complexes, agricultural facilities, cities and large settlements, large
dumps of industrial, household and radioactive wastes, etc. The largest polluted sites are located near
enterprises that discharge industrial wastes and sewage to the earth's surface or into the river network
without preliminary treatment. In 2016 the total volume of sewage discharged into the river network was
5.9 kmPlyear, including 0.131 km?®/year (2.25%) of untreated sewage [4]. Such facilities include the
majority of enterprises of mining, processing, construction, livestock and transport industries, as well as
urban agglomerations with an unreliable industrial and household sewage treatment system or without any
system. For example, some water intakes used for domestic purposes in the cities of Aktobe, Temirtau,
Karaganda, Shemonaikha and Ridder (Leninogorsk). Mining and industrial enterprises of Karaganda, East
Kazakhstan and Aktobe regions have the greatest impact on groundwater.

In recent years, the number of identified and potential sources of pollution has remained almost
unchanged. The reasons include the economic downturn in the country, the decrease in the growth of
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industrial and agricultural production and the associated decrease in the volume of pollutants and in the
volume of wastewater. At the same time, there is an increase in the pollution level of water bodies by the
number of ingredients, which is probably due to an increase in the inflow of scattered pollution sources
into water bodies with surface runoff caused by the lack of systematic, targeted work to eliminate such
pollution sources. Intensive development of mining and processing of minerals resulted in the fact that the
basis of modern industry in the country is formed by the most environmentally hazardous enterprises in
metallurgy, fuel and energy and mining industries. They make up 88.5% of all emissions to the
environment. In Kazakhstan, the largest sites of polluted groundwater are within the Karaganda, Pavlodar-
Yekibastuz, Rudno-Altyi, Kostanay and Karatau (South Kazakhstan) mining complexes, as well as in
Almaty and Semipalatinsk regions.

Based on the results of the monitoring, in the area of large cities, the sites with polluted groundwater
were discovered in the zone of influence of individual water intakes. Large sites with polluted
groundwater are located near these water intakes, which leads to a failure of entire groundwater intakes or
their sections. Withdrawal of water for domestic purposes is stopped at the sites with polluted groundwater
of Aktobe, Ust-Kamenogorsk and Karaganda cities.

The main criteria of natural water's quality by hydrochemical indicators are values of Maximum
Permissible Concentrations (MPC) of pollutants. It is valid for water sources used for domestic purposes,
for utilities and for the fishing industry.

According to the data of the Groundwater Monitoring Service, more than 1100 potential sources of
groundwater pollution are detected on the territory of the Republic of Kazakhstan. 350 of them directly
impact the hydrogeochemical state of groundwater. The greatest number of sources of pollution were
found in Pavlodar region (255 sources), Karaganda region (210), East Kazakhstan region (117), Akmola
region (103) and Almaty region (103) (table 2). These are the most environmentally unfavorable regions
of Kazakhstan in terms of pollution levels. One should consider the ecological status of groundwater in the
administrative regions of Kazakhstan [6].

Table2 - Distribution of sources and sites of groundwater pollution by the administrative regions
of the Republic of Kazakhstan and the availability of the monitoring network as of January 1, 2016

Number of potential Number of detected sites with groundwater pollution
Administrative region sources of Were inspected Have the monitoring
groundwater pollution total in 2015 network

Akmola 103 6 5 6

3 areas in Akmola region 40 10 8 10
Aktobe 37 11 11 11
Almaty 103 10 10 10
Atyrau 11 5 5 10

ot Kezkhstan region 100 i ° °
East Kazakhetn fegion 17 13 13 13
Zhambyl 19 16 15 16
West-Kazakhstan 38 10 10 10
Karaganda 210 62 31 31
Kyzylorda 11 3 2

Kostanay 70 5 5

Mangistau 23 17 15 15
Pavlodar 255 22 22 22
North-Kazakhstan 47 1 1 4
Turkestan 29 17 3 17

Total in the Republic of Kazakhstan: 1113 214 162 188
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Among the total number of monitored polluted sites, the majority of sites (250) are characterized by
increased mineralization, the hardness of water; by sulfate and chloride content exceeding the MPC.
About 87 sites are characterized by an increased content of nitrous compounds in groundwater, 52 sites -
by an increased content of oil products, 63 sites - by an increased content of heavy metals, 45 sites - by an
increased content of phenols, 92 sits - by an increased content of inorganic compounds and 30 sites - by an
increased content of organic compounds.

By hazard class of detected pollutants, 114 monitored sites have moderately hazardous groundwater
pollution, 51 sites have hazardous pollution, 34 sites have highly hazardous pollution and 15 sites have
extremely hazardous class.

At 151 deposits and 44 intakes of groundwater used for domestic purposes, pollution of various
classes is detected. In most cases, the pollution is associated with anthropization. Moderately hazardous
pollution is detected at 64% of deposits, hazardous pollution - at 19% of deposits, extremely hazardous
pollution - at 17% of deposits. The highest percentage of deposits with extremely hazardous pollution is in
Karaganda region (44%), and in total, with hazardous pollution, it makes up half (50%) of all polluted
groundwater deposits of the region. In East Kazakhstan region 72% of polluted deposits have hazardous
and extremely hazardous pollution.

In Kazakhstan, there is the areal pollution of groundwater by oil products in the territories of almost
all oil and gas production complexes. In addition, the pollution of groundwater by radionuclides is
detected at oil production sites. The main sites of technogenic radioactive pollution of groundwater are at
the Semipalatinsk nuclear test site and in the zone of its influence; in the places where peaceful nuclear
explosions were conducted (including the so-called «Azgir trace» in the northern part of the Caspian Sea
region); in the areas of radioactive waste burial and storage (especially in the territories of Kokshetausky,
Kengir-Akbakaysky, and Chiganak-Aksuyeksky mining complexes); in the areas of currently developed
uranium deposits, especially in the areas of the deposits which are developed by the method of
underground leaching (in the Shu-Sarysusky mining complex where uranium deposits of Uvanas,
Kanzhugan, Mynkuduk, and Moinkum are being developed).

Results. When conducting the research, the following main results were obtained:

1. The negative impact of anthropogenic factors on the state of groundwater in Kazakhstan is
confined to industrial centers, urban agglomerations and environmental disaster zones in the Aral Sea
region and at the Semipalatinsk nuclear test site.

2. Significant changes in the state of groundwater are associated with the anthropogenic impact on the
regime of surface runoff due to its regulation in the river basins.

3. Important fact ors that change the state of groundwater in Kazakhstan include changes in the
temperature regime of the territory and anthropogenic pollution of groundwater.

4. Changes in natural conditions under the influence of anthropogenic pressures cause a trend towards
an overall reduction in available water resources.

5. A reduction in groundwater reserves of drinking water caused by progressive groundwater
pollution of exploited aquifers is forecast in Kazakhstan.

C. B. Ocunos?, A. M. Epmenoaiil, A. XK. AkbL16exosa’, 1O. H. JInupunckuii', Oiitope Anapoexos’

1Satbayev University, Axmencadus aTsIHAAFbI THAPOTEOIOT U
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AHTPOIIOTEHJIK ®AKTOPJIAPIBIH KASAKCTAHJAFBI
JKEP ACTBI CYJIAPBIHBIH ’KAFJAVMBIHA TEPIC 9CEPI

Annotanusi. Kopmaran oprara aHTpOIIOTSHAIK 9CepiH YIFailybiHa OaillaHbICTBI OHBIH KYHiH/IE CAHABIK JKOHE
camalblK e3repicTep, COHBIH IMIiHAe CyNbl KadaTTap MEH KEIICHACPAiH THAPOTCONOTHIBIK ITapaMeTpiepi 00Ia bl
AHTpONOTEHAIK KBICHIMIApABIH SCEepiHEeH TMaiia OONaThIH >KOHE JKEp acThl CyJIAphIHA,COHBIH IMIIHAE OJapabIH
KaJIBIITaCyblHA TEPIC ocep eTETiH (PU3UKANBIK-TeorpadUsUIBIK JKaFIaiiapIblH HETi3Ti e3repicTepi: aypUImapyanibl-
JBIK, KYMBICTaphl, Tay-KeH XYMBICTaphI, eI MEKeHIep caly jKoHe T. O KaFmaiinapaa >KeprimikTi JanamadTapIsiH
e3repyi; THAPOIHEPTETUKANBIK OOBEKTIIEP i caldy HOTIKECIHIe THAPOTpadHsIIBIK KENiHIH e3repyi; aTMoc(epabikK
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aya KypaMbIHBIH ©3Tepyi, Kep acThl CYJapbIHbIH JEHI'el PeXHUMIHIH e3repyl, KIMMAaTThIK JKarIaiinapasiy e3repyi.
Xep acThl cynapbIHBIHKAIBINTACY JKaFAailyIapbIHBIH ©3repyiHiH, OJapAbIHPECYPCTaphl MEH callachlHa Tepic acep
€TETiH MaHbI3/1bl (PaKTOPBI,)KEP aCThI CYJIAPBIHBIH TPOTPECCHBTI aHTPOIOTCHIIK JaCTaHybl OOJIBIN Ta0bUIA IbI.

XKep ycri arbIHOapblH aHTPOMOTEHIIK PETTEYAIH dCepi Kep acThl CyJaphl pecypcTapblHa aWTapibIKTail acep
ereni. bip >xarplHaH @3eHAepe pe3epByapiaplbl Kypy Cy KolWMachlHa ipresiec jKaTKaH aHFapliapiblH aJTFOBHANIbI
HIeTiHAUIEpIHAE Kep acThl CyJapbIHBIH pecypcTapblH KeOelTe i, eKiHIIl XKaFbIHaH, pe3epByapiaapisl Kypy KesiHje
JKep acThl CYyJIapbIHBIH >KHHATYBI KEp acThl CYJIApBIHBIH JEHIeHiHIH JKOFapblUlayblHa OHE Cy KOHManapbIHBIH
JKaFaayJnapblHIa Kep acTbl CyJapbIHBIH Talbl3 Maijga OONybIMEH OnapiblH OeTiHeH OyJaHyAbIH >KOFapbliaybIHa
QKeJe i, OYJ1 )Kep acTbl CyJapbl peCypCTapbIHBIH KOJIEMIH a3aiTaIbl.

XKep actbl cynapblHBIH KYHiH €3repTyniH MaHbI3Ibl (aKkTOphl MPOrPECCHBTI aHTPOMOTrEHIIK JIacTaHy OOJBII
TaOBUTAIBI, O pecypcTapAblH KeJEeMiHe Tikenel ocep ermeimi, Oipak KeWOip karmaiimapia CyIbH CaIlaibIK
CHUIIaTTaMallapbIHBIH CAHUTAPJIBIK HOpMallapra Colikec KelMeyiHe OGalaHbBICTHI MalfanaHyra OOJNATBIH JKep acThI
CyJapBbIHBIH MOJIILEPIH a3aiTaIbl.

Kasakcran PecrryOnukaceiHBIH ayMarbiHga stHA AKTeOe, Akmona, Anmartsl, [lIsreic Kazakcran xone OHTYC-
tik Kazakcran oOnbicTappiHia NaiifajgaHy LIEKTENTyiHe, JEMEK, JKep acThl CyJapblHbIH MaiijianaHy KOpJapbIHbIH
a3aloblHA OKEJIETIH JKep acThl CyJapbIHbIH JACTaHYybl OaliKanaibl.

KazakcraH ayMarbIHBIH T'€OJOTHSIIBIK, T€OMOP(OJIOTHIIBIK, KINMATTHIK JKOHE TONBIPAK-OCIMAIK JKaFnaiiia-
PBIHBIH allyaH TYPJIUIri JaHAmadTTapasly anyaH TYPJIUITiH aHbIKTaiabl. KyH KBUTYybI COJNTYCTIKTEH OHTYCTiKKe
Kapail KeTepulim, >XayblH-IIAIIGIH a3as OacraraH caliblH TaOWFW 30HaJapia TYPaKThl TYpAE e3repic Ooiaipl:
OpMaHbI Jaja, 1aa, HIeJICHT jkoHe IIoJl.

Kazakcranubiy nanamadrrapblHa TEXHOI€HIIK acep alTapiblkrail. JlanamadTrapasiy e3repyi skepiaepiis ThIM
KeIl TYCYiHEH, OJapJblH OaTnakTaHyblHaH, TaOUFW O©CIMAIKTEPiH ©CYIHEH >KOHE OHBIH THIPOMOP(THI TYpiepMeH
aJIMaCTBHIPBUTYBIHAH KOPiHEI.

TaOuraTKa *KaH-)KaKThl aHTPOIIOTCHAIK dcep TaOWFH aiMaKTapblH Naiga OoNyblHa aiTapiiblKTall e3repicTep
oKeJeni. AypUIIapyantbuIBIK oHAIpici - Oy KasakcTaHHBIH TaOWFU-ayMaKTHIK KEIICHAEPIHEe ocep eTYAiH HeTisri
TYpi, OJ >KepAiH JaHAMA(TTHIK-9KOJIOTUSUIBIK JKaFdaiblHA aWTapibIKTail ocep ereni, on ennaid 85,3% Kypalabl.
JlagmmadTTapra aypUImapyamsUIbIK QCEpiHIH HETI3ri Typiiepi arporeHAiK, MENHOPAaTHUBTI JKOHE >KaHbLUIBIMIBIK
Goxpn TaObuTanBl. Jlama maHamadTTaphl JKOFANAIbl, KEPrilikTi OpMaH JaHAmA(Tapel TYBIHIBIIAPFAa AyBICTHIPHI-
Jajpl, 6aTHaKThI XKepiiep KYpFarl, MeJaep Cyapbulaibl )KoHe T.0.

XKep actbl cynapblHBIH TaOUFHM PEKUMIHE aHTPOIIOTEH K apaiiacy dKOXKYHeNepAiH KYWiHe aiitapibKTail acep
ereni. JKep acThl CynapbIHBIH PECYPCTHIK OJICYETiHE TEXHOTEHIIK JKYKTeMenepaiH Kyiueroi KasakcraHmarst
9KOJIOTHSUIBIK, JKOHE THAPOTEOJIOTHSUIBIK JKaFJainapsly OipTiHAen HamapiayblHa okeneai. byn, eH anabiMeH, xep
acThl CyJapbl PecypcTapblHBbIH CapKbLUIYBIMEH, JENPECCHSJIBIK IIYHKBIPIApP/AbIH JKOHE CYABIH Cy acCThIHIArbl
aliMaKTapbeIHBIH Taka OONybIMEH, JKep acTbl CyJapbIHBIH JIaCTaHybIMEH, TaOMFU opTara (I€OJIOTHMSUIBIKTHI KOca
aJFaH/a) KoHE aJjaM KOpIllaFaH OpTachlHA alTapIbIKTai acep eTeni.

COHFBI XBUIIAPEI JIACTAHYIBIH aHBIKTATIFaH JKOHE BIKTUMAI KO3ACPIHIH CaHBI ic KY31HIE 63repicci3 Kambl, Oy
peciryOsIMKaarsl SKOHOMUKAIIBIK KYJIbIpayFa, OHEPKACINTIK KOHE aybUIIIapyallblIblK OHAIPICTIH ©CyiHiH TeMeH-
JieyiHe, COHOai-aK OCBHI TPOLECTEPMEH OalIaHBICTHI JIACTAYIIBl 3aTTap MEH CapKBIHIBI CYJNApIBIH TOTUTYiHIH
TeMeHJeyiHe OaiinanpicTel. COHBIMEH KaTap, Cy alAbIHOApBIHBIH JIACTaHy [IeHTeHiHiH OipkaTap HHIPEIHEHTTEP
OolibIHINA KOFapblUIaybl OaliKaaJbl, MYMKIH MYHJai OIIAKTap/bl 3aJAJCHI3aHABIPY OOMBIHINA JKYHe, MaKCaTThl
KYMBICTAp/IbIH OOJIMaybIHAH CY/BIH aFblll KeTyi 0ap cy oObeKTijepiHe JlacTaHy/AbIH TapajfaH Ke3lepiH TaparyIblH
YJIFAObI.

3epTTey 9MICIHIH 9IICTEMECI PETIH/IEC JKEP acThl CyJapblHA aHTPOIOTCH IIK 3KOJOTHSIIBIK ©3rePiCTEPIiH dCepiH
aHbpIKTay yiuiH KazakcraH ayMarbIHIarbl THIPOTEONIOTHSIIBIK MaTeprasiapFa KeeH i Talaay xKacay KOJIJaHbUIIbI.

Tyiiin ce3nep: JKep acThl Cynapbl, aHTPOIIOTEHIIK ©3repicTep, Kep acThbl CYJIapbIHbIH JIACTaHYBI.
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HET'ATUBHOE BO3JENHCTBUE AHTPOIIOTEHHBIX ®AKTOPOB
HA COCTOSAHHUE NOA3EMHBIX BOJI KABAXCTAHA

AHHOTanusi. BenencTBue BCEBO3PACTAIOIIETO aHTPOIIOTEHHOTO BO3JCHCTBHS Ha OKPY)KAIOIIYIO CPeay B ee
COCTOSTHHM TIPOMCXOMAAT KOJIMYECTBEHHbIC M KAUECTBEHHBIC M3MEHCHHMS, B TOM YHCIE THIPOTECOJIOTHYECKUX Iapa-
METPOB BOJOHOCHBIX TOPH30HTOB M KOMIUIEKCOB. OCHOBHBIMH M3MEHEHHMSAMH (pru3nko-reorpadmyeckux yCIOBHUH,
MPOUCXOIAIIMNMH MO BO3ACHCTBUEM AHTPOIOTEHHBIX HAarpy30K M HauOoJee CIIIBHO BIMSIOIMUMH Ha COCTOSHHE
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MOJI3EMHBIX BOJI, & TaK)KE OKa3bIBAIOLIMMHU HEraTMBHOE BO3JICUCTBHE HA YCIIOBUSI MX (DOPMHPOBAHMS, SIBISIFOTCS:
W3MEHEeHHEe NaHAamadTa MECTHOCTH HpPU CeIbX03padoTax, pa3paboTKe IOJIE3HBIX HCKOIAEMBIX, CTPOHTENHCTBE
HACEJICHHBIX MYHKTOB W JpP.; U3MEHCHUE THAPOrpadUueCKOi CETH B PE3yJIbTaTe CTPOUTEIILCTBA OOBEKTOB THAPO-
SHEPIreTUKH; U3MEHCHHE COCTaBa aTMOC(EPHOrO BO3IyXa, YPOBEHHOTO PEKMMA MOI3EMHBIX BOJ, KIUMATHYCCKUX
ycnoBuii. Hanbosnee 3HaunMbIM (DaKTOPOM H3MEHCHHS YCIOBHU (DOPMHUPOBAHMS IMOI3EMHBIX BOJ, OTPHUIATEIBHO
BIUSIIOIIMM Ha BEJIMYMHY HX PECYpPCOB M KauecTBO, SIBISIETCS MPOTrPECCUpYIOLIee aHTPOIMOT€HHOE 3arpsi3HEHHE
MOJ3EMHBIX BOJI.

BiusiHue aHTPONMOTEHHOTO PETYJIMPOBAHMS MOBEPXHOCTHOIO CTOKA B 3HAUMTEIBHOW CTEMEHH BIUSET Ha
pecypchl mo13eMHBIX BoA. C 0THO CTOPOHEI, CO3/TaHUE BOAOXPAHIIIHII Ha PEKaX YBEIMIHBACT PECYPCHI MTOA3EMHBIX
BOJ B aJUTIOBHANBHBIX OTJIOXKEHHUSIX IOJHMH, MPUMBIKAIOIINX K BOJIOXPAHMJIHINY, a C APYrOd CTOPOHBI — IIOAIIOP
MOJI3EMHBIX BOJ TIPU CO3JaHUM BOJOXPAHWIUI BEI3BIBACT IMOBHIINICHHE YPOBHS TOA3EMHBIX BOJ W YBEIWYCHUE
UCTIApEHHUs C WX IOBEPXHOCTH MpPU HETIIyOOKOM 3ajJeTaHWH TOA3EMHBIX BOJX MO OeperamM BOJOXPAHWIHII, UTO
YMEHbIIaeT 00bEeM PEeCypCOB OA3EMHBIX BO/I.

Haubomnee 3HaunTensHBIM ()aKTOPOM W3MEHEHHS COCTOSHUS TOJ3EMHBIX BOJ SBISIETCS IMPOTPECCHPYIOIIHEe
AHTPOIIOTEHHOE 3arps3HCHUE, HE BIIMSIONICE HEMOCPEACTBEHHO Ha OOBEM PECYpCOB, HO, B PAIC CIIydacB, COKpa-
maroriee 00beM JOCTYMHBIX JJIsl UCMOJBb30BaHUS PECYpCOB MOA3EMHBIX BOJ HM3-32 HECOOTBETCTBHUS KaueCTBEHHBIX
XapaKTEPUCTHUK BOJIBI CAHUTAPHBIM HOpMaM.

Ha tepputopun PecnyOnukm Ka3zaxcran 3arps3HEHHE MOJ3EMHBIX BOJI, BBI3BIBAIOIICE OTPAHUYCHUE UCIIONb-
30BaHUS W, CIEJO0BATEIbHO, YMEHbBIIIEHHWE HSKCIUTYyaTAal[MOHHBIX 3alacoB TMOJ3E€MHBIX BOJ, OTMeYaeTcsi B AKTIO-
OMHCKOM, AKMOJIHHCKOM, AnMaTnHCKOH, BocTouno-Kazaxcranckoit, FOxxno-Kazaxcranckoii o0macTsx.

PasHOOOpasue reosioro-reoMopoIOrHIecKux, KIMMATHUECKUX U ITOYBEHHO-PACTHTENBLHBIX YCIOBUH Teppu-
topuu Kaszaxcrana oOycrmoBmuBaeT MHOrooOpasue nanamadros. I1o Mepe yBemTudeHUs] COTHEYHOTO TEIUIA C CeBepa
Ha 10T ¥ YMCHBIICHHUS OCAIKOB MPOUCXOIUT IOCIECAOBATEIbHAS CMEHA TPUPOJHBIX 30H: JIECOCTENH, CTEIH, MOY-
ITyCTBIHU ¥ ITyCTBHIHU.

TexHnoreHHoe Bo3xelicTBue Ha JaHAmadTel KazaxcraHa MOBONBHO 3HauuTenbHOE. M3MeHeHue nmaHamadToB
BBIpA)KAaeTCsl B MEepEyBIaKHEHHH 3e€Mellb, UX 3a00JIauWBaHUM, YTHETEHHH €CTECTBEHHOH PACTUTEIHLHOCTH W 3aMe-
IICHUH €€ THAPOMOP(HBIMA BUAAMHU.

Pa3HOCTOpOHHEE aHTPONOTCHHOE BO3ACWCTBUE HA MPUPOIY NMPHBOINT K CYIIECTBEHHBIM M3MEHEHHAM OOJIIKa
MPUPOAHBIX 30H. CelnbCKOXO03HUCTBEHHOE MPOU3BOJICTBO SBIISETCS OCHOBHBIM BHJIOM BO3JEUCTBUS Ha MPUPOIHO-
TEPPUTOPUANIbHBIC KOMIUTEKChl Ka3axcTaHa, OHO CYIISCTBEHHO BIHSET Ha JAHIIIA()THO-IKOJOTHUECKOE COCTOSHUE
3eMenb, oxBaThiBas 85,3% 3emenb crpanbl. OCHOBHBIMH BHJIAMHU CEIbCKOXO3SIMICTBEHHOTO BO3ACHCTBHS Ha JIaH-
maThl SBISIOTCS arPOTESHHBIN, MEIMOPATHBHBIN U TAaCTOMIIHBIN. Vcue3aroT JanamadThl cTerneil, KOpeHHbBIC JISCHBIE
JaHIa(Thl 3aMEHSIOTCS IPOU3BOIHBIMU, OCYIIAIOTCS 00JI0Ta, OPOIIAIOTCS MyCTHIHU U TaK Jajee.

AHTPOIIOT€HHOE BMEUIATENILCTBO B €CTECTBEHHBIN PEXHUM MOJI3EMHBIX BOJI OKA3bIBACT CYIECTBEHHOE BIIMSIHHE
Ha COCTOSHHE SKOcHCTeM. VHTCHCHU(pUKAIMS TEXHOTCHHON HArpy3Kd Ha PECYPCHBIH TOTCHIMAT IMMOI3EMHBIX BOJ
BEeIET K MPOrpeCcCUPYIOLIEMY YXYALIEHUIO 3KOJOro-ruaporeojiorndeckux yciaoBuil B Kazaxcrane. O1o cBs3aHo,
MPEXJIe BCETOo, C UCTOIICHHUEM PECypCOB MOI3EMHEBIX BOJ, 00pa30BaHUEM ACTPECCHOHHBIX BOPOHOK M 30H ITOJIIOPA
BOJI, 3arPA3HEHUEM ITOA3EMHBIX BOJ], CYIIECTBEHHO BIHSIONINM HAa OKPYKAIOIIYIO0 MPUPOIHYIO cpeay (B TOM UHCIe
Ha TEOJIOTHYECKYI0) U Cpeay OOMTaHUS YeIOBeKa.

B mocnenHue Toapl KOJUYECTBO BBISBICHHBIX M IMOTEHIIMATBHBIX WCTOYHUKOB 3arpsi3HEHHUS OCTAeTCsl Mpak-
TUYECKH HEM3MEHHBIM, YTO OOYCIIOBJIIEHO SKOHOMHYECKHM CHAJOM B PECHyOJIMKe, CHIDKEHHEM pOCTa MPOMBIII-
JIEHHOTO M CEIbCKOXO3SMCTBEHHOTO MPOM3BOJICTBA M CBSA3aHHBIM C 3THMH MPOIECCAMU CHHKEHHEM cOpoca MaccChl
3arpsI3HSIOIIMX BEHISCTB M 00BEMOB CTOYHBIX BOJA. BmecTe ¢ Tem, HaOJIOJaeTCs POCT YPOBHS 3arpsi3HCHHOCTH
BOJIHBIX OOBEKTOB IO PSITy HHIPEIUCHTOB, YTO, BEPOSITHO, 00YCIOBICHO POCTOM MOCTYIUICHHUS B BOJHBIC OOBEKTHI C
MMOBEPXHOCTHBIM CTOKOM DPAaCCESIHHBIX HCTOYHMKOB 3arps3HEHHS B CBA3M C OTCYTCTBHEM IUIAHOMEPHBIX, IIeyie-
HATPABJICHHBIX paboT MO HEHUTpaTU3aIK TAKUX 0YaroB.

B kayecTBe METOJOJIOTMU UCCIECJOBAHUM HCIIONB30BANICS KOMILIEKCHBIM aHalu3 TUAPOTre0IOTHYECKUX
MaTepHaoB Mo Tepputopuu KazaxcraHa ¢ 1enbIo ONpeesie s BIUSHUS aHTPONOTEHHBIX U3MEHEHUHN OKpYKarolien
CpeIsl Ha MOI3eMHBIE BOJIBI.

KuroueBsie cjioBa: 1MOI3¢MHBIC BOJIBI, aHTPOIIOTCHHBIC N3MEHECHHS, 3aTrPsI3HECHNE TIOA3EMHBIX BOJI.
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ACOUSTIC TESTING OF RHEOLOGICAL PROPERTIES
OF OIL IN BOREHOLE

Abstract. The article considers the pulsed wave effect as more efficient and environmentally expedient in
comparison with other influence methods. The effectiveness of the applied acoustic wave significantly depends on
the correct choice of the mathematical model, taking into account the basic physical processes. When setting up
mathematical model for removal of sand plug in bottom hole zone by acoustic influence it is necessary to consider
variation of rheological parameters of oil versus depth. Physically, it means that it is necessary to study propagation
of acoustic waves in non-homogeneous medium, as rheological parameters of fluid vary with depth. The problem in
this statement has not been solved yet.

It was determined that particles of solids remaining in the well in suspension are in the gravitational field of the
Earth and therefore, they are subject to the Boltzmann distribution over the depth of the well. In this case, the model
proposed by Einstein for determining the viscosity of two-phase systems was used. The volume viscosity of oil
changes when there is a particle of solids in it.

The dependence of changes in the rheological parameters of oil from the depth of the well mathematically
comes down to solving the inverse problem for the equation proposed by Landau-Livshits. The inverse problem is to
determine the desired value from the solution of the above equation with known information about the change in the
acoustic waves of the front in time in two sections of the well.

Applying the Landau-Livshits model on the propagation of acoustic waves in a homogeneous fluid, a mathe-
matical model of the propagation of acoustic waves in a heterogeneous fluid in oil wells is developed, where the
rheological parameters of the fluid are subject to change at the changing of depth of borehole.

The hydrostatic pressure measurements in three drilling wells by depth gauges have shown that the deviation of
the measured value of the hydrostatic pressure from the calculated to the depth of 2000-2500 m occurs according to
linear law, after which there is a nonlinear law.

Based on the conducted researches of the diagnosis of rheological parameters of the fluid in the well, a
graphical dependence of the change in relative density of oil on the depth of the well is constructed.

Key words: acoustic testing, rheology, oil, well, sand plug, acoustic waves, mathematical model.

Problem statement. Analysis of complications and emergency situations taking place while drilling
and development of oil fields displays that many of them is related to variation of rheological parameters
of oil [1,9]. Therefore, for the last years in order to avoid complications in production process, in
particular to cleaning of bottom hole area from sand plug, the possibility of physical fields such as
magnetic field, acoustic impact and others application is discussed in periodical press [1, 10-13]. We
consider that pulsed wave effect is more efficient and environmentally appropriate for removal of sand
plug from bottom hole area (the height of which constitutes 660000m each year) [14-16]. It is explained
by exhaustion of layers in mature fields of Azerbaijan and due to this sand plug removal by traditional
tools is not possible. That is why the repair works capacity each year involves over 100000 wells. The
efficiency of applied acoustic wave field significantly depends on the correct choice of mathematical
model taking into account the major physical processes.
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When designing mathematical model of sand plug removal in bottom hole zone by use of acoustic
effect the rheological parameters of oil variation versus depth must be taken into account. Physically this
means the necessity to study propagation of acoustic waves in in homogeneous environment.

Therefore, the problem of bottom hole zone cleaning from sand plug by acoustic effect
mathematically is reduced to resolution of equation of acoustic wave propagation in in homogeneous
environment. It should be noted that the problem in such statement has not been solved.

Problem resolution. Various mathematical models are designed to describe acoustic waves
propagation in the real fluid. For this case the Landau-Lipschitz model [1] is considered as appropriate:

P _ 10P (&P
oo c ot 7 ot2

a1 (e -1 2

where ¢ — is acoustic wave propagation velocity; P — is field of acoustic pressure; n — is shearing
viscosity; & — is bulk viscosity; p — is fluid density; ¢, and ¢y, — are fluid heat absorption capacity at the
constant pressure and capacity, respectively.

