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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 Pecrniybriukacel ¥nmmelK fbiibiM akademusicbl "KP YFA Xabapnapel. [eonoeus xoHe
MmexHUKarbIK fblibiMOap cepusicbl” fbibiMU XypHarnbiHbiH Web of Science-miH xaHanaHfaH Hyckachbl
Emerging Sources Citation Index-me uHOekcmenyee KabbindaHraHbiH xabapnalobl. byn uHOekcmeny
b6apbicbiHOa Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday mocerneciH
Kapacmbipyda. Webof Science 3epmmeywinep, asmopnap, bacnawsiiap MeH MeKemesiepae KOHMeHm
mepeHOiai MeH canacbiH ycbiHalbl. KP YFA Xabapnapbl. [eonozusi XeHe MeXHUKalbIK fblibiMoap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmbiK yWiH eH e3ekmi xoHe 6edesnldi
2e0/102Us1 XXOHe MexHUKarbIK fbiribiMOap 60oUbiHWa KOHmMeHmKe adasnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl XypHan «MN3eecmust HAH PK. Cepus 2eonoauu U mexHu4ecKkux
Hayk» 6b11 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoul eepcuu Web
of Science. CodepxxaHue 8 amom uHOeKcuposaHuUU Haxodumcsi 8 cmaduu pPaccMOMmMpPEHUs KomnaHueu
Clarivate Analytics dns danbHeliwezo npuHasmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u enybuHy KoHmeHma O0ns uccrnedosameriel, asmopos, uszdamesiell U y4upexOeHudl.
BknoyeHue Ussecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index deMoOHCmMpupyem Hawy npueepXXeHHOCMb K Haubosiee akmyasilbHOMY U 81USIMETbHOMY KOHMEHmMy
10 26e0/102UU U MEeXHUYECKUM HaykaMm Ol Haweao coobujecmea.
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MODEL FOR DETERMINING CLASSIFICATION
OF FILLING MATERIALS HARDENING

Abstract. This paper presents the model for solving the problem of classification of trajectories of development
of states of filling material in the presence of a priori information on the trajectories of processes that have already
passed the development of states of the processes. Consideration of the hardening process of stowage material as a
chemical-technological process, which can be considered as a multi-parameter dynamic (time) series, allows us to
determine the development class of the state of the material based on the classification of the state of the stowage.
The proposed approach has established the fundamental possibility of using the proposed methodology to solve the
problem of dividing given trajectories represented by time series into classes. It allows us to obtain a model that,
according to formal rules, determines the classification of trajectories by sets of heterogeneous features of its state at
certain time and improves the reliability of the classification.

Key words: forecasting, filling material, safety, dynamic (time) series, object recognition.

Introduction. Pattern recognition, or object classification (observations, phenomena, signals,
situations, possesses) is one of the most dynamically developing spheres of applied mathematics and
cybernetics which is caused by the constant demands of practice as it often faces rather complicated
processes and phenomena. An excessive desire for accuracy has begun to exert an influence that negates
control theory and system theory, since it leads to the fact that research in this area focuses on those and
only those problems that can be precisely solved. Many classes of important problems in which data,
goals, and constraints are too complex or poorly defined to allow accurate mathematical analysis,
remained and remain aloof only because they cannot be mathematically interpreted [1,2]. The constructed
mathematical models were either complex or too simple, which did not allow obtaining acceptable results.
Therefore, in some cases, mathematical modeling is an art, and the quality of models largely depends on
the intuition, skill and creativity of their developers. One approach to solving this kind of mathematical
modeling problem is building recognition systems based on accumulated [3].

In connection with the expansion of the range of practical tasks, the set of heuristic (incorrect)
recognition algorithms, the information for which is poorly formalized, is constantly growing. The idea of
constructing a unified mathematical theory of incorrect recognition algorithms belongs to Yu. I. Zhuravlev
and was developed in his works [4], one of which is “On the algebraic approach to solving recognition or
classification problems”. These works give a description of the algorithms for computing estimates and
present an algebraic approach to the construction of models of recognition algorithms.

In the framework of estimation calculation algorithms, an approach to solving the problems of
determining the states of complex systems in the presence of a priori information about classes is
proposed. The paper presents well-grounded algorithms for optimal object recognition.
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Given the existence of a priori information about classes, this approach allowed solving a number of
problems from a variety of poorly formalizable. But when solving practical problems, it’s either
impossible to obtain accurate a priori information about classes, or this requires large expenditures of
resources, including computational. As a result, the task is to classify objects or observations that do not
have the appropriate mathematical apparatus. The forecasting task posed in such a form, which determines
the future state of the observed process of the object’s functioning on the basis of taking into account
information about past states of processes and its current data, belongs to the class of poorly informative
dynamic problems.

In this paper, we consider a method with which to solve the problem of constructing a classification
of states of dynamic objects in the absence of information about classes.

The aim of this work is to develop and study methods for classifying dynamic objects and
determining the states of complex systems, in the absence of a priori information about classes that allow
us to determine computational algorithms for optimal classification and forecasting that ensure stability
and the required quality of recognition processes.

Since the '80s there have been undertaken attempts of joint image recognition and correlation -
regressive analysis consideration for solving problems of various contents [5-11]. It was proposed that for
various homogeneous groups the same signs influence on objective function on benchmark figure in
varying degrees. Therefore, before appliance of regressive - correlation apparatus analysis it needs on
initial stage to divide data on uniform classes and solve objective problem separately for each of the
following classes. These attempts where productive due to appliance of image classification methods and
they were found implementation in practical tasks - this is problem of classification as needed preliminary
stage of statistical processing multidimensional data, it is classification in the tasks of optimal regulation
and planning, it's task of classification in problems of forecasting economic - sociological situations or
selected indicators and etc.

Successful appliance of image recognition methods in forecasting socio- economical situations
problems and separate indicators gave basis to distribute that approach on other areas of knowledge with
inclusion of their specific. For that, it was proposed to consider distribution on classes in other moments of
time of processes development.

The paper proposes the formalization of the task of classifying the trajectories of development of
states of filling materials used in the development of a number of mineral deposits in the presence of a
priori information about the trajectories of processes that have already passed the development of states of
processes.

This has become possible thanks to the successful use of pattern recognition methods, and the task of
dividing trajectories into classes was used in the practical task of classifying dynamic processes as a
necessary step in the processing of statistical information from multidimensional data.

Formulation of the problem. In a number of mineral deposits development, systems with stowing
are used [12-14].

In mining stowing is defined as filling the goaf with stowing material, which is formed in the entrails
of the earth as a result of mineral extraction. Stowing materials can be crushed rock formation, and
production wastes. Stowing is solid if all the goaf is filled, and partial when certain parts (as tapes or
layers) of it are filled. Depending on the way of transportation and stowage hydraulic, pneumatic, hydro-
pneumatic, mechanical, self-flowing and manual are distinguished.

The use of stowing on mining enterprises caused by the process safety of the performance of mining
operations, preservation of buildings on the surface of the earth, safety and the environment control, etc.
For this purpose, goof is filled with stowing material, which is after reaching a certain state of the material
should serve as supporting pillars.

The goals of the use of stowing material depend on the purpose. Stowing is used to control rock
pressure, to reduce losses and dilution of extracted minerals in mining, to prevent mine fires, to reduce
surface deformations of the earth and to protect the objects on the earth surface from damage, to improve
the safety of mining operations, for improving the ventilation of underground workings, to reduce
transport costs.

Requirements for filling properties can be different and depend on its purpose. Thus, the requirements
for filling used to prevent subsidence of the earth surface and thus the protection of buildings and
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structures is much higher and it is especially important to forecast its states of stowing, than in cases when
for example, stowing serves as the filler of voids and prevention of ore dilution and loss.

Depending on the purpose and field development systems dry, hydraulic, hardening and other
stowing are used. It is reasonable that properties and methods of their creation are different. At hardening
stowing binder component is added, that significantly increases the cost of stowing due to the high cost of
binding material. This type of stowing greatly exceeds the cost of others and is used in strictly defined
cases and only under condition of full recoupment of materials and works on the stowing. This is one of
the reasons for considering this type of stowing.

There is a problem of definition of readiness of the state of hardening filling to perform intended
functions [12-14].

Based on the above propositions, it can be stated that the determination of the state of the filling is an
important and urgent problem, therefore there is a need to develop new ways and methods for determining
the states of the technological process [12].

The usual practice of controlling the state of stowing is radiometric monitoring, local destruction
methods, impact methods, an acoustic method, a method for measuring material temperature, etc.

The core element of the abovementioned methods is that they require creating individual gradation
dependencies based on the results of studies of standard sample cubes made of concrete of the same
composition and age as the object under study, the structure, in our case, filling. This directly measures
some indirect physical characteristic related to the strength by correlation dependence. To establish this
dependence, and, accordingly, to establish the strength of the structure, it is firstly necessary to establish a
grading characteristic between strength and some indirect characteristic — temperature, humidity,
conductivity, etc.

For that reason bringing durability dependence P array from its indirect characteristics, varying by
time, - on basement of methods of least squares constructing dependence of chosen characteristics
(temperature, humidity, acoustic parameter, electrical conduction and etc.) in discrete moments of time ty
on time interval [t,tm] with corresponding calculation of statistical parameters - dispersion, correlation
coefficient, coefficient of determination and etc.

The values (characteristics) at the moment of time t, are taken as the parameters of the dynamic state
of the filling at the moment of time t.

It should be noted that each characteristic separately determines the state of the filling not completely,
but only one side of it, and cannot be an overall assessment of the dynamic state of the process.

Thus, the object of study has a set of the object characteristics, varying in time t.

In all cases, forecasting assessment of filling seems necessary to measure at different time points
T ={t,.....t; } filling parameters characterizing the static state and the dynamics [2].

Below we give a possible way to create an apparatus for processing attributes of any type, and ways
to apply this apparatus to the problems of classifying trajectories represented by time series based on the
possibility of introducing a distance between different types of vectors.

Formalization of the problem statement. Accepting the approach and denotations from the works
of Zhuravlev Yu. Il., we give a description of the method for solving the problem of constructing a
classification of objects of the same type with different types of variables.

Let R be the set of all real numbers.

We discredit the attribute space R", using the approach proposed in [4], and to characterize the
proximity of similarity of vectors R" we introduce the following evaluations.

We introduce N - dimensional vector of weights of variables

Wy ), 0SW, <1, j=LN,

=

W = W(W,,

so w; - is weight of variable j.

Let s, and s, be two arbitrary points from space R". Based on fairly general considerations for the
measure of proximity of these two points on j - coordinate it’s convenient to take some function of the
modulus of the difference in the values of this objects’ coordinate Sp u Sg:

r(p. @) = w; x ffty; ~ty).

where ty; and t; - j point coordinates s, and s,
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We define this object distance function s, to object s, on coordinate j.
Following the description of the estimation calculation algorithms, we introduce a numerical
N - dimensional vector

E=8(g,&5,08y)

- vector of threshold estimates by attributes, we explicitly define the distance function of the s, and object
sq using the following condition

0, eciu [tp]- — tq]-] > &;

11(, @) ={

Distance R (p, q) between points s, and s, we now define as follows:

R(p,q)=%zr,-(p,q)

w;j, eciu [tp]- — tqj] < E]-

Which implies that for any s, u s, € R ¥ there is an inequality
0<R(p,q)<1.

Let us consider the implementation of the trajectory classification method, which is further used by
the software module to solve the trajectory classification problem.

Having replaced the objects with descriptions in the form of coordinates by time trajectories, we
consider the construction of the question of constructing a classification of trajectories at a given time
interval.

Let there be a multitude K" trajectory at a given time interval.

The idea of the method to construct the desired classification. The threshold value of the distance
between the trajectories is set. Then a graph is constructed, the vertices of which are all given trajectories,
the vertices are connected by edges, the distances between which do not exceed the threshold value. At a
certain threshold value, the graph is divided into separate classes.

Let us consider the implementation of the method for solving the problem of classification of
trajectories.

1. The choice of a certain value of p as a threshold distance for assessing the proximity of the
trajectories to each other;

2. Fixing an arbitrary trajectory T,e K™, where K" — is initially given set of classified trajectories;

3. Find all trajectories that are no more than p from the selected trajectory Tr. We get a subset of the
trajectories. Let us call it a class Kj.

4. Then, in turn, for each of the trajectories included in the class K; with root T;, using the same rule,
we will find neighboring trajectories, we receive the completion of the class K.

5. The procedure continues until such a subset of the trajectories K" is distinguished that none of the
trajectories of the class K* has close to K" \ K* trajectories.

6. We accept the formed set of trajectories as a class K.

7. We fix a new trajectory from K"\ K* and in the same way we form a class of trajectories K*

8. We take the generated set of trajectories as the class of trajectories K2

9. We fix a new trajectory from K"\ K*\ K? and in the same way we form a class of trajectories K°, etc.

10.Let q classes of trajectories K*, K?, ..., K% be found. If the combination of the selected classes
coincided with the original set of K" trajectories, then the classification process is completed, otherwise a
new class K,+ 1 is constructed from the trajectories of the K"\ K' \ K* ... \ K,

The resulting classification of the trajectories is declared as required.

The above approach allows setting the classification problem for completely arbitrary objects, the
descriptions of which contain signs of a mixed type - quantitative and qualitative.

The proposed classification algorithm can work with information along trajectories represented by
heterogeneous signs - of a quality and discrete type.

Conclusions. The proposed approach has established the principal possibility to use the proposed
methodology to solve the problem of dividing given trajectories represented by time series into classes. It
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allows obtaining a model that, according to formal rules, determines the classification of trajectories by
sets of heterogeneous features of its state at certain points in time and improves the reliability of
determining the classification.

This research was financially supported by the Ministry of Education and Science of the Republic of
Kazakhstan and was carried out within the framework of the scientific project, which is being
implemented at the Institute of Information and Computer Technologies.
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TOJTBIPBIM MATEPHAJIBIHBIH KATAIO
KJIACCH®UKAUSICHIH AHBIKTANTBIH MOJEJb

Annoranus. [laiinanel kaz0anapisly OipkaTap KeH OpHBIH Hrepy OapbIChIHAA KOJAAHBUIATBIH TOJNTBHIPHIM
Marepuall KyHiHiH KJ1achlH aHBIKTAy MaHbI3/Ibl )KOHE ©3€KT] FhUIBIMH-TEXHUKAIIBIK Macelie OOJIbII CaHalla/ibl, TOJThI-
PBIMHBIH OIEPAaTUBTI JANBIHIBIFBIH aHBIKTAY YIIIH XHMHSJIBIK-TEXHOJOTHSUIBIK KaTaloJblH YAepic KYHiH Tannay
onicTepi MeH TACUIIepiH d3ipIey KaxeTTUIiri Tyabpl. KyMbIicTa Matepualn KYHiHIH aJIIBIHFBI AaMy YIepicTepi Typajbl
aknapar OoJIFaH jKarJaia TONTBHIPBIM MaTepuall KYWiHIH JaMy TPaeKTOPHUSICHIHBIH KIacCH()UKAIMACHIH aHBIKTAY
MOCeJIeCiH ISy IiH daicTeMeci GepiireH.

YChIHBUTFaH 9/licTeMe 0acKapyblH aBTOMATTaHABIPBUIFAH JKYHECiHe jKaTalpl KOHE TEXHOJIOTHSIIBIK YIepicTi
JIMCKPETTI yaKbITIIAa KapayFa )oJ1 OepeTiH KypJeli oObekTizepi 6ackapy/a naiaaaaHbulybl MyMKiH. OJicTeMe Kypy
YILIiH OCBI OOBEKT, JKarJal, KenemeM Il JUHAMHUKAJIbIK (yaKbITIIa) KaTapAa YChIHBUIATBIH YAEPICTEePli TaHy KOHE
KIKTey aficrepi KojiaHbulapl. Kenmapamerpii AnHaMUKalbIK (yakbITIIA) Kartap peTiHIE KapacThIpyFa OoiaThIH
TONTHIPHIM MaTEPUAIBIHBIH KATAal0 YIEPICIH XHMHUSA-TEXHOJOTHSUIBIK TPOLECC PETiHAE KapacThlpy op YakbITTa
OeTOeIriHIH Kai-KyHiH KIKTey Heri3iHJe TONTBIPbIM MaTepuall KYHiHiH JaMy KJIachlH aHbIKTayFa MYMKIH/IK Oepe/i.
Y sepic Kyiii namy nporeci TpaeKTOPHSIaPbIHBIH KJIAChl TYpasbl allpHOPIIbIK aKmapat OojMaraH arjaiaa OipHeie
naigansl Ka3da KeH OpBIHAApblH MrepyAe KOJJAHBUIATHIH TOJTHIPHIM MaTE€pPUANAPBIHBIH JKal-KYHIH AaMbITy
TPaeKTOPUSICHIH XKIKTey MiHAETIH (opManay yceiHbUIFaH. [IpoGiiemManbl GopmManiay HeTi3iHIe YAEpiCTepAiH Jamy
KYHiHIH OYpBIHFBI YIEpiC TpaeKTOpHsIapbiHbIH Oenrici Typaibl Kojjia 6ap akmapaT OoiibiHIIA OeTOenri MaTepHaibl
XKal-KYyHIHIH JaMy TPaeKTOPHUSUIAPbIH JKIKTEY/l aHBIKTAy MIHJETIH LIENly d/iCTEeMECIHIH CHIIaTTaMachl KENTipiJireH.

Makanajza TONTBIPBIM MaTE€PUAIBIHBIH KYMBICKA JTQHbIHIBIFBIH aHBIKTAY/IbIH OYPBIHFBI SMICTEpi KEeNTiplIreH.
Onap/ipIH apTHIKIIBUIBIKTAphl MEH KeMIIUTIKTepi KepcerinreH. Kasipri omicTepaiH Heri3ri KeMIIIiri — KyObUIBICTBI
TOJIBIK KOPCETIEHTIH KaTal YJEpICiHIH jKeKe cunarrtay OenrijepiHiH Oip)KaKThUIbIFbL. ¥ CHIHBUIFAH TOCILI KOIe-
mIeMIl YaKbIT KaTapbl OEpUIreH TpaeKTOpHMsIApAbl KIacKa Oelly MoceleciH MISIIyAiH J>KOJNIApblH KepceTeli.
OmicTeMeHi KONJIaHyABIH NPUHINNTI MYMKIHAIriH Oenrineiini, Oy ¢opmansasl epexenep OOWBIHINA OHBIH JKaii-
KYHiHIH Typmi OenrilepiHiH >XWBIHTBIFBI OOWBIHIIA TPACKTOPUSUIAPABIH JKiKTeNyiH Oenrini Oip yakeIT Me3eri
OOMBIHINIA AaHBIKTAW/IBI )KOHE JKIKTEYIi IyphIC aHBIKTayFa MYMKIHIIK Oepeti.

Kenenmemai nruraMukanbsik (YakbITIIa) Katap TYpPiHAE YCHIHBUIFAH TEXHOJIOTHSUIBIK YACPICTI AUCKPETTI Kapay-
Fa MYMKiHZiK OepeTiH KenTereH KypAesi YaepicTep YIIiH KOJIaHy MYMKIH/IITiHe HEeTi3/IeNreH 9JiCTEMEHIH KaMThLTy
AsACBIHBIH KEHJITiH aTam OTKeH XOH. YCBHIHBUIFAH 9JIC KOCIa >KarJaiibiH Oaramay IpOIECiH OHTaiIaHABIPaIbI,
ONIIKTI apTTeIpangsl. TamcelpMmaHbl mmIenry omictemeci Oip-OipiHeH ambic OLTiM cajajmapblHAa KEHIpeK KOJIaHBIC
Tabaasl. JKyMBIC HOTIDKEIepi KOCcHaHbl OaKpIIaYIABIH TOCTYPIIi 9icTepi OoHbIHIIa GipKaTap apTHIKIIBUIBIKKA He KOHE
Oacka OiTiM caJlaChIHBIH OKIUIAEpi YIIIiH KbI3bIKTHI.

Tyiiin ce3aep: 6omkam, GeTOenTi MaTepualtbl, Kayinci3aik, IMHAMHUKAJBIK (YaKbITIIa) KaTap, OciiHeHi TaHy.
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MOJEJIb OITPEJAEJIEHUSA KJIACCUOPUKAIIUU ITPOLITECCOB
TBEPJEHUS 3AKJIAJJOYHOI'O MATEPHUAJIA

AnHoTtanus. OnpeneneHue Kiacca COCTOSHHH 3aKJIaJOYHOTO Marepuaia, MPUMEHSIEMOro INpH pa3paboTke
psima MECTOPOKACHUH TTOJIE3HBIX MCKOMACMBIX, SIBIISETCS BaXXHOM M aKTyalbHOW HAYYHO-TEXHHUYECKOU MPOOIEMOi,
YTO BBI3BAJIO MOTPEOHOCTH B MOCTPOECHHH CIIOCOOOB M METOJOB AHAIM3a COCTOSHUH XHMMKO-TE€XHOJOTHYECKOTO
mporecca TBEpACHUS JUIS ONPEeNeHNS IKCINTyaTallMOHHOW TOTOBHOCTH 3aKIajgKku. B manHO# pabote mpeacTaBieHa
METOIMKA pEUICHUs 3aJaddl OINpPEICICHUS KIAacCCH(QUKALNKM TPACKTOPHH pPa3BUTHSA COCTOSHUH 3aKIaJO0YHOTO
Marepuala Ipy HaJIMIuy HHPOPMAIMHY O MPOIIEAMINX paHee Ipolieccax pa3BUTHS COCTOSHUN MaTepHaa.

[IpennoxkeHHass METOAWKAa OTHOCHTCS K aBTOMATH3MPOBAHHBIM CHCTEMaM YINpPaBICHUS W MOXET OBITh
UCTIONIb30BAaHA TIPH YIPABJICHHH CJIOKHBIMA OOBEKTaMHM, IOIYCKAIOUIMX AWCKPETHO BPEMEHHOE DPACCMOTPEHHE
TEXHOJIOTHYECKOTO Tponecca. /i MoCTpoeHHs METOANKH OBIIM MCIIOIb30BaHbl METOJIB PACIIO3HABAHMS M KJIACCHU -
(UKanuM TaHHBIX OOBEKTOB, CHTYaIMH, IMPOLECCOB, NMPEACTaBISIEMbIX MHOTOMEPHBIMH AMHAMHUYECKUMH (BpEeMEH-
HBIMH) psizamMH. PaccMoTpeHme mporecca TBEpIACHHS 3aKIaJOYHOTO MarepHaia KaKk XHMHKO-TEXHOJOTHYECKOTO
mporecca, KOTOPEIH MOXKHO paccMaTpuBaTh KaK MHOTOIIApaMETPUYECKHH AWHAMUYECKHH (BPEMEHHON) psiI TO3BO-
JSIET ONPENENUTh KJIAcC PasBUTHS COCTOSHMS 3aKJIaJOYHOTO MaTepHana Ha OCHOBE KJIACCH(HUKALMH COCTOSHHS
3aKJIaJKH B KaXIBI MOMEHT BpeMeHH. B paboTe mpennoxeHa ¢popManu3anys 3a1ad KIacCH(YUKAINU TPACKTOPUH
Pa3BUTHS COCTOSHUM 3aKJIaJOYHBIX MaTepHaOB, MPHMEHIEMBIX NPH pa3pabOTKe psaa MECTOPOXKICHUI IOJIE3HBIX
HCKOMAEMBbIX, IPH OTCYTCTBHH aNpHOpHONH HH(MOPMALMHM O KJIaccaX TPAeKTOPUH YK€ HPOLICANINX IPOIECCOB
pasBUTHS COCTOSHMH mporieccoB. Ha ocHOBe mpoBeneHHOHW (opManu3anud TNpoOJIeMbl NPUBEICHO OIMCAHHUE
METOJUKH PEIICHUs 33/1a4M OINpeeIeHUs] KacCu(UKANU TPACKTOPHI Pa3BUTHS COCTOSHHUN 3aKJIaJJOYHOTO Mare-
pHana 1o uMeroniercs: MHGOPMAILMK O TPHU3HAKAX TPACKTOPUIl YK€ MPOLIESIIINX MPOLECCOB Pa3BUTHSI COCTOSIHUI
mporueccoB. B craThe TpHBEIECHBI paHee NPEUIOKEHHBIE METOABI ONpPENETICHUS MOMEHTa JKCILTyaTallHOHHON
TOTOBHOCTH 3aKJIQJI0YHOr0 Marepuana. IlokazaHbl MX TNpenMyIiecTBa W HenocTaTKH. OCHOBHBIM HEIOCTaTKOM
CYIIECTBYIOIIMX METOJOB SIBISAETCS OJHOCTOPOHHOCTH NMPU3HAKOB OIMCAHMS IPOIECCa TBEPAEHHS B OTIEIHHOCTH,
YTO HE OTPAXKAET MOJHYIO KAPTHUHY ITPOUCXOIAIIETO SIBICHUS U SIBISICTCS] HEOITY CTUMBIM.

IIpennaraemslii MOIX0J YCTAHOBWIJI NPUHIMIHAIBGHYIO BO3MOXHOCTh IPHUMEHEHHs IpeajiaraeMoid METOAMKH
JUISL PeIIeHHs 3a7a4y pa3OMeHus 3aJaHHBIX TPAeKTOPHUHi, MPEACTaBICHHBIX MHOITOMEPHBIMH BPEMEHHBIMU PSIaMHu,
Ha KJIACChI, YTO MO3BOJISET MOJYYHTh MOAENb, KOTOpas MO0 (OPMATBHBIM IpaBHIaM ONpPEeNseT KIacCU(PHUKAIIIO
TpaekTopuii o HabopaM Pa3HOTHUITHBIX PU3HAKOB €r0 COCTOSHUS B OINpEZeIeHHbIE MOMEHTHI BPEMEHH U MO3BOJISIET
TIOBBICUTD JIOCTOBEPHOCTh OTIpeeNeHns KiacCu(uKanny. X0oueTcss OTMETUTh LIMPOTY OXBaTra METOIUKH, KOTOpas
3aKJII0YaeTcsl B BO3MOXKHOCTH €€ NMPUMEHEHHMs Ul OOJBIIOT0 MHOMKECTBA CIIOXHBIX MPOILECCOB, MO3BOJISIOMINX
JUCKPETHOE PacCMOTPEHHE TEXHOJIOTUYECKOrO IpOLecca, MPEACTaBICHHBIX B BUJIE MHOTOMEPHBIX TUHAMUYECKHX
(BpeMeHHBIX) psinoB. [IpeanokeHHbIH clI0c00 ONTUMH3HMPYET MPOLECC HOIYyYESHUS OLEHKH COCTOSHHUS CMECH, TTOBBI-
11aeT TOYHOCTb.

Mertonuka penieHus 3ajaqil MOKET HaWTH OOMIMPHYIO 00JIaCTh IPHUMEHEHUS B IOCTATOYHO JAlIeKHX JPYT OT
npyra oOmacTax 3HaHMH. Pe3ynbTaTsl pabOTBl MMEIOT psii NMPEUMYIIECTB Mepes TPaJUuIUOHHBIMH METOJaMHu
KOHTPOJISI U HHTEPECHBI JUISL APYTHUX obJiacTeil 3HaHUH.

KaioueBble cioBa: NporHo3, 3aKiaJO4HBIA MaTepHal, 0e30MacHOCTb, AWHAMUYECKHE (BPEMEHHBIE) DPsiIbl,
pacrio3HaBaHue 00pa3oB.
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PREPARING SOLUTIONS BASED ON INDUSTRIAL WASTE
FOR FRACTURED SURFACE STRENGTHENING

Abstract. Results of longstanding researches of Satbayev University scientists on the development of modified
building materials to strengthen cracked mountain structures based on industrial waste are considered. Industrial
processing of technogenic raw materials (enrichment and processing waste, overburden and enclosing rocks), which
is similar in composition to natural and used in conventional trend, scarcely different from industrial processing of
mineral raw materials. Creation of effective technologies for the processing of technogenic raw materials is an urgent
task, which make it possible to obtain competitive products from it for various industries.

Various methods of preparing solutions for strengthening of fractured rocks and building structures are
analyzed. Research results of tailings of the Balkhash Mining and Metallurgical Combine and preparing solutions for
strengthening fractured rocks and underground mining structures are presented. Rock mass strengthening in cracked
areas is achieved by adding substances into the cracks, which after hardening and solidification with rocks, increase
its shearing resistance characteristics. The most widespread hardening methods were cementation during mine
workings (underground structures) in fractured rocks.

Significance of obtained results for construction industry is in expansion and reproduction of raw material base
of building materials industry through the use of Mining and metallurgical complex waste (tailings) and development
of resource-saving technologies. Practical significance of work is in the detailed development of modified method for
the production of building materials and products.

Key words: field development, mine site, fracturing, cracks, rock mass caving, strengthening, mining waste,
building materials, modified solutions.

Introduction. Mining enterprises of Kazakhstan pay special attention to the industrial safety of
subsurface development. One of the real examples is geomechanical researches conducted by Satbayev
University in the framework of the project “Risk reduction of technogenic disasters by developing
innovative management methods” (2015-2017). Currently, within the framework of Project “Innovative
methods development for prediction and assessment of rock mass state for the prevention of technogenic
nature emergencies” researches on study and ensuring mountain structures stability are conducted by
young scientists.

The content of the work. Problems of mine workings stability in fractured rocks are the most hard-
solving problems in the construction and operation of mining enterprise. These problems intensely exist in
the polymetallic deposits of Kazakhstan: Tekeli, Akzhal, Verkhnekairaktinsky, Karagaylinsky, Tekeli.
Ores and enclosing rocks of these deposits are complicated by fractured deformations and make its
development more difficult.

Research results of mine workings at the Akzhal mine (at mine site and underground horizons)
showed that the largest number of dumps is confined to fractured rocks, and dumps volume is increasing
as far as workings’ standing. Observations of the mine workings, which were performed on the fractured
rocks, revealed that they are stable for a month. After two or three months, pins are formed up to 10-15 cm
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in size. Pins and outfalls arise and develop within six months, roof collapses become acquainted in the
form of domes. This acutely increases volume and complexity of the tunneling works, as well as the cost
of workings fixing and repairing.

Stability of adjacent rock masses is determined by the degree of their fracturing. Strengthening
technology of fractured massif should ensure the complete cracks filling in the massif with different
composition and securely bind individual structural blocks into a single whole. One of the effective
methods to prevent this type of rock deformation is their artificial strengthening which allows to provide
the necessary slopes stability of inoperative mine sites and in some cases to prevent possible rock collapse
in weakened areas, in others - significantly reduce the volume of overburden operations [1-3].

The most common strengthening method is rock cementation. Such method of ensuring the slopes
stability of mine sites is complex task, solution of which should include not only parameters determination
of stable slopes, but also their management to achieve the best economic results in the development of
natural resources. Use of artificial strengthening of rocks and massifs allows increasing gradient of slope
in areas with unstable rocks. Strengthening advisability is established by technical and economic
calculations. Strengthening of some areas is achieved with the help of substances that significantly
increase its strength characteristics. Adding substance in the massif is made under pressure, using cement
solutions, silicates and polymer resins as hardening material, confirmed by publications of leading
scientists in the field of mining [4-10].

To prevent the collapse of underground workings (underground structures), passed through fractured
rocks, roof timber with metal fencing mesh and shotcreting are used. However, roof rocks cleavage of
transport drift and significant rocks destruction indicates that this timber does not solve the problem of
stability ensuring of workings and does not prevent deformations development. As a result, after 2-3 years
of standing workings, timber are damaged and major repairs are required. Therefore, effective solution of
controlling issue on geomechanical properties of rocks is particularly important for adjacent rock mass of
mine sites and for underground workings passed through fractured rocks [11-13].

Researches on rock fracturing and methods development of controlling their properties were carried
out for the conditions of Akzhal deposit. Analysis of geological conditions of the field and workings
condition passed by fractured rocks showed that fracture systems of heavy pitch have great influence on
the workings’ stability. By nature, cracks vary from smooth, wavy to uneven, splintering. The width of the
crack opening does not exceed 3 mm and averages 1.5-1.8 mm. Based on conducted researches on
samples of fractured rocks, it was found that rocks have different degrees of fracture. According to the
degree of change, they were classified into 3 groups: particularly, highly and partially disturbed (table 1).

Various strength characteristics of fractured rocks predetermine the need for differentiated approach
to managing the rocks properties with fracturing intensity.

Table 1 — Classification of rocks, their physical and mechanical properties, structure and texture

Rock Compres-sion | Rock strength
Ne Fracture - Ne Fracture Fracture
rou intensit characteris samole strength on by Proto- Srtucture | Texture lane state ositionin
group y tics P MPa diakonovf P P g
. Quartz- 9 434 3 Fracture Fractures
Particularly - Small .
sericite 10 44,8 3 . Fissile | planes are of parallel
1 fractured chlorite acinose cragged lamination
11 65,5 5 99
Mean value 12 51.2 4
84 6 Fracture
Highly Sericite- 2 103.6 7 Small Massive planes are Frz_ictl_Jres
I fractured quartz. acinose cragged, | multioriented
14 106,4 8 hackly
Mean value 62,7 7
Partially Diorite 3 1400 10 Fracture |  Fractures
fractured Quartzite 5 154.0 11 Small Massive planes are | multioriented,
1 ! acinose cragged, parallel
162,4 12 hackly lamination
Mean value 152,1 11

— 14 ——
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For highly fractured rocks with strength factor of 5-8, it is recommended that workings walls be
coated with modified concrete in combination with roof timber. Application of waterproofer coat will
significantly reduce rock pressure on timber, limit the weathering spread and delamination of overlying
layers and prevent properties change of fractured rocks. To study the physical mechanical properties
(PMP) of solutions of various compositions, cubic samples of cement and water with modifying additives
were prepared in various percentages of cement weight. Research results are shown in figure 1.
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Figure 1 — Change dependency of concrete strength with various additives on time:
1 - Movilita additive; 2 - additive of sodium silicate and calcium chloride;
3 - additive of construction emulsion PVA-M; 4 - addition of high molecular polymer polyacrylamide

For safe deposit development on the underlying horizons, in order to prevent cavings, and also to
suppress the dust formation of dumps, insulating solution was developed by our scientists in cooperation
with “CelSIM” laboratory, composition of which is given below.

Known solution for strengthening fractured rocks described in the book Pevzner M.E. [14]. It
contains cement, water and additive - calcium chloride in the amount of 1-2.2% by weight of cement.
Solution has high cost.

Known composition for hardening rocks [15] and contains following components: wt,%

Carbamide resin brand KSM 88-92,
Watersoluble polyester blend 4-6
Aluminum chromophosphate 4-6,

Solution has high cost and must be prepared directly at the well.

We are declaring solution that includes cement, filler and water. The basis of the invention is solution
creation for strengthening fractured surfaces, having low cost, sufficient fluidity to fill small cracks and
adhesion to rocks, high strength of material obtained and allowing recovering mining waste -
concentration plants tailings.

Invention relates to mining and building materials, namely to strengthen rocks with binder solution.
Technical result: utilization of mining wastes - concentration plants tailings, achievement of high fluidity
of solution, adhesion to rocks and strength of composition obtained.

To achieve this result, composition for strengthening fractured rocks containing cement , filler and
water, according the invention results as the filler contains concentration plants tailings and additionally
contains Movilite dispersion polymer powder with the following equivalence ratio, wt. %:

Cement 30-35
Concentration plants tailings. 45-50
Movilite dispersion polymer powder 0,8-2
Water other
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Specified equivalence ratio is optimal and obtained experimentally. On the one hand, necessary
fluidity of solution and adhesion, and on the other hand, to obtain the material of the necessary strength
after setting it with rocks. In each particular case, to select optimal composition of bonding solution, it is
necessary to study the physical and chemical composition of tailings of various concentration plants.

For example, Portland cement M 400 of Karaganda cement plant and tailings of the Balkhash mining
and metallurgical plant are acceptable for the Akzhal mine and Portland cement of the Shymkent cement
plant and tailings of the Akbakay concentration plant itself are acceptable. The X-ray appearance of the
Balkhash mining and metallurgical complex tailings (figure 2) shows mainly three components with
4.23 diffraction lines; 3.238; 2,455; 2.28; 2.237; 2.127; 1.977; 1.817; 1,669; 1.658; 1.541; 1.454; 1,388;
1,373, corresponding to quartz.
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Figure 2 — The X-ray analysis of Balkhash mining and metallurgical complex tailings

After components dosing the cement, tailings and movilit are loaded into concrete mixer and mixed
thoroughly. Then add water and mix. Finished composition is delivered by underground workings and
pumped into disturbed pillars and roof of the chambers. To determine the strength, 4x4x16 cm samples
were molded from the composition and compacted on vibrating plate for 45 sec. After a day, the samples
were removed from the molds and stored in humid conditions for 28 days, and then physical and
mechanical tests were carried out, results of which are presented in tables 1 and 2.

Table 1 — Physical and mechanical properties of the solution

Composition of the solution, wt.% Index
Concentration - Compressive | Bending strength Slump,
Cement plants tailings Movilit Water strength, MPa MPa MM
Sample 1 30 50 4 16 325 47 150
Sample 2 325 47,5 3,5 16,5 35,6 5,2 145
Sample 3 35 45 3,0 17,0 37,2 5,8 143

Table 2 — Physical and mechanical properties of the composition

Index Sample 1 Sample 2 Sample 3
Compressive strength, MPa 22,5 25,6 27,2
Frost resistance, cycles 10 12 15

Technical novelty of the created solution is confirmed by the patent of the Republic of Kazakhstan
for the invention [19].
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Analysis of mining and construction works showed that acid-resistant cements are the most widely
applicable at present, which are obtained by mixing filler with sodium silicate and accelerator of setting
and hardening process - calcium chloride of 30% concentration with a density of 1280 kg / m®. Therefore,
liquid sodium silicate with modular number of 2, 5 and density of 1330 kg / m* and 1250 kg / m® was used
to create modified solution. In the course of researches on solutions with high - molecular polymer
additives the following polymers were tested: polyvinyl acetate dispersion - PVAD, builder dispersion
“Movilit VDM-618”. Observations results showed that the best adhesion with humid rocks is achieved in
solutions of modified building dispersion “Movilit VDM-618 compositions (see figure 3, lines 1, 5).
Therefore, solution modification of construction dispersion “Movilit VDM-618” significantly improves its
properties; the set of strength occurs in humid aggressive environment. In addition, “Movilit” building
dispersion adding to solution gives the properties of gas and water resistance, resistance to aggressive
underground environments. To study adhesion, solution modified with various additives was applied to
fractured rocks. Test results are shown in figure 3.
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Figure 3 — Influence of time on the adhesion change of modified cementations’ compositions with fractured rocks:
1 — with the addition “Movilit VDM-618"- 5% of cement composition;
2 - with the addition of sodium silicate with 6 =1.33 g/ cm?® and m = 2.5 calcium chloride;
3 - with the addition of sodium silicate with 6 = 1.25 g/ cm?® and calcium chloride;
4 - with the addition of PVAD; 5— with the addition of PAA

Pilot tests of obtained composition in underground workings of the Akzhal mine showed its sufficient
penetrability and rapid polymerization with its own high mechanical properties [20].

Conclusions. Use of concentration plants tailings will contribute to reduce composition cost and
increase material strength. With more than 35% increase of cement amount and more than 4% increase
super plasticizing additive - composition cost increases. With less than 30% decrease of cement amount
and super plasticizing additive less than 3% decrease - strength of the obtained material increases.

Increasing of concentration plants tailings by more than 50% will lead to decrease in the solution
fluidity and its adhesion to rocks, and less than 45% decrease will increase the composition cost.

Thus, use of developed solutions allows obtaining the roof with high strength and higher adhesion. It
should also be noted that new solution use ensures strengthening of weak sections of open pit sides and
underground mining structures and can significantly reduce the damage effect of concentration plants
waste on environment.
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IIL. K. AiitkasunoBa’, A. A. Bex', K. H. IlepﬁiCOBl,
H. C. Jlonen6aena’, M. B. Hypneiiicoa®, E. JIepun®

1Cor6aen yHuBepcuteTi, Anmatsl, KazakcTas;
’Muumras TeXHONOTHS yHuBepcureti, Muuurasd, AKII

OHAIPIC KAJIABIKTAPBI HET'T3IH/E JKAPBIKIHAKTAJIFAH
BETTEPAI BEKITY YIIIH EPITIHAIJIEP )KACAY

AnHoranusi. Cor0aeB YHHBEPCUTETI FAIBIMIAAPBIHBIH OHEPKOCIN KAJIBIFBI HETI3IiHIC JKapbIKIIaKTAIFaH Tay
KBIHBICTAPBIH HBIFANTY YIIiH ’KaHAPTBUIFAH KYPBUIBIC MaTepHANIAPBIH JKacay XKeHIHICTI KOIDKBUIABIK 3epTTeyJIepi-
HiH HOTIKEJIepi KapacThIPBUIABL.

TaOurn Kypambl KarbIHAH KAKBIH TEXHOTEH/II MNKi3aTTapasl (0aifbITY KaJIBIFbIH, apIibiMa JKOHE KaHaMa Tay
KBIHBICTApBhl) )KOHE JIOCTYPJIl OarbITTapAa naiiaaHblIaThIH MUHEPAIIbl MINKI3aTTapIbl OHEPKACINTIK KalTa oHJIey-
JIH afBIPMAIIbUIBIFGI )KOK. COHIIBIKTAH, TEXHOTCH/IIK IUKI3aTThl KaliTa OHICY/IIH OJJaH OHEPKACINTIH TYPJIi cajaia-
pHI YLIIH 0acekere KaOIeTTi OHIM ayFa MYMKIHAIK OSpeTiH THIM1 TeXHOJOTHSUIApbIH KYpy OYTiHTi KYHHIH MaHBI3-
JIbI MOCeJIeci OOJIBII OTHIP.