If acoustic pressure field is known, then from (1) we define the required value a(x):

-1
oP 1 0P\ (o°P
alX)=| —+=—=|'| —5 2
()(ax catj(atZJ @
In cases of unknown acoustic pressure field, it is required to derive the required a(x) from resolution
of equation (1).
Therefore, variation of rheological parameters of oil versus well depth is mathematically reduced to
resolution of reverse problem for equation (1). The reverse problem consists in defining of a(x) from

solution of equation (1) in case of known variation of acoustic wave front in time at two sections of well.
Due to this the initial and boundary conditions are given as the following:

+a(x

P(x,0)=0, T(x,0)=0, PO)=a(t), P(,)=p(t) 3
Resolving differential equation (1) applying Laplace transformation, we will have:
dlf) S 2 B} S —st
= = P; P(x,s)=| P(xt dt 4
™ { C+sa(x)} (X, s) J: (x, t)e (4)
Applied conditions in (3) will be as the following:
5(0,s)=§)(s):jd>(t)e‘5tdt; F~>(£,s)=&(s):jgo(t)e‘5tdt (5)
0 0

In the process of acoustic waves propagation in the fluid the compression and dilation of fluid takes
place causing the second viscosity &, named as bulk viscosity.

Oil viscosity is evaluated according to data of testing of samples acquired at the output from well.
These data on oil viscosity and rheological parameters in general do not correspond to parameters under
real conditions.

The particles of solid bodies incoming from layer into the well are brought to the surface not in a
whole amount. Particles of solid bodies left in well in suspended form are unevenly distributed along the
hole depth. Their amount is maximal in bottom hole while it decreases towards well mouth. It can be
regarded that solid body particles suspended in the well are the subject of Boltzmann distribution. If to
match the origin of coordinates to the well mouth, then:
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n=ngexp(kx),  p(x)=poexp(kx) (6)

The viscosity coefficient for such two-phased fluids as crude oil can not be defined by the method
applied for homogeneous fluids. Several rheological models exist for description of internal friction of oil.
In case under the study it would be appropriate to use the model offered by Einstein for evaluation of
viscosity of two-phase flow [17, 18]:

n=1,(1+2,5n) (7

where 7o — is viscosity of pure fluid; n — is ratio of particles of hard bodies volume to total volume of
fluid in the well.
Taking into account formula (6), the formula (7) is written as below

n=n,(1+2,5n,e") 8)

Similar to shear viscosity the bulk viscosity & of oil varies in case of solid body particles presence.
Variation of bulk viscosity due to the presence of particles of solid bodies is calculated by Brenner [3] and
is in the form shown below:

£=¢, 1+n0[1+%- Z—‘Jje“ (©)

0

The constant coefficient «k» in formulae (6), (8) and (9) characterizes variation degree of p, r, £from
point to point versus variation of well depth and is a measure of diagnosis. It must be noted that for fluids
¢p = ¢y and therefore

1 4 "
a(X):zpca(§+§' n|=a €+ 4, (10)
1 4 1 4 n,| 4
a, = +—- ; = n|l+= =>|+=-1,- 2,5n
0 2/30 C3£§0 3 770] ﬂo 2p0 C3_§0 0{ 3 goJ 3 U OJ

Resolution of equation (4) while boundary conditions (5) is as the following:

5(S)=d~)(s)exp{—%£+32[ﬂ0£+%(l—e“)J} (11)

To define «k» from equation (11) we apply the method of determined moments. For this, we expand
the functions @ (s) and ®(s) in series by degrees of s, i.e.:
B(s)=¢, +54 +5°¢,+... ; D(s)=D,+5D, +5D, +... (12)

While ¢ and @, are derived from the following:
" "
¢n:E[¢n(T)_¢J Hdr, @nzjj[@n(r)—®w}mdr (13)

Substituting (12) in (11) to define «k» by diagnostic measure we derive transcendental equation:

&(l_e—w):ﬁ_l Q 4|, 2D 4
k o, 2| ®, @ o, | ®, o,

0

D, 3
o Bl (14)

0

Taking into account that kf< 1, expand exp(— &£) in series and we are restricted by initial three
expansion terms. While doing this we have:
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At present it is considered as complicated to hold direct experiments to study acoustic wave front
variation versus time in two deep oil wells. Due to this we have limited our studies by indirect,
experimental data evidencing necessity to test rheological parameters of oil along well depth.

The oscillogram of acoustic wave front for two oil samples acquired from various depths of active
wells in “Neft dashlary” field is shown in figure 1.

P

120{
100} ) .

8 i+ 4

) O
T
(=)
I

Figure 1 — Acoustic wave variation versus time

Computer processing of testing data displayed that these curves can be described by formulae below:

o(t)=Atexp[B12),  olt)=Astexp(-B,t?) (16)

Rheological parameters of studied oil samples, according to laboratory testing were as the following:
po = 780 kg/m®, n, = 0,002 Pa-c, p, = 820 kg/m®, 7, = 0.003 Pa-c. Bulk viscosity value & has been
evaluated as equal to the shear viscosity 7.

Oil samples were acquired from the depths 2200 m and 3500 m. Computing solution of equation (14)
taking into account processing results of tests [19] according to “MATLAB” software allowed us to define
the average value of k = 1.25-10*m™.

To define the degree of correspondence of calculated value of «k» to reality we have measured in-situ
the hydrostatic pressure by depth gauge while drilling of oil well in “Neft Dashlary” field.

Hydrostatic pressure measured by depth gauge in three wells displayed that down to 900-1000 m
depths the hydrostatic pressure values are approximately coincide with those calculated according to
formula P = p,gH, where p, — is the density of drilling mud at output.

At depths below than 900-1000 m the discrepancy is observed between calculated and measured values
of hydrostatic pressure. Processing of hydrostatic pressure values measured down to 2000-2500 m depths
showed that measured hydrostatic pressure value can be accurately defined by the formula below [20]:

P=p,0H (1+kH)=P, (1+kH) (17)

where @ - is acceleration of free pressure, k ~ 2-10* m™.

Starting from depths of 2000-2500 m the deviation of measured hydrostatic pressure from calculated
value corresponds to quadratic law, i.e. the non-linear law.
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Formula (17) represents the sum of initial two expansion terms in series of more general formula, k << 1:
P=Rexp(kH),  p=p,exp(kH) (18)

Derived average value of the constant «k» corresponds to the value of diagnosing measure calculated
according to the proposed algorithm.

The diagram below (figure 2) is drawn on the basis of studied rheological parameters of fluid in the
well.

Based on these theoretical and experimental studies we may derive the following conclusions:

— it has been established that the particles of solid bodies left in well in a suspended condition are
distributed unevenly along the borehole depth. Concentration of these particles increases with depth;

— hydrostatic pressure values measured in wells under the drilling are almost coincide for depths
down to 900-1000 m with those calculated according to formula P = p,gH, where p, is density of drilling
mud at well output;

a(x)_ﬂo ‘ p(X)

ag pn

1000 2000 3000 X

Well depth

Figure 2 — Relative density of oil variation versus well depth

— starting from 900 — 1000 m depths and below the measured hydrostatic pressure values deviate
from calculated values. Hydrostatic pressure measured in three wells under the drilling process displayed
that deviation of measured hydrostatic pressure value from calculated value down to 2000-2500m takes
place according to linear law;

— particles of solid bodies left in well in a suspended condition are in the gravity field of Earth and
therefore they are the subject of Boltzmann distribution along the depth of borehole;

— applying Landau-Lipschitz model of acoustic waves propagation in homogeneous fluid the
mathematical model of acoustic waves propagation in inhomogeneous fluid has been developed for oil
wells where rheological parameters of fluid vary with depth.

C. P. Pacynos!, I'. T. 'acanos’, A. H. 3eiinanos?

193ip6aiikan MEMIIEKETTIK MyHall koHe OHEPKICIIl yHUBEpcHuTeT, baky, O3ipOaiikan;
2«MyHaii, ra3 %oHe XUMUSHbBIH I€0TEXHONOTUANbIK Macenenepi» F3U, Baxy, O3ipbaitxan

MYHAW YHFBIMACBIHJIAFBI PEOJIOT USLJIBIK
MEHIOIKTEPAIH AKY CTHUKAJIBIK JTUAT'HOCTHKACHI

AnHoTanus. Makanaja YHFbIMa TYOIHJETI KYM THIFBIHABUIAPBIHBIH aiMaFrblH Ta3apTyFa apHAJFaH UMITYJIbCTI
TOJIKBIH OpeKeTi Oacka ocep €Ty OMICTEPIMEH CalbICTBIPFAHAa THIMIIPEK JKOHE SKOJOTHSJIBIK Ta3a CKCHIrl
kepcetiired. KongaHbU1aThiH aKyCTHKAIBIK TOJKBIHIBIK SCEPIiH THIMIUTITT HETI3r1 (HM3UKANIBIK MPOIECTepi ecKepe
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OTBIPBIII, MATEMATUKAIIBIK YJTIHI IYPBIC TaHIayFa OailiaHbICThl 00ajbl. ¥ HFbIMA TYOIHIET KYM THIFBIH/bUIAPBIHBIH
alfMarblH aKyCTHKAJIBIK 9CEPMEH KOIOJBIH MaTeMAaTUKAIBIK MOACTIH KypacThIpy Ke3iHIe YHFBIMAaHBIH TepPEHIITiIMEH
0aiiJIaHBICTBI MYHAHIBIH PEOJIOTHSIIBIK ITapaMeTpPIICpPIHIH ©3repyiH eckepy KaxkeT. DU3MKAIbIK TYPFBIIaH aaFaHa,
Oys1 OipTekTec eMec OpTajarbl aKyCTHUKAJIBIK TOJNKBIHIAP/ABIH TapajyblH 3epTTey KepeK eKeHiH Oinmipeni. YHFbI-
MaJlaFbl MYHaH/IbIH PEOJIOTHSJIBIK Mapamerpiepl TepeHaikke OailaHblcThl e3repeai. AlTa Kereifik, Oy macene
MYHJIa#l TYKBIPBIMIA TICTITIIMETCH.

YHFRIMaa CYCICH3WsA KaIFaH KAaTThl 3arrap JKep[iH TapTBUIBIC epiciHAe OOJAaTHIHIBIFRI AHBIKTAIIHI,
COHJIBIKTAH OJIap YHFBIMAHBIH TepEHIri OOWbIHIIA bombIManFa Taparysl kepek. KapacTeIpbUIFaH xaraaiaa DUHII-
TEHH YCHIHFaH MOJEIH €Ki (pa3aibl )KyHenepIiH TYTKBIPIBIFEIH aHBIKTayFa apHAFaH. MaiabH KexeMIi TYTKBIPIBIFEI
KATTHI JIcHenep e OOJFaH Ke3/e e3repei.

MyHalIBIH PEOIOTHSITBIK ITapaMeTpiiepl e3repiciHiH YHFPIMAaHBIH TepeHIiriHe Toyenniniri Jlanmam - Jlndmrmrg
YCBHIHFAaH TEHJAEY YIIiH Kepi ecenTi MIenryre MaTeMaTHKalbIK TYpHae asasnsl. Kepi mocene jkoFapbiia KeNTipiiireH
TEHJCYAIiH MemiMiHeH KYIBIKTBIH €Ki yYacKeCiHIAe YyaKBITBIHAA aKyCTHKAJBIK TOJKBIHHBIH alblH-ajla e3repyi
TypaJbl OeNTisi aKkmapaTTapMeH KepeKTi IaMaHbl aHBIKTay OOJIBIT TaOBIIa b,

Jlanpay-JIuBimin MoaeiH OIPTEKTI CYHBIKTHIKTA aKyCTUKAJIBIK TOJKBIHIAPBIH TapaTyblHIa KOJIaHa OTBIPHII,
MYHall YHFbIMAJapblHAa TeTEPOrCHII CYHUBIKTBHIKTA aKyCTHUKAIBIK TOJKBIHAAPABIH TapalybIHBIH MaTeMaTHKAJIbIK
MOJIEII JKaca[bl, MYHJa CYHBIKTBIKTBHIH PEOJIOTHSIIBIK MapaMeTpiiepl YHFBIMAHBIH TEPECHAITIHIH ©3repyiMeH o3repyi
KepeK.

Tepen MaHoMeTpiepMeH OYpFbUIAHFAH YHFBIMAJIAPJAFbl THIPOCTATUKAIBIK KBICBIMIBI OJIIICY THAPOCTaTHKA-
JBIK KBICBIMHBIH ecenrenred MoHiHeH 2000-2500 M TepeHIiKKe ayBITKYBI ChI3BIKTHIK 3aHFA COMKEC XKYPETiHIH, COTaH
KeWiH CBI3BIKTHIK €MeC 3aH Maiaa OONaThIHIBIFBIH KOPCETTI.

YHFBIMaJIaFbl CYWBIKTBIKTBIH PEOJIOTHSUIBIK —TapaMeTpiiepiH JAHAarHOCTHUKAJIay 3epTTEYyJepiHIH HeTi3iHe
MYHAaHIBIH CalBICTEIPMAITEI THIFBI3IBIFBI ©3TePICiHIH YHFFIMAHBIH TePCHIITiIHE TPa(QUKAIBIK TOYSNIUTITT KYPBUIIBL.

Tyiiin ce3mep: aKyCTHKAaIBIK JUATHOCTHKA, PEOJIOTHS, MYHAH, YHFBIMA, KYM aIllachl, aKyCTUKAIBIK TOJIKBIHAAP,
MaTEMAaTHUKAIBIK MOJICTb.

C. P. Pacyaos!, I. T. F'acanos’, A. H. 3eiinanos?

1 Azep0aiimxaHcKuii TOCYIapCTBEHHBINH yHUBEPCUTET HE()TH M POMBIIIIEHHOCTH, baky, AsepGaiipkan;
2HUU «I eoTexHOIOrHYECKHE TPOOIEMBbI HeTH, Ta3a U XuMus», baxy, AzepOaiimkan

AKYCTHYECKOE TMATHOCTUPOBAHUE PEOJIOTHMUYECKHX CBOMCTB HE®TU B CKBAKWHE

AHHoTanus. B craThe moka3zaHO, YTO MMITyJIECHOE BOJTHOBOE JEHCTBHE Ui OYMCTKH MPU3a00IHOM 30HBI OT
necuyaHol mpoOku sBisieTcss O6onee 3PPEKTUBHBIM KU AKOJOTHYECKH IIETIECOO0pa3HBIM MO0 CPABHEHHUIO C PYTHMHU
MeToaMH BO3AeHCTBUA. D(P(PEKTHBHOCT NPUMEHSIEMOr0 aKyCTHYECKOTO BOJHOBOTO BO3ICHCTBHS CYIIECTBEHHO
3aBHCHT OT IMPAaBWJILHOTO BBIOOpAa MaTeMaTHYECKOH MOJENU C Yy4eTOM OCHOBHBIX (pH3M4ecKux mporeccoB. [Ipu
COCTaBJICHUM MAaTeMaTH4eCKOW MOJENH JIMKBUAAIMKM MecYaHOW NpOOKM B MNPH3a0OHHON 30HE aKyCTHYECKUM
BO3/ICHiCTBHEM HEOOXOAMMO YYeCTh W3MEHEHHE pPEOJIOTHYEeCKHMX MapaMeTpoB He(TH, CBSA3aHHBIX C TIIyOMHOU
CKBaXWHBI. DU3NYECKH 3TO 03HA4YaeT, 4TO HEOOXOJMMO MCCIIEOBATh PACHPOCTPAHEHHE aKyCTHYECKMX BOJH B
HEOIHOPOIHOM CpeJie, TaK KaK PEeoJIOrMYeCKUe MapaMeTpbl He)TH B CKBRKUHE U3MEHSIETCSl C M3MEHEHUEM TTyOHHBI.
OTMeTnM, 4TO 3TOT BONPOC B TAKOM MOCTAHOBKE HE PEHIEH.

OnpeneneHo, 4TO 4aCTHULBI TBEPABIX TeJl, OCTABIIUXCS B CKBA)KMHE BO B3BELICHHOM COCTOSIHHM, HAXOJSTCS B
M0JIe TATOTEHHsT 3eMJIM M TMO3TOMY MO TIIyOMHE CKBaXWHBI OHM TOJUMHSIOTCS pacnpenesneHuio bombivana. B
paccMaTpuBacMOM CIIydae HCIIOJIB30BATACh MOAENb, NPEIUIOKEHHAs OWHINTECHHOM ISl ONMpEACICHHUS BS3KOCTH
IByx(}asHeix cucteM. O0beMHas BI3KOCTh HEPTH U3MEHSIETCSI IPU HAIMYNH B HEW YaCTUIIBI TBEPIBIX TEII.

3aBHCHMOCTh HM3MEHEHHUS PEOJIOTHYECKHX IapaMeTpoB HE(GTH OT TIyOWHBI CKBAXHHBI MaTe€MaTHYECKH
CBOAUTCS K PEIICHUIO OOpaTHOW 3ajadudl Ul ypaBHeHUs, npemtoxeHHoro Jlannay-Jludmmunam. O6patHas 3amaga
3aKJIIOYAETCS B OIPEJEIIEHUM HMCKOMOW BEIIMYMHBI M3 PEHICHUS BBIIICYKa3aHHOTO YPABHEHUS IIPH HM3BECTHBIX
nH(popManuax 00 U3MeHeHNH (PPOHTA aKyCTHIECKOH BOJIHBI BO BPEMEHH Ha JIBYX CEYEHHSAX CKBAXKUHEL

IIpumensis monens Jlanpay-JIuBmmui o pacnpoCTpaHEHHH aKyCTUYECKMX BOJIH B OJHOPOJHOM KUIKOCTH,
paspaboraHa MareMaTrudeckas MOJIeNIb PAaCIpOCTPAHEHUS] aKyCTHYEeCKHUX BOJH B HEOJHOPOAHOW KHUAKOCTH B
YCIOBUSIX HE(PTSHBIX CKBAKHH, TJIE PEOJIOTMYECKUE MapaMeTphl KUIKOCTH IMOJUIEKAT U3MEHEHUIO TPH W3MEHEHHU
TTyOUHBI CKBKUHBI.

W3MepeHnst THIPOCTATUYECKOTO JaBJICHUS B Tpex OypsIIMXCS CKBaXKMHAX TIIyOMHHBIMH MaHOMETPaMH
MOKa3aJH, YTO OTKJIOHEHHE W3MEPEHHOTO 3HAUCHMS TMAPOCTATHUECKOTO JABJICHHS OT BBIYMCIEHHOTO 10 TIIyOMHBI
2000-2500 M MpOMCXOIUT IO THHEHHOMY 3aKOHY, TIOCIIE Yero IMEET MECTO HEeTMHEWHBIM 3aKOH.
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Ha ocHOBaHMM TNpPOBEIEHHBIX HCCJICNOBAaHUN JMAarHOCTUPOBAHHS PEOJIOTHUECKHX MapaMeTPOB >KUIKOCTH B
CKBa)XMHE MOCTpOeHa rpaduueckas 3aBUCUMOCTb U3MEHEHHUS! OTHOCHUTEIBHOW IJIOTHOCTH HE(TU OT riIyOMHBI CKBa-
JKUHBI.

KawueBble cjioBa: akyCTHYCCKOE JUArHOCTHPOBAHKE, PEOJIOTHs, HeTh, CKBaXHHA, MecyaHas npoOka, akyc-
THYCCKHUC BOJIHBI, MATCMATUUYCCKasA MO/JCIIb.
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INFLUENCE OF APPENDIX POINT LOAD TRAINING
ON MAGNITUDE OF SIDE POWER

Abstract. An alternative method of restoring the force factors acting on the rail during operation is proposed.
The method is based on the use of influence matrices that bind the forces acting on the rail with stresses in the places
where the strain gauges stick. As elements of the basic set of power factors restored by the proposed method, the
vertical force (FZ), lateral force (FY) and moment (M) from the displacement of the vertical force away from the
center of the rail head are selected.

Key words: rail, stress, strain, vertical and lateral forces, stress-strain state, influence matrix.

In the general case, the resultant force acts on the rail head on the wheel side at the point of contact,
which is usually laid out on the vertical, lateral and longitudinal components. The method of measuring
(restoring) lateral forces acting from a wheel on a rail, stated in [1], does not specifically describe the
positions of the contact point on the surface of the head, i.e. points of application of vertical force relative
to the center of the rail head, thereby implying the independence of the values of lateral forces on the rail
obtained by the Schliimpf method from the position of the conditional center of the contact patch on the
rail head.

This paper outlines the method for determining the force factors (including lateral forces) acting on
the rail during operation, allowing you to perform the appropriate field tests at any position of the contact
point in a pair of "wheel-rail". In the course of the work, mathematical models of a fragment of a rail-
sleeper grid on sleepers with elastic intermediate rail fastenings in a ballast layer, models for carrying out
virtual gauge (calibration) rail loads were built. The constructed computational models allow, by
computation, to obtain mathematical matrices (influence matrices) necessary to restore vertical and lateral
loads from the wheel to the track, as well as to obtain the value of the displacement of the contact point in
a pair of “wheel-rail”.

Calibration tests were carried out by stepwise loading of the rail section of the track with vertical and
horizontal jacks (rods). During the tests, the readings of strain gauges (figure 1), mounted directly on the
rods of the loading jacks, and the readings of the strain gauge circuit on the rail neck (figure 2), collected

by the Schlumpf method, were recorded.The rail was loaded with a vertical force t°Z in the middle of the
head and when the point of application of force was displaced from the center of the head inward (force

@) and out (force @) by 25 mm in the path curve. A comparison of the experimental values of the lateral

forces LY in the rods with the restored values of the lateral forces according to the Schlumpf method is
presented in figure 3.

As a result of the experiments, graphs of the lateral force on the rail head were obtained obtained by
the Schlumpf method and directly from the loading jacks (figure 1-3), with a different position of the point
of application of vertical force on the rail head.
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From the results obtained in the experiment:

- when a vertical force is applied in the middle of the rail head a relatively acceptable degree of
deflection of the restored lateral force is observed according to Schlumpf’s indications;

- when a vertical force is applied with a deviation from the center of the rail head and in the absence
of lateral force, a non-zero lateral force is restored according to the indications of Schlumpf's scheme;

- when a vertical force is applied with a deviation from the center of the rail head by 25 mm in/out of

the curve, there is a substantial discrepancy between the lateral force restored by the Schlumpf method and
the lateral force applied.

Force, tf

Force, tf

12
—— Vertical force —— Vertical force Vertical force
—— Horisontal force P Horisontal force Horisontal force
101 / — 1 10 / e r\ 10
& / ] 8
=
=] k=]
8 ; 8 N ;6
y o o
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4 4 4
2] 2 2 l\
G | : Juy |
=24 + ! } ! ] 2 ' ' ! ' 2 ! Il ’ '
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Figure 1 — Change of forces in loading rams jacks at different positions of the point
of application of vertical force, tf
Vertical force in the middle of the rail head Vertical force is offset from the middle of Vertical force is offset from the middle of
00 5.0 the rail head by 25mm outward the curve o IJthe rail head by 25mm inside the curve
Restored lateral force Restored lateral force Restored lateral force
7.0 7.0 7.0
5.0 5.0 5.0
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a0 g 30 g 3.0
2 £
1.0 1.0 1.0
-1.0 1.0 -1.0
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Time, s Time, s Time, s

Vertical force in the middle of the rail head

Vertical force is offset from the middle of

12 the rail head by 25mm outward the curve

Vertical force is offset from the middle of
the rail head by 25mm inside the curve

Figure 2 — Change of lateral forces restored by the Schlumpf method at various positions
of the point of application of vertical force, tf
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Force, tf

Figure 3 — Change of forces in the jack, creating lateral loading of the rail, and lateral forces reconstructed by the Schlumpf

The findings of the results of experimental studies require the establishment of the limits of
applicability of the Schlumpf method as a means for restoring forces from the wheel to the rail. For this

purpose, calculated finite element models of a rail loaded with vertical (£Y = 120 kN) and lateral
(Y = 45 kN) concentrated forces in various combinations in sections above the support and between the

Vertical force in the middle of the rail head

Vertical force is offset from the middle of

A o the rail head by 25mm outward the curve
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Time, s
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the rail head by 25mm inside the curve

Force, tf
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Horisontal force
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Time, s

150 200

method at different positions of the vertical force application point

supports were developed.

The stress-strain states of the rail were studied at different positions of the point of application of
vertical force to its head: along the axis of the rail and displaced from the axis by d=24.5 mm. The values
of stresses in the control points on the rail neck, corresponding to the installation sites of strain gauges for
determining lateral forces from the wheel to the rail in accordance with GOST 55050-2012, were
recorded. A diagram of the rail section with the location of the points of application of concentrated forces

and control points is shown in figure 4.

s3
-

-

:

~—

Figure 4 — Scheme of the rail section with the location of points of concentrated
application forces and control points

—— 150 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2020

The data obtained show a clear dependence of the distribution of the bending moment along the
height of the neck both on the position of the point of application of the vertical force and on the factor of
the presence of a support under the loaded rail section.

The stress values at the control points for loading the rail between the supports at the same time with

vertical force without displacement and lateral force made the difference (S1-S2) - (S3-S4) = 8.6MPa

Considering the value of M, it can be concluded that relatively close values of bending moments
in the control sections of the neck, i.e. close values of lateral force. In this case, the lateral force was
absent in the loading scheme.

Table 1 shows the stress values at the test points on the rail neck in accordance with GOST 55050-
2012. Changes of the bending moment along the rail neck height, in general, can be associated with the
application of a lateral force to the rail head or with a displacement of the vertical force on the rail head
away from the rail axis. Therefore, the method of restoring lateral forces from the wheel to the rail by the
Schlumpf method can be used only in cases of absence relative to a significant displacement of the center
of the contact patch from the rail section axis.

Table 1 — Values of normal vertical stresses (MPa) at the control points on the rail neck for
various design schemes

Control points S1-S2-
Design parameters S1-S2 S3-54 S3+54
S1 S2 S3 sS4
F, # 0)
=0 -35.1 -35.2 -17.7 -17.7 -0.003 0.002 -0.01
y between supports d =0
F, # 0)
=0f r 7.1 -115.2 1.2 -101.8 122.4 102.9 19.2
y above the support d| % 0
F, # 0)
=0J r 24.9 -95.7 16.8 -52.5 120.6 69.3 51.3
v between supports dl # 0
between supportg d|; 0 -54.1 -15.7 -61.1 26.1 -38.4 -87.1 48.6

In this case, it is necessary to choose the cross section of the rail above the sleeper as the measuring
one. The data and conclusions obtained as a result of computational and experimental studies are in
complete agreement [2-9]. The identified limitations of the Schlumpf method for restoring lateral forces
from a wheel to a rail require the development of a more universal method that takes into account possible
deviations of the center of the contact patch from the axis of the rail section.

The need to introduce an additional factor that takes into account the displacement d of the point of
application of forces from the contact of the wheel with the rail is shown by the experiment described

above. It would be logical to associate this factor with the difference in the values of the forces @ and @
- by the vertical forces when the point of its application moves inwards and outwards of the path curve,
respectively. Taking into account the deviations from the center of the rail head d, we obtain the physical

meaning in the form of the momentum‘M = (Fs = Fu) - @ The vertical force applied at any point of the

rail head over the cross section with load cells can be replaced by a force @ in the middle of the rail head
and a moment M.

To obtain a connection between the readings of the load cells and the loads, calibration experiments
are carried out. From a technical point of view, four loading options would be appropriate: 1) A vertical
force in the middle of the rail head; 2) Simultaneously with the vertical force in the middle of the rail head

Z and the lateral force 'Y ; 3) A vertical force shifted d outwards from the center of the rail head ' ZH;

T4
4) Vertical force, shifted by d inward from the middle of the rail head £'2B the results of the load cells are
recorded in table 2. Using linear superposition, we obtain the matrix [G] for the desired strength factors
(table 3).
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Table 2 — Indications of strain gauges

Number of the strain Aa— F{j = tf T3 = T =
gauge Fyp2 = tf H P
1 sT1 sT2 sT3 T4
2 571 532 573 574
3 53t 532 533 534
: 54 75 g 7

Table 3 — Matrix coefficients [G] with 4 calibration experiments

T | Fmiy =y =1
1 911 = s1'/F;" 921 = (s1° = 911" ED)/F* 931 = (51°/Fp —s1"/Fz)/d/2
2 912 =53 /F;" 922 = (53> — 912 B2)/F? | 1932 = (s3°/Ffi — 53 [F3)/d/2
3 913 = s3'/F;" 923 = (53° — 913" B ) /Fy* 933 = (53°/Fp — 53" [Fz5)/d/2
4 914 =si"/F;* 924 = (54> — 91" B ) /F* 934 = (54°/Fin — 54" [F1s)/d/[2

In matrix form, we can write:

s1(t) 911921931 Fy(0)
sor= {101 el {701 -1t

s4() 14924934

By calculating the pseudo inverse to [G] matrix ‘[G] f = ([6]"x[6]) ~*x[6] T obtain the possibility
of determining (restoring) force factors according to the indications of strain gauges:

E®)

F(t)} = {Fy(t) ¢ = [G]" - {S(®)}
M(t)

In case of technical difficulties in loading the rail with a vertical force on the inside of the head, the
first three calibration tests are sufficient. Then the coefficients of the matrix [G] will be made of table 4.

According to the results of the performed computational studies, a technique is proposed for the
experimental determination (restoration) of the force factors acting on the rail during operation.

Table 4 — Matrix coefficients [G] with 3 calibration experiments

N;:P;ﬁ?gg&ége F, = 1tf F, = 1tf M = 1tf -mm
1 911 =s{'/F;" 921 = (s1° =911 ED)/F* 931 = (51°/Fzs — g1)/d
2 912 =53 /F;" 922 = (572 — 912" ) /R * 932 = (52°[Fzn — g12)/d
3 913 = 53" /F;" 923 = (53° = 913" )/ Fy* 933 = (53°/Fzs — g13)/d
4 915 =54 /F]' 924 = (54° — 914" 5O/ * 934 = (55" [Fzs — g1a)/d

At each instant of time t, the power factors to be restored are determined by the formulas:
| Fz(t) = 0.009582 - 5, (t) + 0.007845 - 5,(t) + 0.009878 - 53(¢) + 0.00804 - 54 (¢),
}Fz(t) = 0.00123 - s51(t) + 0.002916 - s,(t) + 0.001529 - 55(¢t) — 0.00275 - 54(2),
W(t) = 0.182746 - s1(t) + 0.038209 - 55(t) — 0.18386 - s3(t) — 0.04411 - 54(1).

wheress, Sz, Ss, Sa, are the readings of the strain gauges.
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Figure 5-6 show the recovered proposed method of implementing the vertical and lateral forces
superimposed on the recording of the load cells on the loading jacks (rods). It can be seen that the method

gives errors in determining the lateral force (at the time of reaching the maximum values of the
experiment) with the application of vertical force:

- In the middle of the rail head 0.28%;
- With a deviation from the middle of the rail head by 25 mm outwardly, the curve path is 4.22%;
- With a deviation from the middle of the rail head by 25 mm inside the curve path 2.58%.

14 77
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Figure 5 — Calibration loading T1. Power factors and reconstructed using the influence matrix
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Figure 6 — Calibration loading T2. Power factors and reconstructed using the influence matrix

Conclusions can be drawn from the results of the above studies:

- When a vertical force is applied in the middle of the rail head, the applied lateral force is restored
according to the indications of the Schlumpf scheme;

- When a vertical force is applied with a deviation from the center of the rail head and in the absence
of lateral force, a nonzero lateral force is restored according to the indications of the Schlumpf scheme;

- When a vertical force is applied with a deviation from the center of the rail head by 25 mm inside /
outside of the curve, the lateral force is not restored according to the Schlumpf scheme indications.
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IM. TeinbnuGaeB aTbiHAarsl Kazak KeJlik %koHe KOMMyHHMKAlUsIap akajemuschl, Anmarsl, Kasakcran;
20MObI MEMJIEKETTIK %KOJI KaThIHACHI yHHBEpcHTETI, OMOBI, Peceit

MOE3/] CAJIMAK KYIIIHIH TYCY HYKTECIHIH BYHMIP KYIITIH IITAMACBIHA 9CEPI

AnHoTanus. [lafigamany ke3iHae pellbcke TYCEeTiH Kyl (hakTopiiapbhlH KajmblHA KENTIpydiH OajlaMa ojici
YCBIHBUTFAH. OJIIC TEH30PE3UCTOP JKEIIMACITCH OPBIHAAPAAFbl PEIbCKE TYCETIH KEPHEY MEH KYIITiI OaiylaHbICTHI-
paThIH acep €Ty MaTpHUIlaChlHA HETi3AeireH. ¥ ChIHBUIFAaH 9/1ic OOMBIHIIA KaImbIHA KENTIpY/e, KYIl (haKTOpJIapbIHbIH
0a3UCTIK JKUBIHTBHIFBIHBIH 3JEMEHTI peTiHme TaHmanabl: kenmeHeH kym (FZ), oOyitipaik xkym (FY) sxoHe peinbc
OacbIHaH KOJACHEH KYIITIH OPTaaH [IETKe Kapai aybICybIHAH Maiaa 0osaTeiH MOMEHT (M).

Byn sxymbIcTa «IOHFallaK- PeJIbC» JKYNTAca OTBIPBII TYHICy HYKTECIHIH Ke3 KeJTeH XKepiHAe Jaja ChIHAKTapbIH
OTKi3yre MYMKIHIIK OepeTiH jKoHe MaiijianaHy Ke3iHle pelibCcKe ocep eTeTiH, Kyl (akTopiapbiH (COHBIH ilIiHjae
OYHipJIiK KYIITEP) aHBIKTAY SICTEMECIH CUIIATTANIAIbI.

JKbUDKBIMAIIBI KypaM peNbCTiH OOMBIMEH KO3FaaFaH Ke3/e dKYKTeMeNep i ayra (KajablHa KeITipyre) apHaaraH
ombeban Tocin a3ipieH . ¥ ChIHBUIFaH TOCUIIEr XKYKTeMelep pesbe JeopMannsuiapbiMeH aHbIKTala bl (KajlrblHa
KenTipineni). 3epTTey HOTIKEJEPiH pelbC JKOJNBIHBIH JKYKTeldyiH Oaranay »oHE HOPMAaTHBTIK-KYKBIKTBHIK Oa3aHbl
JKaKcapTy YIIiH maiaananyra 00a bl

JKympic GapbicbiHIa OamIacTel KaOATTaFbI CepIiMIi apalblK OekiTnenepi Oap mmangaFrsl PeIbCc- AT TOPHIHBIH
(parmMeHTTEpiHIH MaTeMaTUKANBIK YJATUIEPi, PEIbCTi BHPTYAIAbl KaIHOpiey (Tapanay) KYKTeyre apHaJFaH
MOZENbAEP JKacaJ bl

Kypburran ecenrey MoOAENbIAepi AOHFAIaKTaH DPEIbC JKOJBIHA TIK JKOHE OYHIPIIK KYKTEeMeJdepIl KallblHa
KeJITIpyre, COHBIMEH KaTap «JOHFaJlaK-Pelibcy KYOBIHBIH TYHICY HYKTECIHIH BIFBICY KOJIEMIiH alyra KaKeTTi MaTeMa-
TUKAJIBIK MaTpuiaiap/abl (cep eTy MaTpHLaliapbiH) alyFa MYMKIHAIK Oepefi.

3epTTey HOTHXKeEpi OOWMBIHINA KOPBITHIHIBI JKACAIbI: PElIbC OACBIHBIH OPTACBIHAA TIK KYII KOJAAHBUIFaH
kezne, llmomnd nuarpammachiHa CoKec KOJAaHbUIATBIH OYHIpJIIK KYNI KajIlblHA KeNTIpiIeal; pesbc OachbIHbIH
OpTachlHaH ayBITKYMEH TIK KYII KOJIaHBbUIFaHAa oHe OyHipmik xym Oonmaranna, lmoMnd auarpamMmachbina
colikec HeJIIIK eMec OYHipIiK KyIl KajlmlblHa KeNTipinesi; peabc OachIHBIH OpTachlHaH ilIKe/ CBIPTKA 25 MM aybIT-
KyMEH TiK KYII KOJITaHBUIFaH Ke3/1e, Oyiipmik kym LmroMnd nuarpaMmachiHa colikec KIbIHA KENTipiIMeiii.

Tyiiin ce3mep: peibc, KepHey, nedopManus, KelieHeH jKoHe OYHIp Kyl KepHeyi-neGopMalHsIIbIK Ke3eH
(KOK), acep eTy MaTpHUIIacHL.

B.T. Coaonenko’, H. M. MaxmertoBa', B. A. Hukonaes?,
M. 4. Kpamnun?, U. A. Bazanosa?, K. K. I:xongacosa’

'Kasaxckas akageMus TpaHCIOPTa M KOMMyHuKaruit uM. M. Teiapimmnaesa, Anmatsl, Kazaxcran;
20mckuit TocyIapCTBEHHBIM YHUBEPCUTET TTyTel coobmienus, Omck, Poccust

BJIMSTHUE MOJIOKEHUSA TOUKH IMTPUJIOKEHMS IMTOE3THOM HATPY3KH
HA BEJIMYMHY BOKOBOM CHAJIBI

AnHoTaus. [IpennoxeH anbTepHATHBHBIA CMOCOO BOCCTAHOBJICHHS CHJIOBBIX (DaKTOPOB, AEHCTBYIOMIMX Ha
penbe B xo7e 3kciuryartanuu. Crocod OCHOBaH Ha MCIMOJIB30BAaHUM MATPHIl BIMSHHMSA, CBA3BIBAIOIINX ACHCTBYIOLINE
Ha PEeJIbC CUIIBI C HANPSDKCHUSIMH B MECTaxX HAKJIEHKH TEH30pe3UCTOPOB. B kauecTBe ameMeHTOB Oa3zucHOro Habopa
CHIIOBBIX (PaKTOPOB, BOCCTAHABIMBAEMBIX MpEJIaraéMbIM CIIOCOOOM, BBIOpaHHBI BepTuKanbHast cuia (FZ ), 6okoBas
cuna ( FY ) u moment (M) OT cMeIeHus! BepTHKAIBHON CHJIBI B CTOPOHY OT CepeIMHBI TOJIOBKH pPeJIbCa.

B Hacrosimeii pabore u3naracTcs METOIMKA OIPEACICHUS CHIOBBIX (DakTOpoB (B TOM YHCIIe OOKOBBIX CHII),
}IeﬁCTByIOH.IPIX Ha pEeJIbC B XOA€ OKCITyaTallluu, IMO3BOJIAIOIIAsA BBIIIOJIHATE COOTBETCTBYIONIUEC HATYPHBIC UCIIBITAHUA
IIpY JIIOOOM TOJIO’KEHUH TOYKH KOHTAKTa B TIAPE «KOJIECO-PEIIbCY.

Bripaboran yHHMBEpCaJIbHBIM ITOX0/ K TIOJNyYEHUIO (BOCCTAaHOBJIICHHIO) HArpy30K Ha PEJIbCOBBIA IyTh INPH
JIBIDKCHUH 110 HEMY MOJBIDKHOTO COCTaBa. Harpy3ku B mpemiaraeMoM IOJXOJie ONpEneNstoTcsi (BOCCTaHaB-
nMBalOTCs) 1Mo nedopmanusM pernbca. Pe3yibraThl MpOBEACHHBIX HCCIEAOBAaHUN MOTYT OBITH MCIIOJIB30BAHBI JUIS
IIPOBECHUS PadOoT M0 OLIEHKE Harpy>KeHHOCTH PETbCOBOTO IyTH M COBEPIICHCTBOBAHMUS HOPMAaTHBHON 0a3bl.

B xonme paboThl MOCTPOEHBI MaTeMaTHYECKHe MOJENN (parMeHTa peibCOUINaNbHON pemeTKd Ha Inmajiax ¢
YOPYTHUMH TPOMEXYTOUYHBIMHA PEJICOBBIMH CKPEIUICHHSAMH B OajUITACTHOM CJIO€, MOJENU Ul TPOBEICHHS BHP-
TyalbHBIX KaTHOPOBOYHBIX (TApUPOBOYHBIX) HATPYKEHHUH PEIIhca.
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HOCTpOCHHbIe pacd€THbIE MOACIH, IIO3BOJIAOT PACYETHBIM IIYTEM IOJIy4YaTb MAaTE€MAaTU4Y€CKHUE MaTPULbL
(ManI/ILIBI BJ'II/IHHI/IH), HEO6XO,I[I/IMI>IG JUIsT BOCCTAHOBJIEHHS BEPTHUKAJIBHBIX U OOKOBBIX Harpys3ok OT KoOJiECa Ha
peHbCOBbIﬁ IMyTh, a TaK XK€ MMOJy4aTb BEJIMUYNHY CMCIICHUA KOHTaKTHOM TOYKHU B nape «KOJIECO-PEILCy.

"3 PE3YyJILTAaTOB HUCCJICIOBAHUM CJEeIaHbl BHIBOJIbI: IIpy MPpUITOKCHUN BepTHKaJII)HOﬁ CHJIbI B CEPEAUHE I'OJIOBKU
peiibCa MpuUuKiIagbiBacMast OOKOBas CHJIa BOCCTAHABIMBAETCS 10 TMOKA3aHHUIM CXEMBI H_[J'IIOMH(i)a; pyu NMpUI0KCHUN
BepTI/IKaHLHOﬁ CUJIbl C OTCTYIJICHUEM OT CCEPCAHMHLI T'OJIOBKU pPEJibCa W HNPU OTCYTCTBUU OOKOBO#l CHIIBI IO
IIOKa3aHUsAM CXCMBI IHJ'IIOMH(I)& BOCCTAHABJIMBACTCA HCHYJICBas OokoBas Cujia;, pu MNPHUITOKCHUN BepTHKaJ’IBHOﬁ
CUJIbI C OTCTYIUICHUEM OT CEPEAHHLI T'OJIOBKH pEJIbCa Ha 25 MM BHyTpL/Hapyxcy KpHBOﬁ HC BOCCTaHaBJIMBACTCA
0OOKOBas CHJIA 10 IIOKA3aHMIM CXEMBI ]_UJ'IIOMH(l)a.

KiroueBble cioBa: PCiibC, HAIPSAKCHUA, Z[e(l)OpMaL[I/II/I, BCPTUKAJIBHBIC U OOKOBEIC CHJIbI, HAIIPSKCHHO-
Z[e(l)OpMHpOBaHHOG COCTOSIHHUEC, MATPUIIbI BJIUSHHA.
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PROBATIONAL CONTROL FOR PERSONS SUBJECT
TO CONDITIONAL-EARLY EXEMPTION

Abstract. Since January 1, 2015, the criminal Executive inspections Of the Committee of the criminal
Executive system of the Ministry of internal Affairs of the Republic of Kazakhstan have been transformed into the
probation service with the expansion of the function of assistance in obtaining social and legal assistance and the
implementation of probation control. In this regard, the issues off ormation a nd development of the I nstitute of
probation i n the Republic of Kazakhstan are revealed .

Due to the fact that a significant part of crimes among persons released on parole from places of deprivation of
liberty is committed due to social problems, it is necessary to carry out work on their re-socialization for persons
subject to release on parole, as established by law in relation to convicts serving a sentence of imprisonment, which
remained until one year of their sentence. In addition, it is planned to expand the use of penitentiary control in
relation to persons subject to parole.

The article also analyzes the criteria for correcting prisoners convicted from the perspective of factors that
affect the degree of reduction of a person’s public danger, taking into account the analysis of the practice of
conditional release, domestic law, and the opinions of leading lawyers — scientists. Based on the results of this
analysis, a scientific and legal description of the term “correction” is proposed, as well as the procedure and
conditions for the implementation of probationary control.

The analysis of materials on conditional release from punishment also indicates that by refusing to satisfy
petitions and representations, judges basically motivate their decision by a combination of necessary circumstances
characterizing the personality of the convicts. In addition, the court is based only on information provided by the
administration of institutions on convicts, which, in our opinion, is formal in nature and is not sufficient to resolve
the issue of parole. In this regard, it is proposed to provide the conclusion on the correction of the convicted person
and the possibility of applying conditional early release to him to the employees exercising probation control in this
institution. Then the court, having studied the materials of the probation services and the administration of the
institution, will take an appropriate decision.

Key words: probationary control, parole, peer control, correction of a convict, social adaptation of a convict,
resolization of a convict, correction of a convict, probation service.

Introduction. Correction of convicts is one of the purposes of applying criminal punishment, and the
possibility of parole from serving a sentence is the most important incentive for convicts in their positive
behavior. At the same time, in order to consolidate the results of the correction, assistance should be
provided to persons subject to release from prison. In this direction, a significant role is played by
probationary monitoring of the behavior of persons subject to parole.

When conducting probation control in Kazakhstan due to the presence of features on the subject and
scope of powers of participants in probation control, there are a number of problems of a theoretical, legal
and organizational nature that were not the subject of a special and independent scientific study.
Accordingly, consideration of these problems, ways to solve them, as well as the features of probationary
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control over the behavior of persons subject to parole, their essence, are among the important tasks whose
solution is associated with the need to carry out appropriate theoretical developments.

Recent domestic and foreign research conducted, often devoted to certain aspects of probation in the
Republic of Kazakhstan, in particular, with respect to persons sentenced to probation or to sentences not
related to deprivation of liberty.

Many scientific papers also consider other problematic probation issues related to the application of
forms and methods of its implementation. At the same time, until now, such aspects of probation control as
its implementation in relation to persons subject to parole, the essence of the concept of “degree of
correction”, have not been fully investigated and developed.

The probationary activity in Kazakhstan is also not uniform, especially when it comes to organization
approaches, forms of implementation, and evaluation of the effectiveness of probationary control. There is
a need to improve the legal foundations of this area of activity.

The circumstances outlined indicate the need to study a number of theoretical and applied and applied
problems of probationary control over the behavior of persons subject to parole.

Thus, the relevance of the topic of this article is determined by the need to study and analyze the legal
foundations of probationary control over the behavior of persons subject to parole.

All this predetermined the choice of topic, the nature and direction of our research, in which an attempt
was made to set forth our own vision of further law-making activity in the direction under consideration.

In writing this article, extensive analytical material has been used on the regulatory framework for
probationary monitoring of the behavior of individuals subject to parole, contained in the writings of
modern legal scholars, and analysis of law enforcement practice.

Methodology. The theoretical basis of the study was the scientific works of domestic and foreign
legal scholars regarding the problematic aspects of parole of convicts and probationary control in relation
to these individuals.

The empirical base of the study is the statistical data of the Committee on Legal Statistics and Special
Records of the General Prosecutor's Office of the Republic of Kazakhstan, as well as practical materials
on the facts of non-fulfillment by persons released on parole of their duties, as well as information on the
improper performance of their official duties by law enforcement officials.

During the study, periodical press materials and Internet sources were used, which discussed issues of
probation control and parole. The author conducted a legal analysis of the norms of the criminal and penal
legislation of the Republic of Kazakhstan, regulating the procedure for conducting probationary
monitoring of persons subject to parole, and also studied the law enforcement practice.

When writing this article, extensive analytical material was used on the legal foundations of
probationary control over the behavior of parole in Kazakhstan.

Results. In order to increase the effectiveness of probation control aimed at correcting the convict
and preventing them from committing new criminal offenses, it is necessary to improve certain aspects of
the probationary institution:

1. The application of probationary control should be extended to individuals subject to parole;

2. The conclusion on the correction of the convict and the possibility of applying conditional early
release in relation to him must be provided by the employees exercising probation control in this
institution.

Discussion. For the first time the concept of “probation” in Kazakhstani legislation was introduced
by the Law of February 15, 2012 “On Amendments and Additions to Some Legislative Acts of the
Republic of Kazakhstan on the Issues of Probation Service” [1].

In accordance with this, on the basis of the order of the Prime Minister of the Republic of Kazakhstan
dated April 4, 2012 Ne. 65 on measures to implement the above-mentioned Law, a number of regulatory
legal acts were prepared and published, including the Decree of the Government of the Republic of
Kazakhstan dated October 23, 2014 Ne 1131 “On approval of the Rules for the provision of social and
legal assistance to persons registered with the probation service” [2] and Order of the Minister of Internal
Affairs of the Republic of Kazakhstan dated August 15, 2014 Ne 511 “On approval of the Rules for the
organization of activities of the probation service”, designed for direct regulation of probationary activity

3].
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An analysis of the content of these documents shows that probation was controlled only by probation,
and the legislator regulated only the control and supervisory and punitive functions in the implementation
of probation control, including established forms of accounting and reporting, reconciliations and
verification of information regarding data on the category of convicts.

Given these circumstances, in the future, with the adoption of the new Criminal Executive Code of
the Republic of Kazakhstan in 2014, the powers of the probation services were expanded, as well as the
categories of persons with respect to whom probation control is established [4].

According to Art. 3 PEC RK under probation should be understood as a set of measures of a social
and legal nature, developed and implemented individually in relation to a person under probationary
control, to correct his behavior in order to prevent him from committing new criminal offenses.

It should be noted that from January 1, 2015, the criminal-executive inspections of the Committee on
the Criminal Executive System of the Ministry of Internal Affairs of the Republic of Kazakhstan were
transformed into a probation service with an expansion of the function to facilitate the receipt of social and
legal assistance and probation, and those sentenced to restricted freedom.

One of the important documents aimed at implementing probation control in the Republic of
Kazakhstan, where the activities of probation services are specifically indicated, in the form of tools, is an
independent Law of the Republic of Kazakhstan “On Probation”, adopted on December 30, 2016 [5].

As the authors of the Commentary on the Law of the Republic of Kazakhstan “On Probation” rightly
noted, this law is a new direction in the development of the legal system, gives the Kazakhstani probation
model a harmonious system and logical connection between the state and the citizen, lays down the basic
humanistic ideas of the state [6, p.15].

In accordance with paragraph 2) of Art. 1 of the Law of the Republic of Kazakhstan “On Probation”,
“the purpose of probation is to help ensure public safety by: correcting the behavior of the suspect, the
accused; resocialization of the convict; social adaptation and rehabilitation of a person released from the
institution of the penal system.”

Currently, there are four types of probation: pre-trial probation; sentencing probation; penitentiary
probation; post-prison probation, which allows us to talk about the continuity of the process of re-
socialization of people who find themselves in the field of criminal proceedings, which mainly affects the
dynamics of the prison population and the rate of relapse, that is, the repetition of crimes by persons who
have served their sentences [7, p.326].

Thus, it can be stated that the establishment of a probationary institution has taken place in
Kazakhstan and the entire probationary cycle has been finally formed. Voluntary participation in the re-
education of convicts has turned into a professional service with all duties and rights.

One of the most important types of probationary control capable of providing the necessary assistance
to prisoners sentenced to prison is probation.

According to Article 72 of the Criminal Code of the Republic of Kazakhstan, a person serving a
sentence of restraint of liberty or imprisonment, after the actual serving of the time prescribed by law, may
be released by the court on parole, if the court finds that he does not need to complete the sentence for his
correction. In this case, a person serving a restraint of liberty or imprisonment, after the actual departure of
the deadlines stipulated by law, shall be released on parole in the event of full compensation for the
damage caused by the crime and the absence of malicious violations of the established procedure for
serving the sentence [8].

When applying this norm, it is difficult for the court to determine the fact that the convicted person
does not need to fully serve the sentence for his correction.

Legislative regulation in paragraph 10 of Art. 3 PEC RK the degree of correction of the convict as the
formation of his law-abiding behavior, a positive attitude to the person, society, work, norms, rules and
ethics of behavior in society does not contribute, in our opinion, to eliminate the "formal™ approach to its
definition.

Among scholars, there are various opinions on the content side of the concept of “correction of
convicts”. So, from the point of view of BB Cossack correction of convicts is a complex national task, in
the solution of which all government bodies and public organizations related to its implementation should
take part [9, p.254].
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A.l. Zubkov talks about the correction that he sees in the formation of the personality of convicts in
accordance with the “positive, socially useful rules and traditions of human society and the promotion of
their law-abiding behavior through educational work, socially useful work, general education, training and
public influence carried out in conditions created by the established procedure for the execution and
serving of punishment (regime) ”[10, p.25].

Thus, the above definitions clearly indicate the difficulties in assessing the degree of correction. As
rightly notes 1.V. Shmarov “correction can be understood not only as a goal, but also as a process, as well
as the result of the application of punishment and corrective action on convicts” [11, p.37-38].

In our opinion, the institution of penitentiary probation can play a significant role in solving this
problem.

According to Article 12, 16 of the Law of the Republic of Kazakhstan “On Probation”, penal
probation is the activity of the administration of the correctional institution within the framework of the
requirements of the PEC from the moment the convicted person is sentenced to imprisonment in this
institution, and one year before his release from prison, it also works together with the probation officer to
prepare convicted to release.

At the same time, the probation service for their re-socialization is not carried out in relation to
convicts on parole, as established by law, in respect of convicts serving a sentence of imprisonment who
are left for one year before serving their sentence.

The main task in the preparation of convicts serving deprivation of liberty for parole is the creation of
a system of interconnected elements aimed at resolving issues of successful social adaptation of a
convicted person after release. First of all, it is necessary to assist in the restoration of socially useful ties;
organize vocational and labor training of convicts, which will serve for the convict as a real source of
income after release, etc.

As practice shows, a significant portion of crimes among persons on parole from places of depri-
vation of liberty are committed due to social problems. Among persons released on parole and having
committed crimes again, 78% are unemployed. So, parole A. and N. needed employment, however, the
probation service, where they were registered, was limited only to sending an individual program for the
help of a psychologist. As a result, these persons committed repeated crimes (theft, robbery).

Thus, penitentiary probation should also apply to persons subject to parole.

An analysis of the materials on conditional release from punishment also indicates that by refusing to
satisfy applications and representations, judges basically motivate their decision by a combination of
necessary circumstances characterizing the personality of the convicted.

The grounds for determining “no correction” and subsequent refusal of parole from serving a
sentence by the courts indicate unstable behavior, lack of degree of behavior, a small number of rewards,
etc. In addition, the court is based only on information provided by the administration of institutions on
convicts, which, in our opinion, is formal in nature and is not sufficient to resolve the issue of parole.

In this regard, we consider it necessary to provide a conclusion on the correction of a convicted
person and the possibility of applying conditional early release to him to employees exercising probation
control in this institution. Then the court, having studied the materials of the probation services and the
administration of the institution, will take an appropriate decision.

Conclusion. The above results obtained during the study in the scope of this article allow us to
conclude that imperfect penitentiary control of persons subject to parole, which in our opinion requires
further study and reflection.

Consideration of the legal problems of probationary activity allows us to conclude that the imple-
mentation of the state anti-crime policy can be most effective only through coordinated measures aimed at
the re-socialization of prisoners and their social adaptation of crime and other offenses.

It seems that the obtained author's results, on the one hand, can expand the boundaries of scientific
knowledge in this area, will contribute to further increase the effectiveness of probationary control, and,
on the other, serve as a starting point for further study of these problems.
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P. H. Kirouko!, F. C. Jl:xxymames?

'KBUIMBICTBIK KYKBIK, KbUIMBICTBIK iC )KYPri3y KoHE KPUMHHAIMCTHKA Ka)eapachiHbIH MEHTEPYLIICi,
Suka Kynana arsianarsl ['poiHO MeMIIeKeTTiK yHUBepcuTeTi, benapych PecryOnukacsr;
2 Tanankep, KbUIMBICTBIK KYKbIK Kaenpachl, SlHka Kynana aTbiHarsl
I'ponno memnexertik yausepcurerti (benapyce Pecniyomnmkacer), Acrana, Kasakcran

INAPTTBI-EPTE CBIHAKTAH OTETIH )KEKE TYJIFAJIAPTA
APHAJIFAH MPOBALIUA BAKBIJIAYbBI

AnHoTanus. 1 kaHrapeiHaH Gactam 2015 KBUIFBI KBUIMBICTBIK-aTKapy HHCIEKIHSCH KBUIMBICTBIK-aTKapy
xkyiieci Komureri Kazakcran PecryOnmkachl imki ictep MHUHUCTPIITiHIH KalTa KypbULABI IpoOaris KbI3METiHEe
KEeHEeHTyTe jKopaeMaecy XeHiHAer! (QyHKIHIap amy dIeyMEeTTiK-KYKBIKTBIK KOMEK KOpCeTy.i JKy3ere achblpyMeH,
npobanusnblK  Oakputay. OcblFaH OalIaHBICTBI AIIBUIAABI KAJBIITACY JXKOHE AaMy MOcelenepi WHCTHTYTHIHBIH
npobanmst Kazakcran. CoOHbIMEH KaTap, aliblia/ (bl KbUIMBICTBIK-KYKBIKTHIK TAOUFAThI MPOOAIMOHOT0 0aKbUIay JKOHE
YCHIHBUIFaH 63 KO3KapachlH MHCTUTYTHIHBIH MEHUTEHIUAPIBIK IIPOOAIiss MOHI ©31HEH 031 KaKeTTI KOMEK KOpCeTy
Oac OocTaH/IbIFbIHAH AfbIpyFa COTTAJIFAH.

Ocplran 0aiaHBICTBI, KbUIMBICTap/bIH alTapibIKTail Oeliri agaMaap apachlHla IapTThl TYpAe Mep3iMiHeH
OypbiH OocarbutFaH, 06ac OOCTaHIBIFEIHAH albIpy OpBIHJApBIHAH JKAacaJlaThIH QJICYMETTIK NpoOiemaapiabl KaxeT
JKaTaThIH ajamMjapra KaThICThl MEp3iMiHEH OYpBIH IIApTTHI TYpHe OocaTblUryFa OOMBIHIIA KYMBIC XKYPTi3y, ONapsl
KaiTa QJeyMeTTEeHIIpY A€ KaThICTHI COTTalFaH, ’Ka3achlH oTeln 0ac O0CTaHIBIFEIHAH albIpy TYPIHIE TaralbIHIAFaH
JKasajlay Mep3iMiH eTereHre JeiiH KanraH Oip >kpul. OmaH opi XETUIIipy MakcaTblHAAa NMpoOalysIIbIK Oakpuiay
Ke3JeNei KONIaHy aschlH KeHEHTy, NeHUTeHIHAPIIBIK Gakbliay jKaTaThlH alaMIapra KaTBICTHI MIAPTTEI-MEp3iMiHeH
OypsIH OocaTyFa.

Makanazna conaii-ak, Tannay eNeMIepiH COTTaFaHIapbl Ty3ey TYPFBICEIHAH (haKTopiap acep eTeli TOMEH-
Jiey IOopekeci KOFaMABIK Kayill TYJIFa, TaJAayIbl eCKepe OTHIPHIN, KYKBIK KOJIaHy iC-TOXipuOeCiH MapTThl TYpAe-
Mep3iMiHeH OypBIH 00caTy, OTaHIBIK 3aHHAMAaHBIH IMIKIpJIEPiH JKETEeKIIi 3aHrep — FaIbIMaap. ATalFaH Tajlay HOTH-
xKeyepi OOWBIHINA YCHIHBUIFAH FBUIBIMH-KYKBIKTBIK CHIIATTaMackl TepMHUH "Ty3eTy", cOHOail-ak TopTibi MeH
HIAPTTAPBIH MPOOALUSIIBIK OAKbLIAY BT XKY3ETe achIpy.

JKyprizinren Tangay Typajibl MaTepHaiap/asl MIAPTTHI TYpAE Mep3iMiHEeH OYpBIH ka3amaH 00caTry, COHIal-aK
JIoNIeNICHII OTKa3bIBasi OTIHINIXATTapAbl KaHAFaTTaHABIPYJaH MEH YCBHIHBIMIAPABIH, CYAbsIap HETi3iHeH bIHTa-
JaHABIPA/bl 63 MICMIIMIH JKUBIHTHIFBIMEH KaXKETTI MOH-)Kalap >keke OachlH CHUIATTalWTBIH COTTaJFaH. YUIIH HeTi3
periHze aHBIKTAy emec "Ty3eTy'", KeiliHHeH 0ac TapTy HmIapTThl TypJe-Mep3iMiHeH OYpHIH Xa3aHbl eTeyaeH OocaTy
COTTapJIbIH KOPCETUIeN TYPaKChI3 MiHE3-KYJIBIK O0JIMaybl, MiHE3-KYJIBIK JSpEXkKeci, CaHbl a3 KeTepMeley aHe T.0.
Oynan Backa, cot Heri3meneni FaHa MONIMETTEp YCHIHBUIFAH MEKEMEHIH OKIMIIUITI COTTaIFaHIApIbIH, Oy Oi3IiH
OWBIMBI3IIA, CHUIIATKa M€ >KOHE OOJbIN TaOblIagbl XKETKUTIKTI MOCEJeHI HIeNly YLIH MIapTThl TYpAe Mep3iMiHeH
OypeiH Oocaty. OcbiFaH OalIaHBICTBI Typabl KOPBITHIHJIBIHBI TY3€Ty COTTAJFaH >KOHE KOJIaHy MYMKIHIIKTEpiH,
OFaH KATBICTHI IIAPTTHI TypAe Mep3iMiHeH OYpeIH OocaTyra YCBIHY KbI3METKepiepiHe, IpoOaIisuiblK OaKpIIayabl
JKy3ere achIpaThlH ochl Mekemene. ComaH KeifiH COT MaTepHajapblH 3epierier, HpoOarst KbI3MEeTTepi MeH
MEKEMEHIH OKIMIIIJIT, THICTI IIemiM KaObUIaai b,

Tyiiin ce3mep: mpoOaIwsUIBIK OaKbLIay IIAPTTHI TYpAC-Mep3iMiHEH OYpPBIH OOcaTy, MEHUTCHIIMAPHBINA OaKpLIay,
COTTAJIFaH alaMHBIH TY3ellyiHe, aJleyMeTTiK OefiMaey COTTalFaH alaMHBIH PECOJIM3aLHs COTTATYIIBIHBIH, COTTAJIFaH
aJIaMHBIH TY3elIyiHe, IpoOaIus KbI3METi.