Kapbep OerkeiinepiHiy Kyjiaybl MEH IIOTYiHIH aJAbIH ajly YIIiH YJIKEH MacCHBTEpJCri Tay *KbIHBICTAPBIHBIH
KacaHJpl TypZe OCpIKTIriH yJIFalTyFa KelMece Jie, )kekesereH OeTkel aehopMalusIapblH JKoHe KacaHAbl OeKkeM ey
omiciMeH Kapbep OeTKeliHAe OMBIPBUIYABIH aliIBIH ally Ka3ipri TaHAa OTAaHIBIK JKOHE IICTENIIK Kaphepiepnae
KonjaHbuTy1a. KenrereH kapbeprepae jKYMBIC ICTEMEHTIH epHEyl TY3eTiH Tay KbIHBICTApBIHBIH KYPBUIBIMBI MEH
(U3MKaNBIK-MEXaHUKAJBIK KacuerTepi Oiprekci3 Oombim keieni. Kapbep amaHBIHOAFrel Tay KBIHBICTapBl OipTEKTi
OOJIBII TY3UITeH KYHHIH ©31HJ¢ KCH OPHBIH/IA, O[ICTTE KONTETeH TeKTOHUKAIBIK, OY3BUIBIC aliMaFbl KUl Ke3JeceIi.

TexToHUKAIBIK OY3BIIBIC aiMaFbl, 63 Ke3eTiHIe eNmeM/Iepi MEeH KeHICTIKTe TaparyblHa OaiIaHBICTHI OeTKei-
Jep MEH epHEyHiH OpHBIKTHUIBIFBIHA MEHITiHIIe Kepi ocepiH Turizeni. MyHmail xarmaiga OCKiTy apKbUIBI Tay
KBIHBICTAPBIHBIH YTyl MEH ONBIPBUIYBIH OastyaTyra, Kapbep OeTKeHiHIH ONbIpblIa KYJIaybIHBIH KOHE Tay JKbIHBIC-
TapbIHBIH CBIPFY O€Ti apKbUIbI )KbIKYBIHBIH aJIJIbIH alyFa 0oJajbl.

Makanaja >kapbIKIIaKTaJIFaH Kapbep OeTKell MeH KYpbUIbIC HBICAHAApbl KaObIprallapblH OCKITy VIIiH KaxXeT
epiTiHaIepAl alty MYMKIiHAIr 3epTrenreH. bankar tay-keH Metamwtyprusi komOouHateiHbH (BTKM) OaitbiTy Kanabik-
TapbIH 3ePTTEY/IiH KOHE KAPHIKIIAKTAIFAH Tay )KbIHBICTAPBI MEH KYPBUIbIC HBICAHIAPBIH HBIFAUTY YILIH epiTiHAiiIep-
i aITy HOTIDKENepi KeATipiUIreH.

OJIcipereH yJacKelep/eri Tay KBIHBICTAphl MACCHBI MEH KYPBUTBIC KaOBIpFaJapbIHBIH OCKITiTyiHe, )KapBIKIIAK -
Tapra apHaiibl epTiHJI €Hri3y apKbUIbl XKy3ere achIpbUIafbl, ONap KaTaliFaHHAaH KeHiH HBICAHHBIH JKbUDKY KeIepri
KaOineTiH apTThIpaasl. bekeMIelTiH 3aTThI MacCHBKE €HTI3y KBICHIM jKacay apKbUIBI XKY3ere acaibl, OCKeMICHTIH
MaTepuall peTiHAe LEMEHT epiTIHAUIepi, CHIMKATTap XOHE MOJMMEPIIK MaTepHaimap KapacThIphUFaH. bekiTy
ONiCTEpiHIH apachlHIa €H KOl TapajFaHbl — OJ1 KeH Ka30anapblH (’KepacTbl KYPBUIBICTAPBIH) JKapbIIIAKTaJIFaH Tay
KBIHBICTApBIH/A XKYPri3y Ke3iHge nemeHtrey. KojmaHy aschl — KaTThl KapbIKIIAKTHI YTiTUIMENl KoHE jKapThliai
JKapJblaH Gacrar ipi TaCThl KYM MEeH YMbIpTacTapFa JIeHiHT1 Tay-KeH JKbIHbICTAPbIHBIH MACCHBI.

Kypbuibic HHIYCTPHUACH! YIIIH HOTHXKE MaHBI3bI KYPBUIBIC MaTepHajiap @HepKoCiOiHIH MIMKi3aT 0a3achlH KeH-
METaJUTyprusl KelleH KauJblFbIH (OaiibITy (habpmkamapsl KaJAbIFBIH) HaljaaHy KoHE pecypcTapisl YHEMICHTIH
TEXHOJIOTHSUIAP/IBI AMBITY apKbLIbl KYPBUIBIC MaTepUaiap OHEPKACIOIHIH MIMKi3aT 0a3achlH MOJIANTY JKOHE KalTa
KAHFBIPTY OOJbIN  caHaiajbl. JKYMBICTBIH IPAaKTHUKAJIBIK MaHBI3IBUIBIFBl — KYPBUIBIC MaTepHalgapbl MEH
OYIBIMIapBIH OHAIPYAIH MOIUBUKAIMSIIAHFAH SICIHIH JKacaFaHIBIFBIH/IA.

Tyiiin ce3aep: KeH OpBIHAAPBIH UIepy, Kapbep, OY3bULY, *KAPHIKIIAK, Tay-KEeH MAaCCHBIHIH ONBIPBUIYHI, OEKITY,
Tay-KeH OH/ipic KAIIABIKTaphl, KYPBUIBIC MaTepHajiapbl, €piTiHALIEp.

III. K. Ajitkasunoa’, A. A. Bex', K. H. Jlep6ucos’,
H. C. Jlonen6aeBa’, M. B. Hypneucona', E. JleBun’

1 . .
Satbayev University, Kazaxctan, Anmarsl, Kazaxcran;
*MUUHraHCKHiT TeXHOTOrHIECKHi yrauBepcutet, Muunran, CIIA

CO3JAHUE PACTBOPOB HA OCHOBE OTXO/J10B ITIPON3BOJACTBA
JIJISI YKPEIUIEHUSI TPEIIIMHOBATBIX IOBEPXHOCTEM

AHHoTanms. PaccMoTpeHsl pe3ynbTaThl MHOTJIETHUX HCCllenoBaHuil ydeHsix Satbayev Unibersitu mo Bompo-
caM pa3paboTKu MOAMGHULUMPOBAHHBIX CTPOUTEIBHBIX MaTEPHAIOB JUIS YKPEIUICHHS OCJIA0JIEHHBIX TpEeIIMHAMH
TOPHBIX COOPYXEHUI Ha OCHOBE OTXOJJ0B IPOU3BOJCTBA.
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IIpomeinuieHHass epepaboTKa TEXHOTCHHOTO CHIPhS (OTXOIbI OOOTANICHUS M TEPepaOOTKH, BCKPBIIIHBIC H
BMEIIAOIIHNE TTOPOJIbI), OJIM3KOTO MO COCTaBY K MPHUPOIHOMY M HCIOJIB3YEMOTO B TPaIUIMOHHBIX HAIMPABICHHSX,
MPAaKTUYCCKH HE OTJIMYACTCS OT MPOMBINUICHHON MepepabOTKh MPUPOTHOTO MHUHEPATBHOro Chipbsi. Co3maHue
3¢ (GEKTUBHBIX TEXHOJOTHIA MEPepabOTKA TEXHOTCHHOTO CBIPHs, MO3BOJISIFOIUX MOIYYaTh U3 HETO0 KOHKYPEHTOCIIO-
COOHYIO IPOAYKIHIO TS PA3JIMYHBIX 00JIaCTel MPOMBINUICHHOCTH, SBJISICTCS aKTYaJIbHOU 3a7aucid.

Ecmu mns mpemympexnmeHUs OOpYIICHHH W OIONI3HEH WMCKYCCTBEHHOE IIOBBIIICHHE MPOYHOCTH OOJBIIIX
MAacCHBOB TOPOJ TPAKTHYECKH IMOKa HEOCYIIECTBHUMO, TO NPEAYNPEeKIeHHE AeQopMaIiii OTACIBHBIX YCTYIIOB U
MIPEJOTBPALICHNE OCHIITe00pa30BaHMs C IIOBEPXHOCTH OTKOCOB ITyTEM MCKYCCTBEHHOTO YKPEIUICHHUS HAXOAUT ceidac
MIpUMEHECHNE Ha OTEUECTBEHHBIX M 3apyOeKHBIX Kapbepax. Ha GonpmImHCTBE KapbepoB TOPHEIC TOPOIBI, CIIATAOIIIe
Hepaboune OOpTa, HEOTHOPOAHHI IO CBOCH CTPYKType M (DM3MYECKMM W MEXaHWYeCKHM CcBoicTBaM. Jlaxke B
OJHOPOJHBIX M3BEPXKEHUAX MOPOAAX KaphEPHOTO MOJISi HACYUTHIBACTCS MHOXKECTBO 30H TEKTOHUYECKON HapyIlIeH-
HOCTH.

B 3aBHCHMMOCTH OT MX pa3MepoOB M MPOCTPAHCTBCHHOIN OPUEHTAIIMM OHM OKa3bIBAIOT 0OJICC WIIM MEHEC 3HAYM -
TEJILHOC BIUSHUE HAa YCTOWYMBOCTH YCTYIOB U 00pTOB. C MOMOIIBIO YKPEIUICHUS] MOKHO 3aMEJUIATh MIPOIIECCHI BHIBET-
pUBaHUS U OCBIMIAHUSA TTOPOJ, MPENYNPexKAaTh OOPYIIEHHUS YCTYIOB U OChIMIAHUE MOPOJI C TOBEPXHOCTH OTKOCOB.

B crarthe mpoaHamM3MpOBaHBI Pa3IMYHBIC CIIOCOOBI CO3JAaHUS PACTBOPOB MJIS YKPEIUICHUS TPCIIAHOBATHIX
TOPHBIX TIOPOA W CTPOUTENBHBIX coopykeHHi. [IpuBeneHBI pe3yabTaThl HCCIEIOBAHUS XBOCTOB OOOTAIICHUSI
Banxamickoro ropao-merainryprudeckoro kom6urata (BI’MK) u moydeHus pacTBOpOB I YKPETUICHHUS TPEIIHHO-
BaTBIX TOPHBIX TOPO U TOA3EMHBIX TOPHBIX COOPYKCHHH.

YrupodHeHHe MaccuBa TOPHBIX MOPOI Ha OCITAONEHHBIX YYacTKaX TOCTUTAeTCS BBEICHHEM B TPCIIUHBI Be-
IIECTB, KOTOPHIC TIOCIIE OTBEPACBAHUS M CXBATHIBAHUS C TIOPOIOH YBEIHYNBAIOT €€ XapaKTEPUCTUKU COMPOTHBIICHHS
caBury. BBeneHune yrnpoYHSIOMETo BEIIeCTBA B MACCHB OCYIISCTBISCTCS IO AaBICHHEM, a B KAUECTBE YIPOUHSIO-
1IErocsl MaTepuaia HaMU PacCMaTpPUBAIOTCS IIEMEHTHbIE PACTBOPHI, CHIIMKATHI U MOJIMMEpHBIE cMoJbl. Hanbosmbiee
pacTpOCTpaHCHHUE CPEAM METOAOB YIPOYHCHHS IMOJy4YHsia IIEMCHTALUSA IPU MPOBEICHUH TOPHBIX BBIPAOOTOK
(TOA3eMHBIX COOPYXKEHUI) B TPEIIMHOBATHIX MOpoaax. O0macTh ee MPUMEHEHHS — MACCHB, CJIOKCHHBIN MOPOIaMu
OT CHJIBHOTPEIIMHOBATHIX CKaJbHBIX U MOMYCKAIBHBIX J0 KPYMHO3EPHUCTHIX MIECKOB U TaJ€UHUKOB MPU HAIUYUU B
MOpO/IaX TPEIINH, 00CCICYUBAIOIIUX JOCTYI IIEMEHTHOTO PAacTBOPA B TPCIIHHY.

3HAUUMOCTh TOJIYYEHHBIX PE3yJbTaTOB JJISi CTPOUTEIBHOM OTPACIM 3aKIIOYAETCS B PACIIUPEHUH W BOCIIPO-
H3BOJICTBE CBHIPHEBOI 0a3bl MPOMBIIUICHHOCTH CTPOHUTEIBHBIX MATEpPHANIOB 3a CUET MCIOIB30BaHUSA 0TX0m0B [ MK
(xBocToB oboraieHust) U pa3paboTku pecypcocheperaroiux TeXHoaorui. [Ipakruueckoe 3HaueHHe paboThl COCTOUT
B TOM, YTO JETallbHO pa3paboTaH MOAU(UIMPOBAHHBIA CIIOCOO IPOU3BOJCTBA CTPOHTENBHBIX MAaTCPUANIOB H
U3ACIIUH.

KawueBple cioBa: pa3paboTka MECTOPOXKICHHH, Kaphep, HAPYIICHHOCTb, TPEIIMHBI, OOPYIICHHS TOPHOTO
MaccuBa, YKpEIUICHHe, OTXOJIOB TOPHOTO TIPOM3BOJCTBA, CTPOUTENIbHbIE MaTepHalbl, MOIUPHUIIMPOBAHHBIC
pacTBOpHI.
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ENVIRONMENTAL IMPACTS ASSESSMENT
OF TASH BAUXITE MINE IN SEMNAN PROVINCE,
NORTHERN IRAN

Abstract. Mineral resources and mining are the pillars of development in any country. Mining development
must be performed based on the pillars of sustainable development to prevent the damage to water, soil, air, plants,
wildlife and social life of local communities by exploiting valuable minerals and economic development. Lack of
attention towards the pillars of sustainable development in the long-term can turn into serious damages to
environment and social life of local communities. There would probably be needed to spend multiple times more
than the added value earned by the mineral production in order to recompense the environmental and social damages
caused by unauthorized mining. Therefore, from the late 2001 the beginning of mining activities in the Bauxite mine
of the village of Tash has caused challenges for the environment, natural resources and social issues. Some of the
most important of which are loss of water reserves in the region, the pollution of ground and surface waters, soil
erosion, susceptibility of the region to dust, loss of vegetation and rangelands, the endangerment of wildlife, flooding
due to inappropriate tailings depot. This paper addresses to the causes of these pollutions and how to stop further
damages of the process.

Key words: Environment Impact Assessment, Bauxite, Mineral Resources.

Introduction. The future of Bauxite mines in Iran is based on production of 1.5 million tons of
Aluminum to 2025 horizon. Lack of the primary substance of this strategic metal is one of the main
challenges of the industry. It has led to the import of Alumina powder into the country. More than 500
thousand million tons of Alumina powder was imported during 2017 and around 70 percent of the primary
substance of the Aluminum production units of the country are imported. The Bauxite mine of Tash is
located in Semnan province, in Shahroud city next to the village of Tash. It is considered one of the
Alumina mines of Iran which is working under the supervision of Iranian Mines & Mining Industries
Development & Renovation Organization. This company is the only producer of Alumina powder in Iran.
The deposit type of this layered mine is a layer of AIOOH ore and the bedrock of Tash is lime and
dolomite deposit. 93 bore holes along with 6573 meters of drilling has been done for further discovery
studies. The production capacity of this mine is 300 to 400 thousand tons per year and it is 13.13 km®.
1.4 million tons of Bauxite has been extracted so far. Against this harvest, 1.86 million tons of tailings
were harvested. Tailings up to a ratio of 56 to 1 are also possible. This means to hit rock bottom
economically. The ultimate volume of tailings dump is also estimated about 62 million tons [Ashofteh et
al, 2019].

1. Geology of the area under study. The lenses of Bauxite of Tash are organized based on textural
and mineralogical ingredients which are zoned from the bottom to top with lower clayey layer, shale
Bauxite unit, hard Bauxite unit and upper clayey layer.
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1.1. Lower kaolinite layer. This layer is located above the Elika dolomites and under the Bauxite of
shale. It is whitish gray and it has 30 to 85 centimeters thickness. The chemical and mineralogical
composition of this layer in different parts of the mine is heterogeneous. The main minerals are kaolinite
in some parts and in other parts illite and diaspores make up the main ones. This lack of homogeneity is
caused by the differences in circumstances in the sediments. This layer is enriched with Bauxite if
drainage conditions are appropriate and when the drainage condition is inadequate, clay minerals such as
illite and kaolinite are made. This is part of the shale layer that has been separated from the Bauxite by
two factors. The first factor is direct contact with carbonate rock which has a totally different condition
from shale Bauxite conditions. The other factor is the drainage and fluid motion manner in this layer
[Aghanabati, 2006].

1.2. Shale Bauxite unit. This layer is located above the lower kaolinite layer and below the hard
Bauxite layer. The thickness of the layer changes based on the sediment’s environment. It is mostly 0.5 to
2 meters thick. Shale Bauxite is dark red, brown, usually layered and very fragile. Hematite minerals are
often found in the form of nodules. The chemical and mineralogical admixture of this layer mostly shows
the enrichment of moving elements such as K, La, Mg, Na, Pb, Rb, Sr and the depletion of elements such
as Cr, Ga, Mo, Nb, Th, Zr. This elemental behavior is seen in most karst Bauxite deposits [Nabavi, 1976].

1.3. Hard Bauxite unit. This unit forms the main ore deposit. It is called hard Bauxite, industrial
Bauxite, and hard diaspora. It is around 3 to 10 meters thick and is founded in the colors gray, green, red
and brown. The Aluminum percentage of this part is very high. It sometimes even goes up to 80 percent.
The chemical and mineralogical composition elements reveal the fluctuation of the reductive and
oxidizing conditions during the formation of this unit. By the presence of red Bauxite, the oxidation
conditions are caused. This process can be ascribed to the exogenous oxidation of iron ores and the
formation of secondary iron oxides and hydroxides which is formed in the oxidized environment of the
continental margins. In addition to secondary iron ore minerals, anatase, boehmite and diaspora are
formed in oxidation conditions in which the admixture of boehmite and hematite reveals the oxidizing and
acidic circumstances of the environment. The resuscitation condition is defined with the presence of the
green Bauxite enriched with chamosite. The iron needed for these minerals to be made is received from
the iron and sulfur oxides of the bacterial revival of the environmental sulfates. Chamosite is formed in
low pressure environment with a low pH between 7 to 8 and an Eh higher than -0.2. The amount of active
silica is higher in the hard Bauxite than other Bauxite units. This makes problems with Alumina
production [Abedini et al, 2019].

1.4. Upper kaolinite unit. This part is hardly found in some parts of the ore under the shales. The
chemical and mineralogical admixture of this layer is almost homogenous and mainly made up of
kaolinites. It is possible that the Aluminum enriched minerals of this layer be secondary meaning that
Aluminum clay minerals including kaolinite and halloysite react and make aluminum minerals because of
the similarity of the chemical behavior of Aluminum with silica. New minerals are found in the Bauxites
in the kaolinite mettle in the form of veins and membrane. The main part of this layer is destroyed due to
erosion. One of the obvious signs of this layer is the presence of concretions and hematite nodules. The
separate presence of the Aluminum and iron layers in concretions is the result of subtractive ironing. The
formation of concretions is the result of epigenetic processes. The main mineral of nodules are hematite.
They are caused by fluctuations in the surface of the ground waters. If there are nucleuses in the centers of
the nodules and they also contain concretion circles, they are called pisoid and macro pisoid tissue. If they
don’t have nucleuses and contain no concretion circles, they are called iron nodules and the texture is
called nodular tissue. The low energy level of sediment area and the lack of appropriate nucleuses lead to
the formation of this tissue. The existence of concretions and lateritic nodules in the area confirm that the
dilution containing silicate gel with other sub-elements along with hematite are shaped in karstic activities
[Esmaeili et al, 2010].
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Figure 3 — Aerial picture of the Bauxite mine of Tash

2. Geomorphology of the area of study. Mount Shahvar with 4017 meters height is one of the
highest mounts of the eastern Alborz mountain which is located in Semnan province. The average height
and the maximum mining catchment area 3394 and 3891 meters. One of influential parameter is the
vegetation. There are unique varieties in Shahvar region. Onobrychis cornuta and juniperus in the area
which grow in steep stopes have an important role in stabilization of the soil and controlling the floods.
The areas with steep slopes for example greater than 65 degrees have a very wide mining range. Slope is
one of the influential parameters on the amount of runoff, erosion and sedimentation of the basins. The
basin slope is also an influential element on the longitudinal slope of the waterways and as a result the
energy of surface currents. One of the parameters that affect the surface flow share of total downfall is
also the slope. The more is the slope, the less becomes the rally time. Therefore, in steep slope basins,
higher discharge can be expected than low slope basins [Abedini et al, 2019].

Figure 4 — Basin of Bastam-Shahroud and its gully and river system

3. Environmental issues of Bauxite mining of Tash. One of the most important environmental
issues of Bauxite mining of Tash is the disappearance of vegetation, wild life, decrease in animal
husbandry.

—— 94 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

3.1. Dust creation. Some of the important reasons for the creation of dust and dust in this area are as
the following:

Explosions, existence of screeners in the mine, destruction of vegetation, erosion of soil, commuting
of the trucks, disposal of tailings and soil, mining machinery activities and incorrect management of
waste.

3.2. Threat to groundwater resources. Bastam watershed area is made up of smaller watershed areas
which were gathered due to thousands of years of rainfall and storage of rainwater in groundwater
aquifers. The entire area of Bastam-Shahroud is made up of storage and and is fed by the reservoir in the
basin. The Kkarstic cavities of the limestone in this area are water reservoirs. They are one of the strategic
water reserves of Iran. Mining activities specially the explosions has caused a risk of destruction of
reservoir rocks of the water resources of the area. Mining is done in the northern borders of the watershed
area of Bastam-Shahroud which is next to the watershed of Aliabad in Gorgan. Extensive destruction of
the watershed boundary causes the topographic slope to shift northward in the catchment basins.
Therefore, the water sheds to the watersheds of Aliabad in Gorgan and as a result the water supply of
Shahroud area faces a serious problem. It is possible to extract bauxite from lime formation over 200
million years old up to 800 meters depths. There is a risk of disappearance of water reserves in the area if
the open exploitation of the mine continues. Negative influences of mining activities on the water reserves
can be stopped by conducting precise studies, banning explosions and gathering extra tails of the mine.
Based on the studies conducted, there is 235 million m* water in this area which equals the amount of
water in the reservoir of the Karaj dam (200 million m?) which reveals the importance of conservation of
this source.

3.3. Pollution of ground waters and surface. There is no proof that confirms the pollution of ground
waters and surface with heavy metals like arsenic, plumbum, chromium and nickel but the preliminary
studies show that mining activities in the area has caused a rise in the amount of Mg, Al, Si and Na to the
density of 1,8 ppm, 273 ppb, 14,9 ppm and 3,5 ppm. Without the mining activities, the densities were
1 ppm, 59 ppb, 0.8 ppm and 0.7 ppm. Based on the declaration of the head of the village of Tash, the
amount of water running from Shahvar springs has had a prominent decrease in comparison to the past.

Table 1 — Summery of the data related to Bauxite mine of Tash

Row Additional Description Description Title
1 1986 The first report on the mining potensial
2 2008 Exploratory studies
3 2008 Mineral range registration
4 1300 Hectare Mineral area
5 2010 Exploration license
6 6573 Meters Drilling rate for exploration
7 2013 Certificate of discovery
8 2014 Issuance of operating license
9 1,4 Million tons Mine utilization rate so far
10 | The average tailing ratio is 14: 1 1,86 Million tons The rate of tailings mining so far
11 | According to recent studies, it is 8.3 million tons 775 Thousand tons Total mine storage in license
12 | That increased up to 350,000 tons 140 Thousand tons Annual allowance for mine harvesting
13 300 People Direct employment in the mine
14 1000-1500 People Indirect employment in the mine
15 300000 Rial Cost of exploitation of per ton of Bauxite
16 300000 Rial Cost of exploitation of per ton of tailings
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3.4. Creation of floods due to tailings depot in waterways and valleys and inadequate tailing
management. Since the beginning of mining activities in Bauxite mine of Tash, 1400000 tons of Bauxite
has been exploited. Against 1860000 million tons of tailings were carried out. Based on previous studies,
the amount of dump exploitation in the mine is 14 to 1. The maximum range is 56 to 1 economically.
Therefore, during the next years a huge mass of waste (more than 10 million tons) will be created.
Inadequate management and lack of a plan to organize this amount of waste is one of the most important
challenges of bauxite mine of Tash. Nowadays, tailing dumps are poured into valleys and water ways
which leads to high possibilities of flood creations. Floods have caused a lot of trouble in Tash in 2018.
Therefore, the most important problems caused are disappearance and destruction of vegetation, blocking
the waterways and the threat of destruction of the watershed’s border. In other valleys empty of tailing
dumps, no flood has happened but in the village flood has happened because of mining depot in the valley
and blockage of waterways.

4. Statement of the problem. Water samples of the Tash region were sent to the laboratory of Iran
Mineral Processing Research Center and analyzed by the titration method to determine water hardness.
The hardness degree of these samples was discovered to be lower than the World Health Organization
(WHO) standard. Water hardness was ranked as good adopting Schuler's standard. The TDS parameter
was measured by a multimeter to determine water quality. According to the WHO standard, the TDS of all
samples except 2W exceeds the standard. The presence of calcareous and marl units as well as long
distance passed of water resources can be an explanation for the high TDS. The rise in TDS correlated
with mineral activity has resulted in the more dissolution of the material. Assessment of MI and HPI index
revealed that all samples were contaminated and non-drinkable. The pH, also known as acidity, is one of
the chemical characteristics of water. The "Iran Standard 1053" defines the allowable pH of water between
6.5 and 8.5. The pH measurement of the water samples revealed that their pH concentration ranged from 6
to 8.3. The pH concentration of all samples follows the Iran Standard 1053, but the 2W sample obtained
from the contact site of Elika and Shemshak formation has a pH of 6. This shows the influence of
Shemshak'’s coal formation.

4.1. Water quality evaluation based on the Metal Pollution Index. This index is a measure to
determine the impacts of heavy metal pollution on water quality. This index was proposed by Tamasi &

Cini (2004).
N

MI= Z ((MiliC)i)

1

In which, Ci is the concentration of each element in the water and (MAC)i is the number of the metal
element. If MI>1, the water is not drinkable. According to this, all samples are consequently contaminated
and non-potable. The 2w sample obtained from the Bauxite mine had the highest contamination.

4.2. Water quality evaluation based on the Heavy Metal Pollution Index. This index was proposed by
Mohan et al (2008).

HPI = 224 (1)
In which, Wi is the weight ratio of the ith component, that is calculated by the standard inverse.
Wi = 1/Si 2
qi is the quality rate of the ith component, that is calculated with the following equation.
qi = X (Mi(-))/(Si) * 100 (©)

In this equation, Mi is the concentration of the ith component, and Si is the standard value of the ith
component. The () sign shows the numerical difference of two values, which is neglected. If HP1>100,
the water is contaminated by heavy metals, and if HPI = 100, it is at risk of heavy metal contamination.
Ultimately, if it is HPI<100, the water is not contaminated by heavy metals.
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Table 2 — The concentration of non-metallic cations in water samples

rl TDS HCO, SO, Cl NO; K Na Mg Ca Sample
0.57 4221 130 19 8 5 1.29 1 22.6 33.9 1
0.72 347 120 22 6 5 1.21 1 18.8 37.9 2
0.68 2727.9 125 25 8 5 1.25 1 20.1 36.2 3
0.72 2463.3 115 22 6 5 1.29 1 19.6 36.9 4
0.75 456 100 33 8 5 1.2 1 19.6 333 5
0.70 403.83 110 27 8 5 1.34 1 195 36 6

* 600 120 450 250 45 0 200 50 100 WHO

Results. 1. Most samples are higher in TDS than The World International Standard. Rise of TDS in
mines can be caused from the mining activities which lead to more dissolution of substances. The
existence of lime and marl units as well as long distances to water resources can be a reason for the high
TDS.

2. The hardness of the water is rated well based on the Schuler Standard. The hardness in water
samples is lower than the WHO standard. The dominant anions and cations are calcium bicarbonate in
most samples. Determination of water shows two complexion of calcium bicarbonate and magnesium
bicarbonate in the study area. The reservoir is made of calcareous dolomite. Evaluation of ionic index
showed that the above index for water samples in the study area is less than one and their class is Na-SQO,.

3. The pH density of the samples differs from 6 to 8.3. The pH value was 1053 Iranian Standard in all
samples but the sample taken from the contact site of Elika and Shemshak composition has a pH of 6
which reveals the effect of Shemshak coal composition. Analyze of Ml index of all samples are polluted
and non-potable. The highest pollution was at the Bauxite mine site. HPI evaluation results revealed that
water resources were polluted with heavy metals and were not potable. The highest level of pollution is
from northeast of the bauxite mine site.

PH
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Chart 1 — PH concentration chart of water samples and comparison with Iranian Standard
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Chart 2 — Diagram of metal index MI water samples




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

HPI

793.5
793
792.5
792
791.5
791
790.5

793

790

790 790 790 790
790
789.5
789
W 3w 4w 5W 6W

788.5
1w 2

o

Chart 3 — Diagram of metal index HPI water samples

Suggestions. There are a few suggestions in order to stop more damages and prevent this process.
. Using sharp drill.
. Decrease the number of fireworks and work-related scarring.
. Use of machinery equipped with dust absorption and treatment system.
. Decrease the slope of the mine dump wall and install drainage covered with clay.
. Prevention of extraction and loading of bauxite in the area of juniperus.
. Stopping too much truck traffic or commute back and cleaning the freight root and mulching.
. Keeping the tailings wet and away from waterways and rivers.
. On time service of mining equipment and removal of old machinery and collection of burnt oil
from the mine.
9. Creation of an artificial channel and lake in downstream to direct floods and build a pipeline to
direct surface water.
10. Reconstruction of destroyed areas.
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Figure 5 — Ml and HP metal index zoning map
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MOBILE COMPOSITE WIND POWER PLANT WITH DIFFUSER

Abstract. This research focuses on the stage of engineering a technical prototype of a composite wind power
plant with a diffuser (WPPD). The area of a particular interest in the article is the mathematical aspect of the
engineering stage. The article presents a theoretical study as well as experimental and practical data essential to
obtain an effective shape of the diffuser. Here are also given engineering calculations and results of patent researches
and field tests.

The authors calculate the most rational design parameters capable of ensuring the maximum speed in the area of
the blades. This leads to an increase in the generated electricity, since it depends on the speed cubed. The increase in
speed is stipulated by the passage of the air flow through the narrow part of the diffuser into the area of expansion
and is consistent with the Bernoulli equation. The differential equation relates the flow velocity to the cross-sectional
area of the diffuser. It should be noted that its inner part is the surface of rotation of the generatrixes around the axis
of the diffuser. The surface shape can be adjusted based on the obtained mathematical calculations. In the research,
these curves are described in the form of polynomials of various degrees. After integrating the differential equation
for each curve individually the best option is selected. Here is also given an example with a quadratic function,
which was experimentally substantiated in earlier researches and is used to compare the effects received from
different generators.

The described technology, with account taken of the shape of the generator fairings, contributes to the further
improvement of the WPPD. The article serves as the basis for engineering a technical prototype of a mobile
composite WPPD.

Key words: wind power plant; composite material; windwheel; diffuser; speed.

Introduction. Economic crises of the past decades have shown that many traditional measures can
provide no more a balance between the three pillars of sustainable development: economy, environment,
and social sphere. This imbalance urges Kazakhstan to focus more on conceptual studies and related
events: researches in the sphere of sustainable energy [1]. Sustainable energy is a sphere of mass
application of high technologies; it is a catalyst for extensive social and economic development which
provides a higher quality of life and transition of the society to environmentally sound technologies.

During the Astana EXPO — 2017 exhibition, the National Center for State Scientific and Technical
Expertise (NCSSTE) held an international forum entitled “Integration of Science and Business”. In his
report “Energy of Kazakhstan: Yesterday, Today, Tomorrow”, President of the NCSSTE listed the project
described in the present paper among the four best Kazakhstani innovations in the field of green
technologies. The project in question is aimed at creating a model prototype of a composite wind power
plant with diffuser (WPPD) [2].

Research methods. Engineering and designing of the WPPD technical prototype demanded the usage
of theoretical and applied research methods, including resource-saving techniques of processing
(composites) CMs [4], tests, and analysis of the influence of the shape of the WPPD units on the amount
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of the produced energy [5]. The energy output of the wind turbines grows in proportion to the wind speed
cubed. Availability of a diffuser leads to a decrease in pressure in the expanding section, which causes an
increase in the air-flow velocity in the convergent section of the diffuser. The process of the flow motion
is simulated with the help of the conservation of mass differential equation relating the flow velocity to the
cross-sectional area of the diffuser. In order to describe the generatrixes of the inner surface of the diffuser
there were used polynomials of various degrees that lead the mass conservation equation to the differential
equations with separable variables. The analysis of the results showed that the shape of the generatrix of
the construction in question makes no significant effect on the flow velocity increase near the wind wheel.
This can also be backed up by the results of some tests of WPPD models carried out by the researchers
from Buketov Karaganda State University in 2018.

Subsequent mathematical investigations reveal the influence of the geometric parameters of the
fairings on the increase in the air-flow rate by 12-13% [5]. These calculation data are the basis for further
experimental design and technological work essential for the creation of a technical prototype in order to
obtain acceptable output parameters of the WPPD.

Parameters and advantages of the WPPD. Due to the grants from the Committee of Science of the
Republic of Kazakhstan, there were constructed experimental prototypes [3] of a composite WPPD with
the following parameters: mass — 95 kg, tower height — 4 m, designed capacity — 1 kW, temperature range
— between 50° C below zero to 80° C above zero, material — fiberglass, service age — 20 years. Generation
of current begins when the intense wind speeds range from 4 to 25 m/s.

It is worth noting that today there are only 4 or 5 types of wind power plants with diffuser. The states
currently engaged in their construction are USA [4], Japan [5,6], UK [7] and Kazakhstan (figure 1).

WPPD in the USA WPPD in Japan WPPD in UK WPPD in Kazakhstan
Figure 1 — Various types of WPPD in the world

WPPDs made outside Kazakhstan are stationary, i.e. they are not mobile. Unlike them, the WPPD in
guestion is mobile. Mobility is achieved due to the smaller size of WPPD compared to the common types
of wind turbines. Assembly (and disassembly) of the WPPD in the field conditions takes no more than 2-3
hours and can be carried out by 3 people without any special lifting devices.

Advantages of the described wind power plant include its ease of use, high maintainability, climate
resistance, safety of a wide range of applications, quiet operation, low metal consumption, attractive
design, lack of radio interference and some others. It is very convenient for those people whose jobs and
occupations demand frequent moving: cattle breeders, geologists, tourists, fishermen, rescuers and other
consumers, especially those living or working in numerous remote and hard-to-reach locations of
Kazakhstan.

The diffuser of the wind turbine in question turns to the wind with its narrow part and increases the
speed of the air flow. It also protects the windwheel from the sun, birds, moisture, dust, etc. The WPPD is
a reliable, noiseless and environmentally friendly source of energy.

Efficiency of the wind power plant with diffuser. The power of impeller type wind turbines (with
horizontal axis of rotation) is calculated according to the formula [8,9]:

P = kD?V3, (1)

D — diameter of the windwheel; V — wind speed; coefficient k depends on air density, wind energy
utilization coefficients, transmission mechanism and generator.

Design characteristics of the compact wind turbine. According to formula (1), generation of power
by the wind power plant depends on wind speed, diameter, shape and material of the windwheel. Relation
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(1) shows that the increase of power is proportional to the squared diameter of the area swept by the
windwheel. Thus, for example, if the blade is lengthened by 3 times, then the output power will increase
by 9 times. This, certainly, causes a set of problems connected with material requirements, increased
construction costs, ensuring strength, stability, etc. In this regard, small scale wind turbines are more
reliable.

It seems more preferable to achieve the increase of power capacity by using other multiplicands in
(1), since it depends, for instance, on wind speed cubed. This is a more determining factor. Wind speed
depends not only on numerous climatic factors, but also on the type of the land surface and height above
the ground. Various obstructions on the ground and friction of the lower layers against the earth's surface
reduces the speed of the wind flow. Yet, it is at lower heights that turbulence of wind increases. If you
take some random fixed place meeting all the necessary wind power plant dimension criteria, you will see
that even within its boundaries the wind will frequently change its vector and “diffuse” kinetic energy in
different directions [10]. Therefore, it is desirable to have such an air stream in which all particles will
move in one specified direction. This can be achieved by ordering motion of particles, for instance, with
the help of a horizontal tube or a diffuser. This will make the air flow less turbulent and directed [11]
perpendicular to the plane of the windwheel rotation. Remarkably, the efficiency of the latter will increase
significantly, especially if a diffuser is used, since the flow speed near the blades is higher compared to the
speed outside the diffuser. This, according to formula (1), increases the power considerably. However, in
the blades there may also arise significant centrifugal (tensile) stresses proportional to the density of the
material and the square of the rotational speed. The increase of angular speed can be compensated by the
corresponding decrease in the mass of the windwheel, if modern lightweight materials are used instead of
metal.

The urgency of such problems as energy fuel price rises and new ecological requirements became
apparent in the late 20" century and coincided in time with the development and production of composites
— materials with specified properties. Composite materials are materials formed by means of volumetric
coupling of chemically heterogeneous constituents. They combine best properties of their constituents:
strength, ductility, wear rate, low density, etc. It is remarkable that the composition itself is distinguished
by such properties that none of the components, when taken separately, possesses. The most important of
these properties include high specific strength, stiffness of the reinforced structure and the possibility of
their variation by choosing particular constituents, modifying the structure, etc. [12].

Wind turbine power output grows proportionally to the cube of wind speed. Availability of the
diffuser contributes to the decrease of pressure in its expanding section. This causes an increase in speed
of the air flow and kinetic energy in the narrow part of the diffuser [13, 14] where the windwheel is placed
(figure 2).

G

ba¥s% s

DIFFUSER

Figure 2 — The main scheme and a model prototype of a windwheel with the diffuser

In a common type of the wind-driven power plant there chiefly interact 2 key parts: its generator and
the blade exposed to the unrestricted air environment. Unlike the common type of the wind power plant,
the WPPD under consideration has an additional mechanism of interaction: its windwheel and a diffuser in
the restricted airflow. This gives rise to a wide range of new theoretical and technical problems and tasks
connected with aerodynamics and oscillations, stability and strength, electrodynamics, etc.
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Mathematical justification for the use of a diffuser. Without dwelling on the complex mechanisms of
the processes inside the diffuser, we shall consider a one-dimensional motion of incompressible fluid (air).
To find the simplest analytical dependence of the flow speed distribution along the axis of the diffuser, we
shall use the mass conservation equation [15]:

1dv 1dS
var s O 2)
The internal generatrixes of the diffuser with an airfoil in its longitudinal section can be described by
using a parabola y=a+bx? in accordance with Figure 3.
Then the cross-sectional area of the rotating body will be: S = 7 xy?(x) = m(a + bx?)? , if we
apply this relation to formula (2), we shall get an ordinary differential equation with separated variables
d_V — bx
- a+bx?

Using the method of separation of variables, the general solution can be presented in the form:

dx

. c
" (a+bx?)?’

where ¢ — the constant of integration.
Using the experimental ratio V' = 1,27 Voo [16], we shall obtain the formula

_ 1.27a%v,,
" (a+bx?)?’

which, considering the real dimensions of our WPPD: a=0.5 m., b = 0.35 m, V,, - wind speed outside the
diffuser.

Here: Vipput = 1.13 V.; Vouiier = 0.32 V...

The obtained speed distribution and diffuser profile are presented in figure 3a.

As it was specified above, with the consideration of formula (1), the experimental theoretical relation
V = 1.27 Vo - requires doubling of the output energy of the wind turbine, such as 1.273 = 2.05.

These calculations are made for the diffuser without taking into account the area of the windwheel.

Air-flow velocity coefficients with the consideration to the wind wheel. If we equip the diffuser with a
center body — wind fairings in the form of combined paraboloids of rotation, this can alter the speed
profile. To obtain numerical data, the internal content of the diffuser is divided into 4 zones, whose
longitudinal section contains flat areas for separate integration. As shown in figure 3b, these areas are
bounded by curved lines — the generatrixes of the diffuser (on the inside) and the wind turbine fairings.
The obtained solutions of the differential equation are consistent at the boundaries of these areas.

v ym

~
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03 016 0 0.17 12 xm

-

03 016 0 017 03 06 0.9 12 xm

a b

Figure 3 —a) curve | — speed distribution along the diffuser axis;
curve Il — inner generatrix of the diffuser profile; b) division of the diffuser section into zones

After solving the tasks with the consideration of division into zones, we shall obtain the
corresponding profiles of flow speeds, similar to the ones shown in Fig. 3a. For different types and sizes
of the generator there were obtained the following values of input speed, speed at the output of the
diffuser, and speed in the zone of the windwheel:
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Vinput = K1 Voo, Vinax = k2 Voo, Vouter = k3 Vo

where k,€[1.06; 1.1], k,€[1.21; 1.28], k3€[0.29; 0.31].