P. H. Kinouko?, . C. Jl:xxymames?

13aBenyrommii kadeapoii yrosoBHOro Mpasa, yroJoBHOTO MPOLECCa U KPUMUHATMCTUKH
I'ponHeHCKOrO TOCcyAapcTBEHHOTO yHUBepcuTeTa uM. Kynana, Pecriy6nuka benapycs;
2Couckarenb Kadeapsl yroJoBHOTo npasa ['pOIHEHCKOro rocy1apCTBEHHOTO YHHBEPCHTETA
uM. Suxu Kynaner (Pecniyonuka benapyce), Acrana, Kazaxcran

HPOBAIIMOHHBIN KOHTPOJIb B OTHOIIEHWUHU JIMII, TOIJIEXAIINX
YCJOBHO-JOCPOYHOMY OCBOBOXJIEHUIO

Annoranus. C 1 suBaps 2015 roga yroioBHO-UCHIONHUTEIbHBIE MHCHEKIUMM KomuTera yrojoBHO-UCHOJ-
HUTENBHON cucTeMbl MuHHCTEpCTBa BHYTpeHHHX nen PecryOmmkn Kazaxcran Obuti mpeoOpa3oBaHBI B CIIyKOy
mpo0anuy ¢ pacuMpeHrueM (QYHKIHWU 10 COAEHCTBUIO B IOIyYEHHH COLMAIBHO-IIPABOBOM MOMOIIM M OCYILECTB-
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JIeHHeM NpOOAIIMOHHOTO KOHTPOJS. B 3TOH CBA3M pacKpBIBAIOTCS BONPOCHI CTAHOBJIECHHMS M Pa3BUTHA MHCTUTYTa
npobanuu B Pecniy6iinke Kazaxcran.

B cBs3u ¢ TeM, 4TO 3HAYMTEIbHAS YacTh MPECTYIUICHUH CPEIH JIHI, YCIOBHO-JOCPOYHO OCBOOOXKICHHBIX U3
MECT JIMIIEHUs] CBOOOJIBI, COBEPIIAETCS U3-32 COLMANBHBIX MPOOJIEM, HEOOX0AMMO B OTHOLICHUH JIHII, MOJIEKAIIUX
K YCJIOBHO-JIOCPOYHOMY OCBOOOMJICHUIO IIPOBOJUTH PabOTy MO MX PECOLMAIH3ALMU, KaK 3TO YCTAHOBJICHO
3aKOHOJIATEIbCTBOM B OTHOLIEHUH OCY)KJCHHBIX, OTOBIBAIONINX HaKa3aHUE B BUJIE JHIIEHHS CBOOOJIBI, KOTOPBIM 10
OTOBITHSI CPOKa Haka3zaHMs OcTalyicsi oAuH roja. Kpome Toro, mpennonaraercs pacliipeHHs MPUMEHEHHS TEHUTCH-
[IMAPHOTO KOHTPOJISI B OTHOIIEHHH JIHII, TTOJUIE)XKAIINX, YCIOBHO-T0CPOYHOMY OCBOOOXKICHUIO.

B craTtbe Takke NpPOBENEH aHAIIM3 KPHTEPHEB HCIIPABICHUS OCYXKICHHBIX C IO3HLUHUU (AKTOPOB, KOTOPHIE
BIMSIFOT HAa CTEICHb CHWKCHWs OOLICCTBEHHOW OMACHOCTH JIMIA, C YYETOM aHajH3a MPAKTUKH HPaBONPHUMEHECHUS
YCIIOBHO-IOCPOYHOIO OCBOOOK/ICHHUS, OTEUECTBEHHOTO 3aKOHOJATENbCTBA, MHCHUI BEIYILHX FOPHCTOB — yUYCHBIX.
Ilo pesynbpraTaM DaHHOTO aHANIW3a NPEIUIOKEHBI HAyYHO-TIPABOBOE OINMCAHME TEPMHHA «HCHPABICHHE», a TaKKe
HOpSAIKA M YCIIOBHI OCYIIECTBICHHS IPOOAMOHHOTO KOHTPOJIS.

ITpoBeneHHBII aHATN3 MaTepHAIOB 00 YCIOBHO-IOCPOYHOM OCBOOOXKACHHH OT HaKa3aHMs TaK)Ke CBHACTENb-
CTBYET O TOM, YTO OTKa3bIBasi B YJIOBJIECTBOPEHHU XOJATACTB U MPEJCTaBICHUH, CYAbU, B OCHOBHOM, MOTHBUPYIOT
CBOE peIlIEHHE COBOKYIMHOCThIO HEOOXOAMMBIX OOCTOSITENILCTB, XapaKTePH3YIOIINX JIMYHOCTh OCYKACHHBIX. Kpome
TOTO, CyJl OCHOBBIBAETCS TOJIBKO Ha CBEJCHHAX, NPEACTABICHHBIX aJIMUHHUCTPALMEH yUPEKICHUH Ha OCYKACHHBIX,
YTO, HAa HAII B3IJISI, HOCUT (POPMANIBHBIH XapaKkTep U SBISETCS HEJOCTATOYHBIM ISl pEIIEHUs] BOIPOca 00 YCIOBHO-
JOCPOYHOM OCBOOOXIEHHU. B 3Tol cBA3M mpeylaraercs 3aKiIO4eHHe 00 MCIPABICHUU OCY)KIEHHOI'O U BO3MOX-
HOCTH TIPUMEHEHUS B OTHOIICHUH HETO yCIOBHO-JOCPOYHOTO OCBOOOXIICHHUS NPEJOCTABUTH COTPYJHHUKAM, OCYIIIe-
CTBJISIFOILIM ITPOOAIIOHHBIA KOHTPOJIb B IAHHOM Y4pexaeHuu. Toraa cyn, U3y4uB MaTepHaibl CIry0 mpodaruu u
aJIMUHHCTPALUK YUPEXKJCHUS, IPUMET COOTBETCTBYIOIIEE PEIICHHE.

KoroueBble cioBa: npoOallMOHHBIA KOHTPOIIb, YCIOBHO-JOCPOYHOE OCBOOOXKICHHE, NMEUTCHIMAPHBIA KOHT-
POJIB, UCTIPABIICHUE OCYKICHHOTO, COLMAIBHAS aJalTalys OCYKACHHOTO, PECOJIM3aLHs OCYKICHHOTO, HCIIPABICHUE
OCYKIICHHOTO, CITy>k0a mpodanuu.
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ANALYSIS OF ENTERRELATION BETWEEN ECONOMIC,
ROAD, TRANSPORT AND LOGISTIC INDICATORS

Abstract. The purpose of this research is to identify interrelation analysis between economic, road, transport
and logistics indicators. Retrospective research of the freight turnover dynamics was conducted, as well as roads
length, number of transport companies and the Gross National Product (GDP) from 1993 to 2017 in the Republic of
Kazakhstan. For transport field freight turnover was chosen as economic indicator, for logistics service - the number
of transport companies and the length of the motorway - for the infrastructure development. The qualitative analysis
of the condition of the road surface showed unevenness of the infrastructure development along the corridor. It was
revealed that the increase of freight turnover and the number of companies lead to the growth of the regional
economic indicator GDP. However, the transport criteria are significantly lagging behind of the GDP growth rate.
The lag was caused by the prolonged period of logistics infrastructure formation. Given the positive dynamics at the
time of the route launch, it can be assumed that the development of regional economics is associated with the process
of region integration into the international transport system, where the corridor «WE-WC» can be one of integration
mechanisms.

Key words: Gross national product (GDP), cargo turnover, road length, regional logistics indicator, inter-
national transport corridor "Western Europe-Western China."

Introduction. Due to the increasing globalization and the strengthening of the labor division process,
logistics, as an integration management system, began to increase its strategic position in economic
development of the region [1]. In these circumstances, new practices management are needed at the local
level [2]. We can assert that the identification of the main mechanisms of interaction between the
economy and logistics at the regional level can reflect the current state of development of the regions of
the republic and predict their future [3].

Thus, logistics can influence the state and growth of the regional economy, optimize existing
economic relations, promote the formation of new industries and agriculture.

International transport corridors can be seen as a means of economic development of the region,
within the geographical area, and stimulation of national economic growth through the infrastructure
development [4]. With the launch of transit corridors, the procedures of trade, people movement, goods
and services, as well as the investment climate, are simplified. The development of corridors involves
modernization and development of transport routes that physically connect the regions [5,6].

The geography of world trade shift towards Asia [7]. One of the largest projects on the Asian-
European continent is the international project "Belt Road Initiative"[8], which brings together
126 participating countries [9], which account for 46% of world trade and about 38.5% of world GDP
[10,11]. Part of the BRI initiative is the "Western Europe - Western China" (WE - WC) transport corridor,
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which goes from China to Europe through Kazakhstan [12]. At the same time, the five regions of the
Republic of Kazakhstan (Turkestan, Almaty, Jambyl, Kyzylorda and Aktobe), that are involved in the WE
- WC transit corridor system, differ in the level of their economic development. The issue of how regions
plan to cope with the freight volumes is still unclear. On the other hand, significant turnover growth
requires verification [13].

The purpose of this research is to identify interrelation analysis between economic, road, transport
and logistics indicators.

Research methods. Several factors were analyzed such as the long-term dynamics of cargo turnover,
the length of roads, the number of transport companies and GDP for the period 1993-2017. The official
data of the Statistics Committee of Kazakhstan Ministry of National Economy were the source for the
analysis [13]. The following mathematical and statistical methods were used: regression analysis and
evaluation of changes by means of determination and approximation usage.

Results. Figure 1 shows a consolidated description of roads development, located in the areas along
the WE-WC corridor [14]. Thus, 37% of Kazakhstan part of the international transport corridor goes
through the territory of Jambyl region, 32% - Kyzylorda, 23% - Aktobe, 18% - Almaty and about 12% -
Turkestan. Despite of the fact that the largest share of the road length in KZ belongs to Almaty region and
makes up to 36.4% of the total road length of the republic, in terms of quality it ranks last among the areas
involved in the international transport corridor called WE-WC. The highest density per square kilometer is
observed in Turkestan region that is 54.3%. Heterogeneity of road density of all the five regions, that
constitute the international transport corridor, is observed on the figure 1. This fact proves unbalanced
development of road and transport infrastructure in the regions of the Republic of Kazakhstan.

The length of the corridor WE-
WC by region of Kazakhstan,%

Aktobe region

The share of regional roads from
the republican extent,%
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; 4 ’
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Figure 1 — Transport characteristics of roads involved in the international transport corridor « WE-WC» [15]

As you know, one of the indicators of region economic development and the national economy as a
whole is the freight turnover, that in turn is influenced by fluctuations of GDP. See figure 2, that shows the
rate of GDP growth and freight turnover from 1993 to 2017.
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Figure 2 — GDP and turnover growth rates in the Republic of Kazakhstan, 1993-2017

In the early stages of economic development of sovereign Kazakhstan (1993-1998), freight traffic and
GDP development had contradictory behavior. Between 1995 and 1998, freight turnover had been
recovering by an average of 7.2% annually. Over the next 10 years, both freight turnover and GDP
behaved synchronously and their indicators develop with close change per cent age (GDP on average
11.2%, cargo turnover 8.1%).

Clearly marked two crisis periods of 1999 and 2009 coincide with the periods of world economic
crises. In 1999 there was a sharp drop of GDP to -23.1% and a decrease in freight turnover up to -5.1%,
whereas in 2009 GDP fell down to -15.8% with freight turnover at -7.8%.

Since 2010, the growth rate of freight traffic has been slowing, it was lower than the GDP growth
rate. The level of GDP has increased by 41.2% and the freight turnover - by 34.6% during these 7 years,
i.e. approximately 1% of freight turnover growth accounts for 1% of GDP growth (figure 2).

Figure 3 shows a correlation between GDP and road transport turnover between 1993 and 2017.
According to the analysis, there is a direct correlation between GDP and freight turnover, here the rate of

determination R2 is equal to 0.94.

16000

14000 °
Z 12000 %
=
£ 10000 v=35,38x-5361.
= R2=0.931 e .
8 o .-
5 8000
5 el
= 6000
= ®
0

4000 PECaE |

[ ]
2000 s
0

N
N
=]

200 250 300 350 400 450 500

Cargo turnover, million t.km

Figure 3 — Correlation between GDP and freight turnover in the Republic of Kazakhstan, 1993-2017
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GDP growth is accompanied by an increase in freight turnover, however, the growth rate of the
transport industry lags behind. In general, the turnover acts as a sensitive marker of the country macro-
economic development, which is initiated or reduced due to the development of the transport industry.

Figure 4 shows the rate of GDP growth and the road length in the Republic of Kazakhstan. It is
evident that the level of GDP does not lead to significant changes in the length of roads.
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Figure 4 — The growth rate of GDP and the length of roads in the Republic of Kazakhstan, 1993-2017

Although the interdependence between GDP growth and road length is weak, there is a sufficiently
close correlation between these indicators (R2 = 0,939), which can relate to the international transport

corridor "WE-WC" impact (figure 5).
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Figure 5 — The correlation between GDP and the long-distance roads in the Republic of Kazakhstan, 1993-2017

In studying the dependence of GDP on the number of companies engaged in the transport industry,
companies with vehicles and storage facilities were taken into account. Since 2000, there has been a direct
correlation between the increase in GDP and the number of companies however, their growth rate lags
slightly behind GDP growth, for example, from 2.2 to 4.7% by 2007 (figure 6). The growth of transport
companies, which may be due to the operation of the international transport corridor "WE-WC" (figure 6).
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Figure 6 — GDP growth rates and the number of transport companies in the Republic of Kazakhstan, 1993-2017

Figure 7 shows the correlation between GDP and the number of transport companies in the Republic
of Kazakhstan.
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Figure7 — Correlation between GDP and the number of transport companies in the Republic of Kazakhstan, 1993-2017

The strength analysis of the link between the GDP and number of transport companies revealed
tipping point in 2003. From 2000 to 2003 years, the relationship is quite pronounced and can be described
by y=45.635x+1075.6 dependence. From 2004 to 2017 years relation changed to y=151.59x-716.79
dependence. We believe that this change is connected with change in transport and road infrastructure
which in turn influenced the formation of a logistical regional system.
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Conclusion. As a result of the statistical analysis between GDP, freight turnover, roads length and the
number of companies operating in the transport industry, was established:

— growth of the regional economy stimulates increase the freight turnover and the number of
companies in the transport industry;

— the rate of freight turnover response to GDP outpace rate roads length changes, which significantly
hinders the reaction of the transport sector;

— road infrastructure development in 5 (Aktobe Kyzylorda, Zambyl, Turkestan, Almaty) WE-WC
corridor region is heterogeneous;

— the correlation between GDP and the number of companies employed in the transport industry
revealed two periods from 2001-2003, and 2012-2017. In 2001 was approved the program of road industry
development, in 2012 initiated the international "WE -WC" project. Restructuring caused by corridor has
had a sensitive impact to logistics change, in our case expressed in the number of transport companies.

Consequently, improving of region economic climate generate a new logistical links, that help
regional producers are finding new distribution channels. According to the analysis, the growing of a
regional logistics system along the corridor can push the economic development of Kazakhstan oblasts.
Accordingly, essential to established the indicators describing of regional logistics system development
and include them in strategic development plan.

A. C. Taiicapunosa'*, b. B. Tearaes?, JI. Jlonpenuune®, H. A. U6parnmona*

M. Temblnnaes atbiEAarsl Kaszak komik skoHe KOMMYHUKAIAIAP akageMusachl, Anmatsl, Kasakcran;
2«KazakcTaH 501 FhUILIMU-3€PTTEY HHCTUTYThI» aKIHOHEPIiK Korambl, Anmatsl, Kasakcran;
3«Canuenca yausepcureTi», Pum, Uranus;

“4«Kasakcran HeMic yHUBepcHUTeT», Anmatsl, KazakcTan

3KOHOMMKAJIBIK, ABTOMOBWIb 7KOJIbI, KOJIIK ’)KOHE JTIOT'HCTHUKAJIBIK
KOPCETKIIITEP APACBIHIAFBI O3APA BAUJIAHBICTBI TAJIAAY

AHHOTanusl. 3epTTeyAiH MaKcaThl 5KOHOMHKa, aBTOMOOWIIb JKOJIIAPBIHBIH Y3bIHJIBIFBI, KOIIK )KOHE JIOTHCTHKA
KOPCETKIIITEPi apachIHIaFbl ©3apa O0alIaHBICTHI AHBIKTAY OOJIBI TaOBLIA B

«Belt Road Initiative» BRI sx00achIH 63 YaKbITBIHBIH OCJITiIi )KOHE ayKBIMIBI XKOOAapBIHEIH Oipi JeT caHayFra
Oonanmel. Erep oran onemuik caymanbsiH 46%-bI skoHe oneMuaik JKIO-wiH mamamen 38,5% - b1 126 KaTBICYIIBI €1
SHETiHIH HazapFa ajcak, Tasy >KBUIIapBI OJ dJIEMJIK cayda OpPTaJbIFBIH alMacThIpa anajsl men aiftyra Oomamel. BRI
bacramacerabig Oip Oeniri Kerraiinan Eypomara Kazakcran apkeuiel etetiH "Batbic Eypona — bateic Keirait" kemik
nomizi (BE-BK) 6onpmn tabbumagel. ConbsiMer kartap, (BE-BK) TpaHsutTik momizmep JKyheciHe KaThICaThIH, Oip-
OipiHeH ©3iHiH YKOHOMHKAJBIK JaMy JCHTreliMeH alTapibIkTail epexmeneHeTiH Kasakcran PecmyOmikaceiHbIH Oec
eHipi (Typkicran, Ammatel, KamObu1, Keisemopna xone AxTeOe). AWMakTapAbIH JKYK TaCBIMAIBIHBIH KOJeMiH
OpBIHJAI IBIFYBIH JKOCTIApIIAyhI 93ipre TYCiHiKCi3 Oombit Typ. ExiHImIi kaFpiHaH, Tayap aifHATBIMBIHBIH alTapIIBIKTal
ecyi Jie TeKCepy Il Taiar eTei.

Kazakcran PecnyOnukaceiiga 1993 skpurigan Oacram 2017 skelIFa [eiiH JKYK alHaJBIMBIHBIH CEpIIiHIHE,
COHJaM-aK, KOJIapAblH Y3BIHABIFbIHA, KOJIK KOMITAHUSUIAPBIHBIH CaHbIHA J>KOHE >kanmbl imki eHimre (JKIO)
PETPOCIIEKTHBTI 3epTTey XKyprisiunai. TaceiManmayapl cunarTay YIIiH JKYK alfHalIbIMBl TaHJaJAbl. JIOTHCTHKAIBIK
CepBUC KOPCETKINI peTiHAE KeJIiK KOMIAHWsIAPBIHBIH CaHbl MailalaHbUIABl. ABTOMAaruCTPalbIblH Y3bIH/IBIFbI
MH(PaKYpbUIBIMIBIK AaMy/bIH KOPCETKIIl peTiHAe TaHAaabl. JKoJ KaMbUIFBICHIHBIH Kal-KYHIH camalibsl Taijgay
Joi3 OoibiHaarel MHQPaKYPHUIBIMHBIH OIpKeNKi JaMbIMaraHblH KepceTTi. JKyk aliHajabIMBl MEH KOMIaHUsUIAp
caHbIHBIH apTybiMeH JKIO 3KOHOMMKANBIK KOpCETKIIITEpiHiH ecyl Oaiikanaabl. Anaiina keinik kpurepuitnepi JXKIO
oCy KapKbIHBIHAH aWTapibIKTall apTTa KalbIll OTHIP. ApPTTa Kaldy JOTHCTUKAIBIK HH()PaKYPBUIBIMABI KaJbIITAC-
THIPYIBIH Y3aK Ke3E€HIHCH TYBIHAAIBL. BarbITTHI icKe KOCY COTIHHIEri OH JAWHAMHKAHBI €CKEPe OTBIPHIN, aifMaKThIK
skoHOMUKaHBIH namysl «bateic Eypoma-bateic Kprtait» nomizi (BE-BK) mHTerpanmsieik terikrepmid Oipi Ooma
aJIaTBIHBI alfMaKTapAbIH XaJBIKAPAJIBIK KOIIK XKYHeciHe Kipiry ypaiciMeH OaimaHbICTHI A€t O0JDKayFa O0Iabl.

Kemik camacsiHAa XYMBIC ICTEHTIiH KOMIIAHUSIIAD CaHBI MEH JKOJI Y3BIHIBIFHI, KYK aiHanbMbl, JKIO craTtmc-
TUKAJBIK TaJaybIHBIH HOTIKECIHE:

— alMaKThIK SKOHOMHKaHbIH ©CYl YK aifHaJbIMbIH YKOHE KOJIIK CaJIaChIHJarbl KOMIIAHUSJIApP CAaHbIH apTThl-
PYIbI BIHTATAHIBIPAIBL;

— JKIO-re xyk aliHAIBIMBIHBIH dCEep €Ty KapKbIHbI JKOJI Y3bIHBIFBIHBIH ©3repy KapKbIHbIH 0achll 03yaa, Oy
KOJIIK CEKTOPBIHBIH PEaKIMsICHIH eNeylli KUbIHaTa lbl;
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— (BE-BK) nmomizinin 5 adimarbiaga (Akrede Kembutopaa, XKamosut, Typkicran, Anmarsr) o HHQpPaKypsI-
JBIMBIHBIH JaMyBl OipKelKi emec;

— KIO MeH kemik calachlHIA JKYMBIC ICTEHTIH KOMIIAHHSUIAP CaHBI apachIHIAFbl KOPPEJSIIHS €Ki KEe3CHII
2001-2003 xaone 2012-2017 anbikraabl. 2001 >KbUIBL JKOJI callachblH JaMbITy Oarnmapnamackl Oekitingi, 2012 >Kbuibl
(BE-BK) xanbikapanbik sko0acel 6actay amabl. Jlomi3fgeH TybIHAAFaH KaiTa KYphUIbIMAAY, Oi3MiH JKargaiina, Keik
KOMITaHHSIAPBI CAHBIMCH aHKBIHIAJIATHIH JJOTHCTUKAHBIH ©3repyiHe eleyii ocep CTTi.

Jemek, aliMaKTarbl S3KOHOMUKAIBIK KIUMATTBIH XaKcapybl aliMaKTHIK OHIIpYyIIIepre cayaa jkacayIblH jKaHa
apHaJapblH Ta0yFa KOMEKTECETIH JIOTUCTUKAIBIK OalmaHbIcTap Kypaabl. Tangayra coiikec, 1omi3 OOMbIHIA aiiMaKThIK
JIOTUCTUKAJBIK KYHEHI TaMBITY Ka3aKCTaHIBIK OOJIBICTAp IBIH 3KOHOMUKAJIBIK JaMYBIH apTThIpa ananpl. ColikeciHIe,
aliMaKTBIK JIOTHCTHKANBIK KYHEHIH JaMyblH CHIIATTAHTBIH KOPCETKIIITEP/l OeNriiey »oHe oJapibl CTPATErHsIIBIK
JlaMy KOCIIapbIHA CHI13y KaXKer.

Tyiiin ce3gep: >xanmel imki eHiM (OKIO), Kyk aitHaIBIMBI, aBTOMOOWIIB YKONJAPBIHBIH Y3BIHABIFBI, JIOTHCTH-
KaHBIH aiiMaKTHIK HHANKATOpHEI, «batbic Eypona-bareic Keitaity xaaprkapaiblk KeITiK Jomi3i.

A. C. Taiicapunosa'*, b. B. Tearaes?, JI. Jlonpenuune®, H. A. U6parnmosa*

!Kazaxckas AxameMus TPaHCIOPTa M KOMMYHHKanuii uM. M. Teiapnmmaesa, Anvarel, Kazaxcram;
2A0 «Ka3axcTaHCKUH JOPOKHBINA HAYYHO-HCCIIEI0BATENLCKUN UHCTUTYT», AnMarhl, Kazaxcran;
3«Canuenca yausepcureTi», Pum, Uranus;
4«Kazaxcrancko-Hemenkuii yausepcuter», Anmarel, Kazaxcran

AHAJIM3 B3AUMOCBA3U MEXITY SdKOHOMHUYECKUMU, ABTOMOBUJIBHBIMH,
TPAHCHOPTHBIMHU U JIOTUCTHYECKUMU NOKA3ATEJIAAMU

AHHOTanusl. Llenbro aHHOTO HMCCIIENOBaHUS SBIACTCS BBIIBICHHE B3aUMOCBSI3M MEXIY MOKa3aTeNIIMH 3KO-
HOMHUKH, aBTOMOOMIIBHBIX JIOPOT, TPAHCIIOPTA U JIOTHCTHKHU.

OmHUM W3BECTHBIX M MAacIITaOHBIX MMPOEKTOB CBOEro BpeMeHH MokHO cuutath BRI “Belt Road Initiative”.
Ecnu npuHATH BO BHUMaHHE, YTO B HETO BXOAUT 126 cTpaH-y4acTHHMI], Ha KOTOpbIE mpuxoxutcs 46% MHpOBOI
TOproBiu u okoyo 38,5% muposoro BBII, To MOXHO yTBEepKIaTh, YTO B OJMIKAMIIIKE TOABI OH CIIOCOOCH CMECTUTh
LEeHTp MupoBoW Toproeiu. Yacteio mHMIMaTHBBl BRI sBngercs TpancmopTHeId kopumop «3amagHas EBpoma —
amagueiii Kutait» (3E-3K), kotopsrii mpoxoaut u3 Kutas B EBpomy uepes Kaszaxcran. B To xe Bpems msaTh
peruoHoB Pecnyonuku Kaszaxcran (Typkecran, Anmarsl, Kamobu1, Kei3sutopaa u AkTo0e), KOTOpbIE Y4acTBYIOT B
cucrteme TpaH3UTHBIX KopunopoB (3E-3K), 3HaumTenpHO pa3nuyaromuxcs ApPYr OT Jpyra YPOBHEM CBOETO
HKOHOMHYECKOT'0 pa3BUTHUs. Bompoc o ToM, Kak peroHbI INIAHUPYIOT CIIPaBATCS C 00beMaMH Irpy30IepeBO30K, OKa
ocraercst HesicHbIM. C ApYroi CTOPOHBI, 3HAYUTENBHBIH POCT TOBAPOOOOPOTa TAK K€ TPEOYET MPOBEPKH.

B uvactHOCTH, OBIIO IIPOBEIEHO PETPOCHEKTUBHOE MCCIECIOBAHHWE TUHAMHKH Tpy30000pOTa, MPOTSKEHHOCTH
JIOpOT, KOJTMYECTBA TPAHCIIOPTHBIX KOMITAHUHA W BaJIOBOTO HanmuoHanbHOTO mpoaykra (BBII) ¢ 1993 mo 2017 roxa B
Pecny6immke Kazaxcran. J{inst onmcanus mepeBo3Ky OB BEIOpaH TPy30000poT. B kadecTBe MHAMKATOpa CEPBUCHOM
JIOTHCTHKH HCIIOJBb30BAIOCh KOJIWYECTBO TPAHCHOPTHBIX KoMmaHWi. IIpoTsiKeHHOCTh aBTOMAarucTpamu Obuia
BbIOpaHa B KaueCTBE MHAMKATOpa Pa3BUTHS MHGPACTPYKTypbl. KauecTBeHHBIN aHAIM3 COCTOSHUS JOPOKHOTO IO-
KPBITHS [IOKa3aJl HEPaBHOMEPHOCTh Pa3BUTUS HHPACTPYKTYPHI BAOJIb KOPUAOPA. BBIICHUIOCH, UTO € yBEIHIEHUEM
Ipy30000poTa M KOJIMYECTBa KOMITAHUHM HAOIIOAAaeTCsl pOCT SKOHOMHYECKHX IOKa3aTesel, BeIpakeHHbIX B BBIIL
OfHako TpaHCHOPTHBIE KPUTEPUM 3HAUUTENBHO OTCTAIOT OT TeMnoB u3MeHeHus BBII. OtcraBaHue BBI3BaHO
JUINTEJBHBIM TIEPHOJIOM (OPMHUPOBAHHS JIOTUCTUUECKON MH(PPACTPYKTYPBL. YUHUTHIBAS MOJIOKHUTEIBHYIO TUHAMUKY
Ha MOMEHT 3allycka MapuIpyTa, MOXXHO IPEAINOJIOXKHUTh, YTO PA3BUTHE DPETHMOHAIBHON SKOHOMHKH CBA3aHO C
MPOLECCOM HHTETPalUd B MEXIYyHApPOIHYI0 TPAHCIOPTHYIO cucteMy. CBS3YIOUIMM 3BEHOM TaKOW WHTErpalnuu
MOXeT ctaTh Kopunop "3amnannas EBpona - 3ananusii Kurait" (3E-3K).

B pesynbrare crarucruueckoro anainmza BBII, rpy3oo6opora, MpOTSHKEHHOCTH JOPOT M KOJIMYECTBA KOM-
naHui, paboTaIOMNX B TPAHCIIOPTHOH OTPACIH, OBIIO YCTaHOBIICHO:

— POCT pETHOHATIBHON YIKOHOMHUKH CTHMYJIHPYET YBEITHUCHNE TPy30000p0Ta M KOINIECTBA KOMIIAHUN B TPAHC-
MIOPTHOH OTpaciy;

— TeMIbl pearupoBaHus Ipy3oo0opora Ha BBII omepexaroT Temmbl M3MEHEHHs [UIMHBI JIOPOI, YTO CyIIe-
CTBEHHO 3aTPyAHSET PEaKIUI0 TPAaHCIIOPTHOTO CEKTOPa;

— pasBuTHE T0pOXKHOI HHPpAcTPYKTYphl B 5 (AkT00e, Kbi3butopaa, XKamosut, Typkectan, AMarsl) peruoHax
kopunopa (3E-3K) sBnsercs HeOTHOPOIHBIM;

— koppessinus Mexay BBII u uncioM xomnanuii, 3aHATBIX B TPAHCIIOPTHOM OTPAaCiM, BbISIBUIIA JBa I1EpUOA
2001-2003 u 2012-2017. B 2001 romy Obuta yTBEep:KIEHA MpOrpaMMma pa3BHTHS JOPOXKHOW oTpaciu, B 2012 romy
MHAIMHMPOBaH MexayHapoaublid npoekt (3E-3K). PectpykTypusanusi, BeI3BaHHas KOPUAOPOM, OKa3aja qYyBCTBUTEIb-
HOE BJIMSHUE Ha U3MEHEHUE JIOTUCTUKH, B HAIlIEM CIy4yae BEIpa)KEHHOE B KOJINYECTBE TPAHCIIOPTHHIX KOMIIAHUH.
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CrenoBarenbHO, yJIy4IICHHE SKOHOMHYECKOTO KIMMaTa B PETHMOHE CO3/ACT JIOTUCTUYECKHE CBA3H, KOTOpBIE
MIOMOTal0T PETHOHAJIBHBIM MPOU3BOAUTEINSIM HAXOAUTh HOBBIE KaHaNbl cObITa. COTIacHO aHANU3Y, Pa3BUTHE PEruo-
HAJIBHOW JIOTUCTUYECKON CUCTEMBI BJIOJb KOPUAOPA MOXKET MOATOJKHYTh 3KOHOMUYECKOE PAa3BUTHE Ka3aXCTAaHCKUX
obnacteil. COOTBETCTBEHHO, HEOOXOAMMO YCTaHOBUTH IIOKa3aTelM, OIMCHIBAIOINE pa3BUTHE PErHOHATIBHOM
JIOTUCTUYECKOIl CUCTEMBI, U BKIIOUUTH UX B CTPATETHUECKU MJIaH Pa3BUTHUS.

KroueBsble cioBa: BanoBoil HaunoHabHBIH npoaykT (BBII), rpy30000poT, MHa AOpOTH, peruoHaIbHBIA
UHAMKATOp JIOTUCTUKH, MEKAYHAPOIHBIN TPaHCIIOPTHBIN Kopuaop «3anaaHas Espona-3ananusiii Kuraity.
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MORPHOMETRIC ANALYSIS OF THE RELIEF
OF THE NORTH-EASTERN SLOPE OF THE GREAT CAUCASUS
FOR THE PURPOSE OF TOURISM POTENTIAL
(using GIS technologies)

Abstract. Considering that to date, the scientific, theoretical and methodological basis of the use of GIS
technologies in tourist geomorphology is not sufficiently developed, the article carried out a morphometric study of
the north-eastern slope of the Greater Caucasus in order to develop tourism. The morphometric analysis of the study
area we carry out with using a digital relief model (DEM) using the ArcGIS package. The initial data were the results
of a Shuttle radar topographic mission (SRTM) radar survey, designed to create a high-precision network of global
DEM. Its root-mean-square error is estimated at a height of about 16 m, and the clarity of the position of the nodes of
the three-second grid is about 20 m, while in conditions of mountainous relief these indicators become larger. An
SRTM image with a resolution of approximately 60 m is useful for implementing morphometric analysis and
creating proper maps in a GIS. Image editing related to identification and elimination of minor errors was performed
using the ArcGIS package and its Spatial Analyst module.

To establish the general background of the fragmentation of the modern relief, a 5-point scale for assessing
morphometric tension was developed and adopted, which includes the degree of horizontal and vertical fragmen-
tation of the territory, the decline of the slopes, etc. The results can be used to create investment projects for the
development of tourism on the north-eastern slope of the Greater Caucasus.

Key words: tourism, morphometric analysis, morphometric tension, exogenous processes, ecogeomorpho-
logical region, danger, GIS technologies.

Introduction. One of the fastest developing fields in the world in economy is tourism at the moment.
In the scope of Azerbaijan tourism is considered as one of the most demanded field as a new form of
property for our republic. It is worth to emphasize that having high economic potential, tourism is
promoting development of other mixed fields of economy: transport, trade, communication, production of
goods of wide consumption, agriculture and etc. Expansion of range of fields in this sector has a number
of positive moments, however, the absence of scientific based methodology and corresponding control is
definitely reflected in condition of natural environment. Implementation of tourism activities is obliged to
be in line with the current legislation in the field of protection of natural environment, and it is important
to purse corresponding scientific based evidences taking into account certain territory in order to be in line
with this or other types of tourism and recreation [1]. The given system is consisted of several parts where
among them the formation of system of environmental geomorphological criteria which is discovering the
landscape, tourism zoning of the territory and identification of level of environmental risk [2].

We think that the morphometric analysis of landscape of the territory is the main element of similar
studies which can provide an opportunity to evaluate geomorphological touristic resources of North
Eastern slope of the Greater Caucasus.

Materials and methodology of study. In Geomorphological achievements they have been analyzed
as the main features of the landscape, which can allow us to assess the landscape to which we can include:
morphometrics (morphology), dynamic, genesis and age that is also divided to approximately specific
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features (the absolute and comparative height, angle of slopes, vertical and horizontal distribution,
exposition of slopes and etc.). The above mentioned morphometric condition of accelerated ecogeo-
morphological state can impact on different level [3,4]. Position and hypsometry of slopes are influencing
to ecogeomorphological situation through macro and climate conditions. Horizontal distribution is
characterizing the level of differentiation of ecogeomorphological conditions in the spaces, the repeating
of slopes of frontal exposition, periods of reformation of landscape complexes. In development eco-
geomorphological condition the angles of surface of slopes are defining energy of landscape, activeness
and speed of slope processes, also influence to physical, chemical and mechanical features of soil surface,
development and productivity of plants, to amount of solar radiation, infiltration of atmosphere
precipitations, transformation of energy and elements and other processes which in different levels can
impact to organization of landscape complexes and ecosystems [5,6].

Morphometrics is putting certain objectives which are formulating the group of tasks: 1. Description
of landscape 2. Explanation of landscape 3. Forecast of formation of landscape [7,8].

One of the important problems for north eastern slope of Great Caucasus which is traditionally used
for recreation and tourism is evaluation and appropriate application of tourism resources. Especially
important in this issue is the task of evaluation of psychological esthetic features of landscape, which are
contributing to strengthening moral and physical state and potential of population [9].

To our opinion, it is desirable to use AKS, air photo plans and photographic maps and sometimes
their applications for studying geometry of slopes. The advantage of AKS is that in with them possible to
see in details the boundaries of slopes of mountainous territories than in topographic maps. Having forest
cover AKS is less informative than topographic maps. That’s why it is better to identify the regions where
desirable AKS can be applied and where is better to use topographical map [6].

The morphometric analysis of north eastern slope of Greater Caucuses had been conducted by us with
the help of digital elevation model (DEM) through using their ArcGIS package. Baseline data were used
as a result of radio location shot of shuttle radar topographic mission (SRTM) considered for creation of
high resolution network of global DEM. The average square error of it is evaluated on the height
approximately equal to 16 meters and resolution of state of three second cell is around 20 meters with the
fact that in condition of mountainous landscape the data is becoming higher or larger. SRTM with the
resolution approximately 60 meters is useful for realization of morphometric analysis and development of
corresponding maps in GIS. Editing image related with identification and eradication of insignificant
errors had been conducted with the help of the package ArcGIS and its model Spatial Analyst [10]. The
map of angles of slopes of surface of ground (drastic slopes) had been developed by us using the function
of Spatial Analyst and its option of surface analysis (figure 1).

inclinatin
With degrees

o= Exposure ot
[ ENRL orth
I 0.1 - 15° % Norih-cast
| 15,1° - 20° - I | rast 4
[ 20125 I soum-cast
[zt | | soui
[ s0.1°-35° B southovesc
s e | M
I 0.1 - 25° | .
s -7
Figure 1 — The map of tilt angles Figure 2 — The map of slope exposure

Initially the map was presented in roster format and later it was converted to vector format. In
conclusion there had been developed the polygons of various drastic slopes of vector format maps with
angles of slopes. Initially there had been created a hypsometric map with identified elevation levels, then
there was calculated maximum and minimum sizes of slopes as well as squares of polygons on elevation
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level [7]. At the same place with the same methodology on the bases of digital elevation model there was
developed maps of exposition of slopes (figure 2), maps of horizontal and vertical breakdowns (figure 3,
figure 4). There had been applied to them geometrical layers such as geological (lithology of rocks),

hydrographic network, climate parameters (humidity, atmospheric precipitation, temperature etc.).
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Figure 4 — The map of vertical partition

There had been used by us LANDSAT 8 ASTER GLOBAL DEM (DEM files) on development of

maps dated to October 17,

2011

and KS.

The

works had been conducted in

UTM_WGS 1984 UTM_Zone_ 39N coordination system (Universal Transverse Mercator Coordinate
System). There had been conducted analysis using the software ArcGIS 10.5, on the basis of which had
been created corresponding maps. One to another had been applied the maps of vertical and horizontal
distribution with the help of ArcGIS software (tool boxes) and waited overlay functions, map of angles of
slopes, where at the end had been achieve the map of morphometric acceleration (figure 5).
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[,

Figure 5 — The map of morphometric tension

With the aim to identify the general background of division of existing landscape there had been
developed and accepted 5 scale assessment gradation of morphometric tension (table 1).
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Table 1 — Morphometric tension rating scale

Vertical partition (m) Tilt angles (°) Horizontal partition (km/m?) Scoring in points
>1000 >40 >2,5 \%
500-1000 30-40 1,5-2,5 v
200-500 20-30 1-15 i
100-200 10-20 0,5-1 1
0-100 <10 <0,5 |

The calculation of slope is required for evaluation of group of slope processes and it has to be taken
in to account in engineering geomorphological studies and etc. Exposition of slope is expressing its
relation to processes oriented trough space in equal schedule (insolation, circulation, gravitation): in
analysis of interaction directed to lithological, hydrological, geochemical, and aerodynamic flows to
landscape differentiation (direct and indirect impact to exogenic processes, sand formulation, plant cover
and etc.). The orientation of slopes to influences of erosion denudation activities is characterizing the
morphological features of land cover [7].

The results of studies. Mountain geo-system of North eastern slope of Great Caucasus is charac-
terized with intensive breakdown of landscape and they are different on their height, energetic capacity of
formation of dangerous fluvioglacial, gravitation, erosion and other landscape forming processes. In given
zone it is possible to mention horizontal movement through active disjunctive dislocation of rocks with
different genesis and ages. The north eastern slope is characterized with high seismological activeness
(7,8 points). Seismological dislocation had enormous impact to development of modern landscape.
General tension of horizontal processes in Alpine period of formation of mountains in Great Caucasus in
general and in studied region particularly identified in current period with intensive differentiated
movements of geodynamic tensions. Multi — character and multi — vectoral alinements conditioned the
space distribution and defined the boundaries of morphologically clearly identified steps morpho -
structure of given territory. Through these alinement active dynamic zones (Main Caucasus, Siyazan
Samur, Valvalichay, Garabulag etc.) is possible to characterize the intensive developing and exogenic
landscape formulating processes with high differentiation [11].

The studied territory is divided into following ecogeomorphological regions taken into account the
above mentioned data:

Main differentiated massive, Shahdag - Gizil Gaya massive, Tengi - Besh Barmagh massive, Gonag-
kend - Khaldan series of inter mountain lowlands, Gusar lowland and Samur Davachi lowland. Each of
those emphasized ecogeomorphological regions is in line with specific package of tourism resources.

The main Threshold massive is in line with Tufan anticlinoleum where it is consisted of Jurassic clay
rocks, sand, limestone which is easily influenced with intensive freeze and physical impact of winds.
Landslides and other processes are actively developed in Jurassic slopes of mountains. Also there can be
observed soly-fluctuation and defluctuation processes. Main Threshold massive has a perspective on
having different category and complexity (Bazarduzu, Tufandag and other mountains).

Shahdag Gizilgaya massive is characterized with the scope of density and depth of disfraction of
surface which pre-identified by the intensity modern tectonic movements in line of formation of Samur
and Western Caspian transfer zones as well as in a line of their crossing with active Threshold (Siyazan,
southern and northern Shahdag, Main Caucasus etc.). Accordingly it is also developed the forms of
exervation and modern forms of nivation as well as snow erosion. It has been also distributed the various
modern and other types of movements. In drastic slopes it is also distributed mudflows also it is developed
deflection and sloifluctuation processes as well as several spaces are occupied with amount flood sources
where the areal of them are increased under the influence of technogen factors. Dominating gravitation
processes are of different types of land slides and etc. Shahdag-Gizilgaya massive also has a perspective
of being included to different category of complexity, and used for skiing sport types (Shahdag mountains,
Gizilgaya and others).

The Tengi Besh Barmag massive is consisted of a number of strongly pressured structures among
which it is situated similar synclinal zones. The massive is consisted of limestone, clay, sands of various
periods and ages. The slopes are drastic and intensively disfracted. The territory has mid mountain and
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lowland erosion - denudation landscape. Under the active influence of exomorphodynamic processes the
massive is divided through threshold where different forms of landscape are formulated and also there are
few waterfalls where is a high land slide risk here which is creating eco geomorphological thred in using
the geo-system of given region. Also different types of landslides most developed as well in stone see.
Tengi Besh Barmaqg massive has a perspective on the point of view of establishment of ecological paths
(Velvelechay valley, Laza and Kuzun waterfall and etc.) (figure 6, 7).

Figure 7 — Laza Waterfall

Gonagkend Khaltan series of inner mountain depression is situated in all high levels and tied different
squares of land. High mountainous parts are developed Shahnabat and Khinalig (figure 8) mid mountain
and particular low mountain parts Efrin Jimin Gonagkend Altiagaj Khaltan Vostaf Dildilchay Vegver
depressions. In depressions of high mountains all the fluvioglacial erosion denudation and gravitation
exodynamic processes are taking place. Also it is widely distributed the landslides and other processes
[12]. Gonagkend Khaltan series of inner mountain depressions has a perspective on the point of view
ecological paths, agricultural and balneological tourism (Altiagaj, Gonagkend and etc.).

Figure 8 — The road to the Khinalig village

In the Gusar lowland from morphotectonical point of view is in line with the developed deflection
which had deflection in the recent stages and since late pleosen it was involved to the general process of
escalation of Great Caucasus. Here it is highly distributed landslides which can be consisted of different
rocks of scopes of values. Their formation is related with the neogen clay rocks in the basin of rivers
Velvelchay, Agchay, Garachay, Gudyalchay.

The landslides also developed in the valleys of the rivers Velvelechay and Gilgilchay. The colorful
lithological content of rocks, intensive cut of forests are leading to active formation of the network of
sloppy mountains and formation of sources of mudflow and floods. In certain places it is possible to meet
clay. The Gusar lowland has a perspective in developing agricultural tourism, horse sport and also
gastronomy tourism (Gachres, Chilegir etc.).

Samur-Davachi lowland is consisted of alluvial and alluvial delluvial deposits, it is disfracted with
ravines, beans, river values and river beds. It is also developed intensive abrasion processes, abrasion and
accumulation processes (cost line sands). Samur-Davachi lowland has a perspective in development of
seaside beach tourism, fishery and etc. (Nabran, Yalama, Gilazi, Zarat etc.).
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Conclusions. From the above mentioned facts it is possible to conclude that morphometric analyses
of landscape of north eastern slope of Greater Caucasus through application of GIS is giving an
opportunity to conduct quantity assessment of parameters of landscape, e.g. giving appraisal to the level of
erosion disfraction, identification of position of slopes, measuring the angles of slopes on earth surface.
Besides analysis of multilateral quantity factors of landscape and the developed map of morphometric
tension is allowing to reveal the likelihood of opening of conditional type intensity and direction of
formation of modern dangerous exogenic processes with the equal scopes and characters of disfraction of
landscape, high indicators of which can save the morphometric data. The complex morphometric analysis
of the territory through application of GIS are giving opportunity efficiently and in fast way evaluate
features of landscape negative features of landscape also for the purposes of forecasting landscape
planning. The achieved data can be used and applied not only in several fields of landscape planning
(agriculture, land use, construction, environmental activity) as well as in forecasting and functional zoning
of territories. The package of morphometric features are allowing to give the assessment to tourism
potential of north eastern slope of Greater Caucasus e.g. identifying opportunities of perspective use of
various territories for feature development of recreational tourism.

The results of studies are going to provide an opportunity for developing the maps of attractiveness of
landscape on conducting zoning for tourism activity. Within the above mentioned research the application
of specialized programs which are releasing us from hard, more connected works is giving an opportunity
to develop complex morphometric maps of various complexity of space scale and content.

C. A. Tapuxa3zep
I'eorpadust macTutyThl O¥TA, Baky, O3ipbaiixan

COJITYCTIK-WBIFBIC AIHIHIH MOP®OMETPUKAJIBIK TAJIAY
TYPU3M NOTEHTAJIIBIK MAKCATHI YIITH YJIBI KAYKA3JBIH ASICBI
(A TeXHOJIOTHSICHIH KOJIIaHY)

C. A. Tapuxa3zep
Wucruryr l'eorpadun HAHA, Baky, AzepOaitmxan

MOP®OMETPUYECKHUI AHAJIN3 PEJIBE®A CEBEPO-BOCTOYHOI'O
CKJIOHA BOJIBIIOI'O KABKA3A C LHEJBIO TYPUCTHNUYECKOI'O IOTEHLHUAJIA
(c ucnonbzopanueMm I'MC-TexHonoruii)

AnHoTanus. Pa3paboTka KOHLENIUH, a BCJIEA 3a 3TUM M [ 'oCcyJapcTBEHHOH HporpaMMbl peopraHu3alvu U
pasBuTHsL Typu3Ma B AsepOalpkaHEe MOCITYXHWIM TOTIKOM K CO3QHHWI0 PETHMOHAIBHBIX IPOTpaMM pa3BUTHSA
TypusMa. C TOUKH 3peHHs] pa3BUTHs TypU3Ma CEBEPO-BOCTOUHBIN CKJIOH bonbmoro KaBka3a n3BecTeH CBOMM BBITOA-
HBIM TeorpaduIecKuM MoJjioxkeHneM Ha Oepery Kacrmiickoro Mopst ¥ TypHCTHYECKOH NMPHUBIEKATEILHOCTBIO (TOPHO-
JBDKHBIA CIIOPT, AJIBINHHU3M, SKOJOIMYECKHE TPONbI M Jp.). YUHUTHIBAs TO, YTO JIO CETOJHSALIHErO JHS Hay4YHO-
TeopeTHueckas M MeTojoyiornyeckas ocHoBa npumMeHeHus ['MIC-texHonoruit B TypHCTHYECKOH reoMopdoioriu
pa3paboTaHa HEJOCTATOYHO, B CTaThe OBUIO MPOBENCHO MOpP(OMETpUUECKOEe HCCIeNOBaHHE CEBEPO-BOCTOYHOTO
ckioHa bonpmoro KaBkasza B memsax pa3BuTus TypusMa. MopdoMeTpudecknii aHajdu3 HCCIeIyeMOW TepPUTOPUHI
HaMH MPOBEICH C MoMoIIbio nudposoit Momenu penbeda (LIIMP) ¢ ncnonp3oBannem makera ArcGIS. Mcxomapivmu
JMAHHBIMH SIBWJINCH PE3yNbTAaThl paanoiioOKannoHHOW chemku Shuttle radar topographic mission (SRTM),
paccuMTaHHOM ISl CO3JIaHMsl BBICOKOTO4HOW cet riobansHOM LIMP. Ee cpennexBampaTudeckas MOrpemrHocTb
OIIEHUBAETCA 10 BBICOTE MPUMEPHO 16 M, a UETKOCTh MOJOXKEHHUS y3JI0B TPEXCEKYHIHOW CETKH COCTaBIAET MpUMeEp-
HO 20 M, IpY TOM YTO B YCIIOBHSIX TOPHOIO penbeda JaHHbIe MoKa3arenu craHoBsiTcs Oonbiie. Caumok SRTM ¢
paspemieHreM npuMepHO 60 M Tose3eH Ul peann3anid MOp(pOMETPUUECKOrO aHaIM3a U CO3JaHUs HaIJIeKaluX
kapT B C. PenaktupoBaHue CHUMKaA, CBSI3aHHOE C MACHTHU(UKAIMEH W yCTpaHEHHEM HE3HAUHTEIBHBIX TOTPel-
HOCTEH, BBHIONHEHO C MOMOIIbI0 cpenctB makera ArcGIS m ero momyns Spatial Analyst. Kapra yrimoB mHakitoHa
3eMHOI MOBEPXHOCTH (KPYTH3HBI CKIOHOB) HaMH COCTaBJEHa C Hcroyib3oBaHueM QyHkumu Special Analyst u ee
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ormuuu Surface analysis. [Ipy co3ganum KapTbl BEPTHKAIBHOIO PACHWJICHEHHS IMOBEPXHOCTH HM30JMHUH IPOBEIEHBI
gyepe3 100 m. [Ipumensis BoiOpanHyto rpagamuio 0-20 M, 20-50 M, 50-100 m... 1300-1400 M, 1400 m u Oonee,
MPOBE/ICH aHAIN3 KapThl M BBISBJICHO, YTO 3HAYEHUSI TJIyOMHBI pACUWICHEHHUs] MEHSIOTCS B IMPOKKX rpezenax ot 0 1o
1900 M. MOXHO 3aKIIOYHTh, YTO MAaKCHUMAJIbHBIE TOKa3aTeId BEPTUKAJIbHOW PaCUIEHEHHOCTH COOTBETCTBYIOT
THIICOMETPHYECKN CaMbIM BBICOKUM TeppuTopusM. Ha ocHOBe aHanm3a MOP(OMETPHUECKHX KapT CEBEPO-BOCTOYU-
Horo cKJoHa bonpmoro KaBkasa BBISBIEHO, UTO IITyOWHA pacwiICHEHH HaOMIOIAeTCs B IIpeieiax BEICOT OT -28 M 10
4466 M, T.e. c yBeIMIEHHUEM aOCOIOTHOM BBICOTHI, YBEITMUUBAETCS U IIyOHHA pactJICHEHHS.

Bbu1 mpoBeneH M CONMOCTaBUTEBHBIH aHAM3 KapThl OCPEIHEHHBIX YKJIIOHOB MOBEPXHOCTH, TIE H30JIMHHU
npoBeeHbl yepe3 5°. M3 kapThl OCpeIHEHHBIX YKJIOHOB MOBEPXHOCTH BHIHO, YTO KOJMYECTBEHHBIE ITOKa3aTeln
OCpEeHEeHHBIX YKJIOHOB IOBEPXHOCTH MEHAIOTCS B mpenenax oT 0°-1° (B mpenenax Camyp-/leBednHCKON HU3MEH-
HOCcTH) 10 42°-43° (B BEICOKOTOpHOH monoce ' maBHOTO BogopasaensHoro xpedTa).

Ha KapTe TOpPH30HTAIILHOTO pPACWICHEHHs MOBEPXHOCTH H30JIMHMM TPOBeleHbl depes 0,5 KM/KM?, rae
KOJIMYECTBEHHBIE TIOKazaTenu MeHstorest oT 0,1 1o 4,0 kM/kM?, SICHO BBIPaKEHHOTO OMPEIENEHHOTO MPOCTHPAHMS
W30JIMHUM HE MMEIOT, OJIHAKO JIOMHHUPYET MONEPEYHOE HANpaBIeHUE, T.€. TyCTOTa PACWICHEHHUs OJYMHEHa TIome-
PEYHOMY MOP(OJIOTHYECKOMY PAaCcHJIEHEHUIO TEPPUTOPUH. MaKkcHMalbHOE pacuieHenne 3-4,5 KM/KM? BCTpedaeTcs B
BBICOKOTOPHOW TIPUBOOPA3IEIbHON 30HE CEBEPO-BOCTOUHOTO ckiloHa bombmoro Kaskasza. Hanpasnenue n3onuHuiA
COBITA/Ia€T C HAINPABICHHEM TJABHBIX JOJHWH peK. MaKCHMalbHBIE 3HAYECHHUS NPHYPOUYECHBI K CPEAHETOPBSIM MU
MECTaMH KOHYCaM BBIHOCA PEYHBIX JOMMH — 4,5 KM/kM? M Gosee. MUHHUMAJIbHBIE BEJIMYMHBI TOPU30HTAIBHOTO
pacuneHenus cBoiicTeennsl 1y Camyp-/leBeunnckoii HusmMennocTH — 0-0,5 kM/KM2,

Jns ycraHoBieHust oOmiero oHa pa3apoOJIEHHOCTH COBPEMEHHOTO penbeda paspadoTaHa M MpUHSITA S5-TH
OayutbHAsl IIKaJa OLIEHKHM MOP(OMETPUYECKON HANpSDKEHHOCTH, KyJa BKJIIOYEHBI CTENEHb TOPU3OHTAIBHON M
BEPTHUKAJIbHOM PactJICHEHHOCTH TEPPUTOPHH, YKIOH CKIOHOB U Jp. IToTydeHHbIe pe3ynbTaThl MOXKHO HUCIIOJIB30BATh
JUISL CO3aHHsI MHBECTHIIMOHHBIX ITPOEKTOB 110 PAa3BUTHIO TYpHU3Ma Ha CEBEPO-BOCTOYHOM CKiIoHE bompmioro Kaskasa.

B mpomecce oCcBOEHHS TEPPUTOPHH CEBEPO-BOCTOYHOTO CKJIOHA B IIESIX Pa3BUTHS TypH3Ma HEMAJIOBAXKHOE
3HAQUEHHE HMMEET W TpobieMa HM3Y4eHHs, OLEHKH M INPOTHO3MPOBAHUS (OPMHPOBAHMS COBPEMEHHBIX OITACHBIX
MIPUPOTHO-Pa3PYLIMTENBHBIX IPOLECCOB. [ 'eoMHAMUYeCKH akTHBHOE, IH((depeHInpoBaHHOe pa3BUTHE Habopa
SHJIOTEHHO M 9K30T€HHO O0YCJIOBJIEHHBIX IPOIECCOB peibe)o00pasoBaHusl HEU3MEHHO MEHSET MOP(OIOTrHUECKUI
(MopdomeTpudeckuii) BUI peiibeda, 4TO OYEHb BaXKHO YYUTHIBATH MPH OCBOCHHU KpailHe HEYCTOWYMBBIX TOPHBIX
TEOCHCTEM B IIEIX pekpeannu. Hapsmy ¢ 3TUM OTPOMHYIO OIACHOCTh OOpa3ylOT HEOXHIAHHO 3apOKACHHbBIE U
AaKTHBHO TPOSBIIIIONIMECS YIPOXKAIOUIME WIM KaTacTpopHUECKHe DJHIOJWHAMHYECKHE M OK30JMHAMHUYECKHE
mpouecchl. B cTaThe KpaTko OTpa’keHbI 3aKOHOMEPHOCTH NPOSIBIICHHSI COBPEMEHHBIX OMACHBIX 3K30AMHAMUYECKHX
MIPOILIECCOB B Pa3HbIX YKOIe€OMOP(HOJIOrHIECKUX apeanax CEeBEepO-BOCTOYHOIrO ckjoHa bonpmoro Kaskasza. Anamus
COBPEMEHHBIX OIACHBIX PENbeo0oOpasyoNIUX IPOLECCOB HCCIEAYEMOI TEPPUTOPHUH, TOPHBIE CHCTEMBI KOTOPOTO B
HacCToAECC BPEMS MHTCHCUBHO OCBAMBANOTCA C LICJIbIO Pa3sBUTUA TOPHOTO, @ MMCHHO 3UMHETO Typu3sMa U Ap., AacT
BO3MOXKHOCTb CZEJaTh BBIBOJ, YTO B JAHHOM pEruoHe AszepOaiifxkaHa caMbIMH OIACHBIMH MPOLIECCAMH SIBIISIFOTCS
3eMJICTPSCEHNs, OOBAJIBI, OMOJ3HHU, CENHM, PeYHas W IIOCKOCTHas 3po3us W Ap. Bce stu mpoueccsl GopMupyior
00IIIy0 3KOANHAMUYECKYIO HaNPsDKEHHOCTD. J{iis meneil CHIKEHHsI ONTaCHOCTH JKU3HEIESITEIHOCTH JIFOIEH, TypHc-
THYECKMM O0BEKTaM M JIp. HEOOXOIMMO BBIIOJHITE MPEABAPUTEIBHYIO KPYITHOMACIITaOHYIO SKCIIEPTHYIO OLICHKY
9KO0reoMop(osIornIeckoil 0OCTAaHOBKM B TIpeZeax BBIICICHHBIX 3KOreoMop(dosiorndeckux paidoHax /10 Hadana
OCBOCHUSI B IIEJISIX PEKPEalMOHHO-TYPHCTHYECKOTO OCBOCHHSL.

KaoueBsbie ciioBa: Typusm, MOphOMETpHYIECKUil aHannu3, MOpHOMETpUIECcKasl HANPSHKEHHOCTh, SK30Te€HHbIC
MIPOIIECChI, IKOreOMOPGhOIOrHUESCKHA PaiioH, onacHOCTh, [ IC-TexHoI0r 1IN
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FEATURES OF DRILLING PROCESS KINEMATICS

Abstract. The results of the work aimed at studying the kinematics of the drilling process to determine the
drilling pattern are presented. The analysis of the principles of operation of drilling tools has been conducted. It was
determined that when working on the proposed drilling tools with the drilling force evenly distributed around the
cutting edge, where the bottom hole reaction leads to a pair of forces that determine the amount of torque on the
drilling tool. It has been defined that the cutting tooth of a drilling tool processes the slaughtering along the trajectory
of the Bernoulli lemniscate, and all teeth, in particular the cutting edges of the drilling tool, are simultaneously
involved in the destruction of the rock. Based on the studies conducted, the constructive scheme of the drilling tool
was adjusted to determine the geometrical parameters of the cutting edge. The application of the proposed design
scheme should allow increasing the mechanical drilling rate and reducing the values of arising drilling forces.

Key words: drilling, drilling tool, destruction, impact, rock, durability, scheme, force, kinematics, cutting-
splitting, rotational drilling, rotational frequencies.

Introduction. In existing drilling technologies, various drilling methods are used with appropriate
drilling tools [1-4]. The drilling technology is improving and the geometry of the drilling tool is
optimizing.

However, in widely used technologies, the drilling pattern is based on the mechanism of rock
destruction, where the teeth of drilling tools under the impact of strong blows scrape the rock. To increase
the durability of drilling tools, expensive solid alloys and diamonds [5-10] are increasingly used. Used
drilling patterns do not allow full use of these materials resource strength as they are fragile and do not
tolerate impact loads.

To solve this problem, a group of scientists on the project “AP0513118 Creating drilling tools for
drilling wells in the extraction of solid, liquid and gaseous minerals (contract No. 164 of 03/15/2018)” are
investigating a new drilling pattern [11,12].

The relevance of research. The proposed drilling pattern and the correspondingly developed
geometry of the drilling tool are related to rotary drilling technologies. The geometry of the drilling tool is
not complicated by manufacturability. Prototypes were made in six coordinate machines, but in mass
production the teeth can be made in other cheaper ways. The essence of the drilling scheme used is that
the cutting tooth has continuous contact with the drilled surface, excluding vibration during the drilling
process. The drilling pattern is based on cutting the soil. Changing the geometry of the drilling tool, it
appears through the kinematics of the process to change the direction and values of the drilling force. With
the proper formation of the drilling pattern, it is possible to achieve the appearance of negative drilling
forces that will not repel but rather draw in the drilling tool in the direction of drilling.

Objective. Studies of drilling kinematics by definition drilling pattern.

Material and research results. According to the principle of interaction on the rock we consider the
drilling pattern belonging to the cutting-cleaving groups [13]. It can be seen from the diagram (figure 1)
that the element of the chisel’s armament moving at a speed of Viand the effects of Py, P, forces to a depth
of o cuts off (cleaves) the rock.
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Figure 1 — Diagram of the impact of the rock-cutting tools armament elements on the rock when drilling

The dynamic process of destruction is determined by the equations of the kinetic energy T of the tool
and the potential energy U. For this interaction pattern the condition P, = 0 (resistance of the rock to the
introduction of a chisel) and indentation are considered as the main effect of the elements of the rock-
breaking tools on the rock considered by researchers [13].

Other researchers believe [14] that during rotary drilling the destruction of rock at the bottom of a
well occur due to the movement of a tool having the shape of a cutter along a helical line (figure 2). Such
a movement is the result of a combination of rotational and translational movements. Rotational motion of
the tool at the bottom of the hole is carried out by applying significant torque and large axial forces to the
drilling tool a. There are no impact loads.

From the diagram it can be seen that from the side of the machine a pair of forces acts on the feather
of the drill cutter (figure 2): Py is the axial force and P, is the cutting force [14]. Together they act on the
mass destructible as the resultant force P. In turn, from the side of the rock the force is affected by the
force Py which characterizes the resistance of the rock to the introduction of the tool and P, which
characterizes the resistance of the rock to cutting [14]. As the result is force acting on the side of the rock
mass on the tool R. When stresses are reached in the rock to be destroyed at a critical level, a cleavage will
occur in the front face of the cutting tool. Then the tool will turn at a certain angle around its axis and
stretch against the newly formed ledge and the process will repeat [14].

Figure 2 — Diagram of the operating forces at rotary drilling. Py - axial force; P; - cutting effort; P is the resultant force of the tool;
Ry is rock resistance to penetration; R; - rock cutting resistance; R is the resulting rock resistance; o, 7 - ultimate stress fracture

In the literature there are many materials on the research and application of drilling tools, but they are
presented for specific cases, processing methods and geometry of drilling tools [15-21].