The average value of the wind amplification coefficient k, equals to 1.245. This leads to an increase
in power by up to 1.93 times.

Results of field tests. The first field tests were carried out on the mobile stand-car "Gazelle" with the
WPPD and instruments installed on it. This is an affordable and effective way of testing.

Figure 4 presents the results of testing the first WPPD prototype. The curved lines show that the
voltage produced by the WPPD is 1.4-1.5 times higher than that produced by the wind turbines without a
diffuser. This means that the diffuser almost doubles the power capacity of the wind power plant.
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Figure 4 — Voltage U, dependence on wind speed

These results can be of use when designing other types of WPPD. They can be also helpful for the
construction and research of experimental models of wind power plants.

Figure 5 shows the output values of the accumulated at 24 h. capacities Py, of the most recent
prototypes: WPPD-3 and WPPD-4, constructed in 2014 and 2017 respectively. They differ in weight and
other characteristics. It should be noted, that in 2017 there were applied various rotary devices. The test
results of 2017 are presented in the form of graphs reflecting operation of WPPD-4(1) and WPPD-4(2)
when the electrical load (battery) is connected to it. For comparison, we also show the data for WPPD
received earlier in 2014.

1400

1327,2
1200 119775 1292,8
1461,6
1000 10587 055 6
— 800 78,3 2014
L 6522
£ o ’ 63768
] 247,4 2017 -1
a 400 331,2
200 157,2 3249 203¢01 2017-2
160,4 98,4
0 124 4.8
3 m/s 4 m/s 5m/s 6 m/s 7 m/s 8 m/s
Vn (M/s)

Figure 5 — Graphs of power generated by WPPD-3, WPPD — 4(1) and WPPD — 4(2)

Variability of the values of the wind turbine output parameters in the two graphs above does not
exceed 10% at wind speeds of 6-8 m/s. Apparently, the variability is caused by the peculiarities of the
rotating device. At speeds of 3 to 6 m/s, the variability is insignificant.

From the comparison of the three curved lines depicted in figure 5, it follows that there is a “band” of
numerical values of energy for the 2017 electric generator, whose average points are 5.5 times higher than
for the WPPD with an electric generator of 2014.

—— 34 ——
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Conclusion:

1. The work in question helps to design a prototype with competitive parameters which will serve as
the basis for small-scale production.

2. In the range of wind speed of 4-7 m/s, the new generator provides a significant increase in the
accumulated energy.

3. Rural residents have problems with electricity availability, therefore this issue still remains relevant
[8,16,17]. The WPPD in question can solve these problems to some extent.

4. The use of this WPPD will have both economic and environmental effect and provide energy
independence at the local levels.
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Kazakhstan for the project AP05135906 “Creating a technical prototype of a composite wind power plant
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JAUDPPY30PbI BAP KOMIIO3UTIUAJIBIK MOBHUJIBAI JKEJIOHEPI'ETHKAJIBIK KOHABIPT b1

AnHoTtanust. 2002 KbUTBI 00JIBIC OKIMAEPI KAaTBICKAH Ke3IeCy/ie MEMIICKET OacIIbIChl ayblIIapIblH MEMIICKETTE
eHZipinreH 3HeprustHBIH 10%-bIH FaHa TYTHIHATHIHBIH aTall OTTi. byl TeK SHepreTHKaibIK >KEIUICpAiH Hamap-
JIBIFBIMEH KaTap KONTEreH aybUIIbIH KalllbIK OPHAIACYbI JKOHE XaJbIK ThIFBI3ABIFBIHBIH TOMEHAIr HE OaiIaHBICTHI eI
Tyciamipinmi. Ocel KaFgaimapapl ecKepe OTHIPHII, ONapIbl Ke3-KeIreH KOJ KETIIEHTIH jKepre OHal KeTki3yre Ooa-
TBIH aBTOHOMJIBI 9HEPIHs KO3iMEeH KaMTaMachl3 eTyre Oaca Hasap ayxapsuiabl. Con yakeiTTad Oepi 20 MIakThl XKbLT
OTKCHIMEH, ayblT TYPFBIHAAPBIHBIH SHEPTUSAHEBI TYTHIHY MeOJIIepi OipHelIe ece TOMEHCT KeTKeH1 OenTiti O0IIpl.

Ochl TyBIHIANl OTBIPFAH KUBIHIBIKTAH IIBIFY YIIH TYTHIHYLIBUIAPIBI AJICKTP SHEPTHSACHIHBIH TYPJi ILAFbIH
KO3IMeH KamTamachl3 eTy Kaxer. CoyapiblH apachlHaH KYHHIH, JKeNTiH KoHe T.0. opacaH TaOWFU MOTCHIHAJIBI
KOJIIAHBUIATBIH, )KAaHAPTHUIATHIH HEPrHs KO3iH epekiue arar oTyre 6onaasl. Onap agaM eMipiHiH carachiHa JKaKChl
ocep ere Oepe OTHIPHIN, Ta0WFAT MEH KOFAMHBIH SKOJIOTHSUIBIK Teme-TeHHIriH Oy30aiinel. CoHBIMEH Oipre, ke
9HEPreTHKAChl OaFBITBIH aiipbIKIIa aTal Ty KaXeT, OWTKEHI eNIiH jKell KaJacTpbl aya arblHbIHA KOJDKETIMJI
eKeHJIIriH pacTar oTeIp. KernrereH capanimsiiapablH alTybl OOMBIHINA JaTalibIK JKa3bIKTap MEH YCTIPTTEpIiH KeHIIT1
KEJI SHEPreTUKACHIHBIH JaMybIHA OHTAWIIBI OOJIBII CaHANA/IbL.

OTaHOBIK FaNBIMIOAp SHEPTHS THIMAUIITT MEH JXEpPruUTiKTi KepAeri camajbl KOJIAHBICHIH JQJENICTCH JKell
TypOHMHaJapbIHBIH OipHenie TYpiH »kacam mbiFapyna. OcCbl CTallMOHAp SHEProMallMHAJIAPBIMEH CAJBICTBIPFAaH/A,
3epTTeniHeTiH Tuddy30psl 6ap KOMIO3HUTTIK JKeIIHEPreTUKaNBIK KOHABIPFBI (JYKDK) sKBUDKBIMAIBI OOIBINT KEeNei.
Bysl KOHIBIPFBIHBIH JKEHUT >KoHE OEpiK KOMIO3MLMSUIBIK MaTephaiaH — MIBIHBl TAIIIBIKTaH >Xacalybl OHBIH
MOOMIIB/II OONybIH KamTamackl3 eresii. COHBIMEH KaTap, KOJDKETIMAI MH)KEHEPIIIK 9J[icTep MEH ecenTey Heri3iHae
JaibIHAaIFad A Gy30pAbIH apHalibl (JOpMachl KOHCTPYKIMS TU3aHHBIHBIH XKaHAIIBLIIBIFBIH aHKbIH AW IbL.

Makana nuddy3opsl 6ap KOMHIOZUIMSUIIBIK JKEIIHEPreTUKAIBIK KOHABIPFRIHBIH ([IJKOK) TexHMKanbiK nporo-
THUIIH >ko0aslayZblH MaTeMaTUKaIBIK OesiMiHe apHanraH. JKywmbicta nuddysopasiH THiMAI GopmackiH amy YIIiH
TEOPHSUTBIK 3EPTTEY JKOHE JKCIEPUMEHTAIIBI-TKIpHOENiK Jepekrep Kenripiaai. MHKeHeprnik ecemnrtey, Keke
FBUIBIMH 3€pTTEYJICPiH, MATEHTTEPiH )KOHE AaJaJbIK CBIHAKTAP/IbIH HOTHXKEIIEP1 KOIAaHbIIIBI.

Kanak aiimarplHa MaKCHUMaJIAbl O KBUIIAMJIBIKTBI KaMTaMachl3 €TeTiH KOHCTPYKIMSHBIH €H YTHIMJIBI
napaMeTpIiepi ecenrteneni. by eHIIpiaeTiH 3JeKTp SHEPrHACHIH apTThIpaabl, ce0ebi 0 KbUIAMJIBIKTBIH YIIIHII
Jopeskecine Toyenai. JKpuinamMIbIKTeIH apTybl 1u(dy30paAblH Tap Oeiiri apKbUIbl OHBIH KEHEI0 aliMarblHa ©TyiHe
Heri3aenreH xoHe bepHyiun Tenneyine colikec keneni. JuddepeHumanaplk TeHaeyIep aFbIHHBIH KbUIIAMIBIFBIH
muddy30p KMMachHBIH ayJaHbIMEeH OaiaHbiCThIpansl. COHBIMEH KaTap, OHBIH imiki Oeriri — nuddy3op ociHiH
alfHaNaChIHIAFBl TY3YIII CHI3BIKTAP/BIH aiiHamy OeTi. BeTTiH MilliHiH aJbIHFAaH MaTEeMaTHUKAJIBIK ECeNTey Heri3iHe
perreyre Oonazpl. byn KUCBIKTap apTypili ASpeKeaeri MOIMHOMAAP TYPiHAE CUIIATTaFaH.
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OpOip CBHI3BIK YIIiH afHBIMABUIAPHI AKBIPATHUIATHIH JH(QepeHnnanaplK TeHICY KeKe-)KeKe HHTeTpajiaHa bl
KOHE JKeJasK alMaFblHIa KeJl XKbUIIAMABIFBIHBIH KYIIeroi Kod((HUIMeHTIHIH MmaMackl OOMBIHINIA OHTAWIBI HYCKa
TaH#aNaAbl. AJIIBIHFBI SKCICPHMEHTAIIbl KYMBICTapFa HETI3IENTreH XoHe 0acKa TeHepaTopiiap dCepiMeH CalbIC-
THIPY VIIiH KBaAPaTTHIK QYHKINS MBIcaFa KenripinreH. Canra IeiiH jKeTKi3UITeH aHATUTHKAIIBIK, IISIIiM JKeJl KOH-
JBIPFBICHIH NalilalaHy MIapTTapblHa OapblHIIA JKAaKBIHIATBIIFAH CHIHAKTApAa IOJNIENICHreH. AJBIHFaH rpadukTep
OHIIpiTeH »Heprus ymiH auddy3opsr 0ap KOMIO3HIUSIIBIK KETIHEPTeTHKAIBIK KOHABIPFRIHBIH ([KOK) typmi
yarinepinge KyaT eCiMiH eKi )KoHE OJaH Ja KeIl ece KopCeTeIi.

Maxkamaga coHFBl OipHeIe >KbUT OOMBI 93IpJCHIeH XOHE KACAIFAH KOMITO3HTTIK TOXKIPHOENIK YNTrimepaiy
OpTYpNI HYCKaNapblH 3epTTey HOTHKenepi kepcerinred. Omap Oip-OipiHEH 3JIEKTpOTeHEpaTOpIapAbIH (I3UKa-
TeOMETPHUSIIBIK IapaMeTpliepiMeH [ie, IIBIHBI IUTACTUKTEH JKacallFaH JKel WIETIITIH >KUBIHTBIKTAyIIbl 3JIeMEHTe-
piMeH nie epekmeneHe Ii. 3aTTHIK ChIHAK HOTIDKeNIepiHiH iminae eH trimai Hycka JIXKOK - 4 koHCTpyKUMsACH OOIBITT
canananabl. OraH coiikec Matepuangap «Acrana. DKCIIO-2017. bonmamak SHepruACk XalbIKapalblK MaMaHIaHIbI-
PBUIFaH KOpMeCIH/Ie YCHIHBUIFaH JKOHE capallubuiap MeH KOFaM OKiJIIepiHiH KbI3bIFYIIBUIBIFBIH Ty IBIPABL.

CoHbIMeH KaTap, TeHepaTOpAbIH aiiHaaFa aFyblH eCelKe ajia OTBIPHIN, cunartainral anicreme JJKOK-HbI onan
opi KeTinmipy OOWBIHIIA HOTIDKENepre okeneni. Makama MoOmwibai koMno3unusuiblk JIXKOK-HBIH TeXHHKAIBIK
MIPOTOTHITIH KYpY YIIiH HETi3 OOJIBIT caHala/Ibl.

Tyiiin ce3ep: KeIIHEPreTHKAIBIK KOHIBIPFBI, KOMITO3UIMSUIBIK MaTepHAaI, JKell JoHresneri, Tuddy30p, MIBIHBI
IUTACTHK.
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MOBUW/IBHASA KOMITIO3UIITMOHHASA BETPOOHEPTETUYECKAS
YCTAHOBKA C JH®PY30POM

Annoranus. Emé B 2002 roay Ha cOBEUIaHWN ¢ PYKOBOIAHUTEIIMU oOJacTeil [ 1aBa rocymapctsa OTMETHII, YTO
ceno motpebiser mumb 10% 3IIeKTpO3HEPTrUy, MPOU3BOANMON B CTpaHe. DTO OOBACHIETCS HE TOJNBKO HM3HOIICH-
HOCTBIO DHEPIeTHYECKUX CETEeH, HO M OTHAJCHHOCTHIO MHOTHX ayliOB, a TAaKXKEe MaJloOW IDIOTHOCTHIO HACEICHUS.
Hcxons 3 3Toro OBLI CleaH aKIEHT Ha oOecreueHre WX aBTOHOMHBIMH UCTOYHHUKAMH 3HEPTHH, KOTOPBIC JIETKO
MOXKHO JOCTAaBHThH B JIFO0OH TpyAHOAOCTYMHBEIH MyHKT. C Tex mop mpouuro moutu 20 JeT, a JOJs MOTpeOIcHHS
ANEKTPUUYECTBA CEIILCKUMHU KUTESIMH yTiaina B HECKOJIBKO pas.

Juis BRIXO#a W3 Takoro OEICTBEHHOTO IIOJIOKEHHS MMEET CMBICH O0CCHEeYUTh MOTPEOHTEeNel pa3ImIHBIMU
MAaJIBIMH HCTOYHHKAMH 3JICKTPUIeCKoi 3Hepruu. Cpear HIX MOKHO 0CO00 BBIICIHUTH BO3OOHOBIISIEMBIE HCTOYHHUKH
SHEPrud, KOTOpble 3(P(GEKTHBHO HCIONB3YIOT OTPOMHBEIA TpupoaHbld moTeHmuan ComHia, Berpa W T.n. OHH
OJaroTBOPHO BIHUSIOT HAa KAYECTBO JKU3HEACATEIHHOCTH YeJOBEKa M HE Pa3pyllaloT 3KOJOTHYECKOE PaBHOBECHE
MPUPOBI U 00IIecTBa. [Ipr STOM MOXHO BBIIEIUTH HANPaBICHUE BETPOIHEPTETUKH, TOCKOIBEKY BETPOBOM KalacTp
CTpaHBl MOJTBEPXKIACT HEUCUYEPIIAEMOCTh 3alacoB JOCTATOYHO JOCTYIIHBIX BO3IYIIHBIX IOTOKOB. Hanmume
OOIIMPHBIX IDIOMIAZICH CTEIMHBIX PAaBHHH W IUIOCKOTOPHBIX MACCHBOB, KaK OTMEYAaHOT MHOTHE CIICI[UAIUCTEI,
OJaroNnpusTCTBYET PA3BUTHIO BETPOIHEPTETUKH.

OTeueCTBEeHHBIMU YYEHBIMU pa3pabaThIBACTCs HECKOJBKO BHIOB BETPOYCTAHOBOK, KOTOPBIC YK€ JIOKa3aid
CBOIO 3HEProd((HeKTUBHOCTh M MPUMEHUMOCTh B COOTBETCTBYIOIIMX MECTHOCTSX. B OTIHYME OT 3THUX CTallMOHAp-
HBIX HEPrOMAIH pa3pabaTeiBacMasi KOMIIO3HIIMOHHAS BETPOIHEPreTHIecKas ycraHoBKa ¢ auddyzopom (BOY ) —
nepeHocHas. E€ MOOWIBHOCTH OOYCIIOBJIEHA TEM, YTO BCS YCTAaHOBKA HW3TOTOBJICHA W3 JIETKOTO M MPOYHOTO
KOMIIO3HIIMOHHOTO MaTepHania - CTCKJIOIUIACTHKA. [IpM 3TOM HOBHU3HY KOHCTPYKIMH IPHIACT ocobas Qopma
muddy3opa, KOTopasi co3JaHa Ha OCHOBE JOCTYITHBIX HHXCHEPHBIX METOIOB H PaCUCTOB.

CraThsl MOCBSIIIIEHA MATEMAaTUIECKOW YaCTH 3Tana MPOSKTHPOBAHUSA M ONBITHOIO O0OCHOBAaHUS TEXHHYECKOTO
MPOTOTHITa KoMIo3uuoHHOW BOV/]. B paboTe mpUBOIATCS TEOPETHYECKOE HCCICAOBAHUE W SKCICPUMCHTAIBHO-
MpaKTUYEeCKUEe NaHHbIe I monydeHus 3ddexTuBHoit popmel quddysopa. Mcmons3yroTes HHKEHEPHBIE Pacu&Thl,
Pe3yIBTaThl COOCTBEHHBIX HAYYHBIX MCCIICIOBAHUIA, TATCHTOB U MMOJICBBIX HCITBITAHHIA.

Brruncsrorcss HamOollee paliOHANBHBIC MapaMeTphl KOHCTPYKIWH, OOECICYHBAIONINE MaKCUMAIbHYIO
CKOpPOCTh B 30HE JOmacTeil. ITO0 MPUBOIUT K POCTY BBIPa0ATHIBAEMOW 3JICKTPOIHEPTHH, TaK KaK OHA 3aBHCHT OT
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TPEThEH CTENEHU CKOPOCTH. YBENWYEHHE CKOPOCTU OOYCIIOBIEHO €T0 MPOXOXKICHUEM depe3 y3Kylo 4acTb auddy-
30pa B 30HY PacIIMPEHHs M COOTBETCTBYeT ypaBHeHHIO beprymmn. /luddepeHnnansHoe ypaBHEHHE CBS3BIBACT
CKOpPOCTh TIOTOKa M IUIOMIaJb IOHEepeyHOoro cedeHus auddysopa. IIpm 3TOM ero BHYTPEHHSA 4YacTh €CTb
MOBEPXHOCTh BpAIICHUS 0OpasyroImuXx JUHAH BOKPYr ocu aud¢ys3opa. Popma MOBEPXHOCTH MOANAETCS PETYNHU-
POBaHMIO Ha OCHOBE TIOJ[yYEHHBIX MAaTEMATHUECKUX PACIETOB. DT KPHUBbIEC ONMCAHBI B BUJIEC MTOJMHOMOB Pa3IHIHBIX
CTETICHE.

JuddepennnanbHoe ypaBHEHHE C Pa3ACIAIOIIAMUICS NIEPEMEHHBIMU Ul Ka)XXIOH JIMHUM WHTETPHPYETCS MO-
OTACTHHOCTH M BHIOMPAETCS] ONTHMAIbHBIA BapHAHT 10 BETWIMHE KOI(GPHUIIMEHTa YCUICHUS CKOPOCTH BETPA B 30HE
Berpokoneca. I[lpuBenéH mpumep ¢ KBapaTHIHOW (YHKIHEH, KOTOPHIA OBUT IKCIEPHMMEHTANLHO OOOCHOBAaH B
paHHHX paboTax M HCIOJB3YETCS 3[eCh AN CpaBHEHUS ¢ 3PQeKTaMu OT APYruxX TeHepaTopoB. AHAIHUTHYECKOE
pelIeHHe, AOBEICHHOE IO YHCHIA, TOATBEP)KICHO HAa HCIBITAHHUIX, MaKCHMaJIbHO NPHONMKECHHBIX K YCIOBHAM
9KCIITyaTallid BETPOYCTaHOBKHU. [lomydeHHbIe Tpaduky Uil BIpaOaTHIBAGMON 3HEPTMH HA PA3MYHBIX 00pasmax
BOYVY]I neMOHCTpHPYIOT IPUPOCT MOIIIHOCTH B J[Ba U OoIee pasa.

B cratee oTpakeHBI Pe3yNbTATHl MCCIEAOBAHUM PA3IMYHBIX BAPHAHTOB KOMIIO3UTHBIX OMBITHBIX 00pa3loB,
pa3pabOTaHHBIX W CO3/aHHBIX HA MPOTSIKEHHH HECKOJBKUX IMOCHEAHUX jJeT. OHM OTIMYAIOTCS APYT OT JIpyra Kak
(DM3UKO-TEOMETPUYECKIMH MTapaMeTPaMH 3JIEKTPOTCHEPAaTOPOB, TaK M COOTBETCTBYIOIIUMH UM KOMIUICKTYIOIIUMH
3JIEMEHTaMH BETPOKOJIECA, M3TOTOBJICHHBIX M3 CTEKJIOIIIACTHKA. M3 pe3ynbTaTOB HATYPHBIX HCIBITAHWUH CIEAYET,
YTO HAWITYYIINM BapHAaHTOM sBIsieTcst KOHCTpyKims BOY [[-4. CooTBeTCTBYIONINE €My MaTepralibl ObUIH IPEICTaB-
JeHpl Ha MeXIyHapOoIHOU CIeNHANIN3UPOBaHHON BBICTaBKe «ActaHa.Jkcno-2017.9Heprus Oyaymiero» u BBI3BAIH
3HAYUTEIBbHBIN HHTEPEC KaK Yy SKCIEPTOB, TAK U Y NIPEACTaBUTENCH OOIECTBCHHOCTH.

OmmcaHHast METOANKA, C YIETOM TaKXKe oOTeKkaTeseil reHeparopa, MPUBOAUT K PE3yJIbTaTaM 10 JaJbHEHIIEMY
cosepuieHcTBOBaHMIO BOVY/l. CraThsi CIyXHT OCHOBaHMEM JUIS CO3JAHUS TEXHHYECKOTO NMPOTOTHIA MOOMIHHOH
Komro3umonHon BOY /1.

KaroueBble cjloBa: BETpO3HEPreTHUECKAsl YCTAHOBKA, KOMIIO3UIIMOHHBINA MaTepHal, BETpokoseco, tudpdy3op,
CKOPOCTb.
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FEATURES OF SEASONAL DYNAMICS
OF HAZARDOUS CONSTITUENTS IN WASTEWATER
FROM COLLIERY SPOIL HEAPS
OF NOVOVOLYNSK MINING AREA

Abstract. Surface run-off is water from rain and snowmelt flowing from the territory of industrial enterprises.
The part of surface run-off in the total volume of discharged wastewater from the coal industry is 2%. Their volume
depends on the amount of rain and melt water, as well as the size of the sites of industrial enterprises.

The objects of surface run-off contaminants in the Novovolynsk mining area are: outdoor coal and concentrate
storages, colliery spoil heaps, sludge and tailings, crushing compartments, storages fuels and lubricants, points of
railway cars loading and unloading, cable cars, boiler installations, etc.

On the territory of the Novovolynsk mining area besides the wastewater a huge amount of mining waste is
formed. It is stored on flat heaps, adjacent to the area. Coal also accumulates on flat dumps. The surface run-off from
the area of the flat heaps may contain chemical compounds. Surface water from the mine area is not purified,
although in terms of quality, it is highly polluted. During investigation period the Novovolynsk mining area the
storm run-off from their territory contained more than 15,000 mg / ml of suspended substances and up to 500 mg / ml
of petroleum products [4].

Spoil heaps are the main sources of surface run-off contamination by suspended solids, mineral salts and
heavy metal ions. Thus, the amount of suspended solids in rainwater reaches 12000 mg / | and in meltwater - up to
50,000 mg / I, the total salt content reaches 8000 mg / I. The maximum amount of iron is more than 7550 mg / I. It is
found in the meltwater from the spoil heaps of almost all mines in the Novovolynsk mining area. The composition
and concentration of pollutants in coal storage water runoff doesn't differ too much from the spoil heaps water run-
off. An extremely important factor of man-made impact on the sanitary status of natural water bodies is the pollution
of the water-intake areas around coal and mining enterprises by chemical elements, especially during polymetallic
ores development [2].

Key words: wastewater, hazardous constituents, colliery spoil heaps, ponds, pollution, organic substance.

Introduction. The development and implementation of effective wastewater treatment methods is an
urgent environmental task. There are various methods of wastewater treatment. The most common are:
mechanical, physico-chemical, chemical and biological methods. Depending on the hazard level and type
of the pollution, wastewater treatment can be carried out by one method or a set of methods (combined
method). The purification process involves the treatment of sediment (or excess biomass) and the
disinfection of wastewater before discharge. The theoretical basis and problematic features of seasonal
dynamics of the content of hazardous components in wastewater from the waste heaps of the coal mines of
the Novovolynsk mining area are the subject of research for many scientists [5].

Purpose, tasks and methods of research. In this paper the investigations of content of hazardous
components in wastewater from coal mine dumps of the Novovolynsk mining area and the peculiarities of
their seasonal dynamics are presented.
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Results and their discussion. Rock dumps are the current storage of empty rock — a waste of coal
mining technology. Although, when coal was mined manually, the content of empty rock was lower.
Mechanized production could either optimize or increase its quantity. Speaking about ecological safety in
the process of mine decommissioning, the author tried to build his methods of description, modeling and
predicting the ecological status of coal mines [3]. The communication elements listed are directly
dependent on the amount of empty rock produced. Thus, based on the annual production of empty rock,
new possible remedies should be identified. Quantitative indicators are introduced into the model and the
current amount of empty rock per tonne of coal produced is obtained. Improvements of operation could be
measured by the reduction in the volume of empty rock per tonne of coal. The immediate positive effects
of such an improvement could be the reduction of transport costs, frequency and intensity of dust pollution
[10-12].

Maximum admissible concentration of harmful substances in the water is the maximum
concentration, which does not have a direct or indirect impact on the health of the population and the next
generations, that is determined by modern methods of research with its impact on the human body
throughout life and does not impair the hygienic conditions of water. Features of harmful substances
manifest in their adverse effect on the processes of natural self-purification of water reservoirs (general
sanitary index), organoleptic properties of water (organoleptic index) and population health (sanitary
toxicological index), characterized by limiting and threshold concentrations [6]. The admissible threshold
harmful concentration by the organoleptic features is the maximum concentration in water at which
changes of organoleptic properties of water are acceptable for the population. The admissible threshold
harmful concentration of a substance by a general sanitary features is a maximum concentration that does
not lead to disfunction of natural self-purification of reservoirs. The admissible limiting harmful
concentration by a sanitary toxicological feature is maximum concentration that does not adversely affect
the health of the population. The limiting harmful index is one of the indexes of harmfulness that
determines the adverse effect of this substance and is characterized by the smallest amount of threshold or
subthreshold concentration.

The most important or complicated problem is the protection of surface water from pollution. The
following environmental measures are envisaged, namely:

— development of non-waste and anhydrous technologies. Implementation of circulating water
supply systems;

— sewage treatment (by bio-plateau method, etc.);

— sewage pumping into deep aquifers;

— treatment and disinfection of surface water used for water supply and other purposes.

The main pollutant of surface water is untreated wastewater. Mechanical purification of industrial
wastewater by screening, precipitation and filtration removes more than 90% of insoluble mechanical
impurities of different dispersion rate (sand, clay particles, etc.) from industrial waste, more than 60%
from domestic waste. Water screens, sand extractor, sand filters, sediment ponds of various types are used
for these purposes. Substances floating on the surface of wastewater (oil, resins, fats, polymers) are
entraped by oil separator or burned [13-15].

Chemical and physico-chemical treatment methods are most effective for the treatment of industrial
wastewater. The main chemical methods include neutralization and oxidation. For neutralization of acids
and alkalis special reagents (lime, soda ash, ammonia) are added into the wastewater. Different oxidants
(O3, KMnO,) are used for oxidation. These methods give an opportunity to remove toxic and other
components from wastewater. Physical and chemical purification includes:

1. Coagulation - the addition of coagulants (salts of ammonium, iron, copper, sludge waste, etc.) into
the wastewater

2. Sorption - the ability of some substances (bentonites, activated carbon, silica gel, peat, etc.) to
absorb pollutants. valuable soluble substances can be extracted from the wastewater by sorption and
subsequently disposed.

3. Flotation - the blowing of gas through the wastewater. Gas bubbles capture surfactants (oil or other
contaminants) when moving upwards [7,8].

The biological (biochemical) method is widely used for the purification of sewage from pulp and
paper, oil refining and food processing enterprises. The method is based on the ability of microorganisms

—— 40 ——
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to use organic and some inorganic compounds contained in wastewater (hydrogen sulfide, ammonia,
nitrites, sulfides) for their development. Purification is carried out by natural (irrigation fields, filtration
fields, biological ponds, bioplato method) and artificial methods (aerotanks, biofilters, circulating
oxidation channels).

After screening of the wastewater, a residual matter is formed, which is fermented in concrete tanks
and then removed on a sludge site for drying. Dried sludge is usually used as a fertilizer, but in recent
years, many harmful substances (namely heavy metals) have been detected in wastewater, which
eliminates this method of disposal [17].

The clarified wastewater is purified in aerotanks by special closed tanks, where the oxygen-rich
effluents mixed with activated sludge are slowly discharched into the treated water. Active sludge is a
mixture of heterotrophic microorganisms and small invertebrates (mold, yeast, aquatic fungi), as well as a
solid substrate. It is important to choose the right temperature, pH, additives, mixing conditions, oxidizer
(oxygen) to maximize the intensification of hydrobiocenosis [9].

In wastewater treatment systems, the biological method is final stage after which the wastewater can
be used in circulating water or discharged into surface water.

In recent years, new effective methods have been actively developed, contributing to the greening of
the wastewater treatment process, namely:

— Electrochemical methods are based on the processes of anodic oxidation and cathodic reduction:
electrocoagulation and electro-flotation.

— Membrane processes. Ultra filters, electrodialysis.

— Magnetic processing. Improves the flotation of suspended solids.

— Radiation purification of water, gives an opportunity to expose pollutants to oxidation, coagulation
and decomposition as soon as possible.

— Ozonation: no hazard substances are formed in wastewater.

— Introduction of new selective types of sorbents for selective recovery of useful components from
wastewater for reuse [20-22].

Methane, CO,, H,S release during decomposition of organic substances. The energy of this biogas is
used for heat and energy production. One promising way to reduce surface water pollution is to pump
wastewater into deep aquifers through a system of absorbing wells (underground disposal). Among the
water protection issues, one of the most important is the development and implementation of effective
methods of disinfecting and purifying surface water used for drinking purposes. Insufficiently treated
drinking water is dangerous both from an ecological and social points of view. Beginning from 1896 to the
present day, chlorine water disinfection is the most common method. However, the chlorination of water
carries a serious risk to human health. Reducing the content of carcinogens in drinking water is possible
by replacing primary chlorination by ozonation and UV treatment, as well as by using a non-reagent pre-
purification method in biological reactors [23].

Modern technology for the purification of drinking water from petroleum products from surfactants,
pesticides, organic and other compounds is based on the use of sorption processes on activated carbon.
Agroforestry and hydrotechnical measures are of great importance in protecting surface water from
pollutants. Resulting data of Mine #9 of Novovolynsk mining area are presented in table 1.

Table 1 — Resulting data of Mine #9 of Novovolynsk mining area

Spring Winter Autumn Summer
Index units MAC MAC MAC MAC
1 2 3 4 5 6 7 8 9 10
Smell at +20 °C scores 0 <2 0.5 <2 0 <2 0 <2
Transparency cm 5 >20 28 >20 40 >20 30 >20
pH PpH units 79 6.5-8.5 59 6.5-8.5 6.4 6.5-8.5 6.6 6.5-8.5
Suspended solids mg/I 169 N/A 93 N/A 18.2 N/A N/A
Dry residues mg/I 2463 <1000 29,2 <1000 1633 <1000 770 <1000
Total hardness mg/Il 31.2 <7.0 0.31 <7.0 225 <7.0 9.3 <7.0
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Continuation of table 1

1 2 3 4 5 6 7 8 9 10
Carbonate hardness mg/I 25 <6.5 0.25 <6.5 3.6 <6.5 2.9 <6.5
g}’gg’;f‘)rbonates mg/l 153 | <300 153 <300 220 <300 177 | <300
Chlorides (Cl-) mg/I 43.2 <250 4.2 <250 15.8 <250 54.8 <250
Sulfates (S042-) mg/| 1004 <500 580 <500 552 <500 243 <500
Nitrites (NO2-) mg/I 12.3 <33 0 <33 21.8 <33 18.6 <33
Nitrates (NO3-) mg/I 123.6 <45 90 <45 158.3 <45 88.2 <45
Phosphates (PO43-) mg/l 1.9 N/A 0 N/A 185.4 N/A 0.3 N/A
Calcium (Ca2+) mg/I 373 N/A 520 N/A 201 N/A 122 N/A
Magnesium (Mg2+) mg/| 153 <80 0.6 <80 150 <80 38.9 <80
Total Ferrum (Fetot) mg/Il 25 <03 0.18 <03 0.51 <03 0.1 <0.3
Ammonium (NH4+) mg/I 1.24 <20 0.15 <20 18.3 <20 24 <20
?gg:s?ug\l?la; mg/l 199 <300 55 <300 | 1058 | <300 | 511 | <300
Total Dissolved Solids mg/Il 2453 N/A 37.8 N/A 1721 N/A 1924 N/A
;::;r;:gal Oxygen mgOl/ 15.1 <5 5.3 <5 12.6 <5 213 <5

If we compare the data of mines # 2, # 4, # 9 of Novovolynsk mining area, the results of the
researches are almost identical and there is no significant difference between the content of harmful
substances in the mines depending on the time of year. For example, we take producing mine # 9
(mines # 2, # 4 are not operating, (figure 1)).
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Figure 1 — The seasonal dynamics of the content of hazardous components in the wastewater
from the waste heaps of mine Ne 9 of the Novovolynsk mining area
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The aquifer of quaternary sediments is developed in quaternary formations, namely: in loam on
watersheds and sandy loam in alluvial deposits in river valleys. Alluvial deposits are of the greatest
importance for flooding processes. Are presented in table 2.

Table 2 — The impact of waste heaps

Environmental aspect and sources Types Potential impact
Wastewater and discharge of Water erosion Negative health impacts for people living
contaminated water, filtrate, drainage Chemical contaminants downstream. Negative impacts on aquatic
and pumped out groundwater Drainage of acid mine water ecosystems: water turbidity, low dissolved

Drainage of neutral mine water oxygen content as a result of increased
Sources: Surface runoff from dumps, Heavy metals biological and chemical oxygen demand,
the filtrate, surface runoff from Salinity increased toxicity, lower pH, salinity.
devastated lands and objects, discharge | Soluble or captured resinous coal Reduced municipal water supply.
of pumped water derivatives Increased costs for water treatment.

The composition of sediments is mainly represented by a layer of sand or sandy loam with a capacity
of 0.5-6.0 m (with a maximum capacity of 16 m). Often there is a stratification. Sometimes at the foot a
low-strength layer of gravel or pebble is present.

The coefficient of filtration of loam according to the literature data is more than 0.003-0.17 m/day,
sand and sandy loam - 2-5 m/day. According to the pumping on the alluvial horizon, the filtration
coefficients vary from 0.35 to 8.68 m/day with an average value of about 3 m/day.

The average value of the horizon's power is 15 m. The horizon is pressureless, not protected by the
upper waterproof layer and is fed by precipitation and melt water. The infiltration rate is 607 mm/year on
average. Therefore, the amount of infiltration supply to the groundwater, taking into account evaporation
(570 mm/year), will be approximately 0.00013 m/day [1,16,24]. Based on the analysis of hydrogeological
data in the area, the dynamics of the performance of the coal mines of the Novovolynsk mining area was
determined (figure 2).
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Figure 2 — Resulting data dynamics of mines of Novovolynsk minig area

Conclusions. Chemical and physico-chemical treatment methods are most effective for the treatment
of industrial wastewater. The main chemical methods include neutralization and oxidation. To neutralize
acids and alkalis, special reagents (lime, soda ash, ammonia) are added into the wastewater. Different
oxidants (O3, KMnO,) are used for oxidation. These methods give an opportunity to remove toxic and
other components from wastewater. Basing on the research, there is no significant difference between the
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content of harmful substances in mines. Collection, removal, detoxification, recycling and disposal are the
main tasks of environmental engineering [25].

In order to investigate the system of environmental safety around the coal mines of the Novovolynsk
mining area, a model of the interconnection of environmental and human components is taken. The
mentioned system of ecological safety should protect the person from environmental threats caused by
anthropogenic factors, in our case - it is coal production. The environment, in the context of environmental
safety, means the development of a system of protection of man against man-made factors through
environmental management [18,19]. The impact of man-made factors on the environment should be
standardized by separate substantiated documents, that is, an integrated indicator should be developed for
the total environmental status around the coal mines can be calculated. Considering that long-term
production in the country has led to uncompensated, uncontrolled environmental degradation, we consider
this environment to be critical. In order to remedy this situation, it is proposed to rehabilitate the coal
territories by improving the management system in environmental protection and ecological safety,
alongwith timely demineralization, recultivation, vegetative reclamation of disturbed lands and bio-
plateaus.

II. B. Bocalcl, B. B. Hononnql, E. B. CTeHOBaﬂl, C.b. MapnylK2

!JTbBOB MeMtekeTTiK TipuIinik Kayincisziri yauepcuteti, JIbBoB, YipanHa;
2S’KpaMHa YITTHIK OPMaH TEXHUKAJIBIK YHUBEPCUTETI, JIbBOB, YKpanHa

HOBOBOJIbIH KOMIP OHEPKOCIBI AYJAHBIHBIH KOMIP IITAXTAJIAPBI
YWAUTHJALIEPIHEH CAPKBIH]IbI CYJIAFBI KAYIIITI KOMIIOHEHTTEP
KYPAMBIHBIH MAYCBIMJBIK TUHAMUWKACBIHBIH EPEKIIEJIITT

II. B. Bocalcl, B. B. Hononnql, E. B. CTeHOBaﬂl, C.b. Mapnym2

1 o o
JIbBOBCKMI TOCYAapCTBEHHBIN YHUBEPCUTET 0€30IIaCHOCTH JKU3HEACATENILHOCTH, JIbBOB, YKpauHa;
HaupoHabHbII J1eCOTEXHIYCCKH yHUBEpCUTET YKpauHsl, JIbBoB, YKkpanHa

OCOBEHHOCTH CE30HHOM TJUHAMMKHN COJAEP)KAHUS ONACHBIX KOMIIOHEHTOB
B CTOYHBIX BOJAX C OTBAJIOB YI'OJIBHBIX IIIAXT
HOBOBOJIBIHCKOI'O YIJIENPOMBIIIJIEHHOT' O PAMOHA

AnHoTanus. [Ipo0iemMa oxpaHbl BOZHBIX PECYPCOB OT 3arps3HEHUs] HCOUMICHHBIMU CTOYHBIMH BOJAMH LIAXT
NpHOOPENI0 0COOYI0 BaXKHOCTD, TaK KaK IPEINPHUATUS YTONBHOH HPOMBIIUICHHOCTH XapaKTepU3yTCs Kak MOCTaB-
KKK 0oJbIIOro oobeMa crokoB. lllaxTHbIe BOIbI, 3arps3HEHHBIE MEXaHMYECKUMH U OPraHUYECKHMH IIPUMECSIMHU,
OTJIMYAIOTCS TMOBBIIIEHHBIM COJIECOJICPIKAHUEM, YTO TPENCTABISET PeallbHyI0 ONACHOCTh 3arps3HEHUs] OBEPXHOC-
THBIX U MOJ3EMHBIX BO/I.

Bonee 80% obmero moTpedieHns BOABI MAXTOW COCTAaBIAET NMUTHEBAs BOJA, WCIOJb3yeMasi IS OPOIICHHUS
TOPHBIX BHIPAOOTOK, B aJIMHHHUCTPATUBHO-OBITOBBIX KOMOMHATAX, KOTEJIbHBIX, KOMIIPECCOPHBIX, & HE3HAYHUTEIIbHAS
YacTh MIAXTHOW BOJIBI, YTO BBLAAETCS HA TOBEPXHOCTbD, UCIIONIB3YETCS JUIsl TEXHOJIOTHUECKHX 116l B TOPHBIX BBIpa-
6otkax. L{enecoobpasHbIM peleHneM JAaHHOH MPoO6IeMsbl siBisieTcsl 3G (EKTUBHAS OYMCTKA NIAXTHBIX BOA (METOJIOM
OuoIuIaTo), LeNb KOTOPOH — IIOIOJIHEHHWE 3aracoB NMPECHOW BOJBI, MCIOJIb3YyEeMOH Ha TEXHOJIOTHYECKHE HYXKIIbI
NPEATNIPUSATHS, YIIy4dIIeHNs! KauecTBa BOJBI Iepel cOpOcoM B BOAHBINH OOBEKT, a TAK)KE BOZMOYKHOCTH HUCIIOJIb30BAHHS
B TEXHOJIOTMYECKUX TpoIeccax APyruxX OTpacieil IPOMBIIIIIEHHOCTH B CEJILCKOTO X03SHCTBa.

[IlaxTHast Boja KaXKIOTO BOJOOTIMBHOTO KOMIUIEKCA HMEET OIpENeNICHHBIH XMMHUYECKHH COCTaB.
KoHTponMpyIoTcss OCHOBHBIE IIOKa3aTelld, PeriaMEHTHPYEeMbIe JJIsi CTOYHBIX BOJ YTOJBHOM INPOMBIIUICHHOCTH,
KOTOpBIE COPACBIBAIOTCS B IPUPOHbIE 00BEKTHI. ITO B3BEIICHHBIE BEIECTBA, COJIECOJICPIKAHUE, CYNIb(AThI, XJIOPH-
Iibl, HeTenpoayKThI, (EHOIIBI, TSDKENbIe METauibl U Tpodee. [Io cBoeMy cocTaBy IaxTHas BOJAa BOAOOTIMBHBIX
KOMIUIEKCOB BIIOJIHE MPUTOJIHA VIl TEXHHYECKOTO BOJOCHA0KEHHS MPEINPHSTHIA, HAPUMep, METAJUTypPrUUECKHX,
0e3 OpOrocCTosIIel BOIOMOATOTOBKH. VICIONb30BaHWE K€ IMAaXTHOH BOMBI IS MUTHEBOTO BOJIOCHAOXKEHHSI
BO3MOXKHO TOJIbKO B COYETAaHUU C MPEABAPUTEIHHON TIyOOKOH OYMCTKOW, OCOOSHHO €CJIM 3TO BOJa, OTKaYMBaeMast
BOJOOTIMBHBIMH KOMIUIEKCAMH C IOTPY>KHBIMH HacocaMH. B Takoil Boje, Kak IPaBWIIO, NPEBBINIEHBI NPEEIbHO
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JIOMYCTUMbIE KOHIICHTPAIIUH KeJie3a, Mapraniia. To CBA3aHO C T€OXUMUYECKUMU MPOILIECCaMU, TPOUCXOA[IIUMU B
MO/I3€MHBIX BOJHBIX TOPU30HTAX MOCIE 3aKPBITUS IIaXT.

IToBepXHOCTHBIE CTOKH 0Opa3yIOTCSl U3 JOXKIEBBIX U TaJBIX BOJ, CTEKAIOUIUX C TEPPUTOPUHU MPOMBIIUICHHBIX
npeanpusTiid. J{oas MOBEPXHOCTHOTO CTOKA B 00INEM 00BbeMe COpachIBAEMBIX CTOYHBIX BOJ[ YTOJLHOW IPOMBIII-
JIEHHOCTHU cocTaBiigeT 2%. VX KOJHYECTBO 3aBUCUT OT 00beMa JOKIEBBIX U TAJILIX BOJ, 4 TAK:KE OT BEJIUYMHEI IIO-
IIaI0K IPOMBIIIICHHBIX TPEATIPHSITAH.

OO0BeKTaMHI-3aTPA3HATENSIMHI ITOBEPXHOCTHOTO CTOKA Ha TEPPUTOpHH HOBOBOIBIHCKOTO YTIEHPOMBIIIIEHHOTO
paiioHa SBISTIOTCS: OTKPBITBIC CKJIAABI YIS M KOHIICHTPATOB, IIAXTHBIC MOPOTHBIC OTBAIbI, IIUIAM, JAPOOIIIHHBIC
OTJIENICHHS, CKIIaJbI TOPIOYe-CMa30UHBIX MAaTEPHANIOB U (OTOPEareHTOB, MYHKTHI IMMOTPY3KH U Pa3rpy3KH JKEJIEe3HO-
JIOPOKHBIX BarOHOB, KaHATHBIE JOPOTH, KOTEIFHBIE YCTAHOBKH H T.II.

Ha teppuropur HOBOBONBIHCKOTO YIJICIPOMBINIJIEHHOTO pailOHa B KadeCTBE OTXOJIOB MPOU3BOJACTBA, KPOME
CTOYHBIX BOJ, 00pa3yercs Ooiblas mMacca myctod moponabl. OHa CKIaAUpyeTCs Ha IUIOCKMX OTBajlaX Ha MPHUMBI-
KaIOIUX TeppUTOpHsix. Ha TIoCKMX OTBaJiaX HAKAIUIMBACTCs TaKXkKe yroiyib. [lopoaa ¥ yroyib B IMKIIC 00OTalICHUS
KOHTAKTHPYIOT ¢ (pOTOpeareHTaMu, IO3TOMY JTHBHEBBIC CTOKU C TEPPUTOPHU IIOCKUX OTBAJIOB MOTYT OBIThH 3arpsi3-
HEHBl XUMUYECKUMU COEeMHEHUSIMU. OUNCTKAa MOBEPXHOCTHBIX BOJI C TEPPUTOPHUH IAXT HE MPOBOAUTCS, XOTS IO
KaueCTBEHHOMY COCTaBY OHHM OTHOCSTCS K CHUIIbHO3arpsi3HeHHBIM. [Ipu obcnenoBannn HOBOBOJBIHCKOTO yrienpo-
MBIIIJIEHHOT'O pailoHa JIMBHEBBIA CTOK C TEPPUTOPUHU conep:kai cBeime 15000 MI/IM° B3BEIIICHHBIX BEIIECTB, KOH-
nenTpamus poTopearenta gocTurana 6oee 450 mr/am®, a HedrenpoaykTos — 500 Mr/am°.

IMoponHBIe OTBANBI SBIAIOTCS OCHOBHBIMH HCTOYHHKAMH 3arPS3HEHUS MOBEPXHOCTHOTO CTOKA B3BEUIICHHBIMH
BeIIeCTBAaMH, MUHEPAIBFHBIMU COJSIMH M MOHAMH TSDKEIBIX METAIDIOB. Tak, KOJMYECTBO B3BCIICHHBIX BEIICCTB B
IOKAEBBIX Bomax noxomuT no 12000 mr/m m B Tameix — mo 50000 mr/m, obmee conecoaepKaHUE IOCTUTACT
8000 mr/m. MakcumanbHOE KOJHYECTBO JKele3a cocTaBisier Oomee 7550 mr/in. OHO mposBisSeTcs B TalbIX BOJaX
OTBAJIOB MOYTH BCeX MIaXT HOBOBOIBIHCKOTO YIIEIPOMBIIIIIEHHOTO paiioHa. CTOKM YyroJbHBIX CKJIaI0B MO COCTaBY U
KOHIIEHTPAIIUU 3arpsI3HSAIONINX BEIIECTB M0 OTIWYAIOTCS OT CTOKOB MOPOJHBIX OTBaNiOB. Upe3BhIUaitHO Ba>KHBIM
(haKTOPOM TEXHOTCHHOTO BJIMSHUS HA CAHUTAPHOE COCTOSHHE MPHUPOIHBIX BOIHBIX OOBEKTOB SIBIICTCS 3arps3HCHUC
BOJIOCOOPHBIX TEPPUTOPHIA XUMUUCCKUMH IJIEMEHTAMH BOKPYT YTOJIbHBIX U TOPHOPYAHBIX NPEATPHUITHN, 0COOCHHO
IpH pa3paboTKe NOTUMETAIITNUECKUX PY/I.

Ha ocHoBe wuccnenoBaHuii W aHanu3a CTOYHOM BOABI M3 TEXHOJOTHUECKHX OTBAJOB TOPOJ IIAXT MBI
MIPEUTOKIIIA OTITUMHU3AIIMOHHBIC MEPOIIPHATHS, HANIPaBJICHHBIC HAa YIYYIICHHE COCTOSHUS KaK OTHEIHHBIX KOMIIO-
HEHTOB OKpY’KalolIeH MPUPOTHON CPeIbl, TaK M MEJIOCTHBIX MPHPOTHO-XO3IHCTBCHHBIX CUCTEM HOBOBOJIBIHCKOTO
TOPHOIPOMBIIUICHHOTO paioHa.

KarueBble c10Ba: CTOYHBIC BOJBI, OMTACHBIC KOMIIOHEHTHI, OTBAJBl YTOJBHBIX IIAXT, BOJOCMBI, 3arpsS3HECHUS,
OpTaHUYECKHE BEIIECTBA.
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DIGITALIZATION OF TECHNOLOGICAL AND
ORGANIZATIONAL PROCESSES OF MINING OPERATIONS DUE
TO THE IMPLEMENTATION OF THE INSTALLATION SYSTEM
AND ACCOUNTING THE KEY INDICATORS

Abstract. The modern mining industry is full of unique solutions for the implementation of key performance
indicators accounting.

The task of the mining enterprise, like any business, is to make a profit.

An important role in assessing the performance of a mining enterprise is played by performance indicators
combined into a system called KPI.

The system for setting and recording key indicators developed by specialists from the D.A. Kunaev Institute of
Mining

The main task of this system of indicators is to assess the effectiveness of the company, aimed at achieving the
main strategic goals and objectives.

Thanks to the system of setting and recording key indicators, it is possible to assess the strengths and
weaknesses of the enterprise, as well as understand what factors negatively affect and inhibit the development
process.

The use of the system for setting and recording key performance indicators allows:

—To ensure transparency and predictability of technological and organizational processes of the company due
to a properly built process of digitalization of the system for setting and recording key indicators.

—To assess the quality of work of each employee / project / company.

—To focus the activities of all departments on priority tasks.

—To form an honest and effective system of staff motivation to achieve super-results.

—To increase the level of responsibility for the result of each employee involved in the project.

—When dismissing or replacing specialists, to use the accumulated information to train new employees in the
workplace.

To implement this accounting, in the process of designing the system, universal digital technologies were
integrated, which made it possible to keep records of inventories, determine the positioning of personnel, etc.

It should be noted that the project for the implementation of this system in small, medium and large businesses
will have its own characteristics and priorities.

Key words: KPI, RFID, tracking, accounting, mathematical model.

Introduction. Trends in technological progress at the present stage of development of mining
enterprises are becoming an obvious competitive advantage in this sector. Many companies in the industry
are actively purchasing and launching technical solutions at their facilities.
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According to the authors, the main disadvantage of Kazakhstan in the global competitive
environment is the following:

— Users do not fully use the resource when adapting the solution in production due to the lack of
relevant competencies in the field, and the cost of the purchased solution based on the maximum
functionality;

— Small companies in this sector cannot afford expensive technologies and, in general, their
effectiveness is largely tied to the competencies of the management and management teams;

— Purchased solutions are not compatible and work separately, which often does not bring the
expected result, since one decision can affect another, changing their weights.

To implement the existing shortcomings and develop the methodology for setting and recording key
performance indicators in a complex of studies within the framework of program-targeted financing at the
D.A. Kunaev Mining Institute, a project is being implemented that integrates the work of modern software
and hardware solutions and the development of a unique methodology for accounting for key performance
indicators and the efficiency of employees and entire departments, expressed in numbers.

To create the basic concept of the methodology for setting and recording key performance indicators
and the technical platform within the framework of the project, the following software and hardware tools
were identified for use:

— Smart watch with GPS with a sim card slot for tracking and displaying people on the map when
performing business operations (going to a quarry, working on road sections and road development
schemes, etc.);

— Access control accounting system (office, workshop, garage, warehouse, etc.);

— Software and hardware based on RFID for inventory accounting in the warehouse.

All of these technologies have their own purpose separately in different commercial and domestic
conditions. Each software and hardware works according to the manufacturer's unique algorithm and
generates data in standard used databases, from which you can take the converted information and use it to
create your own mathematical model.

In other words, the developed mathematical model (software and methodological support) for taking
into account key performance indicators is a machine interpretation of data from different subsystems,
taking into account a unique algorithm for subsequent processing and subsequent storage, as shown
schematically in figure 1.

Smart watch with GPS for tracklng and
displaying people on the map

Integrated data

RFID for inventory tracklng ina
warehouse

Developed software and technical
solution

Figure 1 — Representation of data generation from subsystems to the system being developed

—— 48 ——
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For the subsequent creation of a system for setting and recording key performance indicators, as part
of an experimental test, a certain amount of information was entered into the system to build a spatial
mathematical model of actions.

Intermediate data of the system are employee movement tracks, time tracking when visiting
production facilities, goods movement at the enterprise, working time tracking, all kinds of violations and
accounting of the main completed and additional tasks formed during the work.

The constant development and division of the obtained data (correct and incorrect actions) when
fulfilling the planned tasks of mining during one year, are an introductory and integral part of the tests,
since the first received and converted data are a template for the next research period.

When the converted data is generated over a longer period (3 - 5 years) and the list of repetitive
commands and tasks is accumulated (the task is repeated, only the values change), the system, according
to the algorithm embedded in it, lends itself to machine learning and performs calculations in the
relationship of data to various applied tasks.

This approach allows solving complex problems with many input parameters and in practice
implements adaptive production control.

At the second stage of testing and development as part of the work on the project, for each
specialization in production, the function of accounting for key performance indicators was implemented
for testing, the main criterion of which is the implementation of dividing the action into 4 main
performance indicators measured in percentage terms, as shown schematically in figure 2.

Accounting for violations

Tracking the completion Accounting for additional
of main tasks completed tasks

Figure 2 — Representation on the accounting of key performance indicators

The following values are taken into account for the main performance indicators in the system:

1. Accounting for working hours throughout the year - from 0 to 30%.

2. Accounting for the fulfillment of the main tasks of the specialization - from 0 to 30%.

3. Accounting for violations (entering prohibited areas of production, disabling tracking systems, etc.)
- from 30 to 0%.

4. Accounting for additional completed tasks - from 0 to 10%.

One of the main advantages of this kind of concept over other algorithms is the ability to consistently
train the system (see figure 3). In simple terms, the learning process involves finding new connections
between subsystems in interaction with human activities, as well as finding dependencies between the
elements of the chain in the solution being developed.
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Learning process of the

developed system
data base P y .
‘ Distribution signal in
the system training network

the choice of :
the error is

the example netwaork small

response

error
I I calculation
the erroris

adjusting the network great

weights

Figure 3 — Schematic description of the system operation algorithm

The software mechanism obtained as part of the work has the ability to take into account the
experience in solving complex spatial problems, and the more data suitable for training is accumulated
during the operation of the subsystems integrated into the system, as a rule, the best result for the
transition to artificial intelligence in production.

Taking into account the existing situation and shortcomings at the mining enterprises of the republic,
it is obvious and cost-effective to develop digital technologies in a single center and subsequently use
them with maximum efficiency in small and medium-sized enterprises, since the practice of work in this
direction shows that the mechanism developed within the framework of the project will allow the state to
be guided by the needs and providing the necessary competencies in an important direction that affects the
economy and the future development of the potential of the state as a whole.

Thus, for the state to compete in the world market, it is not enough to have only resources, but it is
also very important to develop its own competencies, and to have highly intelligent indicative solutions
that are used not only in the conditions of domestic production.

In the future, research and development in this area, it is planned to integrate additional subsystems
that allow operating the geometric information of a mining enterprise using unmanned aerial vehicles,
keeping records of the consumption of electricity, fuel, and the environmental situation in real time.

The article was prepared according to the project of program-targeted financing by the Ministry of
Education and Science of the RK 2018 / BR05236712

. AT aJmesl, E.T. yTeHIOBZ, A.T. TexenoBa'

1<<KP MIIKKOX ¥O» «/I. A. Konaes ateiHnarsl Tay-keH HHCTUTYThI» PMK, Anmarsl, Kazakcran;
“Sathayev University, Anvartsr, Kasakcran

HET'I3I'l KOPCETKIIITEPIAI OPHATY MEH ECEINIKE AJY )KYHECIH EHI'I3Y
APKBLJIBI TAY-KEH XK9HE OHIMJIK OITIEPAIIUACBIHBIH TEXHOJIOT'UAJIBIK
JKOHE YUBIMJIACTBIPYHIBLIBIK YAEPICTEPIH IIU®PJIAHJIBIPY

AnHoTraunus. Kazipri Tay-keH eHAIpiCiHAEC THIMIUTIKTIH HETi3Ti KOPCETKIITEpiH Ky3ere achlpyablH Oiperei
memiMepi kor. KeHirm KocimopHBIHBIH MiHJIETI — Ke3-KEeJTeH KOCil CeKii maiaa tady.

Tay-keH KoCiMOpHBIHBIH KYMBICHIH Oaranayna KPI nem atanarsiH Kyliere KocbUIFaH @HIMALTIK KOPCETKIIITEepi
MaHbI3/bl peut atkapaabl. Herisri kepceTkimrepi 6enriney sxoHe ecernke any xydecin J[.A. KoHaeB aTbiHIaFb! Tay-
KEH MHCTUTYTBIHBIH MaMaH1aphl d3ipJereH.
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KepcetkimrepaiH aranraH >KyHeciHiH MIHZETI HEri3ri CTpaTerusulblk MakcaTTap MEH MIHJeTTepre Kol
KETKi3yre OarpITTaJFaH KOMITAHWS KBI3METiHIH THIMALUIITIH Oaranmay Oomsin caHamansl. Kepcerkimrepni Oenriney
JKOHE TIpKey JKYHeciHIH apKachIHIa KOCIMOPHIHHBIH KYIITI KOHE dJICi3 JKaFblH Oaranayra, COHIai-aK KaHmail gaxkrop-
JapIBIH TaMy YIepiciHe Tepic ocep eTeTiHiH )kKoHe OOCeHIEeTeTiHIH TyCiHyTe Heri3 6ap.

TaOBICTBI >KYMBIC iCTEY YIIIH HETi3ri KepceTKiuTi Oenriney jkoHe a3y XKyieci Oipkarap ipremi eimiemre
HETI31IeNyi KaXeT:

— MHJHUKATOpJIap KOMIIAHUS CTPATETHMsCHIH arbIMJAFrbl KbI3METTIH KBbICKAMEP3IMJI MaKcaThblHa alHaIbIPYBI
KEpeK;

— MHAWKATOpJIap KOMITaHUS KBI3METIHIH OapibIK HETi3Ti acleKTiIepiH TOIBIK KOpCeTyl Kepek;

— MHAWKATOpJIap CaHbl MHHUMAIIBI OOJTYHI THIC;

— MHJMKATOpJIap MEH OJIap/bl €CENTey TOPTiOi KOFaM KbI3METKepJIepiHe TYCIHIKTI 00JyBl KaKeT.

— TuiMALTIKTIH HETi3ri KepCeTKIITEPiH OpHATY XOHE jKa3y YIIIH JKYHeHi nakjallaHy >KYMbICTapbl TOMEHJIET-
Jieit MyMKIHJIIK Oepeti:

— OpHATy XyHeciH mupIaHabIpy >KOHE HETI3rl MHIUKATOpIapAbl €CelKe aly YICpICiH IYpBIC KYpPY apKbLIBI
KOMITaHHUSTHBIH TE€XHOJIOTHSUIBIK YKOHE YHBIMAACTHIPYIIBIIBIK YACPICTEpiHIH aHKBIHABIIBIFEI MEH OOJDKaMBIH KaMTa-
MachbI3 eTy;

—9p KbI3MeTKep / :x00a / KOMIIaHUsl XKYMBICBIHBIH CallachlH Oaraiay;

— OapabIK 66s1iM KbI3METiH 0achIM MiHIETTEpre OarbITTaY;

—)KOFapbl HOTKIKEre KOJI JKETKi3y YIIIH KbI3METKEpJi BIHTAJaHABIPYIbIH ajall KoHe THIMIl JKYHEeCiH Kajblll-
TacThIPY;

—Xo00ara KaThICKaH op0ip KbI3METKEPIiH HOTIKEC] YIIIiH KayalKepIIiJIik JCHIeHiH apTTHIPY;

—MaMaH/Ibl )KYMbICTaH IIBIFapFaH HEMECE aybICTBIPFaH Ke3/Ie JKUHAKTAJFaH aKMapaTThl )KYMBIC OPHBIHAA KaHa
KBI3METKEPJIeP/Ii OKBITY YIIIiH KOJIIaHy.

Ecenke ainy yurit xyiieHi xo0anay 0apbichiHaa oMOeOan mudpIiblK TEXHOJIOTHAIAP HHTETpalldsIaHFaH opi Oy
TayapJbl-MaTepUaIABIK KOPBIH ece0iH XKYpri3yre, KbI3METKep KarAaiblH aHbIKTayFa JKoHe T.0. MyMKIHIIK Oepeni.
By xyiieHi marFbH, OpTa KoHE ipi OM3HECKe eHTi3y jk00achl ©3iHIIK CUIaTTaMa MeH OacBIMABIKTapFa fe OOMaThIH-
JIBIFBIH aTall ©TKEH JKOH.

Tyiiin ce3nep: KPI, RFID, 6akpinay, ecenke aimy, MaTeMaTHKAIBIK MOJICIb.

JI. A. Taaues’, E. T. Yremos?, A. T. Texenona®

'PI'TI «HIT KIIMC MUP PK» HucrutyT ropuoro gena um. . A. Kynaesa, Anmartel, Kazaxcran;
“Satbayev University, Anvartsr, Kasaxcran

OIIMP®POBKA TEXHOJIOI'MYECKHUX 1 OPTAHU3ALIMOHHBIX ITPOIIECCOB
T'OPHO-TOBbIYHBIX OIMEPALIMI 3A CYUET BHEJAPEHUS CUCTEMbI YCTAHOBKH
M YUETA KJIOUEBBIX IOKA3ATEJIEN

Annoranusi. CoBpeMeHHasi TOPHOJO0BIBAIONIAsl OTPACib MOJHA YHUKAJIBHBIX PEIICHUI 10 BHEJIPEHHUIO ydeTa
KITIOYEBBIX TOKazaTened sddexTuBHOCTH. 3a7aya TOPHOMOOBIBAIONIETO MPEANPUATHS, KaKk W JI000ro OM3Heca —
MOJTy9IeHHE TIPUOBLTH.

BaxxHyto poib B OIEHKE PE3yIbTAaTOB ACSITEIHHOCTH TOPHOMOOBIBAIONIETO MPEANPUATH UIPAIOT MOKa3aTe-In
s peKkTUBHOCTH, 00beIMHEHHbIE B cucTeMy nox HasBaHumeM KPI. Cuctema ycTaHOBKM M ydeTa KIIOYEBBHIX MOKa-
3arenei, paspadorannas criennanucramu J{.A. Kynaesa MHcTHTyTa TOpHOTO Jemna.

OcHOBHas 3a/1a4a JaHHOM CHCTEMBI IIOKa3aTesel — oneHKa 3 (heKTHBHOCTH eITEIbHOCTH KOMITaHWH, HalpaB-
JICHHOM Ha JOCTM)KCHHME OCHOBHBIX CTpAaTeTHUECKUX Iielieil U 3amad. braromaps cucremMe ycTaHOBKH M PETHCTPALINI
KITFOYEBBIX TOKa3aTeleld MOXHO OIICHWTh CHJIbHBIE M CJIa0ble CTOPOHBI MPEANPHATHSA, a TakXKe IMOHATh, KaKue
(haKTOPHI HETATUBHO BIHSIOT U TOPMO3SAT MPOIECC PA3BUTHS.

Juns ycnemHo# pabotel CucTeMa yCTaHOBKM M PETMCTPAIMU KIIIOYEBBIX MOKa3aTeliei OJKHA OCHOBBIBATHCS
Ha psiie QyHIaMEHTAIBHBIX KPUTCPHEB!
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— WHnukaTopsl JODKHBI TPAHC(HOPMHUPOBATH CTpaTeruio KoMmaHuu B KPaTKOCPOUHBIC SN TEKYIICH EATeIh-
HOCTH;

—INoxazarenu DOIKHBI TIOTHOCTBIO OTPAYKATh BCE KITFOUEBBIE ACTIEKTHI JAeaTeTbHOCTH KoMmannw;

— KonmdecTBO MHINKATOPOB JOKHO OBITH MUHUMAJTBHBIM;

—IMokazarenu u MOPSIOK UX pacyeTa JOJKHBI ObITh IOHATHBI COTpYIHHKaM Kommanuu.

— Hcnonp30BaHue CUCTEMBI YCTAHOBKH U YU€Ta KJIFOUCBBIX MTOKa3aTeeH 3(PPEKTUBHOCTH TIO3BOJISECT:

—O0ecnieueHe MPO3PAYHOCTH U MPEICKA3yEeMOCTH TEXHOJOTHUCCKUX M OPTraHU3alMOHHBIX MPOIIECCOB KOMIIA-
HHUH 32 CUET MPABIIHFHO BEICTPOSHHOTO Ipoliecca IH(POBU3aNNU CHUCTEMBl YCTAHOBKH U y4eTa KIIIOYEBBIX MTOKa3a-
TENeH.

—OreHka kagecTBO pabOThHI K&KIOTO COTPYIHIKA / IPOEKTa / KOMITaHUH.

— CocpenoTOYUTh JIeATENBHOCTh BCEX MOIpa3e/ieHnii Ha MPUOPUTETHBIX 3a1adax.

—CdopmupoBaTh 4eCTHYIO U dPPCKTHBHYIO CUCTEMY MOTHBAIIMU MEPCOHANA JJIsl JOCTUKCHHUS CBEPXPE3YJib-
TaToB.

— [NoBpIIeHNE YPOBHS OTBETCTBECHHOCTH 32 PE3yIbTAT KAXKJOTO COTPYAHUKA, 3a/ICHCTBOBAHHOTO B IIPOEKTE.

—Ilpu yBONBPHEHWH WM 3aMEHE CIICIIHAJICTOB HCIIOJIH30BATh HAKOIUICHHYI0 HH(OpMAIUIO IS OO0ydYCHHS
HOBBIX COTPYAHHUKOB Ha pabodeM MecTe.

s peanu3anuy TaKOro ydvera B IPOIECCE MPOCKTHPOBAHUS CHUCTEMbI ObUIM HHTCTPHPOBAHBI YHUBEP-
caJibHBIC IIU(PPOBBIC TEXHOJIOTHH, TO3BOJIIFOIIUE BECTH YUET MaTepPHAaIbHO-IPOU3BOACTBEHHBIX 3aM1aCOB, OMPEICIIAThH
MO3UIIMOHUPOBAHKE MepcoHana U T. . CaeayeT OTMETHTh, YTO MPOEKT MO BHEIPEHUIO JAHHOW CHUCTEMBI B MaJbIH,
CpeIHHIA ¥ KPYIHBIH OM3HEC OyIeT HMETh CBOM OCOOCHHOCTH U IPUOPHUTETHL.

Kurouesrble cioBa: KPI, RFID, oTcnexuBanue, yuet, MaTeMaTHYeCKasi MOJIENb.
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ELEMENTS OF DNA-TECHNOLOGY FORMING QUALITY
AND SAFE RAW MATERIALS

Abstract. It is known that cows high milk productivity is associated with decrease in resistance to various
diseases, including bovine leukosis, in resistance formation to which the BoOLA-DRB3 gene plays role, whose alleles
are associated with resistance (R-alleles *7, *11, *23, *28), sensitivity (S-alleles *8, *16, *22, *24) or are defined as
neutral (N) in relation to the disease. Researchers also established association of BoLA-DRB3-alleles *8, *11, *23
with an increased milk yield volume, and the *22 allele - with reduced milk yield volume. The aim of research was
to study associative communication of servicing bulls BoLA-DRB3 genotypes groups with their breeding value by
female ancestor’s dairy productivity indicators. As a result, we studied associative communication of servicing bulls
BoLA-DRB3 genotypes groups with their breeding value by female ancestor’s dairy productivity indicators with
identification of reduced milk productivity with genetic resistance to bovine leukemia virus infection and bovine
leukosis disease relationship, as well as observation of positive correlation between increased milk productivity and
genetic predisposition to increased milk yield volumes. The obtained information will be taken into account in
breeding during dairy herds reproduction with genetic resistance to bovine leukosis.

Key words: servicing bull, gene, genotype, BoLA-DRB3, PCR, SBT, bovine leukosis, milk productivity.

Introduction. The main task in dairy cattle breeding of our country is an objective assessment of
genetic potential and improving servicing bull’s selection accuracy for herd reproduction, which will serve
as a guarantee for industry economic efficiency growth [1-4].

The observed trend towards an increase in cow’s milk productivity is closely associated with decrease
in resistance to various cattle diseases, which subsequently negatively affects the production process with
an increase in output cost [5,6], including due to animals culling and decrease in milk yield average level
per herd [7].

In breeding work for formation of highly productive dairy herds populations, screening is carried out
for various gene variants of economically significant traits [8-11], including determining resistance to
various diseases, including bovine leukosis, the most common in Russian Federation, including Republic
of Tatarstan, which is confirmed by studies of causative infection agent - bovine leukemia virus (BLV)
[12-15].

The genes of the main histocompatibility complex are considered as a potential molecular marker of
cattle resistance to leukosis [16,17], among which BoLA-DRB3 gene is the most highly polymorphic [18].

Data on BoLA-DRB3 gene polymorphism [19], which alleles are associated with resistance or
susceptibility to bovine leukosis [20,21], make it possible to carry out marker-directed selection in order to
obtain disease-resistant animals [22-24].
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BoLA-DRB3 gene alleles are divided both into those associated with resistance (R) to bovine
leukosis, represented by following alleles: *7, *11, *23, *28, and those related to sensitivity (S): *8, *16,
*22, *24 [25], the remaining alleles are defined as neutral (N). Resistance to bovine leukosis is dominant
feature, therefore animal carriers of *7, *11, *23 and *28 alleles, even in heterozygous state, will not be
susceptible to this disease [26].

Milk, obtained from leukosis dairy cows often leads to decrease in its quality, biological usefulness
and safety. At the same time, production of high-quality dairy raw materials is an important task,
especially in terms of functional and herodietic dairy products production [27-31].

The researchers also obtained data on different allelic variants of BoLA-DRB3 gene association
directly with milk productivity signs in cattle [32,33]. For example, BoOLA-DRB3 alleles *8, *11 and *23
are associated with increased (1) milk yield, allele *22 - with decreased (D) milk yield.

The aim of this research was to study associative communication of servicing bulls BoLA-DRB3
genotypes groups with their breeding value by female ancestor’s dairy productivity indicators.

Material and research methods. Molecular genetic studies were performed on DNA samples
isolated from whole canned blood obtained from 60 servicing bulls of milk production direction, which
are cross-breeding and purebred Holstein cattle, belonging to JSC "Head Breeding Enterprise "Elita" of
Vysokogorsky District of Republic of Tatarstan. The study was conducted on the basis of
interdepartmental laboratory of immunology and biotechnology, Kazan State Academy of Veterinary
Medicine named after N.E. Bauman and Research and Production Company "SINTOL" (Moscow).

Nucleic acids were extracted using reagents set for DNA isolation from clinical material “DNA Sorb
B” (Central Research Institute of Epidemiology, Russia).

For PCR-amplification of exon 2 locus of BoLA-DRB3 gene with a length of 319 bp optimized PCR-
SBT conditions were used [34] using DRB3FRW (5-CGCTCCTGTGAYCAGATCTATCC-3) and
DRB3REV (5-CACCCCCGCGCTCACC-3') primers and "Encyclo Plus PCR kit" reagent kit (CJSC
Evrogen, Russia) under following thermal cycling conditions: preliminary denaturation at 94 °C for
4 minutes; further 40 cycles: denaturation 94 °C - 10 sec., annealing 62 °C - 10 sec., extension 72 °C -
10 sec.; final extension at 72 °C - 5 min.

Electrophoretic detection of resulting PCR fragments was carried out using reagent kit of
"EF-genotype 200" (Central Research Institute of Epidemiology) in 2% agarose gel in TBE buffer,
containing ethidium bromide, followed by visualization of amplicons in UV-transilluminator (Vilber
Lourmat) and fixing result on digital camera (Canon).

For BoLA typing by sequencing (SBT), analyzed locus amplicons were sequenced using an "ABI
PRISM 3100" genetic analyzer (Applied Biosystems, USA) followed by their alignment in BLAST
(https://blast.ncbi.nlm.nih.gov/Blast. cgic) by corresponding partial nucleotide sequences of BoLA-DRB3
alleles.

The frequency of genotypes occurrence by BoLA-DRB3 gene was determined by formula [35]:

- Nn
p_Nl

where p — genotype frequency; n — number of animal units, having a certain genotype, N — total number of
examined animal units.
The calculation of animal unit’s frequency alleles was performed according to formula [36]:

p = (2N1+N2)/2n,

where N1 — number of homozygotes for studied allele, N2 — number of heterozygotes, n — sample volume.
When studying the associative communication of servicing bulls BoLA-DRB3 genotypes groups with
their breeding value by female ancestor’s dairy productivity indicators, were used data on zootechnical
and pedigree accounting of researched farm: pedigree cards (form 1-MOL), pedigree certificates and
servicing bulls’ catalogs.
The PBI is calculated — the parental bull index according to N.A. Kravchenko, 1963 [37] for each bull
by milk yield and buttermilk of their female ancestors.

PBI = 2M+MM+MF)/4,
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where M — mothers, MM — mothers of mothers, MF — mothers of fathers.

The results of research were processed by biometric method using computer and Microsoft Excel.
The level of their reliability was determined by Student criterion.

Results and discussion. In assessing servicing bulls of milk productivity direction by origin, the
indices of breeding bull’s evaluation were used. An analysis of parental bull index (PBI) shows the extent
to which offspring can transmit signs of milk production (table 1).

In total, typed sample (n=60) of bulls is divided into six associated groups of BoLA-DRB3 genotypes:
S/S — 25, SIN— 14, N/N — 4, R/IN — 4, R/S — 11 u R/R — 2 animals.

Table 1 — Evaluation of servicing bulls of different groups of BoLA-DRB3 genotypes associated with susceptibility
or resistance to leukosis, according to indicators of female ancestor’s milk productivity

Associated Milk productivity indicators
Genotypes Group milk yield, kg fat, % fat, kg
n=60 Mothers (M)
SIS 25 8561.0£1956.7 3.82+0.19 327.1£77.1
SIN 14 8800+£1454.2 3.90+0.13 344.0+64.8
N/N 4 9918+668.5 4.03£0.18 399.8+41.1
R/N 4 8508+1268.8 3.95+0.22 334.3+£35.7
R/S 11 8460+1570.5 3.84+0.18 326.6+£71
R/IR 2 6803+607.4 4.15+0.45 283.34+55.5
n=60 Mothers of mothers (MM)
SIS 25 7731+2280.7 3.90+0.38 300.2+88.1
SIN 14 6517+1640.6 3.89+0.22 253.9469.8
N/N 4 8003+2834.5 3.71+0.17 300.2+119.1
R/N 4 70871207 3.96+0.11 279.80+41.2
R/S 11 6736+1644.3 3.85+0.42 261.2+78.8
R/R 2 6347+2045 3.80+0 241.2+77.7
n=60 Mothers of fathers (MF)
SIS 25 10591+3272.7 3.95+0.22 419.4+131.2
SIN 14 9579+1113.6 3.97+0.34 382.6£71.6
N/N 4 13816+2226.5 4.44+0.69 604.9+133.5
R/N 4 11490+2612.5 3.91+0.07 447.3492.1
R/S 11 10854+3052.7 4.20+0.51 463.1£170.7
R/IR 2 95334951.8 4.16+0.34 395+7.2
n=60 Parental bull index (PBI)
SIS 25 9251+2530.3 3.87+0.16 358+94.6
SIN 14 8424+995.5 3.91+0.16 329.4+51.2
N/N 4 10414+825.6 4.04+0.19 420.7+47.1
R/N 4 8898+1403 3.94+0.15 350.6+43.4
R/S 11 8628+1505.5 3.93+0.24 339.1+£79.7
R/R 2 7371£1052.9 4.06+0.14 299.3+49
Note: R — alleles associated with resistance to leukosis; S — alleles associated with sensitivity to leukosis; N — alleles
neutral to bovine leukosis.

According to assessment results of parental bull index (PBI), distribution of genotype groups
associated with resistance (R) and/or sensitivity (S) and/or neutral (N) state in relation to bovine leukosis
had the following configuration in descending order of values:
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for milk yield — N/N>S/S>R/N>R/S>S/N>R/R;

for milk fat content — R/R>N/N>R/N>R/S>S/N>S/S;

for milk fat yield — N/N>S/S>R/N>R/S>S/N>R/R.

Evaluation of bulls by parental index showed that highest milk yield (10,414 kg) and milk fat yield
(420.7 kg) were observed in bulls of associated N/N genotypes group, and higher milk fat content had
bulls of associated R/R genotypes group (4.06%).

At the same time, the smallest milk yield (7371 kg) and milk fat yield (299.3 kg) were observed in
bulls of associated R/R genotype group, and the lowest milk fat content (3.87%) had bulls of associated
S/S genotypes group.

A comparative analysis of frequency distribution of BoOLA-DRB3 gene alleles associated with cattle
milk productivity signs in researched servicing bulls sample is presented in table 2.

Distribution of presented alleles associated with milk productivity signs in decreasing frequency
order of occurrence has following configuration: *8>*22>*23>*11.

Table 2 — Occurrence frequency of BoLA-DRB3 gene alleles, associated with milk productivity signs
in servicing bulls’ sample of JSC "Head Breeding Enterprise "Elita" of Vysokogorsky District of Republic of Tatarstan

Number of animal-carriers of certain Number of specific Allele frequency, %
Allele number BoLA-DRB3 allel llel -
OLA- 3 alleles alleles "Elita" (n=60)
> n=110 ‘ 100 % n=120 100 %
Alleles, not associated with milk yield level
5 75 | 68.19 83 69.18
I-alleles associated with increased milk yield
*8 (*1201) 14 12.73 16 13.33
*11 (*0902) 5 4.54 5 4.16
*23 (*2701, *2703) 7 6.36 7 5.83
D-alleles associated with decreased milk yield
*22 (*1101) | 9 | 8.18 | 9 | 7.50

The group of I-alleles associated with an increased milk yield volume is represented by three alleles:
*8, *11, *23 with occurrence frequency in range of 4.16-13.33%); at the same time, the allele *11 has the
lowest occurrence frequency, the *8 allele is the highest. The total proportion of occurrence frequency of
this alleles group was 23.32%, with these alleles’ presence in genotype of 22.4% of bulls.

The group of D-alleles associated with reduced milk yield is represented by one *22 allele with
occurrence frequency of 7.5%. This allele is present in genotype of 8.18% of bulls.

Evaluation of servicing bulls of different groups of BoLA-DRB3 genotypes associated with milk
productivity signs by female ancestor’s indicators of the same name is presented in table 3.

Table 3 — Evaluation of servicing bulls of different groups of BoLA-DRB3
genotypes associated with milk productivity signs by female ancestor’s indicators of the same name

. Milk productivity indicators
Associated Genotypes Group —
milk yield, xr fat, % fat, kg
n=60 Mothers (M)

I 5 8545+2381.8 3.85+0.26 329 +105.9
D/D - - - -
N/N 32 8817+£1568.2 3.87+0.18 341.2+65.6
1/D 3 6943+2103.8 3.79+0.05 263.1+82.3
D/N 5 8990+564.3 3.9+0.05 350.6+£25.2
I/N 15 8462+1792.3 3.89+0.25 336.8+71.7
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Continuation of table 3
n=60 Mothers of Mothers (MM)
I 5 7829+2748.2 3.92+0.35 306.9+129.1
D/D - - - -
N/N 32 7035+1983.3 3.82+0.27 268.7+78.2
1/D 3 72554+4002.1 3.92+0.29 284.4+137.4
D/IN 5 7735+1990.9 4.02+0.62 310.9+78.29
IIN 15 7129+1584.5 3.93+0.32 279.97+66.2
n=60 Mothers of fathers (MF)
I 5 11379+2288.4 4.54+0.64 516.6+£160.9
D/D - - - -
N/N 32 10826+3049.2 3.97+0.31 429.8+129.7
1/D 3 8433+2225.1 4.1£0.29 345.7+118.7
D/IN 5 9537+1656.8 3.940.05 371.9+67
I/N 15 10816+2797.6 4.03+0.33 435.9+138.5
n=60 Parental bull index (PBI)
I 5 9075+2262.1 4.04+0.32 366.6+118.42
D/D - - - -
N/N 32 8874+1662 3.88+0.15 349.6+67.8
I/D 3 7394+2556.9 3.9+0.05 288.4+102.4
D/IN 5 8813+867.7 3.93+0.18 345.9+37.5
I/N 15 8717+1480.7 3.94+0.22 343.4+67.3
Note: | — alleles associated with increased milk yield; D — alleles associated with decreased milk yield; N — alleles
neutral to milk yield.

The typed sample (n=60) of servicing bulls is represented by five associated groups of BoLA-DRB3
genotypes: I/l - 5, N/N - 32, I/D - 3, D/IN - 5, and I/N - 15 animals. Moreover, no bulls of associated
D/D genotypes group were revealed in the sample under study (Table 3).

According to assessment results of parental bull index (PBI), distribution of genotype groups
associated with an increased and/or decreased milk yield volume and/or their neutral (N) state had the
following configuration in decreasing order of indicator values:

for milk yield — I/I>N/N>D/N>I/N>1/D;

for milk fat content — I/1>1/N>D/N>1/D>N/N;

for milk fat yield — I/I>N/N>D/N>I/N>1/D.

Evaluation of bulls by parental index showed that bulls of associated of I/l genotypes group were
characterized by highest milk yield (9075 kg), as well as milk fat content (4.04%) and milk fat yield
(366.6 kg).

At the same time, the smallest milk yield (7394 kg) and milk fat yield (288.4 kg) were observed in
bulls of associated 1/D genotypes group, and the lowest milk fat content (3.88%) had bulls of associated
N/N genotypes group.

Conclusion. According to research results, it was found that the highest PBI in milk yield and milk
fat yield was observed in bulls of associated N/N genotypes group, and milk fat content had bulls of
associated R/R genotypes group. The lowest PBI in milk yield and milk fat yield was observed in bulls of
associated R/R genotypes group, and in terms of milk fat content - had bulls of associated S/S genotypes
group. The distribution of genotypes groups, associated with an increased (I) and/or with decreased (D)
milk yield volume and/or their neutral (N) state, in decreasing values order of corresponding indicators,
showed that the highest PBI indicator for milk yield, milk fat content and milk fat yield was observed in
bulls of associated I/l genotypes group. Thus, by researching associative communication of servicing bulls
BoLA-DRB3 genotypes groups with their breeding value by female ancestor’s dairy productivity
indicators, a relationship was found between reduced milk productivity and genetic resistance to infection
with bovine leukemia virus and bovine leukosis disease, as well as a positive correlation between
increased milk production and genetic predisposition to increased milk yield.