To study the kinematics of the drilling process, drilling tools were made of structural steel (figure 3).
Experiments on drilling processes were carried out in soft and mixed soils since we needed to determine
the kinematics without side effects.
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Figure 3 — Drill tool with cutting teeth of 40X structural steel. 1 - body of the drilling tool;
2 - tip equipped with carbide plates of BK8 round shape; 3,4,5,6 - cutting teeth of the boring tool

The drilling process occurs due to the rotational w as well as the progressive action S of the drilling
tool (figure 4): S=Ss+hy, where S; is the stroke of the drilling tool; hy is a value of the stroke height of one
tooth with one turn of the drilling tool

Picture 4 — Chart of moving of tooth of boring instrument

A tip 2 with round plates of hard alloy was designed for plunging into the ground. At the beginning of
the process, cutting into the ground the tip equipped with round-shaped carbide plates from VK8 expands the
hole to the diameter of the tooth 3 when bumping into a soil. Similarly, the 4, 5, 6 teeth will alternately bump
into the soil. The values of the tooth inclination angle - ¢ was calculated to ensure a pure shear when cutting
the soil. The distances between the teeth were selected in to ensure a continuous process of cutting the soil
that is where the cutting of the soil ends with the first tooth the next one has time to bump into.

The conducted field tests showed that the process of bumping in and drilling occurs uniformly
without jerks and jumps (figure 5).

Figure 5 — Drilling process at low speeds of the drilling tool
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The cut soil volume of the initial drill hole did not have time to be removed from the drilling zone. In
with connection, the holes were enlarged to the necessary appropriate dimensions in accordance with the
geometrical parameters of the drilling tool.

The trajectory describing the edges of the cutting teeth a, b, s, f (figure 6, a) was investigated. When
visually observed at small values of the drilling tool rotation, the points a, b, s, f during one turn describe
the Cassini oval and occupy the position &, b/, s/, f (figure 6, b) [22]. The kinematics of the drilling tool
allows the cutting edge to move the bottom cut to the side in the direction of the drilling speed V:
tangentially to the cutting edge at that the first half of the tooth cutting edge is a, ai, a, as, as and the
second half of the tooth cutting edge as, as, as, ar, a will form a resultant pair of forces. With an increase
in the frequency of rotation of the drilling tool o the drilling force will probably decrease. The reason for
this is the reduced volume of the cut soil layer.

Figure 6 — Diagram for determining the trajectory of a cutting tooth of drilling tool at low turns

With an increase in the frequency of rotation of the boring tool o the trajectory of visual observation
takes a different form (figure 7). It is assumed (figure 8) that in large values of the drilling tool rotation the
points a, b, s, f during the half-turn describe the trajectory of the lemniscate and occupy the position a &,
b, ¢, f (figure 8, b). The explanation for this is that in the particular case of the Cassini oval at a certain
focal length is the trajectory of the Bernoulli lemniscate [23]. For large values of the rotational speed of
the drilling tool, a part of the cutting edge of the tooth will act from below upwards a, a1, az, as, asand will
make a half turn moving the trajectory of the sinusoid when the second part of the cutting edge of a tooth
is a4, as, as, az, &, a will also move the trajectory of the sinusoid and close the lemniscate circle (figure 8,
b). Divided into four parts in kinematics, cutting edge 1 part: a, a1, az; Part 2: a,, as, a4; Part 3: a4, as, as;
Part 4: ag, az, a should significantly reduce the drilling force.

Figure 7 — Drilling process at high speeds of the drilling tool
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Figure 8 — Diagram for determining the trajectory of the cutting tooth of a drilling tool at high speeds

Discussion of the drilling process with the use of the proposed drilling tool. As a result of the
field test data analysis the following recommendations were made to clarify:

Among drilling tools, screw or spiral drills [24-27] differ in cutting capacity and maneuverability. But
the design of these drilling tools creates an accumulation of cut soil on the surface of the cutting blades or
spirals. At high penetration rates, a process of jamming a drilling tool is created since the drilling fluid
does not have time to raise the cut soil upwards.

In the proposed design, the drilling tool cuts the soil in portions, raises it upwards facilitating the
removal of the cut soil from the drilling zone. The more turns of the drilling tool, the less the volume of
the soil is cut off which increases the penetration of the drilling process.

Having studied the kinematics in the drilling tools made of structural steel which has convinced of the
correctness of the drilling tool work it becomes possible to switch to the drilling of harder rocks. At the
same time, as a cutting tooth for mixed soils we choose high-speed steel and carbide hard alloys for hard
rocks.

Such studies will be sent to study the geometry of the cutting tooth, clarify the values of the working
angles of the drilling tool, the front angle vy, the rear angle o, the wedge angle B, and the angle of
inclination of the cutting tooth w.

Conclusions. At this stage of research, summarizing the results, we draw the following conclusions:
1. It has been established that the proposed drilling tool and drilling pattern refers to the method of rotary
drilling (figures 5,7).

2. It is determined that the drilling process is carried out by cutting and smoothly displacing the soil
with the front surface of the cutting edge of the tooth of the drilling tool.

3. According to the proposed kinematics of the drilling pattern, the continuity of the trajectory of the
cutting edge of the drill tool is provided (figure 8).

4. It has been established that the proposed kinematics of the drilling pattern significantly reduces the
deviations of rotation from the axis of the drilling tool (figure 8).

5. It is assumed that the continuity of the contact of the cutting edges and the simultaneous
participation of the teeth in the drilling process should reduce the drilling forces, as well as significantly
reduce the vibration.

6. It is recommended to use the proposed technology of drilling and drilling tool teeth, which are
made of high-speed steels in drilling wells for soft and mixed rocks. In this case, according to the
proposed drilling scheme, the drilling tool is connected to standard drill pipes with transition sleeves.

Manufactured drilling tools for determining the kinematics of the drilling process have successfully
passed field tests, and on the basis of the results obtained, it becomes possible to pass research by drilling
for hard rocks.
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BYPI'BIUIAY IPOLHECI KHHEMATUKACBIHBIH EPEKIIIEJIIKTEPI

AnHotanusi. JKympicTa Oyp¥buiay CXeMachlH aHBIKTay OOWBIHINA OypFbUIay NPOLECIHIH KHHEMAaTHKaChIH
3epTTeyre OarbITTaIFaH HOTHXKeNep OepiireH. Byprbulay KypanaapbIiHbIH )KYMbIC TPUHIUITEPIHE TaNay KYpri3ii-
reH. JXyprizinreH 3eprreyiep HeTi3iHAE Kecy >KHEeTiHIH T€OMETPHSIIBIK MapaMeTpiepiH aHbIKTay YIIiH OYpFbUIay
KYPaJbIHBIH KOHCTPYKTHBTIK CXEMAachl TY3€TUIreH. ¥ CHIHBUIFAH KOHCTPYKTHBTIK CXEMaHbI KOJIaHy OYprbuUIayIbIH
MEXaHHKaJIbIK JKbULAaMIBIFBIH apTTHIPYFa KOHE YHFBIMaJapAbl OyprbUIayAblH Naiiga OOJaThIH KYIUTEPiHIH MOHIH
TOMEHJICTyIe MYMKIHJIIK Oepeti.

Kazipri Oyprputay TeXHONOTHsJIApbIHIA THICTI OYpFbUIay KypangapbIMEeH OYpFBUIay[blH OpTYpIi omicTepi
KOJIIaHbUIa/Ibl. BypFbLIay TEXHOJIOTHACH! KETUIIpinyae, OYpFbUIay KYpalbIHbIH T€OMETPUSCH OHTAMIaHABIPBLTYAA.
Anaiina, KeH KOJIAHBUIATBIH TEXHOJIOTHsUIapa Oyprbulay CXEMachl Tay JKbIHBICTAPBIHBIH KHpPAy MEXaHU3MiHe
HeTi31eneni, oaIa OypreiIay Kypajgapsl TICTEpiHIH KaTThl COKKBIIAPBIHBIH OCEPiHEH Tay >KBIHBICTAPBIH YCKBIHCHI3
KbIpanpl. bypreutay KypammapblHBIH OCpIiKTITiH apTTHIPY VIIiH KIMOAT TYPATHIH KAaTTHI KOPHITIIANAp JKOHE alMas3iap
KOJIIaHbUIaAbl. BypFBIIay/IblH KONJaHBIIATHIH CXEMajapbl OChl MaTepHaiapAblH OCPIKTLIIK pecypcTapbiH TOJBIK
nailijananyra MyMKIHAIK OepMeii, eiTKeHi onap eTe Ho3iK OOJIBIT Kele/li )KoHe COKKBI )KYKTEMECIH IIbIFapMaiibl.

¥ ChIHBUTFaH OYpFhIIay CXeMachl JKoHe OYpFbIIay KYpaJIbIHBIH 3ipJICHIeH IeOMETPHUSICHI aiiHamMalbl Oypreuiay
TEXHOJIOTHSIaphIHA JKaTaabl. Byprpuiay KypasblHBIH [€OMETPUACH JalbIHIay TEXHOIOIHACH! OOMBIHIIA aca Kypuei
emec. Toxipuberni yarizep antbl KOOPAWHATTHIK CTAHOKTA jKacallFaH, Oipak TICTIH CepHsUIbIK OHIIpiciHae Oacka na
HEFYpJIBIM ap3aH TOCUIAepMeH HaifpiHnayra aa Oomanel. KommaHbumaTelH OyprbUIay CXEMAchIHBIH MOHI - KECKIIT
TICTiH, Oyprbulay OeTiMeH Y3IiKci3 OainaHbpIc >kacail OTBIPBIN, OypFbuIay NpoleciHAe ipuiai OomabpManiabl.
Byprputay cxemachl OyprbUIay KYpasibIHBIH T'€OMETPHUSCHIH ©3repTe OTBHIPHIIN, TOMBIPAKTHI KECKiIEYre Heri3elreH,
YPAICTIH KMHEMAaTHKAachl apKbUIbl OYpFbUIAy KYIIIHIH OarblThl MEH MOHIH ©3repTy MYMKIHIIr mnaiaa Oosaimbl.
byprbunay cpI30achlH AyphIC KAIBINTACTBIPFAH Ke3Jle OJIap/bl HTEPMEUTIH OYpFbUIAYIIbIH Tepic KYIUTEpiHIH maiina
00JIyBbIHA KOJI JKETKI3yre 00JIaabl, al KepiciHiie OyprbuIay OarbIThl OOMBIHINIA OYPFBLUIAY KYPaTbiH CO3aThIH 00JIaIbl.

Backa 3eprreyminep alfHanmMaisl OyprbUTay Ke3iHIEC YHFBIMAHBIH KEH)KapbIHAA KBIHBICTHIH OY3BLTYBI KECKIIl
(dopmackr 6ap KypanabH OypamMaibl CBI3BIKICH KO3FalybIHBIH apKackiHaa 0omaabl aen ecenteiini. MyHuaait Kosraisic
aifHaNIMabl JKOHE YJEMeNi KO3FAIBICTapIblH HOTIKeci Ooyibln Tabbutangsl. TecrmeHiH KeH)XapbhlHIa KypajlbiH
alfHaIMaJIbI-yIeMelli KO3FalIbIChl OYpFbUIay KypaliblHa aliTapibIKTall allHaJIbIPy CoTI MEH YJIKEH OCBTIK KYII )KyMcay
eceOIHEeH JKy3ere achlpbuIaibl. ByJ1 peTTe COKKbI JKYKTeMellepi OpbIH aliMaiIbl.

OnebueTTe OYpFhIIay KypalJapblH 3epTTey jKoHe KOJiIaHy OOMbIHIIA KeNTereH Marepuanaap oap, anaiina onap
HaKTBI JKargailap MEH eHey TICUIAepl YIIiH YChIHBUIFaH. BYpFbuUiay MPOLECIHIH KHHEMATHKACHIH 3epTTEy YIIIH
KOHCTPYKIMSUIBIK OOJIaTTaH jKacalFaH OYpFeUIay Kypalaapsl JasHnangsl. Opictik cerHakTap BZC 600A e3mirineH
JKYpETiH OypFpuIay arperaThlHIa JKy3ere achIpsUInbl. bypremay xypamsr @ 190,5 MM etmeni Tenkeci 6ap Oypreiiay
KyObIpiapsiHa KOChUIIbl. Bypreutay mpormectepi OOMBIHIIA 3KCIIEPUMEHTTEP JKYMCAK JKOHE apayiac TOIBIpaKTapnaa
KYPrizingi, ce0edi xaHaMa ocepci3 KHHEMAaTHKAHbI aHBIKTAy KaKeT 0OJFaH. OTKI3UITeH OpiCTIK ChIHAKTAp KECY KOHE
Oyprbutay mpoieci OIpKaJIBINTHI, JKYIKBIICHI3 JKOHE e3repicci3 JKYPETiHiH KepceTTi. Byprbiiay CTaHOTBIHBIH
Oacrankbl Teciri OyprbUIay ailMarblHaH KECUITeH TOIBIPAK KOJIEMiH IbiFapyra yirepmeni. OcbiFaH OaillaHBICTHI
Teciri OypreIIay KYPalbIHBIH T€OMETPISUIBIK MTapaMeTpIIepiHe ColiKec Ka)XeT THICTI eJImeMaepre IeiiH yirairaH.

Opic CHIHAKTAPBIHBIH AaJbIHFAH JCPEKTepiH Taygay HOTIDKECIHIE HAKThUIAYy YIIIH KeJecimedl YChIHBIMIap
KyiteneHren: bypreutay KypalJapblHBIH apachlHIa OMBII alybl XKoHE OTIMILUII KaFblHaH IIHEKTI HeMece CIUpallb
Topi3ai OYpFBUIApHI epeKiieneHeai, 0ipak ochl OypFbuiay KypajlapbIHBIH KOHCTPYKIMSCHI KECETiH KaJlaKTapblH
HEMece CIUpaNbAbIH OCTIHIE KECUIreH TOMBIPAKTHl >KUHAWABL. YHTUIEY SKbUIIAMIBIFBI JKOFaphl OOJFaH Ke3Je
OyprbUIay KYpajblH CBIHIBIPY MPOIECI KYPbUIAIbl, OUTKEHI OYpFbLIAY EPITIHIICI KECIIETIH TOMBIPAKTHI KOFAPhI
KeTepe aJMaiabl. ¥CHIHBUIBII OTHIPFAaH KOHCTPYKLHMAAA OYpFbulay Kypaibl TOIBIPAKTHl MOPLHAIApPMEH Kecil,
OyprbiTay alilMarblHaH KUBUIFaH TONBIPAKTHIH aFybIH JKEHUIIETIN, OHBI JKOFAaphl KeTependi. Bypreinay KypasiblHBIH
alfHaITBIMBI HEFYPIIBIM KOTI OOJFaH CalblH, OYPFHUIAY MPOILECIHIH 6TYiH apTTHIPATHIH TOMBIPAK KOJIEMi COFYPIIBIM a3
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Keciyei.

KoHcTpyKuusutblk 00J1aTTaH jKacajiraH OypFbUIay KypaslAapbIHBIH KWHEMATHKACKIH 3€PTTEil OTHIPHIN, OypFrbLIay
KYPaJIBIHBIH JYPBIC JKYMBIC iCTEyiHE KO3 JKETKI3reH KaTThl Tay JKbIHBICTApPBIH OypFbUIay MYMKIHAIr Nakaa Ooaisl.
Byt perTe KecKiln TiCTIH MaTepuaibl PETIHAC apaac TOMbIpAKTap YIMIH T€3 KeCeTiH OO0JIATThI, al KaTThl KBIHBICTAP
YIIiH eKi KapOuATi KaTThl KOPHITIIadaphl TAHJAFaH.

Tyiiin ce3nep: OypreuIay, OypreIIay KYpaibl, KUpay, COKKBI, Tay XKBIHBICH, OCPIKTIK, cCXeMa, KyIll, KHHEMaTHKa,
Kecy-0eity, aifHanMaiel OyprbuIay, aiHaTY JKbIJIIAMJIBIFBL.
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OCOBEHHOCTHU KHHEMATHUKH ITPOLECCA BYPEHUA

AHHoTanusi. B pabote npencrasieHbl pe3ynbTraThl, HalpaBIeHHbBIC HA HCCISIOBAHIS KHHEMATHKU OYpHIBHOTO
mporecca 10 ONpeAeIeHHIo cxeMbl Oypenns. [IpoBeneH aHanu3 NpUHIMIOB paboThl OypHIBHBIX HHCTpyMeHTOB. Ha
OCHOBE IPOBEICHHBIX HCCIIECA0BAHUN ObLIa CKOPPEKTHPOBaHA KOHCTPYKTUBHASI cXeMa OypUIIBHOTO MHCTPYMEHTa JUIst
OIIpEZIeTICHUs] TeOMETPHUYECKHX IMapaMeTpoB pexylledl KpoMkH. [IpuMeHeHHe NpeIuIoKeHHOH KOHCTPYKTHBHOW
CXEMbI OOJDKHA IMO3BOJUT IMOBBICUTH MEXAHUYCCKYIO CKOPOCTb 6ypeHI/1$1 U CHHU3UTH 3HAYCHHS BO3HUKAKOIIUX CHII
OypeHUs CKBaYKHH.

B cymecTByromux TeXHOJIOTHAX OypeHHUS UCIONB3YIOTCS pa3fIMYHbIe METOAbI OypeHHsl C COOTBETCTBYIOLIMMHU
OyprIbHBIMU HHCTpyMeHTaMu. COBEpIICHCTBYIOTCS TEXHOJIOTHH OypeHUsI, ONTUMHU3UPYETCS TeOMETpHUs Oy pUIIBHOTO
nHcTpyMeHTa. OHAKo B MIMPOKO NPUMEHSEMBIX TEXHOJIOTHAX cxeMa OypeHHsl OCHOBBIBACTCSl HA MEXaHU3ME pas3py-
HIEHHs TIOPOJI, TA€ 3yObl OypHIIBHBIX MHCTPYMEHTOB I10]] BO3/ICHCTBHEM CIJIBHBIX YAapOB CKOOJST TOPHYIO MOPOLY.
Jlyisi TOBBILIEHUST CTOWKOCTH OypWIIBHBIX WHCTPYMEHTOB BCE OOJIBIIE HCIOJB3YIOTCS JOPOTOCTOSIIME TBEp/bIC
CIIaBBI, anMasbl. [IpumeHsemMble cxeMbl OypeHHs He MO3BOJISAIOT IIOJHOCTBIO MCIOIB30BaTh IPOYHOCTHBIE PECYPCHI
3TUX MaTepHaloB, TaK KaK OHM SIBISAIOTCS XPYIKHMH U HE BBIHOCST yAapHbIE HATPY3KH.

[pemnaraemass cxema OypeHHS M COOTBETCTBEHHO pa3paboTaHHas TIeOMeTpHs OypHWJIBHOTO HHCTPYMEHTa
OTHOCHUTCS K TEXHOJIOTHSAM BpamaTeabHOoro OypeHus. ['eomerpusi OypwJIbHOTO HMHCTPYMEHTA HECTOXKHas II0
TEXHOJOTUYHOCTH M3roToBJIEeHUS. ONBITHBIE 00pa3lbl M3rOTaBIMBAINCH HA IIECTH KOOPAMHATHBIX CTaHKaxX, HO B
CEpUITHOM TPOU3BOJICTBE 3yObsi MOXXHO M3TOTaBIIMBAThH IPYTUMH, Oojiee femmeBbiMu criocodamu. CyTh prUMeHsieMon
CXeMbl OypeHHs B TOM, YTO PEXYILHUil 3y0, MMesl HeNPEPhIBHbIH KOHTAKT ¢ OYypHMON MOBEPXHOCTBIO, MCKIFOYAET
BUOpaIuio B nporecce Oypenus. Cxema OypeHHss OCHOBaHA Ha CPE3aHUU I'PYHTA, U3MEHSSI TEOMETPHIO OYPUIBHOTO
MHCTPYMEHTA, MOSBJIAETCS BO3ZMOXKHOCTh 4epe3 KMHEMATHKy IIpolecca M3MEHUTh HAlPaBICHUS M 3HAUYCHUS CHIIBI
Oyperust. [Ipn mpaBHIBHOM (OPMHUPOBAHHU CXEMbI OYpPEHHS MOXXKHO NOOHTHCS TOSBICHHS OTPULATENBHBIX CHII
OypeHusl, KoTopble He OyIOyT OTTaJKHBaTh, a, HAOOOPOT, BTATHBATh OYPWIBHBIH HHCTPYMEHT IO HAINPaBICHHUIO
OypeHwUs.

Jpyrue uccienoBaTeay CYMTAIOT, YTO MPH BpaIaTeIbHOM OypeHHH pa3pylleHHe MOpo/bl Ha 3200 CKBAYKHHBI
MIPOUCXOIUT Oiaronapsi ABMKEHUIO HHCTPYMEHTA, UMeroero GopMy peslia, 1o BUHTOBOW JIMHUM. Takoe IBHKeHHE
ABJIACTCS PEe3yIbTaTOM COUYETaHHUs BPAIaTeNIbHOIO M IIOCTYNATeIbHOTO NBIKEHMH. BpamarensHo-mocTynaTeapHOe
JBIDKCHHE MHCTPYMEHTa Ha 3a00e INIypa OCYIIECTBISIETCS 3a CYET NPHIOKEHUS K OypOBOMY HHCTPYMEHTY
3HAYHUTEIBHOTO KPYTAIIEr0O MOMEHTA U OONBIINX OCEBBIX YCHIIMH. Y JapHbIe Harpy3KH IPH 3TOM OTCYTCTBYIOT.

B nuTeparype nmeeTcss MHOXKECTBO MaTE€pHaJIOB MO MCCIIEAOBAHUIO ¥ IPUMEHEHUIO OYPHIIBHBIX HHCTPYMEHTOB,
OJTHAKO OHM IPEICTAaBIICHBI Ui KOHKPETHBIX Cly4aeB M croco0oB 00paboTku. [[ins mccnenoBaHusi KHHEMAaTHKU
nporecca OypeHUs! U3rOTaBIMBAIUCH OypHIbHBIE HHCTPYMEHTBI U3 KOHCTPYKIIMOHHOW cTany. [loyeBble ncnplTaHus
OCYIIECTBISUINCh Ha caMoxoaHoM OypoBoM arperate BZC 600A. BypuibHbBIH HHCTPYMEHT COCIUHSUICS K
OypHIBHBIM TpyOaM ¢ mepexoqHoi BTynkoi @ 190,5 MM. DKCHIEpUMEHTHI IO OYPHIBLHBIM MpoIieccaM MPOBOIMINCH
B MATKMX W CMELIaHHBIX TPyHTaX, TaKk Kak HaM HEoOXOIMMO ObLIO ONpeleNnuTb KUHEMaTHKy 0e3 HMOOOYHBIX
nerictuid. [IpoBeieHHBIE TOJICBBIC KCIBITAHUS TOKA3ajH, YTO IIPOLECC Bpe3aHHS M OypeHHS MPOHCXOIHUT
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paBHOMepHO, Oe3 PBIBKOB M CKauykoB. [lepBOHaYaIbHOE OTBEPCTHE OYPOBOTO CTAHKA HE YCIIEBAJIO BBHIBECTH M3 30HBI
OypeHus cpe3aHHbI 00beM IpyHTA. B CBS3M ¢ YeM OTBEPCTHE YBEIMYMBAIOCH 0 HEOOXOIUMBIX COOTBETCTBYIOIINX
pa3MepoB B COOTBETCTBHU C TCOMETPHUYECKUMH MapaMeTpaMu OypHIILHOTO MHCTPYMEHTa. B pesynbraTe aHamm3a
MOJYYEHHBIX JaHHBIX MOJIEBBIX HCIBITAHUH CHOPMHUPOBAHBI CICAYIOIIME PEKOMEHIAINHU /I YTOUHEHHUS: Cpeln
OypHIBHBIX HHCTPYMEHTOB BPE3a€MOCTBIO M IMPOXOIMMOCTBIO OTIIMYAIOTCS IIHEKOBBIC WM CHHpAIBbHBIE OYpHI, HO
KOHCTPYKIHSL STHUX OYpPHIBHBIX HHCTPYMEHTOB CO3/1aeT HAKAIUTMBAaHWE CPE3aHHOTO TPYHTa Ha TOBEPXHOCTH
PEXYIIUX JomacTe wiu chupand. [Ipu OONBIIMX CKOPOCTSAX TPOXOIKH CO3/IaeTcs MPOIECC 3aKIMHUBAHUS
OypWJILHOTO HWHCTPYMEHTA, TaKk Kak OypoBOil pacTBOp HE yCleeT MOAHATh Ha BBEPX Cpe3aeMblii TpyHT. B
mpeJyiaraeMoil KOHCTPYKIIMU OYPHIBHBIN MHCTPYMEHT, cpe3as TPYHT MOPIHMSIMHU, OJHUMAET €€ HaBepx, oOieryas
YBOIl CPE3aHHOTO TPyHTa W3 30HBI OypeHus. Yem Oosibiie 000pPOTOB OYPHIBHOIO HHCTPYMEHTA, TEM MEHbIIIE
cpesaercss 00beM TPyHTa, KOTOPEIM MOBHIMIAET MPOXOIKY OYpHIBHOTO mporecca. V3yunB KHHEMATHKy OypHIIBHBIX
HHCTPYMEHTOB, M3TOTOBIICHHBIX U3 KOHCTPYKIIMOHHOHN CTaiy, yOeAWBIINCH B MPaBHIFHOCTH PabOThl OypHIHLHOTO
WHCTPYMEHTA, TIOSBISIETCS BO3MOXKHOCTH OypeHmsi Oonee TBepAsix mopon. I[lpm sTomM B KadecTBe MaTepHaia
pexyiero 3yda BEIOMpaeM il CMCIIAHHBIX TPYHTOB OBICTPOPEKYIIYIO CTaNb, & JUI1 TBEPIBIX MOPOA — ABYXKap-
OuITHBIC TBEPABIC CIUIABEI.

KaroueBbie cioBa: OypeHue, OypoBOW MHCTPYMEHT, paspylleHHe, yaap, Mopoja, MPOYHOCThb, CXeMa, CHIIa,
KMHEMAaTHKa, pe3ka-pacKaiblBaHue, BpalarenbHoe OypeHne, YacTOThl BPAIleHNUS.
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ESTIMATION AND METHODS OF PREDICTION
FOR THE STRUCTURAL AND MECHANICAL PROPERTIES
OF RAP-COMPOSITES

Abstract. This article presents the study results of the processes of structure formation and analysis of the
methodological evaluation features of strength and deformation properties of RAP-composites. New materials
necessitate studying the peculiarities of their behavior in the temperature-time field in order to develop objective
technical requirements for their physical and mechanical characteristics that allow them to provide the required
values of strength and reliability.

The classical method of applying the temperature-time analogy is valid in the linear domain for the analysis of
relaxation curves at low levels of deformation or creep curves at low stresses.This thesis does not allow this theory to
be used for the analysis of strength properties and other characteristics associated with the process of destruction of
the composite material.Concretes of composite structure containing thermodynamically incompatible binders have
nonlinear viscoelasticity and are thermorheologicalycomplex.For composite materials a reduction factor (the amount
of displacement curves along the time or deformation speed axis) depends not only on temperature but also material
properties, and stress state.This is due to the peculiarities of the structure of composite materials as a system with a
complex set of elastic and viscous bonds, and therefore the reduction coefficient depends on the number of elastic
bonds involved in the deformation process.

The research is based on the principles of temperature-structural analogy, allowing predicting the properties of
composites on organo-hydraulic binders. This makes possible directionally to design a cold mix and to determine the
way of reaching a required materials property for construction of different layers of pavement.

The proposed methodological principles of design are based on the determination of the optimal ratio of elastic
and viscous bonds, considering the properties of RAP and the amount of cement. The use of this approach allows
evaluating the potential maximum durability of composites, practicability of the introduction of various modifying
components and the optimum content of the organic binder.

Key words: asphalt concrete regeneration, composite based on organo-hydraulic binder, cold RAP-mix, fatigue
life, temperature-structural analogy, rheological properties, maximum structural strength

Introduction. Asphaltic cement composites of various composition and preparation technology are
widely used in road construction practice. These asphalt cement composites are hereinafter referred to as
the concretes based on organo-hydraulic binders (concretes on OHB). The concrete that is on OHB is an
artificial construction material with a structure combining the properties of thermodynamically incompa-
tible organic (bitumen, tars) and hydraulic (cement, gypsum, ash, and etc.) binders. It is particularly
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important when old spent materials are reused in new construction. The reuse of pavement layer materials
is an urgent issue in the road-building industry of most countries around the world. Recycling or reuse
(regeneration) of materials of existing pavements during their renovation and repair is not a new concept;
such projects with varying degrees of success have been implemented since the beginning of the
20th century [1-3].

The regenerated materials without mineral binder (cement) exhibit viscoelastic properties within a
wide temperature-time range; plastic deformations and fatigue cracks are the main possible defects in
pavements based on the materials stabilized in such a way; and vice versa, when the mineral binder
content is increased, the elastic properties and increased shear resistance at high temperatures are
exhibited but brittle properties which stimulate low-temperature cracking and reduction of cyclic
durability may appear to a greater extent [4-6]. In this regard, increasing attention is being paid to
improving the quality of composite materials obtained from the processing of existing road pavements and
their reuse in the repair and construction of new pavements [7-9].

In most countries of the world, the required quality indicators of cold regenerated mixtures and
concretes are similar and are focused primarily on the regulation of properties via implementation of a set
of tests for [10-12]:

- shear resistance;

- crack resistance and fatigue;

- water resistance and frost resistance.

When determining the design parameters required for pavements design and prediction of composite
material properties, the provisions of the Williams-Landel-Ferry theory are often used with plotting the
main deformation curve and its subsequent shifting depending on the predicted level of load and
temperature impact [13-15]. This makes it possible to assess the composites within a wide range of
external impacts, as well as to evaluate their fatigue and fatigue life more effectively.

The difficulty of assessing the properties of composite materials on OHB is that they combine the
properties of coagulation, condensation and crystallization structures. In such systems, the arrangement of
the various bonds is not uniform in the material volume; the strength and deformability of structural
aggregates and clusters are also very heterogeneous. With regard to deformation and destruction
mechanics, the structure of such materials can be represented in the form of a phenomenological model
with a complex set of elastic, viscous and plastic bonds alternating in series and in parallel [16]. This is
due to the fact that the processes of influence of hydraulic binder at the levels of microstructure,
mesostructure and macro-structure are not sufficiently studied taking into account the properties of the
polygranular filler, that is RAP.

Thesis statement. Many years of experimental studies of composites on OHB and strength analysis
of their unbroken and broken structures have confirmed the possibility of phase contacts when the
thickness of organic binder films is within 1-5 um. However, taking into account the low strength of phase
contacts in the presence of such films, they cannot be defined as the main structure-forming factors. In this
case, the main structure-forming element is phase-to-phase transition layers of cluster type, the formation
of which is influenced both by physical (crystal intergrowth, adsorption, destruction of bitumen associates,
ion transfer, formation of double electronic layers) and chemical (formation of bonds of Me*-~OOCR type,
hydrogen —H-O, and etc.) processes. The Me*—~OOCR bonds are formed by metal ions, their oxides and
hydroxides arising from hydration of the mineral binder due to interaction with oxygen, hydroxyl and
carboxyl groups of the organic binder. The hydroxyl groups of hydration products and hydroxyl, nitrogen
and sulphur compounds of bitumen are involved in formation of hydrogen bonds [17,18].