——— K ———
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Researched associative communication of servicing bulls BoLA-DRB3 genotypes groups with their
breeding value by female ancestor’s dairy productivity indicators will be taken into account in breeding
work in dairy herd reproduction with genetic resistance to bovine leukosis.

X. X. 'mabmanos™, C. B. TlOJIbKI/IHl, P.P. Badmﬂz’3, A.T. Tancrsn’,
A. E. Psi6oBa’, B. K. Cemunsitnpiii’, C. A. Xypmymmz, H. C. HpﬂHI/I‘lHI/IKOB33

'OMBFM dunanst B.M. Top6aToB aTbiHaars! «A3HIK-TYITIK OHIMICPIHIH
(denepanabIK FEUTBIME OpTaibiFel» PEA, Mockey, Peceid;
?ByKinpeceiiTik chIpa KaiHaTYy, aJTKOTOMIbCI3 XKOHE Mapar OHePKACiOi FEUIBIMH-3ePTTey HHCTHTYTH —
OMBIM ¢ummansr B.M. T'opbaToB aTeIHAAFBI «A3BIK-TYIIIK OHIMICPIHIH
(enepanabIK FEUTBIME opTaibIiFbely PEFA, Mackey, Pecei;
3 . o s Py o
OMAFM «bykinpeceinik CyT OHepKaciOi FEUIBIMU-3€PTTeY HHCTUTYThI», Mackey, Peceii

JHK JIEMEHTTEPI — HIUKI3AT CAITACBI MEH KAVYIIICI3AIT'T
TEXHOJIOT'UACBIH KAJIBIIITACTBIPY KEIIIJII

Annotanusi. CHBIPJIBIH JKOFapbl CYT OHIMIUIIN Typii aypyra, COHBIH ilIiHAe ipi Kapa MajbIHbIH Jieiike-
MHSCBIHA KapChl TYPAKTBUIBIKTHIH TeMeHAeyiHe, BoLA-DRB3 reHiHiH peii aenpiepiHiH KapchUIacybIHa
OaitmanbICThl ekeHiri oenrim (Y - ammenun *7, *11, *23, *28), cesimrangwik (U -amnenmn *7, *11, *23, *28) nemece
aypyra KateicTel Oeiitapan (H) perime ampikramamer. Conpaii-ak BoLA-DRB3 ammensnmepi * 8, * 11, * 23 cyt
IIBIFBIMBIHBIH YIIFAIOBl apKBUIBI JKOHE CYT IIBIFBIMBI TOMEH auienb * 22 apachlHAa OaiyiaHblc opHATHUIIBL. Jleiiko3
CUBIpIIaH aJbIHFaH CYT KeOiHece OHBIH CalachlH, OMONOTHSIBIK KYHIBUIBIFBI MEH KAyIiNCI3HiriH TOMEHAETE.
Omnpipicte ocipece (YHKIMOHAIABI XKOHE TePOIHETANBIK CYT OHIMIH aly YIIiH >KOFaphl camajibl CYT HIMKi3aTHIH
KOJIZIaHy MaHbBI3bl MiHJET OOJbIN caHanaabl. JKanmbl, ipi Kapa MaJIbIHbIH JICHKEMHUsFa TOIIMIUIITIHIH T€HETHKANBIK
MapKepJIepiH CKPUHHHI )Kacay >KOFaphl Camaibl KOHE Kayirci3 mukizartel Kypy yiniH JIHK TexHOTOoruschiHbIH
9JIEMEHTI PETIHAE OpHAJIACTHIPBUIFaH. 3epTTeyiH MakcaThl — OyKaHblH BoLA-DRB3 reHOTHNTIK TOOBIHBIH achLl
TYKBIMJIBIK KYHJIBUIBIFBI apPKbUIBI aHAIBIK YpHaKTapFa JKaKbIHbIPAK KEJETiH TeriHiH CYT OHIMALIr TYpFBICBIHAH
acCcOlMaTHBTI OalIaHBICHIH 3epTTey. MOJEeKYISPIbIK-TeHETUKAIIBIK 3ePTTEYJIep T€HETUKAIBIK )KOHE achll TYKBIM/IbI
ipi Kapa MaJIIbIH CYT OHIMALTITT OareIThIHAAFEl 60 OYKagaH eHIIpIIreH, KOHCEPBIJICHIeH KaHHaH oKniaynanran JTHK
CBIHAMAJIApBIHAA SKYpri3ingi. HyknewH KbIIKpUIbIH SKcTpakimsuiay JHK-HBI okinaynayra apHailFaH pearcHTTEp
KeIIeHi apKpUTBl Kypri3inmi. ¥3eHAbFel 319 m.H. BoLA-DRB3 reniniH 3k30H 2 nokyceH [I1P kymeiTy ymin
onraimanapipeuFad [1P -SBT maprtrapst DRB3FRW xone DRB3REV mpaiimepriepi apKpUibl KOJMIaHBLUIAEL.
BoLA-ub! xyitieney (SBT) apKpUTbI €HTI3y YIIIH TalIaHFaH JOKYCTHIH aMILUTHKOHIAPHl TeHETHKAIBIK aHAaJM3aTOpFa
perrenmi, conan keilin BoLA-DRB3 amnensaepiHiH THICTI KapThUIail HYKICOTHATIK Ti30CKTEpIMEH TEHECTIpiIII.
AHaJbIK yprakTapra >KakplH TETiHIH CYyT eHiMAUIri TypreicbiHaH BoLA-DRB3 Oykanapbl r€HOTHNTEpiHIH achbul
TYKBIMJIBIK KYHJIBUIBIKTAPBIHBIH aCCOLMATUBTI OalIaHBICBIH 3epTTey Ke3iH/e 3epTTENeTIH NIapyallbUIbIKThIH
300TEXHUKANBIK JKOHE TYKBIMIBIK TIpKenyi Typaibl nepekrtepii naipananabik. CyT eHuipymn Oykamapibl Teri
OoiibIHIIIa OHIMALTIK OaFbITHIH Oaranay Ke3iHje OyKanap/blH achll TYKbIMBUIBIFBIH Oaraiiay KepceTKilTepi Herisre
anbIHabl. ByKaHbIH atajibiK-aHadblK uHACKCiH (BAW) Tanmay yprmakTapblHBIH CYT OHAIPYIiH Oenriiepin xidepe
aNaTBIHIBIFBIH KOpceTel. AJIbIHFaH 3epTTey HOTHKeJIepi OMOMETPHUsUIBIK djictieH oxaesni. OnapablH CeHIMIIIr
CTBIOJCHTTIH oiIeMi OOWBIHINA aHBIKTANABL. 3epTTey HOTHXKeIepi OOWBIHINA, CYT OHIMI MEH CYT MabIHIAFBI €H
worapel BAW wmemmepi H/H renorunrepiHin OaifiaHbICTBI TOm OyKanapblHOa >koHEe Y/Y T'eHOTUNTEpiHIH
GaiyIaHbICTBI TON OYKaJlapbIHAAFBI CYT MalbIHBIH KypaMbIH/a eKeHIr aHbIKTanapl. CyT Menmiepi MeH CYT MaibIHbIH
welFeIMBL YIIIH BAU eH TemeH kepcerkinn Y/Y reHOTHNTEpiHiH OaiylaHBICTBI TOOBIHBIH OYKalapblHIA, all CYT
Ma#bIHBIH Meumepi OoibiHma Y/Y reHoTunTepiHiH OaiiiaHBICTBI TOOBIHBIH OyKanmapeiHaa Oadkanael. CyT
LIBIFBIMBIHBIH XKoFapbutaybiMeH (OK) sxoHe/HeMece azaiiTelnraH (A) KejeMiMeH xaHe/HeMece oiapblH Oeirapan (H)
KYHiMeH OaiaHbICTBI T€HOTHUNTEP TOOBIHBIH Tapadybl THICTI MHAMKATOP MOHIHIH a3ai0 TOPTiIOIMEH CyT Kipici, cyT
Kypambl xkoHe BAW ymriin e xorapsl kepceTkim kepcerTi, [I/II reHoTHnTepiHiH KayBIMIACTHIPBUIFAH TOOBIHBIH
OyKamapbIH/ia CYT MaibIHBIH MIBIFBIMBEI Oaiikamasl. Ocbutaiina, aHaJdbIK YpHaKTapFa KakbelH TeTiHIH CYT ©HIMILIIri
TypreiceiHaH BoLA-DRB3 OykanapablH TeHOTHNTIK TOOBIHBIH achll TYKBIMIBIK KYHIBUIBIFBIMEH aCCOIIMATHBTI
OalTaHBICBIH 3€PTTEH OTBIPHII, CYT OHIMALIITIHIH a3alobl MEH ipi Kapa MajAblH JIEWKO3 BHPYCHIMEH HH(QEKIUsIFa
TeHETHKAJIBIK TO3IMJUIIT, COH/aii-aKk ke0ero apachlHAarbl OH KOPPEJIHUs apachlHIarbl OailylaHbIC aHBIKTAIIBL. Ipi
Kapa aHAIBIKTapAbIH CYT eHIMAUIri TyprbicbiHaH BOLA-DRB3 TyKbIMIBIK OyKamapIplH T€HOTHUNTIK TOOBIHBIH
3epPTTEIreH aCCOIMATUBTI KATHIHACKHI ipi Kapa MaJJIbIH JICHKEMHAChIHA TCHETUKAIBIK TO3IMAUIIN O0ap CyTTi TaObIH
Ke0eiTy OapbIChIH/A aChll TYKBIMJIBI aHAJIBIK YPIIaKTapFa jKaKblH TETiHIH CYT OHIMALIIr ecKepijeTiH 0omaubl.

Tyiiin ce3nep: enaipywi Oyka, ren, rerorun, BoLA-DRB3, ITI[P, SBT, ipi kapa Man j1elKo3bl, CYT OHIMILIITI.
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'OIrpHY «®HII nummessix cucrem uM. B.M. I'opbaroBay PAH, Mockga, Poccus;
ZBCGPOCCHﬁCKHﬁ Hay4YHO-HCCIIE0BATEIbCKUI MHCTUTYT MMBOBAPEHHOM,
0€3aJIKOr0JIbHOM ¥ BUHOAEIbYECKOM NpoMBIIIIeHHOCTH — ¢unnan GTBHY
«®DHII nummessix cucrem uM. B. M. T'opdatosa» PAH, Mocksa, Poccus;
SOrAHY «Bcepoccuiickuil Hay4HO-UCCIE0BATENLCKUA HHCTUTYT
MOJIOYHOH NPOMBILIEHHOCTH», MockBa, Poccus

SJIEMEHTBI JHK-TEXHOJIOT'UU ®OPMUPOBAHUSA
KAYECTBEHHOI'O U BE3OITACHOTI'O CbIPbsA

AHHoOTanus. V3BecTHO, YTO BBICOKAs MOJIOYHAS HPOIYKTHBHOCTH KOPOB CBSi3aHA CO CHIDKCHHEM PE3WCTEH-
THOCTH K Pa3IHMYHBIM 3a00JICBaHUAM, BKIFOYAs JICHKO3 KPYIMHOTO POTaToro CKOTa, B (GOPMUPOBAHUN PE3UCTEHTHOC -
TH K KoTopoMmy Hrpaet pois TeH BOLA-DRB3, upm annmenu accommupoBaHsl ¢ ycroitunBocthio (Y-ammemu *7, *11,
*23, *28), wyBcTBUTENHHOCTRIO (U-ammtenn *§, *16, *22, *24) wnn onpeneneHsl kak Hewrpanbable (H) mo oTHoMIE-
HUIO K 3aboneBanmto. Tarke ycraHoBieHa cBs3b BOLA-DRB3-ammeneir *8, *11, *23 ¢ moBBIIEHHBIM 00BEMOM
yloes, a ajuiens *22 — co CHWKEHHbIM 00beMoM ynoeB. [ToayueHHOe OT JISHKO3HBIX KOPOB MOJIOKO 3a4acTylO MpH-
BOAUT K CHIXXCHHIO €ro KauecTBa, OMOJOrMYecKOod IMOJHOLEHHOCTH M Oe3zomacHocTH. Ilpy 3TOM mpom3BOACTBO
BBICOKOKJIACCHOTO MOJIOYHOTO CBIPbsI SIBJSICTCS Ba)KHEHICH 3amaucii, 0COOCHHO B YacTH BBIPAOOTKH (DYyHKIHO-
HQJIBHBIX U TePOJUETUYECKUX MOJIOYHBIX MPOAYKTOB. B 11€10M CKpUHUHT FeHeTHUECKUX MapKepoB YCTOMYMBOCTH K
JIEWKO3y KPYIIHOTO POTaTOro CKOTa MO3UIMOHUpYeTcs Kak aneMeHT JJHK-texHonornu nprwkusHeHHOTO GopMHUpOBa-
HUS Ka4eCTBEHHOTO W 0€30IacHOTO CHIphs. L[enpio HaCTOSIIEro NCCIeAOBAHMS SBISUIOCH H3YUCHHE ACCOIIMATHBHOM
cBs3u Tpynn reHotunoB BOLA-DRB3 ObikoB-mipom3BoAuTeNed ¢ MX IDIEMEHHOW IIEHHOCTBIO IO TOKA3aTeiIsIM
MOJIOYHOH MPOAYKTUBHOCTH KCHCKHUX MPEIKOB. MONEKYIApHO-TEHETHUSCKOMY HUCCIICAOBAHIIO OBUTH TIOABEPTHYTHI
obpaszmel JHK, BrImeneHHbIC U3 LENbHOW KOHCEPBUPOBAHHOH KPOBH, MONYYEHHOW OT 60 OBIKOB-IIPOM3BOIUTEINCH
MOJIOYHOTO HAalpaBJICHHUs MPOAYKTUBHOCTH, MPEACTABISIOMNX CO00H MOMECHBIH M YUCTOMOPOIHBIN TOJIITHHCKIHA
CKOT. DKCTPaKIUIO HYKJICHHOBBIX KHCIIOT OCYIIECTBIISUIA C MPUMEHEHHEM KOMIUIEKTA PEareHTOB JUIS BBIICICHUS
JHK. Tnst TTIP-amungukaiuu Jiokyca 5k30Ha 2 reHa BOLA-DRB3 gyuno# 319 m.H. IpUMEHSIIH ONITHMH3HUPOBAH-
Hele ycnoBusi mpoBexenus I[IIP-SBT ¢ ucnonszoBanmem mnpaiimepoB DRB3FRW u DRB3REV. Jlns BoLA-
TUIIUPOBAHUSA METOJIOM cekBeHUpoBaHMA (SBT) aMIUTMKOHBI aHATM3UPYEMOTO JIOKyca CEKBEHHPOBAJIN HA T'€HETH-
YECKOM aHAJIM3aTOpe C MOCIEAYIOIIMM HMX BBIPAaBHUBAaHHEM C COOTBETCTBYIOUIMMM YAaCTHYHBIMH HYKJICOTHIHBIMH
nocnenoBarenibHOCTIMU BOLA-DRB3-ayuteneit. [Ipy n3yueHnn accouuaTHBHOW CBSI3M I'€HOTHUIIOB 1Mo reHy BOLA-
DRB3 ObIKOB-TIPOU3BOAMTENCH C UX MJICMEHHOW IEHHOCTHIO IO MOKA3aTEIsIM MOJOYHON MPOIYKTHUBHOCTH KEHCKHUX
MIPEKOB MCIIOJB30BAHKI JAaHHEIE 110 300TEXHHYCCKOMY U IUIEMEHHOMY y4eTy MccieyeMoro xo3siicTa. [Ipu onenke
OBIKOB-TIPOM3BOIUTEINCH MOJOYHOTO HAIIPABICHHS MPOIYKTUBHOCTH MO MPOUCXOKICHUIO HCIOIH30BAHBI MHICKCHI
IUIEMEHHON OIICHKM OBIKOB. AHANHW3 POIHTENbCKOTO wHAeKkca Obika (PMB) mokaspiBaeT cTemeHb BO3MOXKHOM
mepeaaddl MOTOMCTBY IPU3HAKOB MOJIOYHOH IPOAYKTHBHOCTH. [loirydeHHbBIE pe3yabTaThl UCCIEIOBaHUS 00padoTa-
HBI OMOMETPHYCCKIM METOJOM. YPOBEHBb HX JOCTOBEPHOCTH ompenessui mo Kpureputo CthromeHTa. o pe3ymnnb-
TaTaM MPOBEIEHHOTO UCCIIEOBAaHNs YCTAHOBJICHO, YTO HauOoJIbIINi nokasatesiab PUB 1o y1010 1 BBIXOLY MOJIOYHO-
IO )KUpa OTMEYeH y OBIKOB acCOLMHPOBAHHOW rpymmbl reHotunoB H/H, a mo copepaHU0 MOJIOYHOTO KHpa — Y
OBIKOB aCCOIMUPOBAHHOW TpyNIbl reHoTHnoB Y/Y. HanMmenpmuii mokazatens PUB 1o ymoro u BBIXOIY MOJOYHOTO
KHpa OTMeUYeH y OBIKOB aCCOIIMUPOBAHHON TPy TEHOTUTIOB Y/Y, a 10 COAepKaHUIO MOJIOYHOTO XHpa — y OBIKOB
acCOIMHUPOBAaHHONW Tpymnsl reHotunoB Y/Y. Pacmpenenenne ke Tpymnm T€HOTHIOB, aCCOIMUPOBAHHBIX C IOBHI-
menHsM (IT) w/mmm co cHmwkenapM (C) obbemMoM ynmoe w/mim ux HeirpansHbIM (H) cocrosHmem, B mopsake
yOBbIBaHMS 3HAYCHWH COOTBETCTBYIOLIMX ITOKa3aTesed Mokasano, 4To Haumbonbmmii mokaszarens PUB mo ynoro,
COJICP)KaHMIO MOJIOYHOTO JKHPa M BBIXOJLy MOJIOYHOTO XXHMpa OTMEYEH Y OBIKOB aCCOIIMMPOBAHHOI I'PYIIBI T€HOTH-
noB [I/TI. Takum oOpa3om, M3y4eHHEM acCOLMATHBHON cBs3u rpynn reHotunoB BOLA-DRB3 ObikoB-mpousBoau-
TeJIel ¢ MX IUIEMEHHON IIEHHOCTBIO 110 TTOKa3aTelsiM MOJIOYHOHM MPOJYKTUBHOCTH XKEHCKUX IPEJIKOB Haloaanach
B3aUMOCBSI3b CHIDKEHHOH MOJIOYHOW TPOAYKTHBHOCTH C T'€HETHYECKOH PE3HCTEHTHOCTBIO K WHQHUIHUPOBAHUIO
BUPYCOM OBIUBETO JIeiiK03a U 3a00IeBaHHIO JIEHKO30M KPYITHOTO POTraToro CKOTa, a TAKXKe IOJIOKHUTENIbHAsT KOPpeis -
U] MEKAY TIOBBIIICHHON MOJIOYHON HPOXYKTHBHOCTHIO M T€HETHUECKON MPEAPACTION0KEHHOCTHIO K MOBBIIIEHHOMY
o0beMy ymoeB. M3yuenHasi accoumatuBHas cBs3b rpynn reHotunoB BOLA-DRB3 ObikoB-mpousBoauteneit ¢ ux
IUIEMEHHON [EHHOCTHIO MO TIOKA3aTeJIIM MOJIOYHOW TNPOTYKTHBHOCTH JKCHCKUX INPENKOB OyIeT yYUTHIBATHCA B
CEJIEKIIMOHHO-TUIEMEHHON paboTe MpH BOCIPOM3BOJCTBE MOJIOYHOTO CTaAa C I'eHETHUECKOW YCTOMYMBOCTBIO K
JIEHKO3Y KPYITHOTO POraToro CKOTa.

KiwueBble c1oBa: ObIK-IPOXU3BOANTEINb, TeH, reHoTur, BOLA-DRB3, TILIP, SBT, neiiko3 KpyIIHOTO poraTtoro
CKOTa, MOJIOYHAs IPOJYKTUBHOCTb.
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ALIGNING METHOD OF STRUCTURES DURING INSTALLATION
IN VERTICAL PLANE

Abstract. This article presents the results of the research methods of structures aligning during installation in
the vertical plane. The analysis and research of existing methods of structures alignment in the vertical plane, used in
the conditions of enterprises engaged in the installation of metal tanks. The results of the research showed that the
applied alignment methods in the vertical plane have some drawbacks, in particular, after aligning, additional
calculations are required. And also for alignment of sliding timbering, columns and wall panels use some theodolites,
including vertical allotment. Laser devices and theodolites with visual system were also investigated. However, all
the methods considered with the use of these devices are quite time-consuming and a significant number of tools and
equipment are used. A device is proposed to control the shape and location of flat surfaces using the principle of
similarity of triangles allowing obtaining a straight line of intersection of lasers in space parallel to the plumb line.
Developed devices are cheap, easy to use and manufacture. With the use of the proposed technique, there is no need
to use several working and expensive devices. The developed devices can significantly reduce the alignment time of
building structures in the vertical and horizontal planes.

Key words: Alignment design, laser theodolite, laser sights, light spot, laser beam.

Introduction. The development and implementation of advanced methods and technical means of
measurement are urgent problems, as the increasing volume and complexity of tasks for the construction
of various objects require continuous improvement of geodetic support.

A large number of laser devices are produced to perform engineering and geodetic works, of which
theodolites with a visual system are in great demand when reconciling building structures [1-5].

The use of laser theodolite with the beam sweep in the vertical plane allows to determining
the position in the plan and the verticality of the structures by the method of lateral leveling. At the same
time, continuous geodetic control of the position of the mounted element is provided, and the presence of
visible lines and planes formed by the beam and its opening allows for more accurate assembly of
structures [6-9].

But this method is used mainly for finishing, plumbing and installation of devices indoors [10-12].
For aligning of columns and wall panels of industrial and public buildings it is necessary to use other
devices.

In this case, the accuracy of measurements when working with laser devices largely depends on the
diameter of the radiation beam, which varies depending on the distance of its propagation. Depending on
the distance, the clarity of its contours also changes.

However, the existing methods of structures alignment in the vertical plane have several drawbacks.
So, for example, at installation of metal tanks on object "New metallurgy" firm LLP "Ust-Kamenogorsk



mailto:AGoltsev-vko@mail.ru
mailto:nomad007@mail.ru
mailto:shkt1965@mail.ru
mailto:smurat@yandex.ru
mailto:b_absadykov@mail.ru
mailto:mbt69@mail.ru
mailto:bopany@mail.ru

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

installation firm "Imstalkon™, made alignment in a vertical plane, thus it was necessary to use special
marks and to make additional calculations. To align the sliding formwork, columns and wall panels use
multiple theodolites, including the vertical scan.

Traditionally, two theodolites are used when mounting columns (see figure 1) [13-16]. Before
installation of columns check their sizes and put the risks facilitating installation of a column in the glass
of the base or on heads of subcolumns. The column established in the glass of the base, center to
coincidence with risks on the top plane of the base.

7 Z 3 4
= }
“‘“>7
= 7 5
[P 6

0)

a)
Figure 1 — Alignment circuit of columns and panels. a) - column alignment with a special device;
b) - scheme of operation of the device for aligning of the column

To check the verticality of the column, two theodolites are placed at right angles to the numeric and
alphabetic axes of the buildings. In this case, the sighting axis of the theodolite is combined with the risks
inflicted on the glass at the bottom of the column, and then, smoothly raising the theodolite pipe, with the
risk at the upper end of the column. The distance of the theodolite from the verified column is taken such
that at the maximum rise of the pipe the angle of its inclination does not exceed 30-35°[17,18].

A more promising method based on the use of a device with warning lights (Fig. 1, a, b). This device
attaches to the verified column through special holders 1. In this case, the rod 2 is parallel to the axis of
the column. A device 3 with five warning lights 4 is attached to the rod. Four red light bulbs are located on
the side faces of the device, a green lamp-at the bottom. The device has a spherical surface 4 with 3 holes.
The metal ball 2, moving on a spherical surface, closes contacts 1 in holes 3 and includes signal lamps.

If the rod occupies a vertical position, the ball is located in the Central hole and includes a signal light
6 green. If the column, and therefore the rod, is inclined, the ball tries to take the lowest position and
moves to another hole. In this case, a red light illuminates on the side where the column is tilted upwards.
If the column is inclined in a plane perpendicular to the plane of the device, then two red bulbs light up at
once. This method significantly reduces labor costs and does not require preliminary marking of the
column.

However, all of these methods are quite time-consuming and a significant number of tools and
equipment are used.

Proposed reconciliation methods and discussion. The proposed method of reconciliation of
structures in the vertical plane allows the use of only one laser theodolite with two sights [19].

The device consists of two sights, which project on the working surface one spot of light in the
vertical design plane. The proposed device for controlling the shape and location of flat surfaces (figure 2)
includes two lasers 1 and 2 connected by a frame 3, the sides of which are movably connected to each
other, for example, by means of hinges, a plumb 4, a counterweight 5, a tripod 6 and a stand 7 with lifting
screws 8.

The principle of operation is as follows. Before starting work, the device for controlling the shape and
location of flat surfaces is installed in the desired position through a plumb 4, a counterweight 5 and
supports 6. Next, using the stand 7 with lifting screws 8, turn the laser 2 to the intersection of two points
on the verified plane.

—— §4 ——
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The laser 1 rotates relative to the axis A, forcing the laser 2 to move through the frame 3, while the
geometric figure represented by the frame is inverted in the vertical plane, preserving the properties of the
original figure (parallelogram), which allows to obtain a laser intersection point moving rectilinearly in the
vertical plane, parallel to the vertical side of the frame. If the verified plane deviates from the vertical
position, the point will be deformed. Thus, the installer chooses the design. In the other vertical plane
(90%), reconciliation is carried out on the risks on the column or wall panels.

The device allows you to quickly, simply and economically align any flat surface in any direction. To
do this, the laser theodolite, mounted on a tripod, must be installed on a construction site with a good
outlook (all-round view), to ensure the maximum number of measurements from one Parking lot.

1 8

Figure 2 — Device to control the shape and location of flat surfaces: 1 and 2 - laser sights; 3 - frame;
4 - plumb to control the location; 5 - counterweight; 6 - tripod; 7 - stand; 8 - lifting screw

The essence of the reconciliation method is to specify the vertical movement of the light point O, in
space (figure 3). To do this, it is necessary that when moving the sights at a certain angle in the vertical
plane (o), the sights are rotated in the horizontal plane at a certain angle (B,). Rotation of sights is carried
out by rotation of micrometric screws, thus both sights turn synchronously thanks to a special worm gear.
The intersection of the rays gives a vertical invisible straight line in space.

Figure 3 — Determination of the movement of the point of sight in the vertical plane
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The displacement of the point O in the vertical plane when rotating the sight angle o,. Where O,
O; - the necessary position of a point when rotating the reticles for aligning structures in the vertical plane;
O,, O3 - the standard position of the point when you rotate the sight; L - working distance up to mounted
structures.

Theodolite

Figure 4 — Determining the movement of the point of sight in the horizontal plane

The circuit shows the required position of the point O, in the horizontal plane when turning the sights
at an angle ..

A Cam device [20] is also proposed to control the shape and location of flat surfaces (figure 5)
including a stand with lifting screws, a tripod, a laser, characterized in that it is provided with a second
laser, which the Cam is made with the condition cos 8 = cos o * R/L, where a is the kinematic rotation
angle associated with the first laser shaped Cam, wherein the profile of the shaped first laser, B is the
rotation angle of the second laser, R is the distance between the lasers, L is the distance from the first laser
to the controlled surface.

Figure 5 — Cam device for controlling the shape and location of flat surfaces

The proposed Cam device for controlling the shape and location of flat surfaces includes two lasers 1
and 2, connected kinematically to each other by a shaped Cam 3, a tripod 4, a stand with lifting screws 5
to give the necessary position to the two lasers.

The device works as follows. The laser 1 rotates relative to the axis A, forcing through the shaped
Cam 3 to move the laser 2, while the intersection of the beams of lasers 1 and 2 will give a point in space,
which when moving the laser 2, thanks to the shaped Cam 3, allows you to get a straight line of
intersection of lasers in space perpendicular to the stand with the lifting screws 5.
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The proposed technique allows the installer to visually observe the beam and make reconciliation
directly "under the point" by straightening structures with special mounting tools, which significantly
increases the speed of reconciliation of structures during installation.

Conclusions. 1. Existing methods of reconciliation of structures in the vertical plane have some
disadvantages: the need to involve several workers and at least two theodolites, or the use of expensive
scanners, the complexity, and labor costs of work.

2. A device was developed to control the shape and location of flat surfaces using the principle of
similarity of triangles allowing to obtain a straight line of intersection of lasers in space parallel to the
plumb line.

3. Designed Cam device for controlling the shape and location of flat surfaces in which the profile of
the shaped Cam is made with the condition cos B = cos a * R/L, where « is the rotation angle of the first
laser, B is the rotation angle of the second laser, R is the distance between the lasers, L is the distance from
the first laser to the controlled surface, which allows to obtain a straight line of intersection of the lasers in
space perpendicular to the stand.

4. Developed devices are cheap, easy to use and manufacture.

5. When using this technique, there is no need to use several working and expensive devices.

6. The developed devices can significantly reduce the time of reconciliation of building structures in
the vertical and horizontal planes.

A.T. Fo.m,uenl, T. b. KpraHraJmeBl, K. T. I_l_leponz, M. P. CnngﬁaeB3,
B. H. A6caabikos’, B. T. Mapaouos®, A. b. Ecmplcenona2
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MOHTAXKIAY BAPBICBIHJIA TIK KA3BIKTBIKTA
KOHCTPYKIIUAJAPABI TYPAJIAY 9ICI

Annoranus. [TporpeccuBTi 9icTep MEH TEXHUKAJIBIK OJIIEY KypaJlAapblH 33ipiiey )KoHE eHri3y 03eKTi Macere
OoJIBIN caHaaJIbl, OUTKEHI SPTYPIi HbICAHAAP/bI Cally )KOHIHAETT MIHICTTEPAIH KeJieMi MeH KYpHEJIiri reoie3us-
JIBIK KAMTaMachl3 €Ty KypaJlIapblH YHEMI )KETULAIPY/Al Tajar eTei.

WKeHepiK-reoIe3MsUTbIK KYMBICTap/ibl OPbIHAAY YIIIH KONTereH Jia3epilik acranTtap HIbIFapbuIajibl, OHBIH
ilIiHAe BU3Yallabl XKyiieci 0ap TEOONMUTTEp KYPBUIBIC KOHCTPYKIUSJIAPBIH TEKCEPYAE YIKEH CYpaHbICKa He.

3epTTey HOTIXKeepi KopceTKeHAEH, KYphIIbIMIapAbl TiK )Ka3bIKTBIKTa CAIBICTHIPYIBIH KOJIIAHBICTAFbI ToCiIe-
piHiH KemmrimikTepi O0ap. Meicansl, «YKaHa MeTaTypTys» HBICAHBIHJA METAJT pe3epByapiapabl MOHTaXKAAY Ke3iHIe
«MImcranbkon» «OckemeH MoHTaxaay Gupmacs JXKILIC ¢upmackl Tik Ka3bIKTBIKTa TEKCEpy XKYprizui, Oy perre
apHaiibl MapKaJapZpl TaijalaHy >oHE KOCBIMINA ecenTeylep KYprisy KaxeT Oomabl. JKbUDKbIMANBl Kallblll,
GaraHayiap/ibl XKoHe KaOBIpFa IaHeIbAEPiH CATBICTHIPHIN TEKCEpy YIIIH OipHeIIe Teo0IUTTEep, COHBIH IIIiHE TiriHeH
XKalWbUIFaH TeciKTep KOJIaHbUABL J[ocTypii Typle KOJOHHAIApAbl MOHTaXKAAy Ke3iHIe €Ki TeOJOJHT IalijaiaHbl-
naapl. baranamapIbl MOHTaX /1Ay aJJIbIHIA OJIAPBIH OJIIIeMIepi TeKcepisie i )koHe OaFaHaHbl IpreTacThlH CTaKaHbIHA
Hemece OaraH acTBHIHBIH OachlHA OPHATYIBI XCHUIACTETIH KaTep eHriseli. IpreTacTelH CTakaHbIHA OpPHATHUIFAH
OaraHaHbI IPreTacThIH JKOFAPFBI )KA3bIKTHIFBIH/IA TOYSKEIMEH COMKEC KENTeHIIe OPTaIbIKTaH bIPa/IbL.

Tik jka3bIKTBIKTa KOHCTPYKLHMSUIAP/IBI CATIBICTBIPY 9JiCi YCHIHBUIABI, €Ki BU3Upi Oap Oip FaHa Jra3epiiik Teoxo-
JUTTI Mal1ananyra MyMKiHAIK Oepemi. Acmarn xKyMbIc OeTiHAEe TiK KOOAJBIK XKa3BIKTHIKTA Oip KaphIK JaK sko0anaHa-
TBIH €Ki BUBHPJEH Typaabl. Makanaia Tik )Ka3bIKThIKTa MOHTXAAY Ke3iHe KOHCTPYKIMUIApAbl Typajlay TaCiIaepin
3epTTey HOTHXKEJIEpl KenTipiiei.

Mertann pesepByapiap/ sl MOHTRXIayMeH aliHaJIbICATBIH KCIIOPBIHAAp/a TailaaHbUIAThIH TiK JKa3bIKTHIKTA
KOHCTPYKIMSUIAPABI CAITBICTBIPBIN TEKCEPY/IiH KOJIAaHBICTAFbl TOCUIAEPIHE TAJIAAY XKOHE 3epTTey XKYPriziiui. 3eprrey
HOTIDKENEPl TIK >Ka3bIKTHIKTa KOJIAAHBUIATBHIH CAJBICTBIPY TOCUIIEPiHIH KEeMIIUTIKTepl 0ap eKeHiH KepceTTi, aramn
aliTKaH/a, TEKCEpreHHEeH KeliH KOChIMINA ecenTey Kyprizy tanamn erineai. CoHai-aK, ChIpFhIMAabl KaJIbll, OaraHa-
JIapIbl J)KOHE KaOBbIpFa MaHeNbACPiH CATBICTHIPBIN TEKCEPY YIIiH OipHEIe TeOA0HT, COHBIH iIIH/IE TiK XKaimMacsl 6ap
TEOIONUTTEP KOIAaHBLIA/IBI.
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CoHpaii-ak, Ja3epilik acnanrtap MEH KepHEKi Kydeci Oap TeoJonuTrep 3epTTesiii. Ajaiiaa ochl acranTap/bl
KOJIZIaHy apKbUIBI KapajiFaH OapibIK TOCUIIEp JKETKITIKTI €HOEK CHIMBIMABUIBIFEI 0ap jKoHE OyJI peTTe acrmanrap MeH
XKaOJBIKTapAbIH eldyip caHbl KojiaHbutanbl. JKa3plk OeTTepliH OpHAJIACYBIH JKOHE MilIiHIH Oakpliayra apHal-
FaH KYPBUIFBUIAD YCBHIHBUIAIBL YIIOYPHIITAP/BIH YKCACTBHIK NPHHIMIIIH NaladaHaThlH KEHICTIKTETi Hapajuiellb
TIKTEYIIIIEH JIa3epAiH KUBUIBICYBIHBIH TY3Y CBHI3BIFBIH allyFa MYMKIHIIK Oepeai. O3ipJieHreH KYPBUIFBI ap3aH api
KOJIJaHy MeH jkacay >KeHUI. ¥ CBIHBUIFaH O/IiCTEMEHI KOJIaHy Ke3iHae OipHelre KYMBIC jKoHEe KbIMOAT KYPBUIFBLIAP-
IBI iCKe KOCY KAXKCTTINIri J>KOWBIIaNBL. O3IpIeHreH KYPBUIFBI TIK JKOHE KOJACHEH JKa3bIKTBHIKTa KYPBUIBIC
KOHCTPYKIMSUTAPBIH TEKCEPY YaKBITHIH alTapibIKTall KBICKapTyFa MYMKIHIIK Oeperi.

3epTTey HOTIKeNepi OOUBIHIIA Keleci KOPHITHIHABLIAP JKaca bl

— KYPBUIBIMAAPABI TiK Ka3BIKTBIKTAa CAIBICTHIPYIBIH KOJAAHBICTAFBl TOCLIAEpiHIH KeMuIimikTepi Oap: OipHerre
KYMBIC JKOHE KEMIHJIC €Ki TCOJOJHTTI iCKe KOCY KaXKETTUIIr HeMece KbIMOAT TYpaThIH CKaHEpJepii MmaijpaiaHy,
YKYMBICTBIH KYPJACJIUIIri MCH €HOCK IIBIFBIHEI;

— ’a3bplK OSTTepAiH OpHAJACYBIH XQHE MilliHIH OaKplIayra apHajfaH KYPBUIFBl )KacallFaH, YIIOYpBIITapIbIH
YKCaCTBIK MPUHIMITIIH KOJIJIaHy J1a3epiep il KeHICTIKTeT] napaiiesib TIKTey ChI3bIFBIH alyFa MYMKIH/IK Oeperi;

— (hacoHIBI KYABIPHIKIIAHBIH Tpodmii cos B = cos o * R / L mapTeiMeH OpBIHAAIFaH, MYHAA O-OipiHIIi
Ja3epiH OypeUTY OYpHIIIEL, B — eKiHII Ja3ep iy OypbuTy OYpHINIbI, R — ma3epsep apachiHAarsl KAlIbIKTHIK, L-0ipiH-
I Ja3epAcH OaKpUIAHATHIH OCTKE NEHiHT1 KAIIBIKTHIK, OYJI MEepIIeHAWKYISPIBI TYFBIPHIK KEHICTITIHIETI Ja3epaiH
KHUBLIBICY CBI3BIFBIH aTyFa MYMKIHAIK Oepei;

— 93ipJICHreH KYPBUIFBLIAP ap3aH, KOJIaHy XKoHE jkacay JKeHLT;

— OCHI 9IICTEMEHI KOJaHy Ke3iHae OipHele >KYMBIC JKOHE KpIMOAT KYpPBUIFBUIAPIBI iCKe KOCY Ka)KETTLTIri
OoJIMaiibI;

— 93ipJICHreH KYPBUIFBUIAP TIK YKOHE KOJJICHEH JKa3bIKTHIKTa KYPBUIBIC KOHCTPYKUMSUIAPBIH TEKCEPY YaKbITHIH
€/19yip KbICKapTyFa MYMKIH/IIK Oepei.

Tyiiin ce3mep: KOHCTPYKUMSIIAPABI Typallay, JIa3epiliK TEOMOJHT, Ja3epiliK BUUPIIED, KAPBIK AaKTaphbl, Ja3ep-
JIK coyie.
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CIIOCOB BBIBEPKHA KOHCTPYKIUM ITPU MOHTAKE
B BEPTUKAJILHOM IJIOCKOCTH

Annoranus. Pa3paboTka u BHeJpeHNE MPOTPECCUBHBIX METOIOB U TEXHUYECKUX CPEICTB U3MEPEHHH SBISIOT-
Csl aKTyaJIbHBIMH MIPOOJIeMaMH, TaK KaK BO3PACTArOIIHe 00BEMBI U CIOXKHOCTP 3a/1a4 MO0 CTPOUTEIBCTBY Pa3THIHBIX
00BEKTOB TPEOYIOT MMOCTOSIHHOTO COBEPIIICHCTBOBAHUS CPEJICTB FEOAC3MUCCKOr0 00CCICUCHHS.

JLJIs BBEITIOJTHEHUS. MH)KEHEPHO-TE0IE3MIECKUX PA0OT BBITYCKACTCsT OOJBIIOE KOJHYECTBO Ja3epHBIX IPUOOPOB,
U3 KOTOPBIX TEOJOJUTHI C BH3YAILHOW CHCTEMOM IOJB3YIOTCS OOJBIIMM CIIPOCOM IPH BBIBEPKE CTPOUTEIBHBIX
KOHCTPYKIUH. BBITOTHEHHBIE HCCIENOBaHHE IOKA3alH, YTO CYIIECTBYIOIIME CIIOCOOBI BBIBEPKH KOHCTPYKIIHH B
BEPTUKAIBbHOM MIIOCKOCTU UMEIOT Psifi HeAocTaTKoB. Tak, K mpuMepy, Npu MOHTa)Ke€ METAJUTMYECKUX pe3epPBYyapoB Ha
oowekte «HoBast metamunyprus» ¢pupma TOO «Ycrb-KameHoropckass MoHTaxkHast pupma «VIMcTaabKOH» MPOU3BO-
Jinjia BBIBEPKY B BepTHKaJ’IBHOﬁ TIJIOCKOCTHU, TIIPHU 3TOM HeO6XOJlI/IMO OBIJIO MCIIOJB30BATH CIICHAJIbHBIC MAapKu H
MIPOU3BOAUTE AOIIOJTHUTCIILHBIC pPAaCUYCTHI. 21.]'[5{ BBIBEPKU CKOJ'IBSS[ILICﬁ 0nany61<1/1, KOJIOHH M CTEHOBBIX NaHeJIeH
HCIOJIB3YIOT HECKOJIBKO TEOI0JIUTOB, B TOM UHCIIE C BEPTUKAIBHOMN pa3BepCTKOM.

TpaluMOHHO MPH MOHTa)X€ KOJIOHH MCHOJB3YIOT JBa Teoaonuta. [lepen MOHTaXOM KOJIOHH MPOBEPSIOT MX
pa3Mephl B HAHOCAT PUCKH, 00JIErYarolive yCTAHOBKY KOJIOHHBI B CTaKaH (DYHIAMEHTA WIIA HA OTOJIOBKH ITOJKOJIOH-
HUKOB. KOIIOHHY, YCTaHOBJICHHYIO B CTaKaH (DYHAAMEHTA, IICHTPUPYIOT IO COBMAJCHHS PHUCOK C PUCKAMH Ha BEpX-
Hell miockocty GpyHmameHTa. [Ipemmaraercs cnocod BBIBEPKH KOHCTPYKIHMN B BEPTHKAIBHOU ITUIOCKOCTH, KOTOPBIH
[I03BOJISIET UCIIOJIB30BATh TOJIBKO OJUH JIa3€PHBIN TEOJOIUT C IBYMs BU3UPAMH.

IIpubop cocTouT M3 ABYX BH3MPOB, KOTOPHIE MPOCHHPYIOT HAa paboueii MOBEPXHOCTH OJHO CBETOBOE ISTHO B
BEpPTUKATBHON MPOEKTHOM TUIOCKOCTH. B TaHHO# CTaThe MPUBOAATCS PE3YNIbTATHI UCCIEIOBAHUS CIIOCOOOB BHIBEPKH
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KOHCTPYKLHUI TPH MOHTaXe B BEPTUKAJIBHON IUIOCKOCTH. BBIMONHEH aHATM3 M HCCICNOBAHUE CYIIECTBYHOLINX
CMoco00B BHIBEPKH KOHCTPYKIHI B BEPTUKAIBHON MIIOCKOCTH, UCTIOIBb3YEMbIX B YCIOBUAX MPEANPHUATHH 3aHUMAIO-
IMXCSI MOHTAXXOM METAIMYECKHX PEe3epBYapoB. Pe3yabTaTsl HCCIIEIOBAHMUS MOKA3AIH, YTO PUMEHSIEMBIC CIIOCOOBI
BBIBEPKH B BEPTHUKAJIBHON MIOCKOCTH MMEIOT Psii HEAOCTATKOB, B YaCTHOCTH IMOCIIC BBIBEPKH TPeOYeTCs MPOU3BO-
JUTh MOMOJHHUTEIBHBIC PacueThl. A TarkKe Ui BBIBEPKH CKONB3SIICH OManyOKH, KOJOHH U CTCHOBBIX MaHENeit
UCIIONB3YIOT HECKOJIBKO TEOIOIUTOB, B TOM YHCIIE C BEPTHKAIBHON Pa3BEepCTKO.

Taxoxe uccie1oBaHbI J1a3epHble IPUOOPHI M TEOTOIHUTHI ¢ BU3YaJIbHOH cucteMoil. OfHAaKO Bce pacCMOTpPEHHEIE
CIOCOOBI ¢ IPUMEHEHUEM 3THX NPUOOPOB TOCTATOYHO TPYAOEMKH M IIPH STOM IPHMEHSAETCS 3HAYMTEIBHOE KOJIH -
4eCTBO MHCTPYMEHTOB U 00opyznoBaHus. [IpennaraioTes ycTpolcTBa A1 KOHTPOIS GOPMBI M PacHoNIOKEHUS TUIOC-
KUX MOBEPXHOCTEH, HCIOJB3YIOMMX NPHHIMII OTOOHS TPEYroJLHUKOB, MO3BOJISIOINHA OMYIUTh NPIMYIO JIHHHIO
MepeceyeHus Ja3epoB B MPOCTPAHCTBE Mapajlie/ibHYI0 OTBecy. Pa3zpaboTaHHBIC yCTPOMCTBA [CUICBBI, MPOCTHI B
NPUMEHEHHUHU U U3rOTOBICHHH. [IpH HCTIOIB30BAHHMHU MPEATaraeMoOi METOIUKH OTIAAAeT HEOOXOAUMOCTh 3a1eHCTBO-
BaHUSI HECKOJNIBKUX PAbOYHMX M JOPOTOCTOSIINX YCTPOHCTB. PaspaboTaHHBIC yCTPOICTBA MO3BOJSIOT 3HAYUTEIHHO
COKPATUTh BPEMsi BHIBEPKH CTPOUTEIILHBIX KOHCTPYKIUH B BEPTHKAIBHON 1 TOPU30HTATIBHOM MIOCKOCTSX.

ITo pe3ynbTaTtaM MCCIEJOBAHUs OBUIM CACNIAHBI CIICAYIOIINE BHIBOIBL:

— CYIIECTBYIOIIKE CIOCOOBI BBHIBEPKH KOHCTPYKIMHA B BEPTHUKAJIBHOW IMJIOCKOCTH HUMEIOT PSJl HEIOCTATKOB:
HE00XOIMMOCTh 3aJ1eHCTBOBaHMUS HECKOJIBKUX pabOYHX M HE MEHEE ABYX TEOJOIUTOB, JINOO MCIOJIB30BAaHUE IOPOTO-
CTOSIIMX CKaHEePOB, CJI0KHOCTh U TPYA03aTPaTHOCTH paboT.

— pa3paboTaHO YCTPOWCTBO AJIA KOHTPOJIS (JOPMBI M PACIIONOKEHHUS IUIOCKUX ITOBEPXHOCTEH, HCHONB3YIOIIee
NPUHIHI 000U TPEYTOIbHUKOB, IIO3BOJISIONIEE MOTYYUTh MPAMYIO JIHHHIO IIEPECEYCHHS JIa3ePOB B IPOCTPAHCTBE
napauIelbHyI0 OTBECY.

— pa3paboTaHO KYJIAUYKOBOE YCTPOMCTBO ISl KOHTPOJISL ()OPMBI U PACIIONOKCHUS IIOCKUX MOBEPXHOCTEH, y
KOTOpOro npoduiib pacoHHOTo KyJiauka BBITIOJIHEH C YCJIOBHEM cos 3 = cos o * R/L, rae o — yros noBopoTa nepBoro
Jasepa, 3 — yron mHoBopoTa BTOPOro jasepa, R — paccrosHne Mexay nasepamu, L — paccTosHEE OT IEpBOro Jiasepa
J10 KOHTPOJIUPYEMOH NOBEPXHOCTH, YTO MO3BOJIAET IOIYYUTh MPSMYIO JIMHUIO IIEPECEUEHUS JIa3epOB B IIPOCTPAH-
CTB€, NIEPIEHIUKYIAPHYIO ITOACTABKE.

— pa3paboTaHHbIC YCTPOUCTBA JICIICBBI, IPOCTHI B IPUMCHEHUH U U3TOTOBJICHUHY;

— IPHU UCTOJIL30BaHUK JAHHOW METOIMKH OTMAaJaeT HEOOXOJUMOCTh 3aJeHCTBOBAHHUS HECKOJIBKHUX pabouuX U
JOPOTOCTOSAIINX YCTPOUCTB;

— pa3paboTaHHBIE YCTPOMCTBA MO3BOJSIOT 3HAYUTEIBHO COKPATUTh BPEMsI BHIBEPKH CTPOUTEIBHBIX KOHCTPYK-
LU B BEPTUKAJIBHON U TOPU30HTAIBHOM IIIOCKOCTSIX.

KiioueBble cia0Ba: BbIBEpKa KOHCTPYKLMHM, JIa3epPHBIA TEOJOJIUT, JIa3epHBIE BH3HPBI, CBETOBOE IIATHO,
JIa3epHBIN JTy4.
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STUDY OF EDGE PROTECTING ANCHORS INFLUENCE
ON SOIL HEAVING OF THE MINE WORKING

Abstract. To achieve the objective with the claimed technical result, a method of fastening mine workings of
predominantly rectangular cross-sectional shape with anchor bolts was used, while the applied task of reducing the
heaving of soil rocks is to increase the efficiency of mine workings by ensuring that the mine workings. Ensuring the
possibility of reliable and of good quality fortified rocks along the contour of making within the boundaries of the
zone of possible collapse of rocks. The length of the soil anchors did not significantly affect the condition of the soil
rocks. Consequently, that on the deformations and stresses both in the lateral and in the soils are not soil, but lateral
anchors. The use of these technological developments will reduce the cost of conducting and maintaining workings
by 7-10% with soil anchors (reducing maintenance costs by 7-10%) and will provide an economic effect of
10-15 thousand tenge per running meter of output.

Key words: mine working, anchoring technology, soil heaving, roof bolting, side anchors, rock pressure, rock
resistance.

Results of the carried out tests of the effect of soil anchors mounting on the mine working soil
rocks heaving. To carry out experimental verification of the roof bolting technology aimed at reducing
soil heaving, metal anchors were mounted in the soil along the sides of the workings in sections of 10 m
long and gauging stations to control deformations every 5 meters in the experimental section and in
adjacent sections of 50 m long each side every 10 m. Surveying services of the mines monitor
manifestation of deformations (leveling the soil) twice a week, and when deformations are shown once a
week with presenting data of the rock pressure manifestations dynamics.

At the Kazakhstanskaya mine of the Karaganda coal basin, work was done to mount metal anchors
into the soil of the gas-drainage drift 3221,-3 on PK21-22 (section of the UPR-3 advance works).
However, the presented working has not yet fallen into the zone of the stoping effect, therefore, intensive
heaving of the soil was not observed.

Experimental work was carried out at the Saranskaya mine to strengthen soil rocks in the conveyor
drift 52x,-3 of PK1-PK6 with seven double anchors 1.6 m long in 42 mm diameter holes for six AMK-350
ampoules each. Observations have shown that in this working and in the experimental section heaving of
rocks is absent.

Anchors were mounted in the conveyor roadway 22xk;,-c in section PK55+3 m along PK56+3 m at
the Abayskaya mine to carry out a pilot test aimed at reducing heaving of the soil rocks.

At the Kostenko mine there were mounted soil anchors (figure 1) in the development face of the
4™ east conveyor roadway x, of PK42-PK62, but only at one side of the working. The anchors were
mounted at the angle of 45° every 1.0 m, which led to decreasing the convergence of the soil and working
sides by 0.6-0.7 m. In order to obtain a greater effect, it is recommended to mount soil anchors at both
sides of the working alongside with anchoring the working sides.
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a — transverse section (1 — zone of strengthening impact; 2 — coal seam; 3 — rocks of the immediate roof; 4 — roof anchors;
5 — metal-arch support; 6 — soil rocks; 7 — soil anchors; 8 — working soil); b — longitudinal section of the working with soil
anchors; ¢ — plan view: scheme of mounting soil anchors relative to the arches of the metal-arch support
Figure 1 — Technological scheme of mounting soil anchors at the Kostenko mine

Analytical modeling of the soil anchors location scheme according to the results of experimental
mine observations. Calculations were made using the Flac 2 program [1-6] for various mining conditions
of the coal seams development of the Karaganda basin.

Rectangular and arched sections of the workings were used with soil and corner roofing anchors of
various lengths, which allowed analyzing the technological schemes to reduce of mine workings soil rocks
heaving (figures 2-5).
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4, 5 zones of cracking; 6 - zone of microdeformations

Figure 2 - Rectangular cross section of the working with inclined anchors into the soil 2.4 m long

a b

a— into the soil 5.0 m long; b — into the soil and into the roof 5.0 m long

Figure 3 — Rectangular cross section of the working with inclined anchors
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Figure 4 — Rectangular cross section of the working with inclined anchors into the soil
and into the roof 5,0 m long alongside with the side anchors

a—2.4mlong; b—-5.0mlong

Figure 5 — Metal-arch support of the working with inclined anchors into the soil

The analysis of the plots of deformation patterns allows concluding that it is advisable to use a
rectangular cross-section of the workings with inclined anchors into the soil 5.0 m long, which ensures the
absence of destructive deformations, decreasing degradation (by 20-22 %) and delamination (by
12-14 %) of the soil rocks.

When using a protecting soil anchor system (figure 6), deformations can be reduced by 40-50 % and
provide little maintenance of workings according to the stability conditions of the soil rocks of the
workings.

— 74 ——
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Figure 6 — Technology of soil rock strengthening with a protecting soil system of the roof bolting

Considering that the greatest effect from the strengthening effect was obtained with a rectangular
cross section of the mine working, analytical modeling was carried out taking into account presence of the
roof bolting and the location of the side anchors according to the combined scheme with their mounting in
such a way that the upper side anchor (deep-earth, as a rule) was placed in the zone of the reference
pressure beyond the working contour in the enclosing rocks in order to shift the peak of the rock pressure
deeper into the massif beyond the zone of propagation the deformations around the working effect zone,
while the lower deep-earth anchor was positioned to serve as the protecting zone for spreading and
sgueezing the wall rocks into the working soil (figure 7) [7-13].

Figure 7 — Development of deformations (a) and tangential stresses (b) in the soil rocks
with upper side anchors 2.4 m long and with the soil anchors 5.,0 m long

Applied developments for implementation in production. The applied task of reducing the
heaving of soil rocks is to increase the efficiency of supporting mine workings by providing the possibility
of reliable and high-quality supporting due to the formation of a zone of strengthened rocks along the
contour of the mine working within the boundaries of the zone of possible rock collapse.

Figure 8 shows the general view of the technological scheme of the proposed method, figure 9 shows
the modeling of the stress-strain state at the location of the working in a coal seam with different length of
soil anchors from 5.0 to 2.4 m.
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Figure 8 — General view of the technological scheme of the proposed method

To achieve the task with the claimed technical result, when using the method of supporting mine
workings of a predominantly rectangular cross-sectional shape with anchor roof bolting, including drilling
holes in the roof of the mine in the process of mounting anchors in them, as well as anchors in the side of
the mine, the roof of the working in the process of its drilling and mounting anchors 1 in them,
simultaneously with drilling inclined holes 2 in the roof of the working there are drilled inclined holes in
the sides of the working 3. Next, for strengthening side rocks, in the lower part of the working and
strengthening the working soil, at the height of one meter from the working soil there is mounted
composite anchor 4 at an angle of 20-25° from the working side.

Figure 9 — Simulating the stress-strain state with different working location
in the coal seam and with different length of the soil anchors
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The technology of the roof bolting provides for its mounting in the direction of the soil along the
sides of the mine workings, by drilling inclined holes for composite anchors at the angle of 20-25° to the
vertical. The length of the anchors mounted in the side of the working is recommended to be determined
by the empirical formula:

L=k¢* Bb * H, /N, m,

where k¢ is an empirical coefficient depending on the shape of the mine working cross section; By, — the
width of mine workings in rough, m; H, - the probable amount of soil rocks heaving, m; N, - soil rock
compressive strength, MPa.

The height of the hole on the side walls of the working from its soil is 1/3 of the height of the
working in the light (h).

There is provided the combination of functions of the mounted side anchors for supporting the sides
and preventing the working soil rocks heaving.

The stress-strain state was simulated using the Flac 2 program with the location of the working in the
coal seam with different length of soil anchors from 5.0 to 2.4 m (see figure 9) and the presence of side
anchors. The length of the soil anchors did not significantly affect the condition of the soil rocks. It should
be concluded that deformations and stresses both in the side rocks and in the soil rocks are not affected by
the soil but by side anchors.

The technical result which achievement provides a solution to the problem, is expressed in the
technology of supporting the working sides and reducing its soil rock heaving.

According to the given information Karaganda basin is divided into 4 zones. Geological and
geophysical data were analyzed to perform basin modeling of Karaganda coal basin. In this regard, the
basic material was selected, including geological structure [14].

Results. Using the technological developments will reduce the cost of driving and supporting mine
workings by 7-10 % with soil anchors (reducing maintenance costs by 7-10 %) and will provide the
economic effect of 10-15 thousand tenges per running meter of the working.

B. @. Jlemun’, P. A. Mycpml, T. B. I[eMP[HaZ, A.E. )KyMaﬁelconal

'Kaparam sl MeMIIEKeTTik TeXHHKAIBIK YHHBepCHTeTI, KasakcTaH;
2 . . .
Opai MeMJIeKeTTIK Tay-KeH yHuBepcuTeTi, ExarepunOypr, Peceit

KA3BA TOIIBIPAK KBIHBICTAPBIHBIH KOTEPIJIYIHE HIEKTEME
CBIPTBIHJAYBI KOPIIAY AHKEPJIEPIHIH OCEPIH 3EPTTEY

AnHoranusi. Tay KbIHBICTApPBIHBIH ICIHYIH a3aliTyFa OaFbITTajfaH aHKepsi OEKiTy TeXHOJIOTHSCBIHA JKCIIe-
PHMEHTANBI TEKCEPY XKYPri3y YIIiH Tay >KbIHBICHIHA Y3BIHIBIFEI 10 M yyackeze jkoHe SKCIepUMEHTAJIbl yaacKe e
5 M caifbIH KoHE op >KarblHaH Y3BIHABIFEI 50 M iprenec ydackene aedopManusHbl OaKpUIay YIIiH OJIIIey CTaHIH-
JapbIHIA METAJUT aHKepJIep OpHATy OOMBIHINA JKYMBIC KYPTi31IAi.

Kaparanner kemip Oacceiininig «Kazakcrany maxtacega [1K21-22 (YIIP-3 yHFBIMATBIK )KYMBICTAp y9acKeci)
322n7-3 ra3npeHaxkasl ITPEK KBIHBICBIHAA METall aHKepJIepli OpHaTy OOMBIHINA >KYMBICTap OPBIHIAIABI. Ajaiaa
YCHIHBUIFAH Ka30a omi KyHTe AEWiH Ta3apTy JKYMBICTAPBIHBIH OoCep €Ty aiMarblHa TYCKEH JOK, COHIBIKTaH
KBIHBICTAPABIH KAPKBIHIBI iCiHyl OaiikaimMaab.

«Capan» maxrtaceiaaa 52x7-3 TIK1-ITIK6 xonBeiepinik mTpekre opKaiiceicel antel AMK-350 ammynacsiHa
nuaMeTpi 42 MM Tecrere Y3bIHABFH 1,6 M XKeTi KocapyiaHFaH aHKep OOIbIHIIA Tay JKBIHBICTAPbIH HBIFAWTy OOWBIHIIA
9KCIEPUMEHTANIBI KYMBICTap KOJIFa albIHIBL. bakbuiay ochl Ka3z0ajga jkoHe SKCIIEPUMEHTTIK yJacKeae KBIHBICTAp-
JIbTH iICIHOETEeHIITTH KOPCETTI.

«Abail» maxTachlHIA Tay >XBIHBICTAPBIHBIH IIOFBIPJIIAHYBIH TOMCHJIETYTe OarbITTalFaH SKCICPUMEHTAIIBI
Tekcepy xkyprizy ymrin [TK56+3 m nk55+3 M yuackecinge 22k12-c KOHBeHepIIik MTPEKTe aHKEeP OPHATHUIFaH.

Koctenk areramarsr maxtana [1K42-1TK62 apranran k4 4-1Ibl IIBIFBIC KOHBEHEPIIK IITPEKTEPAIH TaHBIHIBIK
KEHXXapbIHa JKep KbIPTHICBIHBIH )KaMBUIFBICHIH/IA Ka30aHbBIH Oip jKaFbIH FaHa KAMTUTHIH aHKEpJIEp OPHATHUIABL. AHKED
1,0 M keitin 45° OyphIIIIIEH KOHBLUIBII, TOMBIPAK, KOHBEPTEHIUACH MEH Ka30a Gyiipaepi 0,6-0,7 M-Te a3aiiabL.
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Kaparanmp! OacceiiHiHiH KeMip KadaTTapbiH d3ipieyaiH TYpJli Tay-KeH TeXHUKAIBIK maprTapbiHa Flac 2 Garmap-
JIaMachlH NaiiayIaHbll, ecenTeyiep xyprizinal. Tay-keH Ka30aiaaphl Tay )KbIHBICTAPBIHBIH LIOFBIPIAHYBIH a3aliTy IbIH
TEXHOJIOTHSUTHIK CBHI30AChIH TalfayFa MYMKIHAIK OepeTiH, Typili Y3BIHIBIKTAFH KOMKEPUITeH >KOHE OYPBIIITHIK
IIaTHIP aHKEPIIepi HeTi3iHae Ka30aaapAbIH TiK OYPHIIITH )KOHE apaiibl KUMachl KOJIIAHBUIIBL.

Tay KBIHBICTAPBIHBIH ICIHYIH a3aiiTy eHiHAeri KoJgaHOamsl MiHAET — >KBIHBICTAPIBIH OMBIPBUTYHI BIKTHMAl
afiMak mieKapa mieriHae Ka30a KOHTYpHI OOMBIHIIA OSKIiTiNTeH JKBIHBICTap aifMaFBIHBIH MMaliaa OOIybIHA HETi3/eNreH
Kaz0amapIel CeHIMII JKOHE camajiibl OeKiTy MYMKIHAITIH KaMTaMachkl3 €Ty eceOiHeH Tay-KeH KazOaiapblH OeKiTy
THIMALUTITIH apTTHIPY.

AHKepITik OEKiTIEMEeH KYMBIC iCTey TeXHOJIOTHSACH Tay-KeH Ka30a epHeyepiHiH OONBIHAA KBIHBIC OaFbITHIHIIA
opHaTyael, Tik Oypbimrarsl 20-25° Kypamaac aHkepsiep acThiHa Keubey Tecrenepii oOyprsuiayasl kesneini. Kasoa
KarJaiiblHA OpPHATBHUIATHIH AHKEPJIEPIIH Y3BIHIBIFEIH SMIMPHKANBIK (opMysla OOMBIHIIA AHBIKTAY JKOJIAAPHI
YCHIHBUIAJIBL:

L=k * Bb * H, /N, M

MmyHza kf - Tay-keH Ka30achl KeJIeHeH KUMAacChIHBIH HbICAHBIHA OailyIaHBICTB SMIMPUKAIBIK K03 duuueHT; By, - Tay-
KeH Ka30achIHBIH €Hi, M; H; - Tay KbIHBICTApHl iCiHYiHiH BIKTHMaJX IIaMachl, M; N - KbICyFa TONBIPAK JKBIHBIC-
TapbeIHBIH Oepikriri, MI1a.

Kaz0anbiH Oyiip KaObIpramapbelHIa TeCHENEpiH OpHalacy OMIKTIri OHBIH JKBIHBICTAPHIHAH Ka30aHBIH JKapbIKTa
ouikririnig 1/3 Oemnirin kypaiiasl (h).

Byttipnepai OekiTy »oHe Ka30a TOMBIPAFBl KBIHBICTAPBIHBIH MIOFBIPIAHYBIH OONABIpMay OOWBIHIIA OpPHATHI-
JATHIH OYHipIIik aHKepiep QyHKISUIIaphIH OipiKTIpy KAMTaMachl3 eTiIe/Ii.

Kemip xabaTeiamarsl ka30aHbIH 5,0-meH 2,4 M-Te IeHiH opTYpIi Y3bIHIBIKTA OpHAACKaH/Ia XKoHe OyHip aHKep-
nep Oonran ke3zme Flac 2 OarmapiamachlH maiiajiaHa OTBIPBIN, KepHEyIi-nedhopMaluusiiaHFaH JKaif-kydi Monens-
nenpai. Tay sKeIHBICTaphl KYHiHE OPHATBUIFAH aHKePJIepIiH Y3BIHIBIFEI aiiTapislkTail ocep epreni. JKeIHbICTaphIHAA
Ia, OYHip KBIHBICTapBIHA [1a Ta0aH KBIHBICTApPBIHA J1a OYHip KepHEY HeTi3iHAeTi nedopManusiap acep eTei.

AJrra KoiifaH MIiHICTTI IICITYIi KaMTaMachl3 €TeTiH TeXHUKAIBIK HOTIKE Ka30a epHeyNepiH OCKITy TeXHOJO-
THSCHIH/IA JKOHE TOIBIPAK JKBIHBICTAPBIHBIH LIOFBIPIIAHYBIH a3aiTy OapbIChIHIA KOPIHEIi.

TeXHONOrHsIBIK 93ipiieMeliepi KOJaHy Ka30aaappl Kyprizyre j)kKoOHE YCTall TYpYyFa apHaJFaH IIbIFBIHIAP/IbI
7-10%-ra azaifTyra (ycTam TypyFa apHaiFaH IIBIFRIHIApAB 7-10%-Fa KpICKapTy) jKOHE JKYPTi3ilim jKaTKaH o3ipie-
MeHiH KyMa MeTpiHe 10-15 MBIH TeHre 3KOHOMHUKAJBIK BIKITAT €TyT'e MYMKIHIIK Oepeti.

Tyiiin ce3nep: KeH OHAIPY, aHKEpJey TEXHOJOTHUICH, TOINBIPAKTHI TacTay, IIATHIP OonTTaphl, OYHipIik
aHKepJIep, Tay KBIHBICTAPhI KBICHIMBI, Tay KBIHBICTAPBIHBIH KeJIePTici.

B. ®. Jlemun’, P. A. Mycun®, T. B. Jlemuna®, A. E. ’Kymabexosa®

1 . . .
KaparannnHcknii rocy1apcTBEHHBIH TEXHUUECKHH YHUBEpcuTeT, Kazaxcran;
2 o 9 .
Ypanbsckuii rocy1apCTBEHHbIH TOPHBIA yHUBEpcHuTeT, EkaTepnaOypr, Poccus

HNCCIEJOBAHUE BJIUAHUSA 3BAKOHTYPHBIX OI'PAKIAIOIINX AHKEPOB
HA IOAYTHUE IMOPOJ NOYBbBI BBIPABOTKHA

AHHoOTanus. J[115 IpoBeAeHNUs SKCIIEPUMEHTAILHON IPOBEPKU TEXHOJIOTUU aHKEPHOT'O KPEILIEHUs], HAIIPaBJIECH-
HOW Ha CHIKEHHE ITyYCHHS MOPOJ TOYBBI, BHINOJHEHB! pabOThl 10 YCTAHOBKE B MOYBY METAUIMYECKHUX AHKEPOB
BJI0JIb OOPTOB BBIPAOOTOK HA y4acTKax JUIMHOM 10 M M 3aMepHBIX CTaHLMI I KOHTPOJIS AedopMalii yepes3 5 M Ha
SKCHEPUMEHTAIBHOM YYacTKe€ M Ha MNpPUJIEralollMX ydacTkax AMMHON 50 M ¢ Kaxaoil cropossl uepe3 10 wm.
Mapkieigepckue ciryObl IaxT MPOM3BOAAT KOHTPOJIb 3a NPOsiBICHUEM Jedopmannii (HUBENNPOBKa MTOYBHI) 1BA
pasa B HeNeINo, a MpH NPOSIBICHUN JedopMannii oOlMH pa3 B HENENI0 C MPEJCTAaBICHUEM JaHHBIX 110 IMHAMHKE
IIPOSIBIIEHUI TOPHOTO J1aBJIECHUSL.

Ha maxre «Ka3axcranckas» KaparananHckoro yroipHOro 6acceifHa BHIIIOIHEHBI padOTHI 110 yCTAaHOBKE METal-
JIMYECKUX aHKEPOB B MOYBY ra30peHaXHOro mrpeka 32217-3 Ha [1K21-22 (yyactok nmpoxomayeckux pador YIIP-3).
OpHako mpejacTaBiIeHHas BhIpabOTKAa JO CHX IOp HE Monaja B 30HY BIMSHHUS OYUCTHBIX pPabOT, MO3TOMY
WHTEHCHUBHOT'O ITy4EHUs TOYBBI HE HAOJIFOJANIOCh.

Ha maxte «CapaHckas MpoBelleHbl SKCIIEpUMEHTAIbHbIE PaOOTHI 110 YIPOYHEHHIO ITOPO/] TIOUBHI B KOHBEHEp-
HoM mTpeke 52k7-3 ITK1-ITK6 no ceMb cmapeHHBIX aHKEpPOB JJIMHON 1,6 M B IIMypsl JuamMeTpoM 42 MM Ha ILECTb
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amyn AMK-350 B xaxxasrii. HabromeHus mokasaiiy, 9To B TaHHOH BBIPAOOTKE M HAa IKCICPUMEHTAIBHOM y4acTKe
ITy94eHHE NOPOJ OTCYTCTBYET.

Ha mraxte «AGaiickash A IpoOBeIeHHs SKCIICpUMEHTAIbHON MPOBEPKH, HATIPABICHHOW Ha CHIDKCHHE ITyde-
HUS TIOPOJT TIOYBHI YCTAHOBIJICHBI aHKEpa Ha KOHBEHEpPHOM mTpeke 22K;,-¢ Ha yyactke I[TKS55+3 M mo TTK56+3 M.

Ha maxte mM. KocTeHko mpom3BeqeHa YCTaHOBKAa HAIOYBEHHBIX AHKEPOB B IIOATOTOBUTENBEHOM 3a00e
4-ro BocTOUHOTO KOHBelepHOro mrpeka K4 Ha [1K42-ITK62, HO TOIBKO C OJHOW CTOPOHBI BEIPAOOTKH. AHKEpa
yCTaHOBIEHBI O yriioM 45° yepe3 1,0 M, Y4TO NPHUBENO K YMEHBUICHHIO KOHBEPIeHIUH MOYBLI U GOKOB BHIPAOOTKU
Ha 0,6-0,7M. PexoMeHIOBaHO C MENBIO IMONydeHHS OONbmero 3PQeKTa MPOU3BOAWTH YCTAHOBKY HAIIOYBEHHBIX
aHKEpOB ¢ 00EMX CTOPOH BEIPAOOTKH COBMECTHO C aHKEPHPOBAHNEM OOKOB BHIPAOOTKH.

Ipom3BeneHbI pacueTsl C MCIONB30BAHMEM MPOrpaMMbl Flac 2 it pasindHbIX TOPHOTEXHUYECKHX yCIOBHI
pa3paboTkn yroipHBIX ImacToB KaparanamHckoro OacceidHa. IIprMeHEHBI NPSIMOYTOIBHOE M apOYHOE CEUCHHE
BBIPa0OTOK C NMPHUMOYBEHHBIMH U YTJIOBBIMH KPOBEIHHBIMU aHKEPAaMH PA3IMYHOH JIHHBI, TO3BOJIMBIIMNMH IIPOAHA-
JM3UPOBATh TEXHOJOTHIECKUE CXEMBI CHIDKEHUS ITyYEeHUS! TOPOJ] MOYBBI TOPHBIX BBIPAOOTOK.

[IprknagHas 3amada MO CHIDKCHUIO ITyYEHHS MOPOJ IOYBBI 3aKIIOYACTCS B TMOBBIIICHUH 3(Q(QEKTHBHOCTH
KpEIUIEHHUs TOPHBIX BBIPAOOTOK 3a CUET 00ecHedeHHs BO3MOXKHOCTH HAIEXKHOTO M Kaue€CTBEHHOTO 3aKpETICHUS
BBIPaOOTOK, OOYCIIOBIEHHOTO OOpa30BaHMEM 30HBI YKPEIUICHHBIX IIOPOJ MO KOHTYPY BBIPDAaOOTKH B TIpeAenax
TPaHHUIIBI 30HBI BO3MOYKHOTO OOpYIIEHHS TOPOI.

TexHonorus paboT aHKEPHOI KPETBIO MPEeIycCMaTpPHUBAET €€ YCTAaHOBKY B HAIIPABJICHUU IOYBHI BIOJIE OOPTOB
FOPHO# BBIPAOOTKH, 3a0ypHBaHMEM HAKJIOHHBIX IITYyPOB 0] COCTABHBIE aHKEphI Mo yriaoM 20-25° k BepTUKAIH.
JUINHY aHKEepOB, YCTaHABIMBAEMbIX B OOpTa BEIPA0OTKHM, PEKOMEHTYETCSI ONIPEACTATH IT0 IMIMPHIECKOH hopMyIe:

L=k * Bb * H, /N, M

rae ki—smmmpuaecknii K03 GUIHEHT, 3aBUCAIINI 0T (GOPMBI ITOTIEPETHOTO CEYEHUS TOPHOH BBIPabOTKH; By — mmpnaa
TOPHOH BBIPaOOTKH BUEpHE, M; H,, — BeposiTHAS BENMUNHA MTy9IEHUS TOPOJ TTOYBHI, M; N;, — IPOYHOCTH ITOPO/I TIOUBBI
Ha cxkatue, MlIla.

BericoTa pacnonokeHus OIITypoB Ha OOKOBBIX CTEHKaX BBIPAOOTKH OT €€ IMOYBBI COCTABISAET 1/3 4acTh BBICOTHI
BEIpaboTKH B cBeTy (h).

ObecnieunBaeTcsi coBMelIeHHE (YHKIMH yCTaHABINBAEMBIX OOKOBBIX aHKEPOB IO KpPEIUICHHIO OOKOB M
MIPEAOTBPALIECHHIO TyYEeHUsI TOPOJI TIOUBBI BEIPAOOTKH.

[IpousBeneHo MoaeIMpoBaHNE HANPSHKEHHO-Ie()OPMHUPOBAHHOTO COCTOSIHUS C MCIOJIB30BAaHUEM IPOTPaMMBI
Flac 2 mpu pacnionoxeHnn BIpAaOOTKH B YTOJIFHOM IUIACTE IPH PA3IMYHON JUTMHE IPUITOYBEHHBIX aHKEPOB OT 5,0 10
2,4 M 1 HaIMIUM OOKOBBIX aHKepoB. CyIEeCTBEHHOTO BIMSHUA JUIMHA TPUIIOUYBEHHBIX AaHKEPOB HA COCTOSIHUE TTOPO]]
NOYBHI He OKazano. CieayeT clenarh BBIBOJ O TOM, YTO Ha jAedOpMalMy M HAUpSDKCHHSA B KaK OOKOBBIX, Tak M B
MOpO/IaX MOYBbI OKA3bIBAIOT HE NPHUIIOYBEHHBIE, & OOKOBEIE aHKEPA.

TexHn4ecKuil pe3ynbTaT, JOCTH)KEHHE KOTOPOTo 00eCIIeunBacT pelIeHNe ITOCTaBJICHHON 3a/1auH, BEIpaXaeTcs B
TEXHOJIOTUH KpeIuIeHUs: OOPTOB BHIPAOOTKN M CHUIKEHHUH ITy4EHHs TIOPO/] €€ TTIOYBHI.

[IprMeHeHne TEXHOJOTMYECKMX Pa3pabOTOK MO3BOJUT CHHU3MThH 3aTpaThl HAa IPOBEINCHUE M HOIJIEp)KaHHE
BbIpaboTOK HA 7 — 10% Cc NpUIIOUYBEHHBIMU aHKEpaMH (COKpallleHne 3aTpar Ha nojaepxanue Ha 7 — 10%) u mo3Bo-
JIUT TOMYYUTH SKOHOMHYECKHHA dPPexT 10 - 15 ThIC. TeHre Ha MOTOHHBIN METpP MPOBOIUMON BEIPAOOTKH.

KaioueBble cjioBa: ropHas BBIpaOOTKa, TEXHOJIOTHS aHKEPHOT'O KPEIUIEHHs, MOyTHE MOPO MTOYBBI, aHKEPHAs
Kperb, 00KOBbIE aHKEpa, TOPHOE AaBJIEHHE, YCTOWYHBOCTD ITOPOI.
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INFLUENCE OF SYSTEM ERRORS
IN METEOROLOGICAL SUPPORT ON FLIGHTS SAFETY

Abstract. There are many different systems of interaction in practical aviation activities. In particular, in a
system consisting of an operator and a machine there are quite often failures due to errors of designers, operators,
manufacturers, maintenance, etc. Errors are usually unintentional: a person performs erroneous actions, considering
them as correct or most suitable due to insufficient information, neglect of rules and standards and even due to lack
of such.

The specialists of the American corporation Boeing calculated the share of aviation accidents related to
incorrect decision-making. It turned out that of all aviation accidents, such incidents account for 75%.

Back in 1990, Professor Reason developed a model describing the causation of an air accident. One of the main
elements of this manufacturing system consists of decision-makers, another key element is decision-executors. For
top-level decisions and line management actions to be implemented into effective and productive activities carried
out directly by pilots and instructors, certain preconditions must be met.

The Rison model explains how people contribute to the disruption of complex, interacting and well-protected
systems (such as aviation), resulting in an aviation incident.

This model reveals to us causal relationships that do not directly lead to an accident, but shows that, although
there are lots of protection levels between risks and accidents, there are drawbacks in each layer of protection that, in
the case of systemic “flaring-out”, can trigger an accident [3].

The drawbacks of one level of protection do not allow realizing the risk, since there are other protections to
prevent a single point of failure, but with systemic accumulation of risks, catastrophic consequences are inevitable.
This effect is sometimes called the "aggregate action effect.”" In our work, we tried to investigate the system of
unprotected risks that led to disaster.

Key words: Incident, analysis, error, violation, aircraft flight, safety.

Introduction. In order to assess the impact of systemic errors on flight safety, we reviewed the
aviation incident and drew some conclusions based on the re-establishment of the situation and the
analysis of meteorological conditions during the period under review.

We have studied and analyzed the following materials:

- synoptic maps of weather for 12:00 on 08/09/17;

- ring and micro-ring weather maps for 12:00, 15:00, 18:00, 21:00 08/09/17, 00:00, 03:00 08/10/17

- maps of absolute baric topography AT-850hPa, AT-700hPa, AT-500hPa for 09. 08 17 deadline
12:00 UTC International Coordinated Time (hereinafter referred to as UTC);

- map of relative baric topography OT-500/1000hPa for 12:00 09.08.17;

- pictures of overcast with the METEOSAT-8 artificial satellite for 00:00, 02:00, 03:00;

- instructions “Aerodrome rules”;

- TIR flight sectors weather forecasts from 00:00 till 06:00 and from 03:00 till 09:00;

- the actual alternate aerodrome weather for the period from 2.30-11.30.

- information about the synoptic situation in the area
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- explanatory flight coordinator

- video of the incident

The actual weather data of the airfield were not analyzed, as no observations were recorded.

A DAVIS wireless weather station was installed at the airfield to carry out instrumental
meteorological measurements.

Meteorological observations at the airfield were not regularly carried out, the results of observations
were not recorded in the weather surveillance log in violation of the Aerodrome rules.

The wind speed and direction sensor of the automatic meteorological complex Davis is installed at a
height of 10 meters near the Control Tower (60 cm), above the roof ridge within 60 cm, 560 meters from
the end of runway 25 and at a distance of 345 meters from the nearest tree. In fact, the sensor measured
the distorted wind flow.

Weather observations were made by the trainee co-coordinator who did not have permission to
observe the weather.

The aerodrome is mountainous, the absolute altitude of the aerodrome is 890 meters above sea level.
Spurs of mountains are located in the South of the airfield in almost latitudinal direction from West to
East. The nearest mountain with a height of 1000 meters is located in the South, 2.8 kilometers from the
runway, the mountain with a height of 1940 meters is located in the Southwest 10 kilometers from the
runway.

It is known that mountain airfields are located in the zone of influence of local mountain-valley winds
(at night the wind comes from the mountains, and during the day into the mountains). However, on the
day under consideration, the influence of mountain-valley circulation was not significant due to the
presence of a low pressure field and a stationary front in the area of the airfield.

From the climatic characteristics of the airfield it follows that thunderstorm activity is observed from
April to September, the maximum frequency of occurrence of thunderstorms occurs in June-July.
Thunderstorms are mostly frontal in nature, in the summer near the airfield the south-west direction
prevails (45%), in the middle of the day and in the afternoon there is an orographic turbulence.

Analysis of the synoptic situation in the airfield area:

3.00:00 local time.

According to the ring map, the weather was determined by a small-scale baric field of reduced
pressure and the stationary tropical front influence with waves. There was observed low-cloudy weather,
mild wind 2-3 m/s West and South-East direction, visibility more than 10 km. At the point of observation
nearest to the airfield there was a clear sky, wind of the Eastern direction 2 m/s, visibility more than
10 km.

On the surface map for the same period, along the front, the 5-7 octants of cumulonimbus clouds with
a lower boundary of 600-1000 m above ground level were noted by separate meteorological stations,
visibility more than 10 km, West and South-West winds at a speed of 2-3 m/s. The direction and speed of
the leading stream on the barometric topography map of AT500 hPa were 250-270 degrees 15-20 km / h.

05:00 local time.

Weather forecasts for flight areas with a period of 06:00 to 12:00 local time were prepared by the
nearest meteorological body. These forecasts were familiarized with all instructor pilots under painting
before the flight. The forecasts indicated the presence of a stationary front, turbulence in the 4000-m earth
layer and isolated cumulonimbus clouds.

05:44 local time.

There is information from the aircraft board - at a distance of 190 km from Almaty in the sector
275-290 ° there are thunderstorm blips.

The AMC (aeronautical meteorological center) issued a warning on SIGMET Nel routes from 06:00
to 10:00 in the FIR zone, masked thunderstorms are predicted with an upper cloud cover up to FL380,
with NorthEast displacement at a speed of 20 km / h, intensity — no sig. These data were not received by
the crew.

06:00 local time.

According to the micro-ring map, the wind was southerly 2 m / s, visibility more than 10 km,
6 octants cumulonimbus clouds by 1000-1500 m. That is, in three hours from 03.00 to 06.00 the amount of
clouds increased to 6 octants and the ceiling decreased to 1000-1500m, which indicates the frontogenesis
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and development of cumulonimbus clouds in the flight area. To the North of the flight area at a distance of
about 70 km, a secondary cyclone center (mesocyclone) was formed with a minimum pressure in the
center of 1001 hPa. The presence of a secondary mesocyclone center and cumulonimbus clouds fixed by
weather stations in the TIR regions could affect the wind mode in the area of the aerodrome.