Thus, at the interface between the phases of the mineral and organic binder, a certain transition layer
with special properties is formed; it is formed by clusters of different sizes, including nanodomains with a
different charge transfer between the system components. In these cluster domains, the interaction of
atoms differs from the interaction of atoms in isolated domains of cement, bitumen, and water that
significantly affects the entire complex of system properties. Therefore, the structure of composites based
on cement and bituminous binders is presented by the cement aggregates hydrated to varying degrees and
a number of phase-to-phase transition layers.

According to the presented structure formation scheme, the hydraulic binder's impact on the
composite structure and properties manifests itself by the mechanism of an active, colmatage and
reinforcing filler. Moreover, it refers to the macro- and microstructure. First of all, the cement is a
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reinforcing filler forming secondary structures in a bituminous or asphalt concrete matrix. The secondary
structures of the mineral binder can interact with each other via phase contact or transition layers having
higher strength than the bituminous matrix. As a result, the space reinforcing network with a "hinged”
connection in the nodes of varying degrees of mobility is formed. The mineral binder has a colmatage
effect because its aggregates, unlike inert fillers, are a rather monolithic system after hydration processes.

The structure formation processes are even more difficult when concretes on OHB are prepared with
the use of RAP as fillers. The main feature of intercontact interaction of such filler and organo-hydraulic
binder is the fact that RAP is a polygranular material in which the most part of grains is covered with an
aged organic binder (as a rule, with a bituminous binder). Consequently, the majority of strong phase
contacts with the formation of continuous condensation-crystallization backbone is developed via the filler
particles not coated with bitumen, as well as due to partial penetration of crystal whiskers into the bitumen
films and during interaction of hydration products with active bitumen components on the surface of
RAP-particles. As a result, the formed space condensation and crystallization structure determines the
elastic properties of the composite.

As described above, the strength of the condensation and crystallization backbone in the composites
on OHB is determined by a ratio of concentrations by volume of bituminous and cement phases. As the
volume of the bitumen phase is increased, the strength of the condensation and crystallization structure is
decreased. However, the bitumen in the composite material at the macro- and mesostructure level can be
located on the RAP surface in the form of structured films and fill the space between the aggregate
particles and the products of cement hydration that contributes to reducing the porosity and increasing the
hydrophobic properties of the composite.

Based on the full complexity of processes occurring when the structure of composites is formed on
the RAP and organo-hydraulic binder, there is an important issue to ensure and predict their mechanical-
and-physical properties. This issue should be addressed at the composition design stage. Currently, the
majority of methodologies to assess the properties of such composite materials, including the methodology
of Standard JTG F41-2008 "Technical Specifications for Highway Asphalt Pavement Recycling™ [19], do
not allow to predict the efficiency of one or another technical solution of cold regeneration of road asphalt
concrete pavements while taking into account the features of interaction during the formation of
condensation-and crystallization and coagulation structures of RAP with a complex organo-hydraulic
binder within a wide range of their initial properties.

Novelty. The main method of predicting the strength and deformation characteristics within a wide
range of temperatures and load action time is the principle of temperature-time analogy (TTA), according
to which the experimental curves obtained at different temperatures can be combined by parallel shifting
along the axis of timet (or deformation rate) [20,21].

Figure 1 shows the general curve of the relaxation modulus of concrete on OHB prepared using RAP
(30% in the filler composition) with addition of 3% of cement and 5% of bitumen emulsion. This curve is
plotted by horizontally shifting (with the factor @,) the outgoing relaxation constraints E(t)along the
axis. Igt
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Figure 1 — A general curve of the relaxation modulus
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In all cases, the temperature dependence of the shift factor Iga, from (T —T,) is well represented by
the power function:

lga, = A-(T-T,)", )

where T - test temperature, °C; T, — reduction temperature, °C; A and m - constant parameters.

The examples of parameter values of dependence of this type on the material composition are given
in table 1.

Table 1 - The value of constant parameters to determine the shift factor @,

Composition* A, 102 m Ig a, **
BE - 3%; P - 0% 3.5 1.30 1.72
BE - 5%; P - 0% 3.7 1.34 2.05
BE - 3%; P - 2% 41 121 1.54
BE - 3%; P -4% 4.9 1.09 1.28
BE - 5%; P — 6% 5.2 1.02 1.10

* The RAP content in the filler composition is 30%.

** reduction to temperature 10°C (test temperature — 30°C).
BE - Bitumen emulsion.

P — Portland cement.

As can be seen from table 1, the shift factor is decreased as the weight fraction of the hydraulic binder
is increased, indicating that the temperature and time sensitivity of the concretes on the organo-hydraulic
binders are decreased if the condensation- crystal lattice is formed in their structure.

At the same time, the classical method of applying the temperature-time analogy is valid in the linear
range for analyzing the relaxation curves at low strain levels or the creep curves at low stresses. This
provision does not allow us to use it for the analysis of strength properties and other characteristics related
to the process of composite material destruction.

The concretes with a composite structure containing the thermodynamically incompatible binders
have nonlinear viscoelasticity and are complex in their thermo-rheological properties. A simple visual
analysis shows that parallel transfer does not allow the strength-versus-strain rate curves to be aligned
(figure 2). Therefore, the reduction factor (the value of shifting the curves along the axis of time or strain
rate) depends not only on the temperature but also on the material properties and the degree of strain
condition. The situation is even more complicated when RAP obtained from reprocessing of asphalt
concrete pavements is used as a filler (part of the filler).

0,5 ' ' !
lil. R theoretical curve (reduction to 30 °C — 20 °C)
0.4 i

0.3

0ec —"|

20°C
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Figure 2 — Bending strength from deformation rate for the concrete based on organo-hydraulic binder
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This is due to the features of the composite material structure as a system with a complex set of
elasticn, and viscous bonds N, [16]; that's why the reduction factor 1g & depends mainly on the number

of elastic bonds involved in the deformation process. It is valid since the temperature, tension, time
changes cause a change in the course of relaxation processes on which the value n,.directly depends.

If n,=1, then the material properties are practically independent of temperature, stress, time, i.e. the
material is "absolutely elastic" and the reduction factor is equal to 1 (lga, = 0). If n, is decreased and

tends to zero, then the material properties become close to viscous ones; the value 1g &, can be determined
by the Williams-Landel-Ferry equation (WLF) [20, 21]:

WLE :_17,44-(T -T,) ?
5L6+(T-T,)
whereT — current temperature, K; Tq — glass transition temperature, K.
Using the additivity concept, we obtain:
lga, =(1-n,)-lga*". (3)
The value n,. can be determined by the condition [16]:
1
E R ™
n =—t=| 211, 4
5[] @

where E, and R, - relaxation modulus and material strength under specific conditions of loading; E, and

R. — maximum values of modulus and strength within the entire range of temperatures and load action

time; m — parameter that depends on the material type. For example, for asphalt cement compositions it
ranges from 0.8 to 0.95.

Thus, the value a, can be characterized not only by the viscous properties but also by the elastic

properties of the composite material. Taking into account that the changes in the composition and structure
of concretes on OHB, in the stress degree at the same temperature and time of its action leads primarily to

change of the value n,, it is possible to predict its rheological properties in case of a change in

temperature or time of load action. From the point of view of rheological behavior, the change of n. due

to the structure variation is similar to its change due to variation of temperature or time of load action,
taking into account the initial properties of composite material. This provision allows the concept of
temperature-structural analogy (TSA) to be applied in a similar way to the concept of temperature-time
analogy (TTA).

Study methods and results. Dependence (3) according to the WLF is valid if the glass transition
temperature is taken as the reduction temperature. In the case of a random selection of the reduction
temperature, it is necessary to adjust the value of WLF factors according to the procedure [21]. The
experimental studies and calculations (Fig. 2) have shown that the theoretical curve obtained by the TTA
method (dashed line) differs from the experimental curves.

The WLF equation (2) is valid if the glass transition temperature is taken as the reduction
temperature. In case of random selection of the reduction temperature, it is necessary to adjust the value of
WLF factors according to the procedure [20]. Itis possible to use a simplified dependence obtained by

shifting the WLF curve along the axes of temperature and reduction factor lga, . In this case, the factor
T, of reduction to random temperature is determined from the expression:

WLF

lga, =lga™" - lga" 5)
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The value Ig a[Tpr is calculated by (2) replacing the current temperature (T ) with the reduction
temperature (T, ).

Table 2 shows the values of the factor of creep modulus reduction to the temperature of 0°C which is
obtained experimentally (by combining the curves) and theoretically. The studies were carried out using
the samples from RAP with addition of 3 % of cement and 5 % of bitumen emulsion at a temperature of

0°C and 20°C at two levels of strain. In case of theoretical determination, the value n, was obtained by

lga, (2), then the value lga, was obtained using (2) and (5). The temperature of structural glass
transition (T, ) was 12°C.

Table 2 — Values of the reduction coefficient for different methods of determination

Time of load action Number of elastic bonds Logarithm of the factor of reduction Iga,
at 20°C, according to (4) under strains, MPa to temperature of 0°C under strains, MPa
s 0.2 0.4 0.2 0.4
—-0.7(-0.99) -1.1(-1.3)
3.0 0.70 0.60 _— s —
-3.3 -3.3
—2.6(-2.57) -3.0(-2.9)
15.0 0.22 0.14 _— _—
-3.3 -3.3
—2.95(-2.86) -3.2(-3.09)
30.0 0.15 0.08 _ _—
-3.3 -3.3
Note. The numerator contains experimental data; theoretical data obtained using (2) and taking into account (Tpr) and
(3) are given in brackets; the denominator contains data obtained using (2).

The table shows that the valueslg a, obtained by the proposed procedure are close to experimental

data while those data calculated by the WLF equation, have significant deviations and do not take into
account the strain level and time. The changes in the concrete composition and structure, in the strain level

at the same temperature and time of load action lead primarily to changing the value n,. As a result, the
material takes on the rheological properties that it would have when the temperature or time of load
actions changes, i.e. in terms of rheological behaviour, the change of N, due to a structure variation is

similar to its change due to a variation of temperature or time of load action for the source material. This
provision allows developing the concept of temperature-structural analogy (TSA).

Let's assume that the material at a temperature T, and time of load action t has some value of
properties E, that corresponds to the quantity of elastic bonds n,, . As the temperature is varied from T, to
T, , the material properties are also varied. As a result, the material will have the same values of properties
E, at some time of load action t, .

The difference between the factors of reduction to temperature T, and T, taking into account (3) is as
follows:

~17.44 (T2 —Tq) 17.44 (T1 —Tq)

Tpf_ — 7 —
Alga” = 51.6+(T2—Tq)(1 nrl)+51.6+(T1—Tq)(l ) ©

The same property values E, at time of load action t, can be obtained by keeping the temperature T,

but by changing the number of elastic bonds from N, ton,, due to the material structure (e.g. by varying

the amount of cement in the composite, binder modification, and etc.). This provision can be considered to
be valid because the glass transition temperature is almost independent of the structure [17].
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If the value of elastic bonds is varied from N, to n,,, the difference between the reduction factors
will be equal to:

o —17.44(T,-T,)

) 17.44(T,-T,)
Aloar = 51.6+(T,-T,)

51.6+(T1—Tq)(1_nr1)' v

(I-n,)+

Considering the equality of dependencies (5) and (6) and having made some transformations, we will
find:

51.6A+T, (1 A)
To= 1-A

, (8)
where

_ (T,-T,)@-n,,)
[516+(T,-T,)|(1-n,)

Formula (8) allows calculating the temperature equivalent (T, —T,) to the structural equivalent of the

9)

material (N, —N,,).

According to the TSA concept, it is possible to predict the properties of materials having a different
composition within a wide range of temperatures and load time. For this purpose it is enough to obtain
dependence of material properties of one composition on time of load action at a fixed temperature and

strain, then obtain dependence n,, on the material composition for one time of load action t; . The value
T, is calculated using (8); and the value Alg atTp' is calculated by formula (7).

If experimentally obtained dependence Alg a[T"r on the temperature with a certain value n, , then for

using this dependence with other values n,,, the reduction factor should be multiplied by the ratio

(1-n,)/(1-n,).

The TSA concept can be used as a fundamental one in the design of concrete mixes on organo-
hydraulic binders for certain conditions of their use based on the specified level of reliability (service life)
of the road surface dressing (road pavement). Thus, there is a possibility to estimate the design
characteristics of concretes on organo-hydraulic binders which values are difficult to find by direct
experiment using a method of standard elementary tests, for example, elasticity modulus for various
temperatures and time of load action E; ) [16] by formula (4).

For example, multi-year researches confirm the validity of the empirical dependence relating the
value of the maximum structural strength (R_) to the maximum elasticity modulus ( E,) within the entire
range of temperature and time of load action:

E,=36-(16,3-R)". (10)

Thus, using the principles of temperature-structural analogy, it is possible to predict the properties of
composites based on organo-hydraulic binders as applied to the mechanistic and empirical methods of
calculation for road pavements; as well as it is possible to calculate and directly adjust the long-term
indicators of properties at the stage of concrete composition design. For example, the required value of

elasticity modulus EV1 at the time of load actionV, can be directionally adjusted while keeping the

temperature conditions and the current load but changing the number of elastic bonds from n, to n.,, i.e.

due to the material structure (for example, by varying the amount of cement in the composition of bitumen
cement composite binder.
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Conclusion. For preparing the quality concretes during the regeneration process, RAP should be
treated with complex organo-hydraulic binders. The received structure is very complex that is reflected in
the behaviour of the received composite in a temperature-time field and by the estimation of its reliability
and durability.

The main feature of the inter-contact interaction between the filler and the organo-hydraulic binder is
poly-granularity and inhomogeneity of RAP in which the most part of grains are covered with an aged
organic binder. Consequently, the majority of strong phase contacts of cement with the formation of
continuous condensation-crystallization backbone is developed via the filler particles not coated with
bitumen, as well as due to partial penetration of crystal whiskers into the bitumen films and during
interaction of hydration products with active bitumen components on the surface of RAP-particles.

The concretes with a composite structure containing the thermodynamically incompatible binders
have nonlinear viscoelasticity and are complex in their thermo-rheological properties. The reduction factor
(the value of shifting the curves along the axis of time or strain rate) for such materials depends not only
on the temperature but also on the material properties and the degree of strain condition.

As a result of studies performed, the concept of temperature-structural analogy is proposed. Along
with the temperature and time factor, it takes into account the features of the structure described by the
ratio of elastic and viscous bonds. The TSA concept allows obtaining necessary structural features for
specific temperature-time factors. Using this concept, it is possible to predict the properties of composites
based on OHB suitable for mechanistic and empirical methods of calculation of road pavements. As a
result, it is possible to calculate the long-term indicators of properties at the stage of concrete composition
design that determines the prerequisites for their directional adjustment.

It is necessary to take into account that an increase in cement content leads to an increase of strength
properties and durability at an elastic stage of work; however, the resistance to dynamic impacts and
cracks is decreased that reduces durability. In this regard, the proposed method to select the composition
of concretes on OHB based on the optimal ratio of elastic and viscous bonds, taking into account the
properties of RAP and the amount of cement, allows adjusting effectively the durability and reliability
indicators.
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WHKEHEPIIIK ka0 bIKTap 3epTxaHackl, CuHbcsH, KpiTait;
3ABTOMAarKcTpabAAp bl JMArHOCTUKAIIAY HKIHE KYTIill ycTay GOMbIHIIA
X9HaHb NPOBUHIMSCHIHBIH HETi3r1 3epTxaHackl, CuHb3CcH, KpITail;
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MEMIIEKeTTIK KocimopHbl, MuHCK, bemapych

OHJIEJII'EH ACPAJBTBETOHABI ’KOJI ZKAMBLIFBIJIAPBIHAH AJIBIHFAH
TYWIPIIIKTEP HET'I3IHAEI'T KOMIIO3UTTEPAIH KYPbLIBIM/IBIK-MEXAHUKAJIBIK
KACHUETTEPIH BOJI’KAY 9AICTEMECI )KOHE BAFAJIAY

AnHotanus. byn makamama acdamsT TYHIpIIiKTepi HETI3iHAEr KOMITO3UTTEpIiH OepikTurik xkoHE medop-
MATHBTI KaCHeTTepiH OaranayIbIH diCHAMANBIK SPEKIICIIKTEPiH Talay jKoHe KYPBUIBIM KYpy YIEpiCTepiH 3epTTey
HoTmkenepi Oepinren. XKana matepuanmap OepiKTLIIK MeH CEHIMAUTIKTIH Tajall eTUIeTIH MOHIH KaMTaMachl3 eTyre
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MYMKIHJIIK OepeTiH oyapIblH (hU3HMKaIBIK-MEXaHUKAIBIK CHMATTaMaJIapbIHA OOBEKTHBTI TEXHUKAJBIK TaJIANTapIbI
93ipJiey MaKCaThIH/Ia TEMITEPaTypa-yaKbIT OPiCIHIC OJIAp IbIH OPEKET ePEKIIETIKTePiH 3epTTEY/ Il Tajal eTe .

Temmeparypa-yakpIT aHaAJIOTBIH KOJJIAHYIBIH KIACCHKAIBIK oici Ae(OpMAalMsHbIH IIaFbIH JICHIeHIepiHae
peTaKkcanysIbIK KUCBIKTapIbl TalJayFa apHalFaH CBHI3BIKTHIK aiiMakTa Aypbic. MyHpal >karmail OHbl KOMIO3HUTTIK
MaTepuangpl Oy3y mporeciMeH OalmaHbICTHI OEpiKTIK KachueTTepi MeH 0Oacka Ja CHIaTTaMalapblH Talgay YIIiH
maiinamanyra MYMKIiHOIK Oepmeiimi. KypaMbiHma TepMOIMHAMUKANBIK YHISCIIEHTIH OalIaHBICTBIPFRIN Oap
KOMIO3ULMSIIBIK KYPBUIBIM OCTOHIAPBI CBHI3BIKCHI3 TYTKBIPJIBIKKA HE JKOHE TEPMOPCONIOTHSUIBIK KYpAedi OOJbII
Tabbagsl. KoMNo3nmusibplK MaTepuaniap YUIH KenTipy koadduuueHTi (KUCBIKTapAbIH YakbIT OCi OOHBIMEH
JKBUDKY IIaMachl Hemece aedopMalius >KbUIIaMIbIFbl) TEMIIepaTypara FaHa eMec, MaTepUuaiiblH KacueTTepiHe Je,
COH/ali-ak KepHeyJ KyW JeHreiliiHe ne OainaHblcThl Ooxaipl. By ceprmimai xoHe TYTKbIp OailylaHBICTapabIH
KeIIeH i >KUBIHTBIFBI 0ap JXKyle peTiHAe KOMIIO3WTTIK MaTepuangap KYpPBUIBIMBIHBIH €peKIIeNikTepiMeH Oaiima-
HBICTBI, OCBIFaH OalIaHBICTHI KeNTipy Ko3(dduimenti qedopmanunsiay Ipouecide TapThUIFaH ceprmiMIi OalIaHbIc-
Tap/IblH CaHbIHA OailJIaHBICTHI.

3epTTeyAiH Heri3iHe OpraHUKabIK-THIPaBIUKAIBIK TYTKBIP KOMITO3HTTEPIIH KacHeTTepiH OoirKayra MyM-
KiHIIK OepeTiH TeMIlepaTypalblK-KYPbUIBIMABIK YKCACTBIK MPHHIMITEP] ajblHFaH. Byl KON KaMBUIFBICHIHBIH 3P
TYpJIi KabaTTapblH callyFa apHaJFaH MaTepHalJapAblH KypaMblH jko0OayayFra yoHe ajly TEeXHOJIOTHSCHIH aHBIKTayFa
MYMKIHIIIK Oepei.

XobanaynplH YCHIHBUIFaH 9JiCTEMENIK MPUHIUNTEPI acanbTTyHipIIikTepaiH KacueTrtepi MEH LEMEHT MeJ-
IIepiH eCKepe OTHIPHII, CEPIiMAL )KOHE TYTKBIP OaillaHBICTapAbIH OHTAWIBI apaKATHIHACKIH OeNTijieyre HeTi3eNTeH.
Mynpait Tacinai nmaganany KOMIIO3UTTEpAiH OapblHIIA Y3aK MEp3iMALIIriHe KOJI XKETKi3y NMepCreKTUBACHIH, TYpJi
TYPJCHAIPTINI KOMIIOHEHTTEPIl CHIi3yAiH MaKCATTBUIBIFBIH JKOHE OPraHUKAaJbIK TYTKBIP-TYTKBIP LIBIFBIHBIHBIH
OHTAJIBI LIeTiH Oaranayra MYMKIHAIK Oepei.

Tyiiin ce3mep: achanbTOSTOHIBI pereHepanusuiay, OpPraHUKAIbIK-THIAPABIUKAIBIK OaliIaHbICTHIPFBIII KOM-
MO3UT, CAaJKbIH pereHepauusuianrad achanbTOSTOHIbl KOCMA, IMKIABIK Y3aK MEp3IMIUIK, TeMIepaTrypalibiK-
KYPBUIBIMJIBIK YKCACTBIK, PEOJIOTHSUIBIK KACHETTEP, MAKCHMAaIIIbl KYPBIIBIMABIK OCpPIKTIK.

B. M. Xpycraaes'?, T. Jio'>%, A. B. Bycea*®, XK. JIn'?,
B. A. Bepenbko'*, B. B. 3ankosuu?, b. Illan?3

1X5HaHbCKas TEXHONOTHYECKAs KOMMaHUs | a0k0aHb Mo COJIEPKAaHHUI0 aBTOMArucTpaeil
(LleHTp MHOCTpPaHHBIX CIEUAINCTOB BHICOKON KBanudukanmn), CuHb3sH, Knraii;
2HauunoHanbHas uHkeHepHas J1abopaTopyst 000y 10BaHHs
JUTsI copiepxaHusi aBToMaructpaneid, CunbesiH, Kutaii;
SKimoueBast 1a60paTOpHs IIPOBUHIMK X3HAHb 110 JHATHOCTHKE
U cofepykaHuio apromMaructpaneit, Cuascsas, Kuraif;
“HayuHO-TeXHOJIOrMYECKUH apK BeopyccKoro HalMOHAIBHOTO TEXHUYECKOTO
yHuBepcureTa «llomurexHuk»», MuHck, benapycs;
TocynapcTBeHHOE TpeanpuaTue «benopycckuii 10poKHBbIi
Hay4dHO-HccaenoBarenbekuil ~HCTUTYT «bennopHUM», Munck, benapych

OIIEHKA U METO/IUKA ITIPOTHO3UPOBAHHUA CTPYKTYPHO-MEXAHUYECKHX CBOMCTB
KOMITIO3UTOB HA OCHOBE I'PAHYJIATOB U3 TIEPEPABOTAHHBIX
AC®AJTBTOBETOHHBIX JOPOKHbBIX IOKPHITHUI

AHHoTanus. B Hacrosmieil ctarbe IpeACTaBIECHBl Pe3yibTaThl HCCIEIOBAHMSA IPOLECCOB CTPYKTYpooOpa-
30BaHMS M aHAIN3 METOJOJOTHYECKHX OCOOEHHOCTEH OLEHKH MPOYHOCTHBIX M JOe(OpPMATHUBHBIX CBOMCTB KOM-
MIO3UTOB Ha OCHOBE ac(aibTorpanyisitoB. HoBble MaTepuassl TpeOyIOT M3ydeHHs OCOOEHHOCTEH HMX NOBEICHUS B
TEMIIEPaTyPHO-BPEMEHHOM TIOJIE C ILENBI0 BBIPAOOTKH OOBEKTHBHBIX TEXHHYECKHX TPeOOBaHWI K HMX (H3HKO-
MEXaHUYECKUM XapaKTEePUCTHKaM, TIO3BOJIIONINX 00eceunTh TpeOyeMble 3HaYSHUsI IPOYHOCTU U HaJJeKHOCTH.

Knaccuuecknii cnoco0d npuMeHEeHHUs! TeMIlepaTypHO-BPEMEHHOM aHAJOTHUH CIIPAaBEAJIMB B JMHEHHOW obiacTH
JUIS aHANW3a PENIaKCAlMOHHBIX KPUBBIX MPH HEOOJBIIMX YPOBHSX Je)OpMallMd WIM KPUBBIX IOJI3YYECTH IPH
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HeOOJNBIINX HapsHKEHUsIX. Takoe MMoJI0KeHHe He TI03BOJISIET UCIIONIb30BaTh €ro Ul aHaIn3a MIPOYHOCTHBIX CBOMCTB
U JIpYyTUX XapaKTePHCTUK, CBA3AHHBIX C IIPOLECCOM pPAa3pyLICHUS KOMIIO3UTHOTO MaTepHaja. BeToHBl KoMIo-
3ULUOHHON CTPYKTYpHI C COJIep)KaHHEM TEPMOJUHAMHYECKH HECOBMECTHMBIX BSDKYIIUX, 00Jaqar0T HEJIHHEHHOW
BSI3KOYIPYTOCTBIO U SIBIISIFOTCS] TEPMOPEOTIOTUUECKH CIOXKHBIMU. J[711 KOMIO3UIIMOHHBIX MaTepHuanoB K03 GHLIUECHT
MpUBEIEHNS (BETMYNHA CMEIIEHHS KPUBBIX BJOJIb OCH BPEMEHH WJIM CKOPOCTH Ae(OpMAIiK) 3aBUCUT HE TOIBKO OT
TEMIIEpaTypbl, HO ¥ CBOWCTB MaTepuala, a TAk)Ke yPOBHS HANPSHKEHHOTO COCTOSIHUSA. CBSI3aHO 3TO ¢ OCOOCHHOCTSIMU
CTPYKTYPBI KOMIIO3UTHBIX MaTepHAaJIOB KaK CHCTEMBI C KOMIUIEKCHBIM Ha0OpOM YIPYTHX M BSI3KHX CBSI3€H, B CBA3H C
4eM KO3 QUIUEHT MTPUBEICHHS 3aBUCUT OT YUCIIa YIIPYTUX CBs3€H, BOBICUEHHBIX B IIpoLecC Ae(OpMHUPOBaHUSI.

B ocHOBy wuccnenoBaHUS TOJOXKEHBl NPUHLUIBI TEMIIEPATypHO-CTPYKTYPHOW aHAJIOTUH, MO3BOJISLIOIINE
MIPOTHO3UPOBATh CBOMCTBA KOMIIO3UTOB HAa OPraHO-TUAPABIMYECKHX BSDKYIIHX. OTO IO3BOJIIET HAIPAaBICHHO
MIPOEKTUPOBATh COCTAB M ONPEACIATh TEXHOJIOTHIO IOJyYCHHS MaTEpPHAIOB IJISI yCTPOWCTBA PA3IMYHBIX CIIOEB
JIOPOXKHBIX OJEXKI.

[IpeanoxeHHbIE METOIOIOTUYECKIE TPUHIIUIBI TPOSKTUPOBAHKS OCHOBAHbBI Ha YCTAHOBJICHHH ONTHMAaJIbHOTO
COOTHOUICHHS YIPYTHX U BS3KHX CBSI3€H C y4EeTOM CBOMCTB ac(ajbTOTpaHyJISITOB M KOJIWYECTBA IIeMeHTa. Mcnob-
30BaHME TAaKOTO MOJIXOJa IO3BOJISIET OLEHMBATH IMEPCIEKTUBHOCTH JOCTHXKEHUSI MaKCHMaJIbHOM JI0JITOBEYHOCTH
KOMITO3HMTOB, LIEJIECO00Pa3HOCTh BBEICHHS Pa3IMUHbIX MOJU(DUIHUPYIOMINX KOMIIOHEHTOB U ONTHMAIIbHBIE MTPEIEIIbl
pacxozia OpraHUuECKOTo BSXKYILETO.

KarueBble cinoBa: pereHepanus ac(aJpbToOETOHa, KOMIIO3UT Ha OPraHO-TMIPABIMYECKOM BSKYILEM,
XOJIOIHAsI peTeHEpUpPOBaHHas ac(aabTOOCTOHHAS CMECh, IIUKIMYECKAs JOITOBEYHOCTh, TEMIIEPATypHO-CTPYKTypHAs
aHaJIOT WS, PEOJIOTMYECKUE CBOWCTBA, MAKCUMANIbHAsI CTPYKTYPHAs IIPOYHOCTD.
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FObunetHble Oamabl

LIFE GIVEN TO SCIENCE
(on the occasion of the 90th birthday
of the pioneer of paleozoological research in Kazakhstan)

Kazakhstan is a storehouse of unique underground wealth, which stores paleontological organics,
which are the remains of the ancient plant and animal world. They are unique scientific value, because
geographically the territory of the republic occupies central place in Eurasia, and the articulation and
separation of the various paleobasins of the Phanerozoic has repeatedly occurred in its territory.

Large discoveries (with skeletal remains of ancient vertebrates) were made at the beginning of the
twentieth century of the previous millennium by Russian scientists in the Torgai depression, the Northern
Aral Sea region, in the Irtysh region and in other regions. Dozens of scientific discoveries have been made
on these materials that have brought world fame to Kazakhstan. In this regard, the territory of Kazakhstan
has become a full-fledged scientific training ground for paleontological research since the beginning of the
previous century, and the skeletal material of ancient animals mined at that time is an adornment of the
expositions of the paleontological museums of Moscow and St. Petersburg, then later in Almaty. These
discoveries contributed to the creation of specialized scientific organizations and the development of
paleontological research in Kazakhstan only in the 50s of the previous century. These studies were asso-
ciated with the beginning of large-scale work on geological surveys and, accordingly, with the training at
universities of the country of specialists - geologists and paleontologists to study various groups of extinct
plant and animal organisms. It was a time when a large school of highly qualified specialists of
paleozoologists and paleobotanists created in Kazakhstan, under the guidance of doctors of biological
sciences V.S. Bazhanov and V.S. Kornilova. And among them, the first graduate student of VV.S.Bazhanov
was B.S. Kozhamkulova, who later became a major and one of the leading experts in the study of
vertebrates in Kazakhstan from the Pleistocene era.

On March 30, 2020, Baldyrgan Seralievna Kozhamkulova, a Kazakh scientist, one of the pioneers of
paleozoological science, would have turned 90 years old. Her entire creative life from her student years
was connected with scientific research.

B.S.Kozhamkulova was born on March 30, 1930 in Alma-Ata in the family of the famous People's
Artist of the USSR and Kazakhstan, Hero of the Socialist Labor of the USSR Serke Kozhamkulov. In
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1954 she graduated from Kazakh State University named after S.M. Kirov (now KazNU named after
Al-Farabi). In 1954-1957 graduate student of the Institute of Zoology of the Academy of Sciences of the
Kazakh SSR. In 1964 she defended her thesis on the topic "Overview of the anthropogenic fossil
theriofauna of Kazakhstan." Kozhamkulova Baldyrgan Seralievna, with her studies of vertebrates of the
Late Cenozoic of Kazakhstan on their taxonomic biodiversity, paleofauna, paleozoogeography, made a
great contribution to the history of the formation of modern fauna of vertebrates and biostratigraphy of the
Pleistocene sediments of Kazakhstan.