By the weather stations closest to the airfield the cumulonimbus clouds availability was noted, with a
ceiling of 600-1000 m above ground level, visibility is more than 10 km, wind speed is 2-3 m/ s, in places
with a gain of up to 6-7 m /s SouthWest and Western direction.

07:54 local time.

On AFTN communication, the flight coordinator received a new forecast for TIR flight areas
(sectors) from 09:00 to 015:00. In which there were intra-mass thunderstorms, rare cumulonimbus clouds
with a ceiling of 1500 m, and an upper cloud cover up to 9,000 m.

09.50°55 local time.

An accident has occurred. The weather conditions indicated by the flight coordinator at the time of
the accident from his words) were as follows: wind 260 degrees, speed 4-5 m / s, visibility 10 km, air
temperature + 30 °, pressure QNH 1005 hPa. The presence and form of clouds were not indicated.

Based on the analysis of meteorological information, it was found that the meteorological situation in
the flight areas of the TIR of Almaty in the period from 06.00 to 09.52 was complicated. During this
period, a private cyclone formed, a stationary front was observed, the amount of cumulonimbus cloudiness
increased, its lower boundary decreased, retardation layers were observed in the atmosphere, rain (maps)
and a chatter (data from the alternate aerodrome) were observed in the area.

The most characteristic synoptic situations and conditions under which wind shear occurs include: the
development of convective clouds, the passage of atmospheric fronts, the formation of delayed inversion
and isothermal layers, all these factors took place during the period under review, except for that the relief
features played a role, namely, proximity mountain range.

All this provoked the development of cumulonimbus clouds in the stationary front zone, which led to
the appearance of wind shears, and a flurry arose at the surface of the earth.

Judging by the recording from the video in the aerodrome area, about 8 cumulonimbus cloud points
were observed in accordance with figure 1, 2. In the upper left corner of the recording, clouds with a dark
lower edge is recorded. When analyzing the weather using video materials, the height of the ceiling was
determined using the Google Earth Pro program and photo materials from the scene. It was established
that the height of the ceiling in the area of the aerodrome was supposedly about 600 m.

Figure 1 — Weather conditions in the area of the aerodrome during take-off
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Figure 2 — Cumulonimbus cloud cover at the aerodrome after the accident
The direction of the wind, in accordance with the spread of burning traces, at the crash area was 200-
230 ° in accordance with figure 3.
"N v_“——\"bﬁ";
b ; "r}jﬁ-
: k|

S
&2
b

Figure 3 — Calculation of the direction of the wind from the traces of burning vegetation
at the place of aircraft crash landing

The wind speed at the airport during the incident was determined by recording surveillance cameras
using the Beaufort scale. At 9.46 local time, the wind force was 5.3 - 7.4 m / s, after a second it reached a
force of 12.5-19.2m/s.

Recording a video camera at this time captures the swaying of trees near the ground, a little later the
swaying of aircraft in the parking lot and dust breakdowns, which confirms the presence of a flurry, which
is shown in figures 4, 5 and 6.

—— 84 ——
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Figure 4 — Deterioration of visibility, increased wind and dust disruptions at the aerodrome

Figure 5 — Deterioration of visibility, increased wind and dust disruptions at the aerodrome

Figure 6 — Smoke propagation and vibration of aircraft parked due to the effects of wind after an accident at an aerodrome

A flurry was limited in space and lasted for 2-3 minutes, and was recorded on the camcorder for
about two minutes.




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

Figure 7 — Weather conditions at the aerodrome after an accident

It was found that the PIC received a forecast for the sectors in printed form, signed by the coordinator
and intern of the aerodrome before the start of flights, and within 3 hours performed flights with cadets
without requesting the actual weather at the aerodrome from the TIR dispatcher.

In conditions of complex orography and in the presence of a stationary front, forced air lift increased
the vertical component and made an additional contribution to thermal convection and intensified the
cloud-forming process in the morning. The presence of a stationary front, cumulonimbus clouds and
retaining layers in the atmosphere, as well as the terrain, contributed to the formation of wind shears in a
layer of 50-100 m and a flurry near the ground surface, which affected the flight of the aircraft.

During the last flight, the aircraft should take a right turn after takeoff, but instead, the aircraft turned
left and the aircraft began to lose altitude with the air currents accompanying the development of
convective cloud cover.

The crew tried to correct the situation, but the descending air currents did not allow this and the
aircraft crashed. The direction of the air flow confirms the direction of the smoke from the explosion of
the aircraft, which is shown in photo 6.

In that way, several system errors led to the aviation accident:

- Lack of proper organization of flight support;

- No qualified weather observation;

- No consideration of the influence of orography on the development of convective clouds;

- Absence of weather analysis and forecasts by the aircraft commander and unjustified decision-
making for departure.

H. ,Z[OJ'DKCHROl, E. Maiiasinosa’, 10. To.ﬂyenz, H. Acniibbexosa’

! AzamaTThIK aBualus akajeMusicel, AnmMarel, Kasakcras;
Kok xoHe KOMMYHUKAIUsIIap HHCTUTYTHI, Pura, JlatBus;

_METEOPOJIOI'dAJIBIK KAMTAMACBI3 ETYIEI'l
KYUEJIK KATEJIKTEPAIH ¥IIY KAYIICI3AITTHE 9CEPI

Annoranusi. Toxipubernik aBuanus KpI3METIH/E TYPJI ©3apa opeKeT eTy )KyHeci 6ap. Aram aliTKaH[a, omnepa-
TOp MEH MAaIlllMHAJaH TYPAaThIH Xy#iee Au3aiiHep, OnepaTop, OHAIPYIIiHIH, TEXHUKAIBIK KbI3MET KOPCETY/IH JKOHE
T.0. KaTeJikTepine OalnaHbICTHI COTCI3MIK XUl Ke3neceni. Karemikrep, onerre, Oaiikaychi3ia OpbIH alla/ibl, MbICAJIbI,
ajlaM KaTe opeKeTTep/i OpBIHIAi/bl, aKMapaTThIH KETKUTIKCI3Ir, epexesaep MEH CTaHIapTTap/blH ecKepiiMmeyi,
TINTiI OHBIH >KOKTHIFbIHA OAMIaHBICTHI AYPHIC HEMECE €H KOJIAMIbI e Oaranaiibl. A3aMaTThIK aBUAIMSIFa aBUAIUS
KBI3METKEpiHiH TONTHIK KbI3MeTi ToH. KeH MarbIHaa anFaHaa, TON AETeHIMI3 — XKaJIbl KaXKETTUTIKTep I KaHaFaTTaH-
IBIPY JKOHE OPTaK MakcaTTapra JKeTy YIIH amaMaapAbiH Oipmectiri [1]. ¥mry xoHe yury SKHMaKAaphl, TackIMalaay
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KbI3METIH HeMece oye KO3FaJIbICBIHBIH AMCIETYEPIIePiH aybICThIPY, COHAAN-aK TeXHUKAIBIK (OHAIPICTIK) KOMaHIa —
OyJlapAbIH OapJIbIFbl KYpaMbl MEH KaThlHACTaphbl OEJITUICHIEH epeXerep MEH KelliCiIMIepMEH aHBIKTAIaThIH THITIK
(opManbapl MIaFbIH MYIIENiK TonTap. JKayanTsl menriM KaOblInaraH Ke3Je OHBIH JXKeKe HeMece TOIl KypaMbIHAa
OOJIFaHbI, COHAM-aK KaHaal (pakTopIapIblH OCEPiHEH JKOHE OCHI MICIIIMHIH HETi31H ¢ KaObLUITaHFAHBI MAHBI3 b

Awmepukainblk Boeing kopropanuscsl MaMaHIapbIHBIH OWBIHINA, aBHALMSUIBIK OKHFajlap IypbIC LIEMIiMAi
KaObUIaMaraHia OpbIH ajaibl jxen caHaiinsl. OchlHIAW aBHALMSIIBIK OKUFalap OapIiblK OKUFalapiblH 75%-bIH
Kypaiinel exeH. byman Oacka, omapasiH 58%-b1 oye KeMmeci SKHIaKbIHBIH oye HeMece jkep OeTiHIeri Karmanabl
IypeIc Oaramamaysl THiC. ¥IIysap/sl DTalbIHIAY JKOHE JKYPrisy skarmaifblHAa aKmapar ainMacy — YIIKBIIITap MeH dye
KO3FaJIBICBIHA KBI3MET KOpCEeTy OpraHmapbIMEH Xabap aiMacyIbl KYPri3eTiH XOHE OJapAbl HAKTHI MOHMOTIHIE
HeMece JKaraiina, yiryIel Kayirncis THIMII JKoHe YHEeMI JKYPri3y YIIiH TYCIHZIpeTIH AMHAMHUKAIBIK KOHE KaHThIM-
CBI3 YJIepic, OyJI YIIKBIIIKA YITyFa KaHaai na Oip memimM KaObuigay yiuiH Heri3 OeH YIIyabl xKocnapiay MyMKIHAITH
oepeni.

1990 xpu1b1 Tpodeccop PH30H aBHMALMSUIBIK OKHUFaHBIH ceOer-cajiapblH CUIATTAWTHIH MOAENBIl 93ipiei.
[Mpodeccop PuzoH aBHaMsUIBIK callaHbl KypJesli eHAIpiCTIK Xyiie peTiHAe KapacTelpaabl. byn Ky#eHiH Herisri
9JIEMEHTTEPiHIH Oipi mieniM KaObUIMaWThIH TYJIFalapJaH TYpajabl, 0acKka HETI3ri 3JeMEHT KOFaphl DIICIIOHHBIH
LICIIIMI MEH JKeJIiK 0acIIBUIBIKTBIH IC-9pEeKeTTepi TiKelel MUIOTTap MEH HYCKayIIbLIap *y3ere achlpaThblH THIMII
JKOHE OHIMI KbI3METKE XKY3ere achlpy VIIiH Oenrimi Oip amaplH ana mapTrap OpBIHAATYHl THIC MISIIIMII OpBIHIA-
TBIH aaMzaap.

Pu3oHHBIH Moneni agamzap KypZeni, e3apa KapbIM-KaThIHAC JKacaiTBIH JKOHE JKaKChl KOPFaJFaH JKyHelepliH
(aBHaIus CHAKTHI) KYMBIC icTey KaOuTeTiHiH OY3bpUTYBIHA Kalail BIKIIA] €TETiHIH TYCIHIIpei, COHBIH HOTHXKECIHAIC
ABHALMSUIBIK OKUFa OPBIH aJaJIbl.

By Mozens amatka Tikened oKelIMeHTiH ce0enTiK KaThIHACTap bl allraapl, Oipak Kayil MeH jka3aTaibIM OKHFa-
Jlap apachlHaFbl KOPFaHbBIC JAEHTreill Kem OoJIFaHBIMEH, KOPFaylIblH 9p KadaThlHAa KeMIITKTep 0ap, oyiap jKyHelik
«TEHECTIPY» JKaFJallbIHa aBapHs TYAbIPYbl MyMKiH [3].

ArtasiraH MOJIeNb Kayin-KaTepii Tajifay )oHe 0ackapy Ke3iHIe KOJIaHbUIA bl XKOHE YIINY Ikl XKOocmapiay, YiHbIM-
JACTHIPY JKOHE OTKi3y OapbhIChIHIA, COHBIMEH KaTap aBHAIMSUIBIK KAyiICi3MiK, MHKCHEPJIK KaMTaMachl3 €Ty JKOHE
T.0. eckepinyi kepek. Ke3 keireH camama KoJmaHbLIATBIH OoJica, Oipieil HOTHXKE Oepe/i: KONTereH KyHemik emec
OY3YIIBUIBIKTAp Kayil-KaTep/iH *KHHAKTATybIMECH OKbIC OKHFallapfa JKOHE TOTCHINC jKarmaimapra okeneni. Cebemn
xyHemepai Oip-OipiHe KBICTBHIPBUIFaH OipHEIIe MIBEWIap ipiMINITiIMEH CaJbICTHIPaAbl, MYHIA KAYINTiH IIBIHIBIKKA
alfHaITy KayIii Typiii IeHreiiep MeH KOpFaHbIC TYpIepi apKbUIBI TOMEHACTLUIe A1, onap Oip-OipiHiH ycTiHe «kabaTTa-
HaJBI», OipaK erep «TeciKTep» ColKec Keyce, oJlap OKBIC OKuFajapra okenemi. KopranyaslH Oip AeHreHiHiH KeMIITi-
JKTepi Kayim-KaTepi icke achlpyFa MYMKIHAIK OepMeii, efTkeHi 0ac TapTyIslH OipBIHFall HYKTECiH OOIIpIpMay
yuIiH 0acka ja KopraHbeIcTap Oap, Oipak Kayim-Katep »KYHenli Typle jKOr Ke3iHIe amaTThl calmaphl ce3ci3 00abl.
Byt acep keiifie «KHUBIHTBIK ocep» el aTanajbl. JKyMbIChIMBbI3Ia 013 anaTka oKel COKTBIpFaH KOoprajMaraH Kayir-
KaTep JKyHeciH 3epTTeyre ThIPBICTHIK.

Tyiiin ce3nep: anar, Tannay, kare, Oy3yIUIbUIbIK, YIIAKTHIH YIIYbI, KayilCi3/iK.

H. I[omlcemcol, E. Maﬁnﬂﬂonal, 10. TonyeBz, H. Acnibbexosa’

1 o .
Akanemusi I})a)}(Z[aHCKOI/I aBuanmu, AmMaTHHCKas o0nacte, Kazaxcran;
Huctutyt TpaHcnopra u cBs3u, Pura, JlarBus

BJIUSHUE CUCTEMHBIX OIIUBOK
B METEOPOJIOT'MYECKOM OBECIIEYHEHMHU BE3OITACHOCTH MMOJIETOB

AnHOTamms. B npakTuueckoil aBUallMOHHOM JESTENBHOCTH CYLIECTBYET HACKOIBKO PAa3IMYHBIX CUCTEM B3aHMO-
JieiicTBuA. B 4acTHOCTH, B cucTeMe, COCTOSIIEH U3 OTlepaTopa U MalllHBI, JOBOJIBHO YacTO OTMeUaroTcsi coon m3-3a
OIKMOOK IPOEKTHPOBIINKOB, OIIEPaTOPOB, H3rOTOBUTENEH, TeX00CTyKMBaHUS U T.11. OMIMOKK, KaK PaBHiI0, HETIPe.T -
HaMEpEHHBI: YeJIOBEK BBITIOIHIET OMUO0OYHBIE JeHCTBUS, paclieHNBas MX KaK BEpHBIE WM HanOoJiee MOIXOAAIINE B
CHITy HEIOCTATOYHOCTH HH(OpMAINH, NMPEHEOPE)KeHUS MPaBWIAMHU W CTAaHAApPTaMH U JJa)Ke€ B CIUIy OTCYTCTBHSA
TaKkoBBIX. J{JIs1 TpaXIaHCKOW aBHAIMK TPYIIOBAs IEATEIHHOCTh aBHAI[IOHHOTO IIEpCOHANla OYeHb XapakTepHa. B
IIMPOKOM 3HAYEHHUH CJIOBA TPYIIa — 3TO OOBEAMHEHUE JIIOJCH IS YAOBIETBOPEHHS OOIMX MOTPeOHOCTEH M IUIs
JoCTIOKeHUs obuux 1enei [1]. JleTHsi 1 KaOMHHBIN SKHTIaXXH, CMEHa CITyKOBI ITepeBO30K WK JucreTdepoB YB/I, a
TaKkKe TeXHUUYecKas (MPOM3BOACTBEHHast) Opuraga - Bc€ 3TO THNUYHBIE (OpPMajbHBIE Majble TPYMIIbI, YIEHCTBO,
COCTaB U B3aMMOOTHOIIEHUS B KOTOPBIX OMPEIEINSIOTCS YCTAHOBIEHHBIMU MPEANHUCAHUSIMH U JOTOBOPEHHOCTSIMH.
IIpu mpUHATUM OTBETCTBEHHOIO PELIEHUs BaXXHO, MPOUCXOAMT JIM OHO MHAMBUAYAILHO WM B COCTAaBE IPYIMIIBI, a
TaKOKe T0J1 BIUSHAEM KaknuX (aKTOpOB M HAa OCHOBE Y€ro MPUHUMAETCS JaHHOE PEIleHHE.

Crnennanuctsl aMepHKaHCKOHM Kopriopauuu Boeing npocuuTany g0J0 aBHAllMOHHBIX NPOMCIIECTBUH, CBS3aH-
HBIX C HENPaBWIBHBIM NpUHATHEM pemieHus. OKa3anoch, YTO U3 BCEX aBHALMOHHBIX NMPOUCIIECTBUH TaKUe MPOUC-
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mecTBHsl coctaBisiioT 75%. Kpome Toro, u3 Hux 58% NpOIEHTOB 3aHMMAaeT HEBEpHas OIEHKa BO3YIIHON HIIH
Ha3eMHOH 00CTaHOBKH 3KHITQ)KEM BO3LyIIHOro cyaHa. OOMeH nHdopManuei B yCIOBUAX HOATOTOBKU M IPOBEACHHS
MIOJIETOB — 3TO JTUHAMHYHBIA U HEOOpaTUMBII MPOIECC, NPU IMOMOIIM KOTOPOTO MHUJIOTHI U OpraHbl 00CITyKUBaHUS
BO3/IyLIIHOTO JIBM)KEHHMSI MPOM3BOAAT OOMEH COOOIICHHSAMH U MHTEPIPETHPYIOT MX B KOHKPETHOM KOHTEKCTE HJIH
cUTyanusix ajst 6e3omacHOro 3¢ ¢GeKTHBHOrO M SKOHOMHUYHOTO ITPOHM3BOJICTBA IIOJIETOB, YTO B KOHIIE KOHIIOB JaeT
MIJIOTY OCHOBAHHUE IS IPUHATHS TOTO WJIM HHOTO PEIICHUS HA BBUICT M BO3MOXKHOCTD IUTAHUPOBAHMS BCETO MOJIETA.

Eme B 1990 roxy npodeccopom PuzoHOM OBlTa paspaboTaHa MOJENb, ONHCHIBAIONIAS MPUINHHYIO 00yCIOB-
JICHHOCTh aBHAIMOHHOTO npoucmectBus. [Ipodeccop Pu3on paccMaTpuBaeT aBHaIlMOHHYIO OTpPacib KaK CIOKHYIO
MIPOM3BOJCTBEHHYIO cucteMy. OIMH M3 OCHOBHBIX JJIEMEHTOB 3TOH CHCTEMBI COCTOMT M3 JIMI, NPHHUMAIOIINX
pELICHUs, APYTUM KJIFOUEBBIM 3JIEMEHTOM SIBIISIOTCS JINIA, BBINOIHSIOMINE PELICHUSI, Al TOTO YTOOBI PEIICHUS BBIC-
LIIEro S1IETOHA U JISHCTBHS JIMHEWHOTO PYKOBOACTBA OBLIN MPETBOPEHBI B 3 EKTUBHYIO U MPOILYKTUBHYIO JIESTENb-
HOCTb, OCYIIECTBISIEMYIO HETOCPEJCTBEHHO HMHUJIOTaMH M MHCTPYKTOPAaMH, IOJDKHBI BBIIIOJHATHCS ONpE/ICICHHbIC
NpeABapUTEIIbHBIE YCIIOBHSI.

Monenp Pu3oHa nosicHsieT, KakuM 00pa3oM JIFOAH CIIOCOOCTBYIOT HapyLIEHHIO PabOTOCIIOCOOHOCTH CIIOKHBIX,
B3aMMOJICHCTBYIOIIMX M XOPOILIO 3AIIUIICHHBIX CHCTEM (TakuUX Kak aBHallUsA), B pe3yjibTaTe 4Yero MPOUCXOTUT
aBUALIMOHHOE NPOUCILIECTBHUE.

JlaHHas MoIenb pacKphIBaeT Iepe] HaMU NPUYMHHO-CIICACTBEHHBIC CBSI3H, HE BEAYIINE HETMOCPEICTBEHHO K
MIPONCIIECTBHUIO, a OKA3bIBACT, YTO, XOTS MEXKAY PUCKAMU M HECUACTHBIMH CIy4asMH JIEKHUT MHOTO yPOBHEH 3aIlin-
TBI, B K&)KJJOM CJIO€ 3aIIUTHI €CTh T€ HEIOCTATKU, KOTOPbIE, B Cllydae CHCTEMHOTO «BBIPaBHHBAHHSA», MOTYT CIIPOBO-
LUpOBaTh aBapuio[3].

OTa MOZAENb UCHOIb3YETCs NIPY aHAIU3€ PUCKOB M YIPABJICHUH PHCKaMH U JOJDKHA YYUTHIBATHCS NPH IJIAHU-
POBaHMM, OPraHU3aLUH U IPOBEACHHUH TOJIETOB, a TAK)KE B aBUAIIMOHHOH 0€30MacHOCTH, MHKEHEPHOM 00eCIeYeHNT
u T.I. Mcnonb3yeMast B 000H OTpaciy, OHA JaeT OJUH U TOT )K€ PE3yNbTaT Ha BHIXOAE: MHOTHE HECHCTEMHbIE
HapyIICHUs. BEIyT NPH HAKOIUIEHMHM PHUCKOB K IPOUCHIECTBHUSIM W, YTO KpailHe omacHo, K karactpodam. PusoH
CPaBHUBAET CUCTEMBI C HECKOJIBKUMU KyCOYKaMU MIBEUIIAPCKOIO ChIpa, CII0KEHHBIMU PALOM APYT € APYTOM, B KOTO-
PBIX PUCK TOT'O, UTO YI'p0O3a CTAHET pCajIbHOCTbIO, CMATYACTCA PA3JIMYHBIMU YPOBHAMU U THUIIAMU 3alIUTHI, KOTOPbIC
«HACIIOCHBI» APYr Ha ApPYyra, HO IIPU COBNAJCHUM «ABIPOK» BEAYT K NpoucliecTBUsAM. HenocTarku ogHOro ypoBHs
3aIIUTHI HE MO3BOJISIOT PEaIM30BaTh PUCK, HOCKOJIBKY CYLIECTBYIOT U IPYTHE 3alIUTHI IS IPEIOTBPAILCHHS €TUHOM
TOYKH OTKa3a, HO NMPH CUCTEMHOM HAKOIUIEHHH PHCKOB KaTacTPO(UUECKHE MOCIEACTBIS HEM30eXKHbI. ITOT 3hheKT
WHOTZa Ha3bIBAIOT «3((EKT COBOKYNHOro AeHCTBUS». B Hamiell paboTe MBI HONBITAINCH HCCIENAOBATh CHCTEMY
HE3alUIIEHHBIX PUCKOB, IPUBEIIYIO K KaTacTpode.

KaioueBble ci10Ba: MpoucIIeCTBHE, aHAIN3, OIINOKA, HApYIIEHHUE, TIOJIET BO3AYIIHOTO CyIHA , 0€301IaCHOCTb.
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COMPARATIVE ANALYSIS OF LOW TEMPERATURE RESISTANCE
FOR NANOCARBON AND OTHER BITUMENS

Abstract. A comparative analysis of the low temperature resistance for a nanocarbon bitumen and other 30 neat
and modified bitumens has been performed in the work. The stiffness at the temperatures of -24°C, -30°C and -36°C
under technical system Superpave has been accepted as an indicator of low temperature resistance of the bitumens.
The stiffness of the bitumens has been determined on a bending beam rheometer (standard ASTM D 6648-08).
Before testing the bitumens have been subjected to the double artificial aging: short-term aging — under standard
AASHTO T 240-13 and long-term aging — under standard ASTM D 6521-08.

The nanocarbon bitumen has been prepared in the laboratory of the Kazakhstan Highway Research Institute
(KazdorNII) with the use of a road bitumen of the grade BND 70/100 produced by the Pavlodar petrochemical plant
(PNHZ) and a nanocarbon powder (2% by weight) manufactured from a coal rock of the deposit “Saryadyr”
“Corporation “ON-Olzha” LLP, Akmola region, Kazakhstan). The nanocarbon powder (150-200 nm) has been
manufactured by three-stage size reduction of the coal rock: I — a mechanical dispergator (up to 2-3 mm), Il — an
aerodynamic mill (up to 20 mcm), 111 — a reactor with a rotating electromagnetic field.

The neat bitumens of the grades BND 50/70, BND 70/100, BND 100/130 have been produced by the plants of
Kazakhstan and Russia; they satisfy the requirements of the standard ST RK 1373-2013. The modified bitumens
have been prepared in the laboratory of KazdorNII with the use of the neat bitumens, 7 types of the polymers, crumb
rubber and polyphosphoric acid and they satisfy the requirements of the standard ST RK 2534-2014.

It has been determined that the nanocarbon bitumen is one of the most resistant at the low temperatures: -24°C,
-30°C and -36°C.

Key words: bitumens, nanocarbon powder, polymers, bending beam rheometer, stiffness.

1. Introduction. It is known that the climate of Kazakhstan is a sharp continental one, and to provide
a reliable operation of highways with the asphalt concrete pavements in such climatic conditions it is
required to improve both high temperature and low temperature characteristics of the road bitumens [1-5].
One of the widely used methods for the increase of operational characteristics of the road bitumens is their
modification with the polymer additives [1-3, 6-8]. The works [9-12] show an efficient alternative method
for the essential increase of the low temperature characteristics of the road bitumens — their modification
with nanocarbon powder manufactured from the local coal rock. The increase of the low temperature
resistance of the nanocarbon bitumen has been explained on the basis of electromagnetic theory [13,14]
and quantum physics [15]. The works [16,17] demonstrate the increased standard characteristics of a
nanoasphalt concrete of the type B prepared with the use of the nanocarbon bitumen in comparison with
the main types of the road asphalt concretes used in the world.

This article is a continuation of our works mentioned above and it contains the results of the
comparative analysis for the low temperature resistance of the nanocarbon bitumen and other 30 neat and
modified bitumens.
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2. Materials and methods

2.1. Bitumens. 11 neat and 10 modified bitumens which satisfy the requirements of the standards ST
RK 1373-2013 and ST RK 2534-2014 have been accepted for the research. Data regarding the tested
bitumens and their abbreviations are represented in table 1. More detailed information about bitumens and
their modification one can obtain in the works [7,18].

Data regarding the tests of the neat and the modified bitumens

Serial Name Grade Name of a Amount of a Abbreviation
o of a plant of a bitumen modifier modifier, %
1 BND 70/100 - - PNHZz_70-100
2 BND 70/100 nanocarbon 2.0 PNHZ_70-100+ nano
3 BND 100/130 - - PNHZ_100-130
4 BND 100/130 Elvaloy 4170 14 PNHZ_100-130+ Elvaloyl
5 BND 100/130 Elvaloy AM 2.0 PNHZ_100-130+ Elvaloy2
6 . BND 100/130 Kraton 4.0 PNHZ_100-130+ Kraton
Pavlodar petrochemical =
7 plant (Pavlodar city, BND 100/130 Calprene 501 4.0 PNHZ_100-130+ Calprene
g | Kazakhstan) BND 100/130 | Butonal NS 198 3.0 PNHZ_100-130+ Butonal
9 BND 100/130 | SBS (L 30-01 A) 3.0 PNHZ_100-130 + SBS
10 BND 100/130 KUMHO KTP 3.0 PNHZz_100-130+ KUMHO3
11 BND 100/130 KUMHO KTP 6.0 PNHZ_100-130+ KUMHO6
12 BND 100/130 Crumb rubber 10 PNHZ_100-130+ PK10
13 BHJI 100/130 Crumb rubber 15 PNHZz_100-130+ PK15
14 BND 50/70 - - CB_50-70
Caspi Bitum
15 (Aktau city, Kazakhstan) BND 70/100 - - CB_70-100
16 BND 100/130 - - CB_100-130
17 | Asfaltobeton-1 BND 70/100 - - AB1_70-100
18 | (Almaty city, Kazakhstan) BND 100/130 _ - AB1_100-130
19 | Omsk petroleum processing | g\ 70/100 - - ONPZ_70-100
plant (Omsk city, Russia) -
20 (Ufa _C|ty, Bashkortostan, BND 50/70 B B SU_50-70
Russia)
21 BND 70/100 - - GPN_70-100
22 BND 100/130 - - GPN_100-130
23 BND 100/130 Elvaloy 4170 14 GPN_100-130+ Elvaloy
24 | Gazpromneft-Bitum BND 100/130 Kraton 45 GPN_100-130+ Kraton
Kazakhstan
25 | (Shymkent city, BND 100/130 Calprene 501 4.5 GPN_100-130+ Calprene
26 | Kazakhstan) BND 100/130 | Butonal NS 198 35 GPN_100-130+ Butonal
27 BND 100/130 | SBS (L 30-01 A) 3.0 GPN_100-130+ SBS
Elvaloy 4170 1.3
28 BND 100/130 PPA 0.02 GPN_100-130+ Elvaloy+PPA
29 BND 100/130 | Calprene 501 4.0 GPN_100-130+ Calprene+PPA
. PPA 0.02
Gazpromneft-Bitum
Kazakhstan Butonal NS 198 3.0
30 (Shymkent city, BND 100/130 PPA 0.02 GPN_100-130+ Butonal+PPA
Kazakhstan) Kraton 40
31 BND 100/130 PPA 0.02 GPN_100-130+ Kraton+PPA
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2.2. Nanocarbon powder. A nanocarbon powder (150-200 nm) has been manufactured from a coal
rock of the deposit “Saryadyr” (“Corporation “ON-Olzha” LLP, Akmola region, Kazakhstan) by three-
stage size reduction. More detailed information about manufacturing the nanocarbon powder and
nanocarbon bitumen is given in the works [9,12].

2.3. Bending beam rheometer. The stiffness determined on a bending beam rheometer (BBR)
under the standard ASTM D 5548-08 has been accepted as the characteristics of the low temperature
resistance of the bitumens. Before testing the bitumens have been subjected to the double artificial aging:
short-term aging — under the standard AASHTO T 240-13 and long-term aging — under the standard
ASTM D 6521-08.

3. Results and discussion. Figures 1-3 represent the bar graphs for the stiffness values of the
bitumens at the temperatures of -24°C, -30°C and -36°C. The stiffness values of the bitumens have been
determined on BBR at the load duration of 60 seconds as it is required by the Technical system Superpave
[4,5]. As it is known, under the Technical system Superpave the maximum permitted value for the
stiffness of the bitumens at the low temperatures should not exceed 300 MPa.

! I I

PNHZ_70-100 | : ) 105.6
PNHZ_70-100+nano SN 555
PNHZ_100-130 = z . : ] 184.5

PNHZ_100-130+Elvaloy! | 52.
PNHZ_100-130+Elvaloy) |j—79.]
PNHZ_100-130+Kraton |e— 62 0
PNHZ_100-130+Calprene js— 70.7
PNHZ_100-130+Butonzl |—65.7

PNHZ_100-130+SBS |ees— 5|7
PNHZ_100-130+KUMHO3 |——60.2

PNHZ_100-130+ KUMHO6
PNHZ_100-130+PK10 723
PNHZ_100-130+PK15 |——— 78 3

CB_30-70 S ———————— ]SS
CB_70-100 j— b4.54
CB_100-130 |es——59.16
AB1_70-100 :
AB1_100-130 [ 86.5
ONPZ_70-100 jsesmwmmos vasaommssi 102.9
SU_350-70 * 186.2
GPN_70-100 e ———— 1 5]
GPN_100-130 79.3
GPN_100-130+Elvaloy |e—— 13].9
GPN_100-130+Kraton je—— 64 .2
GPN_100-130+ Calprene mmmm—mt 53 5
GPN_100-130+Butonal j—— 69.1
GPN_100-130+SBS —72.9
GPN_100-130+ Elvaloy+PPA | 6.6

GPN_100-130+ Calprene+PPA 63.9

GPN_100-130+Kraton+PPA | 69.6

0 50 100 150 200 250 300
Upper limit

Stiffness, MPa

v

(=]
(]
=)

LI
A
o

Figure 1 — Stiffness of the bitumens at the temperature of -24°C
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All the tested bitumens have the stiffness considerably lower than 300 MPa at the temperature of -
24°C (figure 1). The prevailing part of the bitumens has the stiffness lower than 100 MPa. The nanocarbon
bitumen (the bitumen of the grade BND 70/100+nanocarbon) is practically the most resistant one.

Three neat bitumens (Ufa bitumen and Aktau bitumen of the grade BND 50/70 and Pavlodar bitumen
of the grade 100/130) are not resistant at the temperature of -30°C (figure 2). Other bitumens except for
Shymkent neat bitumen of the grade BND 70/100 and Pavlodar bitumen of the grade BND
100/130+Elvaloy 4170 have the stiffness lower than 200 MPa. The nanocarbon bitumen (S=152.8 MPa) is
among the most resistant ones.
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Figure 2 — Stiffness of the bitumens at the temperature of -30°C

21 bitumens from the tested ones do not satisfy the requirements at the temperature of -36°C (figure 3).
Not only the neat bitumens, but also some modified bitumens are included into the number. 5 bitumens
included into the number (Aktau bitumen, Omsk bitumen and Shymkent bitumen of the grade BND
70/100, Shymkent bitumen of the grade BND 100/130 and the same bitumen modified with the polymer
Butonal) have shown the stiffness higher than 400 MPa and 2 more bitumens (the neat bitumens of the
grade BND 50/70 of the Ufa plant and Aktau plant) have the stiffness higher than 550 MPa. And at this
low temperature the nanocarbon bitumen is one of the most resistant.
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Figure 3 — Stiffness of the bitumens at the temperature of -36 °C

Conclusion. The results of the comparative analysis for the stiffness of a nanocarbon bitumen and
other 30 neat and modified bitumens at the temperatures of -24°C, -30°C and -36°C have shown that the
nanocarbon bitumen is one of the most resistant at all the considered temperatures.

M. K. Kypsinos’, b. B. Tearaes?, A. A. Ka.]'lblﬁaﬁz, C. O. Pocen %, E. 1. BMipﬁaeB2

1«I[.B. COKOIBCKHUH aTBIHAAFHI JKaHapMak, KaTann3 XKoHe deKTpoxuMust HHCTUTYTe» AK, AnvaTtsl, Kasakcran;
2«KasaKCTaH JKOJI FRUTBIMH-3epTTey HHCTUTYTE» AK, Anmatser, Ka3zakcTas;
3Kana6p1/1;1 yHuBepcureTti, Perne, Uramms,

HAHOKOMIPTEK ’KOHE BACKA BUTYMJAP/JbIH TOMEHI'T TEMITEPATYPAJIBIK
OPHBIKTBLJIBIT'BIH CAJIBICTBIPMAJIBI TAJITAY

AHHOTaHI/lﬂ. MaKanaz[a HaHOKeMipTeK 6I/ITyMHBIH KOHC 6ac1<a 30 Ta3a xoHe MOZ[I/I(l)I/IKaI_II/IHJ'IaHFaH 6I/ITyMHBIH
TOMEHT1 TCMIICPATYpPAJIbIK OPHBIKTBUIBIFbIHA CAJIBICTBIPDMAJIbl TaJldy KacaJiraH. BI/ITyMI[apI[LIH TOMEHT1 TeMIIe-
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parypaiblK OpHBIKTBUIBIFBIHBIH KOPCETKINI peTiHae Superpave TeXHUKAJIbIK xKyiieci Ooiibiama -24 °C, -30 °C xoHe
-36 °C Ttemmeparypajarbl KaTTBUIBIK KaOburganabl. butympapaei katteutblrbel ASTM D 6648-08 cranmapThl
GoiibiHmIa uiirim oinikTi peomerpae (BBR) anbikranapl. CoiHakTan OypblH OUTYMIap €Ki caThUIBI )KacaHIbl ecKipy-
neH (AASHTO T240-13 cranpaptsl OoiibiHIIA KbicKa Mep3imae eckipynaeH xkoHe ASTM D 6521-08 cranmaprs
OoMbIHIIA Y3aKMeP3iMIi €CKipYy) OTTi.

Hanokemiprek Omrym Kaszakcran >xonm FeUIBIMH-3epTTey HHCTHTYTHIHBIH (KaszxonF3U) 3eprxanacerHma
[MaBnomap myHaii-xumus 3aysitel (IIMX3) enniprer MXKB 70/100 mapkainst o OUTYMBIH koHE «Capblafblp» KeH
opubHBIH («OH-Omxkay» xopnopanusice» KIIC, Axkmona o6meickl, Kazakctan) keMip Tay >KBIHBICHIHAH aJIbIHFaH
HAaHOKOMIpPTEK YHTaFbIH MaiianaHy Heri3iHae naisiHmanabl. Hanokxemiprek yHTarsl (150-200 mm) kemip Tay
KBIHBICBIH VI CATBUIBI YHTAKTay OoMiCiMEH aNbIHABL | MexaHuKaibIK mucnepratop (2-3 mm-re meiiin); II aspomm-
HaMUKaJIBIK auipMeH (2-3 mM-Te neiiin); 111 aitHanma Maruut epicti peakrop.

MXKB 50/70, MXB 70/100, M>Kb 100/130 mapkansr Taza outymnap Kasakcran men Peceit 3aybiTTapsiana
enzipingi xoHe KP CT 1373-2013 crannapThIHBIH TaJanTapblH KaHaraTTaHIbIpaabl. Moaudukanusianrad OUTyM-
nap KazxonF3U 3eprxanacbinna Taza OUTyMaapnbl, 7 Typil NMOJIMMEpAl, pPe3eHKe YHTAKTHIH jkoHe mnoiudochop
KBIIIKBUIBIH Maiinanany Herizinae aabiHganasl xoHe KP CT 2534-2014 craHmapThIHBIH TalanTapblH KaHAFATTaH-
JIBIPAJIbI.

Makanaga OpsIHIAIIFaH CAIBICTHIPMAIIBI TANJAY HOTHKECIHIC TOMEH/IETIEp aHbIKTAJIIbI:

1) -24 °C Temneparypaa OapJibIK CHIHAKTAH OTKEH OUTYMIapAbiH KaTThuibiFel 300 MIla-naH anmekaiina sxora-
peL. Burymmapasry ken GemiriHiH KaTTeutbFel 100 MIla-gan temen. Hanokemiprek outym (MXKB 70/100 mapkaist
ONTYM+HaHOYHTAK) IPAKTUKAJBIK TYPFBIAAH aca TYPAKThl CKCHIT1 aHBIKTaJIIbL.

2) -30 °C remmneparypaaa yur taza outym (MXKB 50/700 mapkansr Va sxoHe akray outrymaapsl xone MXKb
100/130 mapkansr [TaBmomap Outymer) typaktel emec. llpmmkenTriH MXKB 70/100 mapkanbl Taza OMTYMBI MCH
MaBnonapneiy Elvaloy 4170 momumepi kocburran MXKB 100/130 mapkanbsl OuTyMblHaH Oacka OWMTyMIApAbIH
karThUtbiFel 200 MIla-nan temen. Hanoxemiptek OutyMm (S=152,8 MIla) aca TypakThl OUTyMIapiblH KaTapbiHa
KaTaJbl.

3) -36 °C Temmeparypajia ChIHAKTaH OTKeH OUTyMAApAbIH 2 1-i KOWBLIATHIH TaNanTapasl KaHAFATTaHIBIPMA/IbL.
OnapablH KaTapblHIa TCK Ta3a OMTyMJIap FaHa emec, Moaudukanusuianran outymaap na 6ap. Omapabig S-eyi (Ak-
taynbiH, OMObIHBIH jkoHe [lbiMkentTiH MXXB 70/100 mapkansr outymuapsl, Hlsmvkentrin MXKb 100/130 mapkaist
outymel xoHe Butonal momumepimer Moaudukanustanrad ocel outym) 400 MIla-gan sxoFapbl KaTTBUIBIK KOPCETTI
xoHe Tarbl 2-iHiH (Yda xxoHe Axray 3aysiTTapsiaslH MJXKB 50/70 mMapkansr OuTymMaaps!) KaTTeuteiFsl 550 MIla-man
xorapel. OChl TOMEHTI TeMIlepaTypalaa a HaHOKeMIpTeK OWTYMBI aca TYpaKThl OMTyMIapAbIH Oipi eKeH.Iri
AlKBIHAAJIIBI.

CoHbIMEH, HAHOKOMIPTEK OUTYMBI MEH QJIEMJIE YKOJI KYPBUIBICHIHAA TTaiiianaHbuIaThiH O6acka ga 30 Tasa >koHe
MoaubuKaimsiianrad outymaapasiy -24 °C, -30 °C xone -36 °C temmepaTtypajiapJarbl KaTThUIBIFBIH CaIBICTHIP-
MaJlbl TaJlay HAaHOKOMIPTEK OUTYMBIHBIH OapiiblK KapacThIPbUIFaH TeMIepaTypajarbl aca TYpakThl OMTyMaapIblH
0ipi eKeHJIITiH KOPCETTi.

Tyiiin ce3nep: OuTymIap, HAHOKOMIPTEK YHTAFbI, IIOJIUMEpIIEP, UUITILT OUTIKTI peoMeTp, KaTThUIBIK.