From 1964 to 1986 she was head of the Laboratory of Paleobiology, Institute of Zoology, Academy
of Sciences of the Kazakh SSR.

In general, it was the stage of the heyday, development and establishment of paleontological research
and the widespread use of laboratory achievements in the practice of geological services under her
leadership from the 50s to the 90s for the paleontological science of Kazakhstan. From 1966-1986
B.S. Kozhamkulova is the scientific leader of five-year fundamental research projects of the laboratory.
She contributed in every possible way to the preparation of large-scale research work on scientific
cooperation agreements both at the republican and union, as well as at the international level.

From 1982-1986 she was a corresponding member of the sub-commission on the Quaternary
Stratigraphy of Europe. 1986-1990 — she is leading researcher at the paleobiology laboratory of the
Institute of Zoology of the Academy of Sciences of the Kazakh SSR. 1990-1996 — she is scientific
consultant of the Paleontology Sector of the Central State Museum of the Republic of Kazakhstan.

She discovered paleolithic sites with skeletal remains of mammoths in Western Siberia, Volch’ya
griva (=Wolf Mane). The second Late Paleolithic site is Aktas (Zerendinsky district of the Kokchetav
region). She was the first to single out the Kazakhstan - South Ural paleozoogeographic province for the
distribution of Siberian elasmotherium.

For the first time, regional cadastres of mammoth fauna of Kazakhstan were compiled at many
locations for the All-Union cadastre of reference locations of mammoth fauna. For the first time, original
maps of the distribution of ancient animals with an image of their appearance in complexes from the Late
Pliocene to the Holocene were presented. According to these data, she posthumously co-authored a
reference book for future paleontologists “Locations of Fossil Vertebrates of the Phanerozoic of Kazakh-
stan” - 2017 edition.

She traced the developmental stages of the Late Cenozoic ungulates of Kazakhstan, characterizing the
six stratigraphic units of the regional geological scale and compares the anthropogenic faunistic
complexes of Kazakhstan with similar complexes of Eastern Europe, Central Asia, Western and Eastern
Siberia, Transbaikalia and the Far East; developed a scheme "Stratigraphic distribution of complexes of
anthropogenic mammals in Kazakhstan".

Over 170 scientific papers have been published, among which are well known: "Anthropogenic fossil
theriofauna of Kazakhstan™ (1969), "Late Cenozoic ungulates of Kazakhstan™ (1981), "Extinct animals of
Kazakhstan" (1984). Co-author of the “Catalog of Cenozoic mammals of Kazakhstan” (1989). Under her
editing, V-X volumes of laboratory works from the series “Materials on the History of Fauna and Flora of
Kazakhstan”, the monograph “Late Neogene Fauna of the South-East of Kazakhstan” and the collection
“News of the Paleobotany of Kazakhstan” were published. Thanks to her contribution, three paleonto-
logical reserves were legislatively approved: “Goose Flight” with the remains of the hipparion fauna on
the river bank Irtysh in the vicinity of Pavlodar; “Aulie” with the remains of the Jurassic fauna and flora in
the Karatau mountains within the territory of the Aksu-Dzhabaglinsky reserve; “Koshkurgan” with the
Early Pleistocene koshkurgan faunistic complex of large mammals in the Shymkent region. Its role in the
popularization of paleontological research in Kazakhstan is known by the publication of three issues of
bibliographic indexes of scientific works of Kazakhstani paleontologists on invertebrates and vertebrates
(1976, 1996, 1999). “Instructions for collecting the remains of fossil vertebrates and higher plants during
geological work”, published in collaboration with V.S. Bazhanov and V.V. Kuznetsov (1974); “The
Handbook of Specialists in Paleontological Research in Kazakhstan” (1994); “Kazakhstan dinosaurs: land,
flying and marine” (1999); “Mammoth fauna of Akmola region (2009)”. By order of the mammoth
committee of the Zoological Academy of Sciences of the USSR B.S. Kozhamkulova compiled regional
cadastres of mammoth fauna of Kazakhstan for the All-Union cadastre of reference locations of mammoth
fauna. Systematized and generalized research data by B.S. Kozhamkulova on the Late Cenozoic sediments
of Kazakhstan and the adjacent territories of the Central Asian republics was used by N. N. Kostenko
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when compiling the “Map of the Quaternary sediments of Kazakhstan and the adjacent territories of the
Union Republics”, published on a scale of 1: 1,500,000. The results of many years of work by B. S. Ko-
zhamkulova were used in various monographs and articles of geologists, where its data are cited to
confirm the geological age of continental deposits and the conditions of their formation, to clarify
stratigraphic units, and t also in the process of geological survey and prospecting work related to Pliocene-
Quaternary sediments.

B.S. Kozhamkulova repeatedly made presentations at international congresses, colloquiums, sym-
posia, republican and all-union conferences (Brno, Helsinki, Rome, Moscow, Leningrad, Odessa, Dushan-
be, Krasnoyarsk, Alma-Ata, Turkestan, etc.) She has published over 50 popular science articles and
articles in newspapers and magazines. Her contribution to the creation of museum expositions of the
Museum of Nature of RSE “Gylym Ordasy”, which until 2010 administratively belonged to the Institute
of Zoology of the Academy of Sciences of the Kazakh SSR, was also important.

As a result of her first field research in the 50s of the previous century, the skeletal remains of the
Jurassic Pliosaurus from Western Kazakhstan, as well as the complete mammoth skeleton from the
southwestern part of Western Siberia, which became the hallmark of the museum, were delivered to the
laboratory. Later, the materials of her research also replenished the Pleistocene museum windows on
elasmotherium, fossil horses, camels and other types of ancient vertebrates.  From 1959 to 1996 she was
a full member of the All-Union Paleontological Society. Full member of the "Bureau of the Committee for
the Study of Mammoths and Mammoth Fauna of the USSR", a member of the Kazakhstan Regional
Interdepartmental Stratigraphic Commission, All-Union Paleontological Society, All-Union Theriological
Society and Moscow Society of Naturalists. From 1974-1984 — she is Project Manager of the International
Geological Correlation Program (IGCP) of UNESCO No. 41 “Neogene / Quarter Border”; Project No. 24
of the IGCP of UNESCO “Quaternary Glaciations of the Northern Hemisphere”; “Geological events in the
Cenozoic of the Urals in the light of global changes in the geosphere and biosphere”; “Revision and
detailing of the stratigraphic diagram of the Pleistocene of the Urals and its magnetostratigraphy (from the
Pre-Caspian Sea to Pechora, 1981-1985)”, being both the supervisor of the section “Systematization of
finds of mammalian remains in the Bashkir Autonomous Soviet Socialist Republic”.

From 1974 to 1989 B.S. Kozhamkulova was used in the reports of the Cenozoic stratigraphy
laboratory of the Institute of Geology of the BFAN of the USSR. Since 2002 - Honorary reader of the
Central Scientific Library of NAS RK. She was a member of the Academic Council for the defense of
dissertations at the Institute of Zoology of the Academy of Sciences of the Kazakh SSR and the Central
State Museum of Kazakhstan. Under her leadership, diploma and candidate dissertations were defended,
as well as internships for young specialists from Russia, Buryatia, Bashkiria and Central Asia on
Quaternary fauna, as well as research workers from the regional museums of Kazakhstan and Bashkiria.

From 1964 to 1988, she was a member of scientific councils on the problems of “Animal kingdom of
Kazakhstan”, “Ways and patterns of historical development of animals and plant organisms”, PIN
Academy of Sciences of the USSR, Moscow, “Comprehensive study and development of mountainous
areas of Central Asia and Kazakhstan,” member Bureau of the Committee for the Study of Mammoth
Fauna —ZIN AN USSR, Leningrad. As a result, we can say that Baldyrgan Seralievna Kozhamkulova
stood at the origins of the Quaternary Paleontology of Kazakhstan. Her works, widely known both in the
republics of the former USSR and abroad, served as the basis for the creation of regional and interregional
stratigraphic schemes of the late Cenozoic of Eurasia . She remained forever in her writings. Huge
contribution B.S. Kozhamkulova in paleontology and stratigraphy of Kazakhstan will forever remain in
demand in science and will be used in further studies of her followers.

For successful, fruitful work in the field of science, she has received awards and diplomas from the
Presidium of the Academy of Sciences of Kazakhstan, the Institute of Zoology of the Academy of
Sciences of the National Academy of Sciences of the Republic of Kazakhstan, and the Medal in honor of
the 60th anniversary of Victory Day in the Great Patriotic War (1941-1945).

Tleuberdina P.A.,
Nazymbetova G.Sh.
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/KU3HD, OT/JAHHAA HAYKE

(x 90-nemuto co OHs podicOeHus
nepeonpoxooya naneo300a02udecKux ucciedosanuii 6 Kasaxcmane)

KazaxcTan mpencrapisieT co00i KIaI0BYI0 YHHKATHHBIX MTOA3EMHBIX O0TaTcTB, B KOTOPOU XPaHUTCS
NaJICOHTOIOTUYECKasl OpraHuKa, IPEACTaBIAIONIAs COO0 OCTaTKU IPEBHETO PACTUTEIBHOTO U )KMBOTHOTO
mupa. OHM TPENCTABISAIOT YHUKAIBHYIO HAay4HYIO LIEHHOCTb, IOCKOJBbKY reorpaMuecKd TeppUTOPHS
pecryOIuKy 3aHUMaeT LIeHTpajbHOe MecTo B EBpa3uu u Ha ee TeppUTOPUHU HEOTHOKPATHO MPOUCXOTUIIO
COWIECHEHUE U pa3beMHEHNE Pa3InuHbIX MajeobacceiiHoB (anepo3os. KpynHbie oTKpeITHS (CO CKeleT-
HBIMH OCTaTKaMH JPEBHUX MO3BOHOYHBIX) OBUIM cIeNaHbl elle B Hayane XX CTONETHs IPOIJIOro ThICS-
YeJeTHsl POCCUACKIME yIeHBIMU B Topraiickoit Bmanune, CeepHom llpuapanne, B [IpunpTeimmse u B 1p.
peruonax. Ha sTux MaTtepuanax ObUIM cIeNaHbl JECATKA HAayYHBIX OTKPBITHH, KOTOPbIE IPUHECIH MHPO-
ByI0 u3BecTHOCTh Kazaxcrany. B cBsi3u ¢ 3tum tepputopus Kaszaxcrana ¢ Havana MpoIIIOrO CTONETHS
CTajia MOJHOLEHHBIM HayYHbIM IIOJUTOHOM VIS aJCOHTOIOTUYECKUX HCCIIeI0BAHUI, a JOOBITHIN MO TEM
BpEMEHaM CKEJIETHBI MaTepHai MO IPEBHUM KHBOTHBIM SBJISETCS YKpalleHHEeM 3KCIO3HMINN MaJeoHTO-
noruyeckux myseeB MockBbl U Cankt-IlerepOypra, 3aTeM u nozaHee AJMaTbl. DTH OTKPBITHS CIIOCO0-
CTBOBAJIM CO3/IaHHUIO CIIELUATU3UPOBAHHBIX HAYYHBIX OPraHU3alUi U Pa3BUTHIO MaJCOHTOJIOTMYECKUX
uccienoBannii B Kazaxcrane Toiapko B 50-X roax Mmponuioro CTOJICTH. DTH HCCISIOBAHUS OBLIN TaKXKe
CBSI3aHBl C HAYAJIOM IIUPOKOMACIITAOHBIX paboT TO MPOBENEHHUIO T€0JOrMYECKOil CheMKH U COOTBET-
CTBEHHO C IOJTOTOBKOM B By3aX CTPaHBI CIICLIMAIMCTOB — I'€0JIOTOB U MAJICOHTOIOTOB 10 U3YyUYCHHIO pas-
JIMYHBIX TPYIII BBIMEPIIUX PACTUTENIBHBIX U J)KUBOTHBIX OPraHU3MOB. OTO ObUIO Bpems, koraa B Kazax-
CTaHe MOJI PyKOBOJCTBOM JOKTOpoB Omonormuecknx Hayk B.C. baxxanoBa wu B.C. Kopuuiosoil O6ni1a
co3naHa OoJbIlas IIKOJNA BBHICOKOKBAIM(HIMPOBAHHBIX CHELUAIMCTOB MAlC0300JI0T0B U Maneo0oTa-
HUKOB. M cpeau Hux nepBbiM acniupanToM B.C.baxkanoBa crana b.C. KoxkamkyioBa, KoTopas BIOcien-
CTBUM CTajJa KPYIHBIM M OJHUM M3 BEAYIIHX CIEHUAINCTOB B M3yYEHWH MO3BOHOYHBIX Kazaxcrama
SIOXH IJIEUCTOLEHA.

30 mapra 2020 roga banneipran CepanueBne KoxkaMKyJIoBOH — Ka3aXCTaHCKOMY YYE€HOMY, OZHOMY
13 TIEPBOIPOXO/ILIEB MMAJIE0300JI0TUIECKON HayKN HCTOMHMIOCH Ob1 90 seT. Best ee TBopueckas )HU3HB €O
CTYAEHYECKHUX JIeT OblIa CBsI3aHa C HAYYHBIMHU HCCIIEIOBAHUAMHU.

b.C. KoxamkynoBa ponmnack 30 mapra 1930 roga B r. Anma-ATe B cCeMbE M3BECTHOTO HAPOIHOTO
aptucta CCCP u Kazaxcrana, I'epost Counanuctuueckoro tpyna CCCP Cepke Koxxamkynosa. B 1954 r.
3akonuymia Ka3l'y um. C. M. Kuposa (uprHe KazHY um. anp-®Dapadn). B 1954-1957 rr. acnimpant
WucturyTa 300moruun AH KazCCP. B 1964 r. 3amuTiia kaHAUJATCKYO JquccepTanuio Ha Temy «O030p
aHTPOTIOTEHOBOW HcKomaemMol Teprodaynsl Kazaxcranay. KoxxamkynoBa bammeipran CepanueBHa cBOU-
MU HCCIIEJIOBAHUSAMH MMO3BOHOYHBIX ITO3THET0 KaiHo304 Ka3zaxcraHa mo BompocaM WX TaKCOHOMHYECKOTO
O0uropa3HooOpa3us, majneoayHUCTUKH, TaJIe0300reorpaduu BHECIa OOJIBIION BKIIAI B IO3HAHUE HCTOPUU
(bopMHPOBaHHS COBPEMEHHOH (hayHBI MO3BOHOYHBIX M OHOCTpaTUrpaduu IIEHCTOLCHOBBIX OTIOKEHHUN
Kazaxcrana.

C 1964 no 1986 rr. ona Bo3rnarisuia jabopatopuro naneobuosioruu MucTuTyTa 300M0TMiM AH
Ka3zCCP. B uenom nox ee pykoBoacTtBoM nepuon ¢ 60-x 10 90-X ToA0B AJi NaJIeOHTOIOTUYECKON HayKu
Kazaxcrana — ObLT 3Tanm paciBeTa, pa3BUTHS U CTAHOBJIICHUS HaJICOHTOJIOTMYECKUX M3BICKAaHUM U IIUPO-
KOTO TIPUMEHEHUs JTOCTYKEHNUH T1ab0paTopuy B IpakThKe reosormdeckux ciayx06. C 1966-1986 rr. b.C. Ko-
JKAMKYJIOBa — HAYYHBIH PYKOBOAWTENb MATHICTHUX TMPOEKTOB MO (YyHAAMEHTAIBHBIM HCCICIOBAHUSIM
naboparopun. BcemepHo coneiicTBoBaia NOArOTOBKE MIMPOKOMACIITAOHBIX HAYYHO-UCCIIEI0BATEIbCKUX
paboT 1Mo T0TOBOpaM O HAYYHOM COTPYTHHYECTBE KaK Ha PeCIyOIMKAaHCKOM M COIO3HOM, TaK M Ha MEXTY-
HapogHoM ypoBHe. C 1982-1986 rr. rogsl OHa — WICH-KOPPECTIOHICHT MOJAKOMHUCCHH IO YETBEPTUYHOM
crparurpaduu EBpomer. 1986-1990 rr. — Begymuii Hay4HbBIH COTPYIHHUK Ja0OpaTopuy NajacoOHOIIOTHH
WucturyTa 300morun AH KazCCP. 1990-1996 rr. — Hay4HbIii KOHCYNnbTaHT CeKTopa MalieOHTOJIOTHH
IlentpansHoro rocygapcrseHoro myses PK.

E10 OTKpBITHI MAJICOTUTHYECKUE CTOSHKU CO CKEJIETHBIMU OCTaTKaMH MaMOHTOB B 3amagHoii Cuoupu
(Bomups rpuBa). Bropas mo3mHenaneonuTuveckas cTosHka — Akrac (3epeHIuHCKH paitoH Kokueras-
ckoif obmactr). Ero BmepBeie Obuta BeImeneHa Kazaxcrancko-FOxHo-Ypanbckas maneo3ooreorpadudec-
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Kasi MPOBUHIIMS 10 PACTPOCTPAaHEHUIO CHOMPCKOTO 3JIaCMOTEpHsi. BriepBrie cOCTaBleHBI perHOHaIbHEIC
KagacTpbl MaMOHTOBOW ¢ayHbl KaszaxcraHa mo MHOTHMM MeCTOHaxOXAeHusM it OOIIecol03HOro
KaJlacTpa perepHbIX MECTOHAXOXKICHHI MaMOHTOBOW (ayHbl. BrepBbie mpeacTaBiIeHBl OpUTHHAIBHBIE
KapThl PacIpOCTpaHEHUs APEBHUX 3Bepell C M300paXKeHHWEeM WX BHEIIHEr0 BHUAA MO KOMITJIEKCaM OT
MO3/HETO TUTHOLIeHA JI0 TrojoieHa. CorjJacHO 3TUM JaHHBIM OHa IIOCMEPTHO CTajla COaBTOPOM KHUTH-
CIIPaBOYHHKA ISl OyIyIIUX MAICOHTONOTOB «MecTOHaX0XIeHHSI UCKOTTAeMbIX TO3BOHOYHBIX (haHepo30s
Kazaxcrana» — uzmanue 2017 roga. Ero BrepBble MPOCIEKEHBI 3TAMbl Pa3BUTHUS MO3AHEKANHO30MCKUX
KOTBITHBIX KazaxcTaHa, XapakTepH3YIOUIMX MIECTh CTPaTUTpaUUIECKUX IMOIpa3JielieHHid PEerHOHaIbHOM
TeO0JIOTMYECKON IIKANBl M JAaHO COINOCTABJICHUE AHTPOIOTEHOBBIX (ayHHCTHUECKHX KoMIUIekcoB Kazax-
CTaHa ¢ MoA0OHBIMH KoMmIuiekcamu Boctounoit EBpomsl, Cpenneit Asum, 3ananHoit u Bocrounoii Cu-
oupu, 3abaiikanes u JansHero Boctoka; pazpaborana cxema «Crparurpadudeckoe pacrnpocTpaHeHUe
KOMILJICKCOB aHTPOIIOT€HOBLIX MJIICKOMUTAIONIUX Ha Tepputopun Kazaxcranay.

Ony6nukoBaHo 6osee 170 HAyYHBIX TPYIOB, CPEAH KOTOPHIX XOPOIIO M3BECTHHI: «AHTPOMOTEHOBAs
nckomaemas tepuodayna Kasaxcrana» (1969), «ITosnuekaiino3oiickue kombITHBIe Kazaxcrama» (1981),
«Brivepmne xuBoTHBIE Kazaxcrana» (1984). Coastop “Karamora kaifHO30HWCKHX MIIEKOIMHUTAIOIINX
Kazaxcrana” (1989). Ilon e¢ penaknuerd m3mansl V-X ToMa TpyZ0B 1ab0paTOpUK U3 cepur “‘Marepuansl
o ucropun ¢ayasl u ¢iaopsl Kazaxcrana”, monorpadus “Ilo3gHeHeoreHoBas (ayHa roro-Boctoka Ka-
3axcrana” u coopHuk “HoBoctm manmeoboranmku Kazaxcrama”. bmaromapst ee BKIagy 3aKOHOIATEIHHO
ObUIM yTBEPIKJICHBI TPH TMAJICOHTOJIOTMUYECKUX 3amoBeAHuKa: “T'ycuHBIN miepener” ¢ ocTaTKaMu THIIa-
puHOBO# (hayHbl Ha Oepery p. UpTeimn B okpectHocTsX T. [laBmomapa; ” Aynue” ¢ ocTaTkamMH FOPCKON
¢daynel u ¢uopel B ropax Kapartay B mpenmenax teppuropuu Akcy-J[xabarinHCKOTO 3artOBEIHUKA;
“Komkypran” ¢ paHHEIUIEHCTOIIEHOBBIM KOIIKYPraHCKUM (DayHHCTHYECKHM KOMIUIEKCOM KPYIHBIX Mile-
koruTaomux B llIbIMKeHTCKO# OOmactu. M3BecTHa ee poibh B MOIMYJSIPU3AIMH MMaJCOHTOIOTHIECKUX
uccieqoBannii B KazaxcraHe n3maHumeM Tpex BBITYCKOB OHOIHOTrpadMvecKux yKaszaTeled HaydHBIX
TPYZIOB Ka3aXCTaHCKUX ITaJCOHTOJIOTOB MO OECII03BOHOYHBIM U TIO3BOHOYHBIM KHBOTHBIM (1976, 1996,
1999). Ero wu3naHel Tpu BhITycKa OMOIMOrpaduueckux ykaszaTelleil HaydHBIX TPYIOB Ka3aXCTaHCKUX
[aIe0300J10T0B  KakK 10 OeCIIO3BOHOYHEIM, TaK M II0 IIO3BOHOYHBIM JKHBOTHEIM (1976, 1996, 1999);
“NHCTpYKIMH 1O cOOpY OCTAaTKOB HMCKOMAEMBIX ITO3BOHOYHBIX JKMBOTHBIX W BBICHIMX PACTEHUI NpHU
reoJIOrMYecKux padortax”, uznaHHod B coaBropctBe ¢ B.C. BaxanoBsiM u B.B. Ky3nemnoseim (1974);
“CripaBOYHHMKAa CHEIMAIUCTOB [0 MAJICOHTOJIOTHYECKUM uccienoBanusM B Kazaxcrane” (1994);
“KazaxcTaHCKHe JUHO3aBPHI: CYXOMYyTHBIE, JeTafmue u Mopckue” (1999)”; “MamonToBast dayna Axmo-
nmuHCcKoH obmactu (2009)”. Ilo 3amanuto mamontoBoro komurera 3MH AH CCCP b.C. KoxxaMKymoBoit
ObUTM COCTaBJIEHBl PETHOHAJBHBIE KaJacTpbl MaMOHTOBOH QayHbl Kaszaxcrana miast OOmiecor3HOro
KaJacTpa pernepHBIX MECTOHAXOXIEHWH MaMOHTOBOW (ayHbl. CHCTEeMaTH3UPOBAHHBIE M 00OOIIECHHBIE
nauueie uccinenoBanuit b.C. Ko)kaMmKylioBOil 10 TO3MHEKAHO30MCKUM OTIIOKeHHMSIM Kazaxcrana wu
NpuiIeXamux Teppuropuil pecnyonuk Cpeaneit Azuu ucnonb3oBanbsl H.H.Koctenko npu cocraBienun
«KapTel yeTBepTUYHBIX OTIOXKeHWI KazaxcraHa W TpHISKANINX TEPPUTOPUN COIO3HBIX PECIYOIIUKY,
n3naHHoi B macmrabde 1:1500000. PesynpraTsl MHOTONETHUX padoT b.C. KokaMKymoBo# MCTIOIh30BaHbI
B pa3lM4YHBIX MOHOTpPaUAX M CTaThSIX T'€OJIOTOB, IJIe €€ AaHHBbIE UTHUPYIOTCS U TTOATBEPKACHUS
T€OJIOTHYECKOTO BO3pPacTa KOHTHHEHTAIBHBIX OTIOKEHUHA U YCIOBUHN WX (hOPMUPOBaHUS, IS YTOUHEHUS
cTpaturpaduveckux IMoApa3felieHH, a Takke B MPOIEcCe IeoJIOr0-CheMOYHBIX M TMOWCKOBBIX paldor,
CBSI3aHHBIX C IUTHOLIEH-UYETBEPTUIHBIMHU OTIOKEHUSIMHU.

b.C. KoxxaMmkynoBa HEOTHOKpPATHBIA yYacTHUK C JOKJIagaMyd Ha MeXIyHapOJHBIX KOHIPEccax,
KOJUTOKBUYMaX, CHMITO3UYMaxX, PECITyONMKaHCKAX WM BCECOIO3HBIX KoHGepeHusx (bpHo, XembcuHKH,
Pum, MockBa, Jleamnrpan, Toumucu, Kue, Kummues, Opnecca, Hyman6e, KpacHospck, Anma-ArTa,
TypkecTan u ap.)

Ero ony6nukoBaHo Oonee 50 Hay4HO-TIOMYJISIPHBIX CTaTed M 3aMETOK B raseTax u KypHaiax. Hema-
JIOBaXXEH M €€ BKJAA B co3llaHue My3edHbIX skcno3unuidi Myszes npupoasl PITI «FpuibiM opaace»,
koToperit 70 2010 roga anmunancTpaTuBHO oTHOCHICS K MHCTUTYTY 3001m0TMM AH KasCCP. B pesynbrare
ee MEepPBbIX MOJIEBBIX HCCIEA0BaHUN B 50-X roJax NpoLUIOro CTOJIETHS B J1a0OPaTOPHIO OBUIN JOCTABJIECHBI
CKeJIeTHbIE OCTaHKH IOPCKOTo IIHo3aBpa u3 3anangHoro Kasaxcrana, a TakkKe IMOJHBIA CKeJleT MaMOHTA U3
foro-3amagHoi Jactu 3amagHoid CuOHMpH, KOTOpPHIE CTalld BHU3UTHON KapTOodkoi Mmysed. llo3mmee mare-
pHUabl €e UCCIIeOBaHUI TaK)Ke MOTONHWIN IIJIHCTOIICHOBBIE BUTPUHBI My3€d IO 3J1aCMOTEPHIO0, UCKO-
MaeMbIM JIOIIAJISIM, BEpOII01aM U APYTUMH BUJIAMU IPEBHUX TTO3BOHOYHBIX.
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C 1959 no 1996 ona sBisAnace NEHCTBUTENBHBIM WIEHOM BCEcOI03HOTO ManeoHTOIOrHYECKOro 00-
mectBa. JleiicTBuTenbHbIM wWwieH «bropo KomMHTeTa MO M3YyYEHHWIO MAaMOHTOB W MaMOHTOBOH (hayHBI
CCCP», unenom Kazaxcranckoii Permonanpaoit MexBenomcrBenHoi CtpaTturpaduueckoit Komuccun,
Bcecotroznoro IlameonTomornueckoro O6mectBa, Beecoroznoro Tepmomnormdeckoro ObmectBa u Moc-
koBckoro O6mecta HUcnbrrateneit [Ipupoast. C 1974-1984 rr. — pykoBoautens 1o Ilpoekram Mexmay-
HaponHo# [Iporpammel 'eonoruueckoii Koppemsiunu (MIIT'K) FOHECKO Ne 41 «I'pannnia Heoren/kBap-
tepay; mpoekra Ne 24 MIII'K FOHECKO «Yetseptuunsie oneaeHeruns Ceseproro [lomymapusy; «I eoo-
rHYeCKue COOBITHS B KaitHo30e [Ipeaypaibs B cBeTe Ii100aIbHBIX U3MEHEHHUH B reocdepe u ouocheper;
«PeBu3us m geranuzanusi crpaturpaduyeckoil cxemsl mieicroneHa [Ipenypanssi M ero MarHUTOCTpa-
turpadus (ot Ipukacuus o [ledopsr, 1981-1985)», ABNsAsCH OMHOBPEMEHHO HAYYHBIM PYKOBOIUTEIIEM
mo pazaeny «CucremMaTH3alys Hax0IOK OCTaTKOB MiekonuTaronmx B bamkupckoit ACCP». C 1974 no
1989 rr. paboter B.C. KoxamkysoBoii Oblla MCIOJIb30BaHa B OTYETaxX JIaOOpaTOpUM cTpaTturpaduu
kaiiHo3o0s MuctuTyTa reonorun BOAH CCCP. Omna 6puta wiieHom YueHoro CoBeTa 10 3al[uTaM JIUccep-
taumii ipu MHctutyTe 30000run AH Ka3CCP u lentpanbnoro I'ocynapctBenHoro mysest Kazaxcrana. C
2002 — TlouerHsiéi umtatens llentpanbHoit HayuHoit OubOamoreku HAH PK. Ilog ee pykoBoacTBOM
3alUIIEHb] AUMJIOMHBIE U KaHAWJATCKUE AUCCEPTALMH, a TaKKe MPOXOAMIN CTAXXKUPOBKH MOJIOABIE CIie-
nanucTel u3 Poccun, bypstun, bamkupun n CpegHedt A3un 1mo 4eTBEpTHYHOH (hayHe, a TakKe HayJIHBIS
COTPYIHHUKH 00sacTHBIX My3eeB Kazaxcrana n bamkupum.

C 1964 mo 1988 rr. oHa sBIsUIaCh YJICHOM HAyYHBIX COBETOB IO mpoOiieMaM «JKHBOTHBIH MHD
Kazaxcrana», «llyTh 1 3aKOHOMEPHOCTH HCTOPUYECKOTO PAa3BUTHS JKUBOTHBIX M PACTHTEIBHBIX Opra-
HusmMoB» — [TMH AH CCCP, Mocksa, «KoMruiekcHOe U3y4ueHrne U OCBOEHUE TOpHBIX Tepputopuit Cpen-
Hell Aszun u Kazaxcranay, wieHoMm Otopo Komurera no uzyuennto mamontoBoi ¢aynsl — 3MH AH CCCP,
Jlenunrpan.

B urtore moxxHo ckazath, yTo bamasipran CepanneBHa KoskamkynoBa cTosjia y MCTOKOB YeTBep-
THYHON maneonTojoruu Kazaxcrana. E€ paboThl, IIMPOKO H3BECTHBIE KaK B pecryOJuKax ObIBIIEIO
CCCP, Tak u 3a py0exoM, CIIy>KUJIM OCHOBOH Uil CO3JaHUsl PETHOHATIBHBIX M MEXPETHOHAIBHBIX CTpa-
TATpaPUIECKUX CXEeM IMO3THEro KaliHo30s EBpasun. OHa HaBEYHO OCTAJIach B CBOMX TpyHaX. OTpOMHBIMA
Bran b.C. KokaMmkymoBoWl B mayleoHTONOTHIO W crpaTurpaduto Kaszaxcrana HaBcerma ocCTaHETCS
BOCTpeOOBaHHBIM B HayKe M OYyJeT MCIIOJIb30BaH B JANBbHEHIINX HCCIeOBaHMIX €€ TOCIea0BaTeCH.

3a ycnemHyo, MiIoOAOTBOPHYIO paboTy B 00JacTW HAayKHM HMMeEET Harpaipl, rpamoTsl [Ipesuamyma
Axanemun Hayk Kazaxcrana, Mactutyra 30omoruun AH HAH PK, Menans B wects 60-etus uas [Tobe-
161 B Benmukoit OteuectBennoit Boinsl (1941-1945).
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