M. K. Kypunos’, B. B. Tearaes’, A. A. Kaapi6aii’, C. O. Poccn %, E. JI. Amup6aes?

1
“NHCTUTYT TOIUIMBA, KaTanu3a u snekrpoxumun uM. 1. B. Cokonbckoro”, Anmarsl, Kazaxcran;
2 v o v
“KazaxcTaHCKUIl JOPOXKHBIN HayyHO-UCCIEN0BaTENbCKUNA HHCTUTYT , AnMaTsl, Kasaxcran;
3
Yuusepcurer Kanabpun, Penne, Utanus

CPABHUTEJIBHBIN AHAJIN3 HU3KOTEMITEPATYPHOH YCTOWYNBOCTH
HAHOYTJIEPOJHOI'O 1 APYTUX BUTYMOB

AnHOTauusA. B HacTosmedl paboTe BBINOJHEH CPaBHUTENBHBIM aHAIN3 HU3KOTEMIIEPATYPHOUW YCTOWYHUBOCTH
HaHOYTJIEpOJHOTO OuTyMa W Apyrux 30 YUCTHIX W MOAM(PHUIIMPOBLIHHEIX OMTYMOB. B kadecTBe mokasaress HU3KO-
TEMIIEpaTypHOH yCTOWYHMBOCTH OWTYMOB HPHHATAa JKECTKOCTh Npu Temmeparypax -24 °C, -30 °C u -36 °C mno
TEXHUYECKOH cucteme Superpave. JKecTkocTh OUTYMOB onpejiesieHa Ha peoMeTpe ¢ n3rndaemoi Oankoi (craHmapT
ASTM D 6648-08). Ilepen ucnbITaHueM OWTYMBI OBIIIM TMOIBEP)KEHBI JBOWHOMY HCKYCCTBEHHOMY CTAapEHHIO:
KpaTkoBpeMeHHOMY - 110 ctanaapty AASHTO T 240-13 u qmurensHOMY - 1o crannapty ASTM D 6521-08.

Hanoyrneponsslii OuTyM OBUI MPHUTOTOBIIEH B JabopaTopui Ka3axcTaHCKOTO JOpPOXHOTO HAy4YHO-HCCIIe-
noatenbekoro uactutyta (KaznopHUN) ¢ ucrions3oBannem nopoxxHoro ouryma mapku bHJI 70/100, npon3-Benen-
Horo [laBnomapckum HepTexnmuaeckum 3aBogoM (ITHX3), n Hanoyrnepoanoro mopomika (2% mo Macce), morydeH-
HOM u3 yroasHOU maponsl Mmectopoxaenus «Capsiansipy (TOO «Kopnoparus «OH-Omxay, AkMoIHHCKas 001acTh,

—— 94 ——
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Kazaxcran). Hanoyrnepoausiii nmopomox (150-200 HM) monydeH myTeM TPEeXCTaAUWHOTO M3MENbUEHHUS! YrOJbHOM
napojpl: | - MexaHndeckuii qucnepratop (1o 2-3 mm), Il - asponunamudeckas menpauna (no 20 mxm), 11 - peakTop
C BPAIIAIOUIIMCS MArHUTHBIM MOJIEM.

Yucteie 6utymel mapok BHJI 50/70, BHJI 70/100, BHJ] 100/130 Obutu mpou3sBeaeHs! 3aBonamu KazaxcraHa u
Poccun, ynosnerBopsitor TpeboBanmsim cranpapra CT PK 1373-2013. MoaudunupoBanHble OWTYMBI ObUIH
puroToBieHsl B maboparopuu KazgopHUU ¢ ncronp3oBaHneM YHCTHIX OUTYMOB, 7 BHIOB MTOJUMEPOB, PE3NHOBOM
KPOIIKH 1 OTH(POCHOPHOI KICTIOTH U YHAOBIETBOPSIOT Tpeboanusam cranmapTa CT PK 2534-2014.

B pesynbTaTe BEITOTHEHHOTO CPaBHUTEIBHOTO aHAIN3a OBIJIO YCTAHOBIIEHO, YTO:

1) Ipu temmeparype -24 °C Bce HCHBITAHHBIE OMTYMBI UMEIOT XECTKOCTh, 3HauWTenbHO Hibke 300 MIla.
[Ipeobnanmaromas yacTb OUTYyMOB nMeeT sxecTkocTs Hike 100 MIla. Hanoyrnepomusiit 6utym (6utym mapku BHJL
70/100+HaHOYTIIEPO) ABISIETCS MPAKTHYCCKU CAMBIM YCTOWYHUBEIM.

2) Ilpu temneparype -30 °C tpu uyucteix 6utyma (Ydumckuit u Axrayckuid ourymsl mapku BHJ{ 50/70 n
[MaBnonapckuii 6utym Mapku bHJI 100/130) He ycroiiunBel. OcTanbHble OUTYMBI, 3a HcKiItoYeHneM LIpIMKkeHTCKOTO
yuctoro Ouryma mapku BHJI 70/100 m IlaBnomapckoro Omutyma mapku BHJ[ 100/130+Elvaloy 4170, umeror
xectkocTh Hinke 200 MITa. Hanoyrneponusiit 6utym (S=152,8 MIla) oTHOCHTCS K 4ncily Hanboee yCTOWYNBBIX.

3) Ilpu Temnepatype -36 °C 21 OUTyM M3 MCHBITAHHBIX HE YAOBJICTBOPSIOT NPEIbSBISIEMbIM TpeOoBaHUAM. B nx
YHCIIe HE TOJIBKO YHCTHIE, HO M HEKOTOpble MOAU(HUIMpOBaHHbBIE ONTYMBL. 5 n3 HUX (AkTayckuii, Omckuii u IlIpIMKeHT-
ckuit Outymer mapku BHJI 70/100, Iemvkentckuit 6utym mapku BHJ] 100/130 m atoT *e OUTYyM, MOIU(U-
IUPOBaHHEIA TmonuMepoM Butonal) mokaszamm xectkocts Bbime 400 MIla u eme 2 (uncteie OuTymbl Mapku BHJI
50/70 Ydumckoro u AKTaycKOro 3aBOJIOB) MMEIOT kecTKocTh Beimie 550 MIla. W mpu 3To#t HU3KOW Temreparype
HAHOYTJIEPOAHBIN OUTYM SIBJISICTCS OAHUM U3 CAMBIX YCTOHUUBBIX.

Taxum 00pa3oM, CpaBHUTEIBHBIH aHAIN3 XKECTKOCTH HAHOYIJIEPOAHOTo OuTyMa 1 apyrux 30 4MCTBIX U MOJIM-
(UIMPOBaHHBIX OUTYMOB, IPUMEHSEMBIX B IOPO)KHOM CTPOUTENILCTBE BO MHOTUX CTPaHaX MHpA, IIPH TeMIlepaTypax
-24 °C, -30 °C u -36 °C mokasajiu, 4TO HaHOYIJIEPOAHBIN OUTYM SIBJISETCS OJHMM M3 Haubosee YCTOHYMBBIX NPHU
BCEX PACCMOTPEHHBIX HU3KHUX TeMIlepaTypax.

KiawueBble cjioBa: OHTYyMbI, HAHOYIJICPOIHBIH MOPOIIOK, MOJMMEPHI, PEOMETP C H3rHOacMoi OaKoid,
HKECTKOCTb.
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INTEGRATED STUDY OF THE EFFICIENCY
OF GRINDING MATERIAL IN AN IMPACT-CENTRIFUGAL MILL

Abstract. Grinding processes, which are very common and occurring in almost any industry and agriculture,
require large energy costs and are associated with irretrievable losses due to wear of working units of grinders. It is
generally recognized that reduction in specific energy costs is possible when using mills in which grinding will be
carried out mainly due to the impact loading of a material. The results of studies of a single impact grinding of
materials with various physical and mechanical properties, depending on the impact velocity and design features of a
grinder in an impact-centrifugal mill, are presented. Experimental dependences of impact-centrifugal grinding are
presented. Graphic dependences of the median particle mass distribution of a ground material depending on the
number of blades are obtained. The number of blades for a given rotor diameter (0.4 m) was 4, 6, 8, 12 pcs. The
graph shows that when grinding chalk, the number of blades does not significantly affect the quality of grinding.
When grinding sylvinite and in particular gypsum stone with an increase in the number of blades to 8, the grinding
fineness improves, i.e., the median particle size decreases, however, with a further increase in the number of blades,
the dispersed composition of the products remains almost constant. The analysis of known data on the theory of
impact grinding is given, on the basis of which the principles of creating new energy-efficient machines for grinding
materials, in particular to reduce energy costs, were formed.

Key words: impact loading of a material, impact-centrifugal mill, critical fracture initiation velocity, fractional
composition, particle mass distribution median.

Introduction. Grinding processes are widespread in all industries, including agriculture. The
grinding process requires high energy costs and is associated with an irretrievable loss due to wear of
working units of grinders. The drive power of mills in cement production is measured in thousands of
kilowatts. In a number of works [1], it is noted that about 10% of the world’s electricity and several
million tons of high-grade steel are consumed for grinding, and even more [2-5] according to statistics
from the US mining and processing industry. The high energy costs are explained not only by the large
volumes of processed materials, but also by the fact that the machines used for grinding, especially for
grinding, are characterized by extremely low efficiency [6].

It is generally recognized that reduction in specific energy costs [7,8] is possible when using mills in
which grinding will be carried out mainly due to the impact loading of a material. It was established by
experiments that the average work of grinding by impact is approximately 42% of the work of grinding by
crushing. Upon impact, the compressive force arises in a certain section so quickly that a crack is formed
before the equilibrium energy distribution necessary for breaking is established in the particle [9].

To reduce energy costs, optimal impact loading of the material to be ground should be ensured with
minimal effort and a high degree of fracture in one working cycle, avoiding excessive overgrinding.
Therefore, a very important characteristic of the impact grinding process is the critical fracture velocity
(V,p), i.e. the velocity of impact loading of the material particle at which its ensured fracture begins. This
indicator (V,,) will determine the minimum rotor velocity with hammers or blades in almost all designs of
impact-centrifugal grinders. Practically all researchers working in the field of impact grinding were
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involved in theoretical and experimental studies to determine the critical fracture initiation velocity (V,).
Today, a large number of mathematical dependences are known to determine V,,, for example, the formula
of Academician V.P. Goryachkin [10] and Professor G.I. Pokrovskiy [11]:

E
Vep = 52 )

A different theoretical approach showed a similar dependence in collaboration with Academician of
the Ukrainian Academy of Sciences V.N. Poturaev [12]; dependences proposed by V.P. Romandin [13],
P.M. Sidenko [14], E. Reiners [15] do not differ significantly.

Since the critical velocity (V,,) at which the fracturing impact begins depends, first of all, on the
mechanical properties and density of a piece of material, all of the above dependences can be represented
in general form:

v, =flo,.Ep,) @

However, the experimental results for determination of V,, given in [10] show that the actual critical
velocity is several times higher than that obtained from the theoretical dependences given in the above
works.

In the works of V.A. Bauman [16], B.V. Klushantsev [17], in the formulas for determination of V,,,
the size of the initial material fed to grinding is additionally taken into account. All researchers agree that
the determining factors are the mechanical properties and density of the material, however the design
parameters of the grinder, which should be taken into account on the basis of experimental studies, also
have a significant effect [18-22].

The dispersed composition of the material crushed by impact loading will also depend on its
mechanical and physical properties, to a large extent on the velocity of impact loading and the design
features of the grinder [19,20]. Therefore, specific dependences for determining the critical velocity (V,,),
as well as the dispersed composition of the grinding products should be found experimentally.

To study the process of single impact grinding, an experimental plant of the impact-centrifugal mill
was used. The analysis of the fractional composition of grinding products was carried out using the
method of mechanical classification (sieving) on sieves. At the first stage of experimental studies, the
process of single impact grinding was studied. The studies were carried out on the experimental plant
shown in figure 1.

The main unit of the plant is the impact-centrifugal mill, consisting of the cylindrical body 1 coated
inside by the rods 2. The cover 3 with the bearing unit 4 and the shaft 5 in the center for rotation of the
disk 6 with the blades 7 is attached to the upper part of the body. The shaft 5 is driven with V-belt
transmission from the electric motor 8. The disk rotation velocity was varied over a wide range by
changing the motor velocity using a high-frequency controller (inverter). The initial material for grinding
in the mill was fed from the hopper 9 by the screw feeder 10. The screw was driven from the electric
motor 11 through the reductor-regulator 12, which made it easy to control the amount of material fed to
the mill. In addition to the material, air entered the mill through the holes 13 in the cover 3. The conical
collector 14 is attached to the lower part of the mill, where the ground material is poured and periodically
removed through the shutter 15 from the mill. Air from the mill was removed through the tube section
16 ending with the filter sleeve 17. The studies were carried out using the reflective rods 2 of square cross
section with a side of 14 mm “option a” and a round “option b” with a diameter of 14 mm. The diameter
of the working disk at the ends of the blades was 0.4 m.

As the material for the experimental studies there were used: lime granules after the furnace, with the
size of (2 —8) - 10° m; gypsum stone with the particle size of (2 — 10) - 10° m; chalk with the particle
size of (2 — 10) - 10° m; sylvinite with the particle size of (2 — 15) - 10° m; ammonium sulfate crystals
with the particle size of (2 — 8) - 10 m; grains of wheat and barley; ammophos granules with the particle
size of (2 — 5) - 10 m; pyrolysis products of rubber products (2 — 5) - 10 m; oil coke (2—5) - 10° m.

After each of the experiments, the analysis was carried out according to the fractional composition of
grinding products. Currently, a large number of methods and their modifications are known for
determining the dispersed composition of both dusts and ground materials [22].

The simplest and sufficiently accurate method is the method of mechanical classification (sieving) on
sieves. For the experimental studies of the fractional composition of grinding products, the authors used a
set of standard sieves with a minimum hole size of 0.063 mm and a maximum of 4 mm.

—— 9§ ——
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For a graphic representation of the material’s fractional composition, a distribution function D sy
is taken expressed as a percentage of the mass of all particles which diameter is less than the holes of this
sieve to the total mass of the analyzed material.

The results of experimental studies of the fractional composition of products of grinding lime, chalk,
gypsum stone, sylvinite, ammonium sulfate, ammophos, solid pyrolysis products of rubber products, oil
coke and barley grain are shown in the graph (figure 2).

The fractional distribution curves shown in the graph were obtained at the rotor velocity of 2900 rpm,
which corresponds to a tangential velocity at the ends of the blades of 60.7 m/s and an optimal loading on
the initial material of 460-520 kg/h with the particle size of 3-8 mm. It can be seen from the graph that
under the impact-centrifugal loading, lime granules and chalk particles are most finely ground. The high
grinding degree of these materials is explained by the fact that they consist of tiny crystals, the bond
between which is much weaker than the bond between crystals of other substances, for example, gypsum
stone. Between the crystals of gypsum stone, the bond is stronger, as evidenced by the grinding results.
The barley grains are ground much worse than all, this is due primarily to the fact that the grain is
enveloped outside with several layers of a strong and elastic shell. It should be noted that of all the grain
crops ground in the experimental plant (barley, rye, wheat, peas), barley was the most durable.

The graph (Fig. 3.) shows the fractional composition curves of products of grinding gypsum stone
and pyrolysis products. The graph shows that with an increase in the loading, the dispersed composition of
the grinding products worsens and with an increase in the loading on the mill more than 760 kg/h, the
decrease in the quality of grinding is more noticeable. However, the fractional composition of the
pyrolysis products varies slightly with increasing productivity. This is due to the high fragility of the
material.

100 o

—a— lime c=0,05
chalk ¢=0,05

—e— ammonium sulfate ¢=0,1

«— grain (barley) ¢=0,25

—w— gypsum stone c=0,16

—=— ammophos ¢=0,12
sylvinite ¢=0,085

—e—pyrolysis products ¢=0,075
oil coke 0,08

T T T T
1,0 15 2,0 25 &, mm

Figure 2 —
of impact-centrifugal mill. 1 — mill body; 2 — reflective rods; Fractional comgposition of products
3 — cover; 4 — bearing unit; 5 — shaft; 6 — disk; 7 — blades; of impact-centrifugal grinding of materials
8, 11 — electric motor; 9 — hopper; 10 — feeder; with various strength characteristics.
12 — reductor-regulator; 13 — holes; 14 — collector; G = 460-520 kg/h, n = 2900 rpm
15 — shutter; 16 — tube section; 17 — filter sleeve

The influence of the rotor velocity on the quality of grinding products was also carried out when
grinding sylvinite, gypsum stone, grain and oil coke. The studies were carried out at the rotor velocity of
750, 940, 1450 and 2900 rpm with a loading of 480 kg/h for gypsum stone and 60 kg/h for oil coke. The
results of studies presented in Figure 4 were obtained by grinding gypsum stone (curves 1-4) and oil coke
(curves 5-8). The graph shows that the rotor velocity is one of the main factors determining the fineness of
grinding material. In addition to the influence of the material’s mechanical properties, rotor velocity and
loading, geometrical parameters of impact-centrifugal grinders were studied on the quality of grinding
materials.
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In the course of further studies, the optimal number of rotor blades and their height were determined.
Figure 5 shows graphic dependences of the median particle mass distribution of the ground material
depending on the number of blades. The number of blades for a given rotor diameter (0.4 m) was 4, 6, 8,
12 pcs. The graph shows that when grinding chalk, the number of blades does not significantly affect the
quality of grinding. When grinding sylvinite and in particular gypsum stone with an increase in the
number of blades to 8, the grinding fineness improves, i.e., the median particle size decreases, however,
with a further increase in the number of blades, the dispersed composition of the products remains almost
constant. This is explained by the fact that the granules of lime and chalk have low mechanical strength,
and they are ground to small particles immediately after the first impact, as for sylvinite and gypsum
stone, then at the first impact the material breaks up into small and large particles. Larger particles bounce
off the rods and are again thrown onto the rods. Naturally, the more blades, the more particles fall under
the impact of the blades, and naturally their grinding will continue to a certain fineness.

In addition to laboratory studies on the influence of the number of blades, surveys of industrial mills
with a diameter of 0.6 and 0.8 meters were carried out. Based on the results of all these studies, the
recommended number of rotor blades with acceptable accuracy can be found from the known dependence
recommended for determining the number of impeller blades of centrifugal fans:

_ j*
z=43 = 3)
where j = %; D, — rotor diameter along the inner edge of the blades; D, — rotor diameter at the ends of

1
the blades. The value of j should be taken within j = 1.4-3.

The influence of the blades’ height on the quality of grinding the material was carried out when it
changed from 0.04 to 0.12 m. Sylvinite and gypsum stone were used as the ground material, the material
loading was 480 kg/h, and the rotor velocity was 1450 rpm. For both materials, increasing the height of
the blades from 0.04 to 0.08 meters significantly improves the grinding quality, which is shown in
figure 6. However, a further increase in the height does not significantly affect the grinding quality.

It should be borne in mind that increasing the height of the blades leads to an increase in air flow
through the mill, which leads to additional energy consumption for the idle mill drive. However, many
researchers note [14,16] that the optimal air flow through the mill allows to cool its working elements,
quickly remove ground material from the grinding zone and thereby increase the efficiency of grinding
material [7].
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4 1. —+—0,061kg/s (220kg/h);
2- 0,133kg/s (480kg/h); 2
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Pyrolysis products: 404
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W=15,7 m/s (n=750 rpm)
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Figure 3 — Fractional composition of products Figure 4 — Fractional composition of products
of impact-centrifugal grinding of gypsum stone of impact-centrifugal grinding of gypsum stone

at various productivity n=2900 rpm and oil coke at various rotor velocities

Based on laboratory studies and industrial tests, the height of the blades should be taken as:
h2 = 0,2D2 (4)
The influence of the gap between the reflective rods and the ends of the rotor blades is presented in
the form of a graph in figure 7 obtained when grinding grain (curve 1) and gypsum stone (curve 2). The
graph shows that with an increase in the gap, the grinding quality worsens. This is explained by the fact
that both materials with the rotor velocity of n=1450 rpm are difficult to grind, and numerous impacts are

—— 100 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

required to obtain a thin product. However, with an increase in the gap, the possibility of repeated contact
with the blades decreases. At the same time, with a decrease in the gap, a number of negative phenomena
are also observed, namely, the specific energy consumption increases and intense wear of the edges of the
blades is observed. Based on laboratory tests and industrial implementation, the gap between the reflective
rods and blades should be taken for small mills with a diameter of up to 0.5 meters in the range of 5-8 mm

for larger mills up to 15 mm.

3, mm
50,
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Figure 5 — Dependence of the median particle mass
distribution during impact-centrifugal grinding on the
number of rotor blades. G=480 kg/h, n=1450 rpm
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Figure 7 — Dependence of the median particle mass
distribution during impact-centrifugal grinding on the size of
the gap between the ends of the rotor blades and reflective
rods. G=480 kg/h, n=1450 rpm
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Figure 6 — Dependence of the median particle mass
distribution during impact-centrifugal grinding on the blades’
height. G=480 kg/h, n=1450 rpm
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Figure 8 — Dependence of the median particle mass
distribution during impact-centrifugal grinding on the size of
the initial pieces of material. G=480 kg/h, n=1450 rpm

The influence of the size of the initial material pieces on the grinding quality was carried out by
grinding chalk, gypsum stone and sylvinite. The results of studies are presented in the graph in figure 8.
The particle size in the study varied from 2 to 20 mm.

The graph shows that when grinding chalk, which strength is not large, the particle size of the initial
material has practically no effect on the grinding fineness. At the same time, sylvinite and gypsum stone,
with an increase in size, are ground somewhat worse, this is due to the fact that their strength is much
higher and for fine grinding of such materials it is necessary to increase the velocity of impact loading and
provide conditions for multiple impact.

Most researchers [22] believe that the Rosin — Rammler equation gives the best fit of the
mathematical description to the experimental data of the grinding products.

The Rosin-Rammler formula has the following form

— 101 ——
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Ry =100-e7"  or D5y =100(1— e ") (5)

where b and n — empirical constants.

Since the physical and mechanical properties of the material, the rotor velocity, and the mill
productivity will affect the dispersed composition of the materials being ground, the Rosin-Rammler
formula is somewhat modified by introducing an additional parameter J,,to take these parameters into
account, after which it takes the following form:

S5

n s n
R(sy =100+ e_b(g) or Dy =100" [1 _ e'b(g) ] (6)

where 85, — particle mass distribution median, i.e., the particle size at which the mass of all particles is
smaller or larger than 50%.

The influence of the material’s physical and mechanical properties both on the grinding quality and
on the material’s critical fracture initiation velocity according to theoretical concepts should be sought in

the form of the relationship:

()
gy = K ——2 (7)
VE-p,
The influence of the rotor velocity is most conveniently expressed through the tangential rotor
velocity at the ends of the blades. Then the empirical equation for determining the median particle mass
distribution will have the following form:

O

O5p =K v!G" (8)

Ep,
where k, I, m — constants determined on the basis of the experimental data shown in figures 2-4;
V. — tangential rotor velocity at the ends of the blades, (m/s); G — productivity of the mill, (kg/s).

However, for many materials that were ground, data on the tensile strength o,, and elastic modulus E
are absent in the reference literature. P.M. Sidenko [14] explains this by the fact that there are a lot of
factors influencing the mechanical strength of materials and, in the first place, on g, and E, and besides,
they are variable. Therefore, to calculate the grinding efficiency, it is necessary to use “grinding
coefficient”. It is determined experimentally and its value is available in the relevant literature.
Considering the above, in the formula (8), the expression taking into account the physical and mechanical
properties of the material was replaced by the coefficient ¢, which takes into account primarily the
strength properties of the material and was found on the basis of experimental data for each ground
material. When processing the experimental data, the values of the exponents | and m and the coefficient k
in the equation 8 were determined. Ultimately, the equation for determining the particle mass distribution
median has the following form

850 = 2,71CV, Y26 9)

The value c for the ground materials has the following value: grain (barley) C=0.25, lime and chalk
C=0.05, crystals of ammonium sulfate C=0.1, ammophos C=0.12, gypsum stone C=0.16, sylvinite
C=0.08, oil coke C=0.08, solid pyrolysis products of rubber products C=0.075.

When processing the experimental data, the values of the empirical constants b=0.68 and n=0.75
were determined in the Rosin-Rammler formula and then it has the final form:

-0 ss(i)ws
D(s) = 100 [1 —e s ] (10)

In determining the critical velocity, the fracture initiation, taking into account the data of various
authors, for example [15], was taken to be the velocity when the initial material was split into pieces, the
largest of which is equal to the half of the initial.

The studies were carried out on the experimental plant (figure 1). The change in the rotor velocity
was controlled using a high-frequency controller. The experiments were carried out on gypsum stone,
sylvinite, granules of lime and grain. The size of the initial particles was close to 6 mm. When the plant
was operating with the certain rotor velocity, ten pieces of the initial material were fed to the grinding.
After the grinding, the mill turned off, the shutter opened, and visual observation, as well as sieving on the
laboratory sieves, determined the size of the ground material. When the maximum size of the ground
particles was very close to the half of the initial, the experiments on this material were terminated.
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The full material velocity was calculated by solving numerically the differential equations of particle
motion in the mill rotor [22]. The processing of the experimental data showed that there is a clear
relationship between the coefficient ¢ and the critical velocity, which is understandable since it takes into
account the strength properties of the material and then:

V,, =224 C (11)

Thus, the critical velocity for the materials will be as follows: grain (barley) V,, = 56 m/s, ammophos
Vi = 29 m/s, lime V,, = 11,2 m/s, crystals of ammonium sulfate V,, = 22,4 m/s, gypsum stone
V., = 39 m/s, sylvinite V,, = 19 m/s, solid pyrolysis products of rubber products V,, = 16.8 m/s, oil coke
V= 17.92 m/s.

In addition to the mill design developed and studied by the authors, other industrial impact grinders,
for example, hammer and ball industrial, have found wide application in industry. In particular, it is
known that in a hammer mill no more than 17% of energy is spent on grain grinding by impact, and the
rest is spent on grinding by abrasion. Therefore, when developing new mill designs, it is necessary to
strive for the grinding process to be carried out mainly due to the impact, and for this purpose it is
necessary to study the impact phenomenon itself.

Conclusions. 1. The experimental studies on the impact-centrifugal grinding of the materials were
carried out taking into account their physical and mechanical properties, impact loading velocity,
productivity and geometrical parameters of the grinder.

2. The processing of the experimental studies allowed to determine the optimal geometrical
parameters of impact centrifugal grinders and, based on the Rosin-Rammler formula, obtain the
mathematical dependence describing the dispersed composition of the grinding products depending on the
physical and mechanical properties of the material, the impact loading velocity, and the grinder
performance.

3. Based on the experimental studies and the processing of the experimental data, the mathematical
dependences were obtained for calculating the productivity and the dispersed composition of the grinding
products in impact-centrifugal mills.
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AHHOTanMsi. OHEPKaCill NIeH aybUI MapyallblIbIFBIHBIH Ke3 KeJITeH cajlachlHIa KeH TapajFaH ycakTay yaepici
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Gemmex ommemi (2-5) +107° M pesenxe TexHHKATBIK; GyitbiMIap b mHpom3 eHiMaepi (2-5) -10 m; MyHail KOKCHI
COKKBUIBI )KYKTEY KbUIIaMIBIFbIHA XKOHE €KITiH/I OPTaAaH TENKIll ANipMEH/Ie YCaKTaFbIIITEIH KOHCTPYKTHBTIK €peK-
HIeniKTepine OailyIaHBICTBI TYPIl (PU3NKANBIK JKOHE MEXaHUKAIIBIK KacueTTepi 0ap MaTepuangap/isl 0ip PeT COKKBLIBI
ycakrTay YAepiciH 3epTTey HOTrKelepi KenTipiaren. EXmiHal opTagaH TENKIT YHTAKTayIbIH TOXKIpUOETiK ToyeaiIiri
ycbiHbUIFaH. Kanak caHpiHa OailyIaHBICTBI YCAKTaJIFaH MaTepruall 0eJILEKTep MacCaChIHbIH MEIUAaHIbIK TapallybIHbIH
rpaduKaNbIK TOYSNAUTIri anbHIsl. POTOpIBIH OCBl nuaMeTpine apHanFaH Kypek causl (0,4 m) 4, 6, 8, 12 nanaHbl
Kypanbl. Kectene kepcetinrenaei, OyJ1 corTe Malianay OOp CaHBI JKaybIPBIH aca dcep eTIEUTIH camachl TapThUIFaH.
CUIBBHHHUTTI YCaKTay/aa jKoHE ocipece THIIC TAaChlH KajlaK CAaHBIHBIH 8 TOHHAFa JIEHiH YJIFal0 apKbUIBI JKaKCapThl-
Jaapl, SFHA OOJIIIEKTeP/IiH MBIC MOJIIEP] a3aspl, ajlaiijla KalaK CaHBIHBIH OJaH opi VIFAIOBIHIA OHIMHIH TUCTIEp-
CHSUIBIK KYpaMbl iC XKY3iH/IE TYPaKThl OOJBIN Kajlaabl. ¥pMallbl yCakTay TEOPHSCHl OOWBIHIIA Oenriii nepexTepre
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TaJIay XKacalpbl, COHbIH HETi31HJe MaTepHaIapbl yCakTay YIIiH, aTal aiTKaH/Ia, SHEPTHs LIBIFbIHBIH a3aiTy YIIiH
’KaHa SHEProTUIM/I MalllMHAIAP.IbI KYPY NMPUHIMITEP] KajbmTacTsl. JKypriziireH Tannay HerisiHiae eKIiHi opTaiaH
TENKIM JUiPMEHHIH KYPBUIBIMBI 93ipJieH[l. ¥ caKTajJaThlH MaTepHal PEeTiHAE CHIBBHHHT JKOHE THUIIC Tachl Maijia-
JIaHBLIIBI, MaTepuai OoiibiHIIa KyKkTeMe 480 Kr/c, poTOpAbIH aitHaly KelaMasiEsl 1450 aiin/MuH Oongpl. ¥ cakra-
JIaTBIH MaTepuaj peTiH/Ae CUIBBHHHT JKOHE THIIC Tachl MaiilanaHblUIAbl, MaTepuan OolbiHIIa >xykTeme 480 kr/c,
pOTOpIBIH aifHATTY KbUTIAMIBIFEI 1450 aifH/MIH O0IBL. ANaiia YHTaKTay carnachiHa OMIKTIKTI OJjaH opi YIFalTy aca
ocep errmeitni.

Tyiiin ce3nep: MaTepHuanbl COKKBIMEH XKYKTEY, eKITiHAI OpTafaH TETKIill AWipMeH, )KOMbLTY OacCBIHBIH KypAesi
KBUIAAMABIFBI, (PPAKIISIIBIK KYPAaMBIHAAFbI OOJIIEKTEp MAaCCACBIHBIH Tapayry MEIHAHBI.

A. Jlepnancknii’, E. (I)euaponnql, A. Kosaiesa', B.T 0J1y6e32,
b. Kopranﬁaenz, . Capceﬂﬁeky.m,lz, . X(yManynnaeBZ

1 o . .
benopycckuil rocyapCcTBEHHBIN TEXHONOIMYECKUH yHUBEpCUTET, MUHCK, benapycs;
2JOsxu0-KazaxcraHckumii roCyJIapCTBEHHBIHN yHUBEepcUTET UM. M. Aya30Ba, llIsivkenT, Kazaxcran

KOMIIVIEKCHOE UCCJIIEJOBAHUE D@P®EKTUBHOCTH USMEJIBYEHUA MATEPUAJIA
B YIAPHO-IIEHTPOBE/KHOMW MEJIbHUIIE

Annoranus. [Ipomeccsl M3MeNbUCHUS, SBISIONIHECS BEChMa PACIPOCTPAHEHHBIMU U BCTPEYAIOLIIMUCS TIPaK-
TUYECKH B JIFOOOH OTPOCIH MPOMBIIIIICHHOCTH U CEITbCKOM XO3SIHCTBE, TPEOYIOT OONBIINX SHEPTEeTHICCKHX 3aTpaT U
COIPsKEHBI ¢ 0E3BO3BPATHBIMU TIOTEPSIMHU B CBSI3M C M3HOCOM pabOYMX Y3JI0B M3MenbunTeneid. OOrie- npu3HaHo,
YTO CHWXKEHHE YJICNIBHBIX 3aTPaT 3HEPTHH BO3MOXKHO NPH UCIOJIb30BAaHUH MEJIBHUII, B KOTOPBIX U3MeIbueHue OyIeT
OCYIIECTBIISITHCS B OCHOBHOM 3a CUET Y/IapHOTO Harpy»eHusl Marepuaia. B paboTe mpeacraBieHa cxema YCTaHOBKU
10 UCCIEJ0OBAaHHUIO YapHO-IIEHTPOOEKHON MEJBHUIIBI. B KadecTBe MaTepuana JUIs SKCIIEpUMEHTAIbHBIX UCCIIEA0BA-
HAW HUCIOJIB30BAJIUCH: T'PaHyJbl M3BECTH MOCJE MEYH, pa3MepoM (2—8)-10'3 M; THIICOBBIM KaME€Hb C pa3zMepoM
gactul (2 — 10)-10'3 M; MeJI C pa3MepoM dvactull (2 — 1O)~10'3 M; CHJIBBUHHUT C pa3MepoM dacTur (2 — 15)-10'3 M;
KPHCTAIUTBI Cylb(aTa aMMOHHS ¢ pasMepoM gacThil (2 — 8)-10™ M;3epHO MIICHHIIB 1 STAMEHST; rpaHyJIbl aMModoca ¢
pa3mepom vactail (2 — 5)- 102 u; MPOAYKTHI MUPONIN3a PE3UHOTEXHIMUSCKUX m3enuit (2 — 5)- 10° m; HEPTSIHOI KOKC
[IpuBeneHsI pe3ynbTaThl UCCICIOBAaHUN MpoIecca OJHOKPATHOTO YIAPHOTO W3MENbUYCHHS MATEPHAIIOB Pa3ITHIHBIX
(U3NIECKAX W MEXaHHYECKHX CBOMCTB B 3aBHCHMOCTH OT CKOPOCTH yJApHOTO HATPYXCHHS U KOHCTPYKTHBHBIX
0COOCHHOCTEH N3MENBYUTENS B YAapHO-IIEHTPOoOeKHOM MenbHUIE. [IpencTaBieHbl SKCIIepUMEHTATbHBIC 3aBHCUMOC-
TH yHapHO-LEHTPOOEKHOro u3MenbueHus. llomydeHsl rpadudeckue 3aBHCHMOCTH MEIMAHHOTO paclpeleNeHus
MacChl YacTHUI] M3MENbYEHHOTO0 MaTepuana B 3aBUCHMOCTH OT YHCJa JIOMaToK. YHCIO JIOMaToK A JAaHHOTO
nuametpa poropa (0,4 m) cocrasnsuio 4, 6, 8, 12 mt. 13 rpaduka BUIHO, YTO MPU M3METHUECHUH MeJa YHCIIO JOoma-
TOK HE OKa3bIBACT CYIIECTBEHHOTO BIMSHUS Ha KadecTBO nmomodia. [Ipu u3MenpueHNH CUIBBHHNTA U B OCOOEHHOCTH
THIICOBOTO KaMHS C yBEJIMYEHHEM YHCIIa JIOMATOK 0 § TOHMHA MOMOJIa YIydIIaeTcs, TO €CTh MEAWAHHBIN pa3zmep
YacTHUI] YMEHBINAETCS, OAHAKO NPH JaJbHEHIIEM YBEIWYEHHH YHCIa JIOMACTeH ANMCHEepPCHBIN COCTaB MPOIYKTOB
ocTaeTcs MPaKTUYECKH TOCTOSHHBIM. J[aH aHaj W3 W3BECTHBHIM [aHHBIM [0 TCOPHH YAAPHOTO H3METbUCHUS, Ha
OCHOBaHHU KOTOPBIX OBUTH CQOPMHUPOBAHBI MPUHIMIIBI CO3MaHUS HOBBIX SHEProd(p(GEKTHBHBIX MAIIUH IS
M3MENBYCHHST MAaTepPHajoB, B YaCTHOCTH U CHIDKEHHS SHepro3atpar. VcXoas W3 MPOBEICHHOTO aHAlln3a, ObLIa
pa3paboTaHa KOHCTPYKLMS YAApHO-LEHTPOOSKHOH MeNbHUIBL. BiusHME BBICOTHI JIOMATOK Ha KadecTBO
HM3MeNbYeHHsI MaTepuana NpoBoauiIock npu ee usmenenuu ot 0,04 no 0,12 M. B kayecTBe u3MenbuaeMoro mare-
pHaia MCIOJb30BAINCH CHIIBBUHHUT W THIICOBBIM KaMeHb, Harpys3ka 10 mMarepuaiy cocrasisia 480 kr/4, ckopocTb
Bpamienus potopa — 1450 o6/mun. J{ns obomx marepuasioB yBeiaudeHue BbICOTHI jJomaTok oT 0,04 mo 0,08 metpa
3HAYUTENBHO YIy4IIaeT KadecTBO IOMOJA, 4TO H300pakeHO Ha pucyHke 6. OnHako manbHEHIIee yBEINYECHHE
BBICOTHI Ha KaueCTBO ITOMOJIa CYIIECTBEHHOI'O BIHSHHS HE OKa3bIBaeT. BIusSHHME BBICOTHI JIOMATOK HAa KAa4eCTBO
HM3MENbYeHHs MaTepuana mnpoBoamwiock mpu ee m3MmeHeHun ot 0,04 no 0,12 m. B kadectBe m3MenmpdaeMoro
MaTepHajia HCIOJNb30BAINCh CHIBBHHUT M THIICOBBIM KaMeHb, Harpy3ka o marepuaiy coctaBimuia 480 xr/d,
CKOpOCTh BpamieHus: potopa 1450 o6/muH. [[1s 000Mx MaTepHanoB yBeIwmdYeHHE BHICOTHI JionaTtok oT 0,04 mo 0,08
MeTpa 3HAUUTENbHO yIydIlaeT KauecTBO nomona. OQHako AanbHeNIIee yBeIHMUEHHE BBICOTHI Ha KauecTBO MOMOJa
CYILIECTBEHHOIO BIIMSHUS HE OKa3bIBAET.

KawueBble caoBa: ynapHoe Harpy)XeHHE MaTepualla, YIapHO-IICHTPOOEKHAsS MENbHHIA, KPUTHYCCKAsl CKO-
POCTh Havajia pa3pyleHus, ppakuMOHHBII COCTaB MeHaHa, pacipeielieHne MacChl YacTHII.
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MONITORING OF DISPLACEMENTS
OF OBJECTS OF TERRESTRIAL SURFACES
BY INTERFEROMETRY METHOD

Abstract. Geomechanical monitoring is a system of observations of the state of the geological environment, the
processes of displacement of rocks and the earth's surface, geomechanical and hydrodynamic processes in a rock
mass, interpretation of the results of observations, the formation of judgments about the state of the rock mass as a
whole and the forecast of parameters of stable slopes.

To determine the displacement of the earth's crust of the Akbakay field, the technology of terrestrial radar
interferometry was used. Which is used by only a few research institutes and organizations in the world.

In satellite radar interferometry, the promptness to obtain an actual spatial information about the Earth's surface
is an important requirement for modern Earth remote sensing data, along with high spatial resolution, as well as
geometric accuracy. The operational efficiency is one of the main advantages of radar systems for remote sensing of
the Earth or a system of instruments synthesized by radar.

Geomechanical monitoring and research on geodynamic polygons reveal wide opportunities for studying
vertical movements of the earth's crust.

In this work, the most important point is the scanning of the terrain and objects around the scanner standing
point, i.e. Scanning special marks with the maximum resolution, which allows you to get a cloud of points.

Key words: Geomechanical monitoring, Space monitoring, geodynamic polygon, crustal movements, remote
sensing of the Earth, interferometry, artificial earth satellite, rapper, digital model.

Introduction. On the territory of the Republic of Kazakhstan, developed and further developing
industry sufficient number of such man-made systems and ties with this in parallel, the question of man-
made disasters is raised. The increase in various risks are given a lot of attention everywhere, as evidenced
by the increased number of risks. publications on the subject, including in mining countries. [1].

President Of The Republic Of Kazakhstan N. A. Nazarbayev in the missive to the people "The way of
Kazakhstan-2050" within the framework of the program of industrial-innovative development set a task to
create a leading school in the field of effective deposits development in The Nazarbayev University and
signed convention. This vision of the head of State shows the importance of the mining industry in the
further development of the country. With increasing depth of mining safe mining operations have the
influence of the movement of rocks and the earth's surface, mountain pressure and mountain shocks.

Besides, at reconstruction of old mines development of temporarily left Tselikov, especially during
transition from open to underground methods of working out, questions of movement rocks and protection
facilities are becoming important for many mining enterprises'. The complexity of these issues lies in the
fact that many of them is necessary to solve during the design and construction of mining enterprises,
when there are often no reliable data on the deposits nature and the parameters of the process of moving
rocks. It was during this period set the borders project of threat zones of displacement, choose the
Foundation place of the mine shafts,construction of industrial facilities and residential settlements,
expect safety pillars or provide other measures for the protection of buildings and mountain productions'.
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At present, has formed two main areas, which are under being a study of this issue: mining pressure
and the actual displacement of the mountain rocks and the earth's surface. In the first direction are studied
mainly conditions stability, deformation and displacement of rocks surrounding In the second direction,
the earth's surface and intermediate displacement are studied the strata of rocks with the aim of
establishing the measures for the protection of buildings and in e workings from the harmful effects of
underground mining. Studies in this case are carried out mainly by setting instrumental observations of the
earth's surface displacement.

The results of observations on the gold deposits of Kazakhstan has repeatedly were used at drawing
up Instructions on protection of constructions for fields with unexplored nature of the movement of rocks.
Later in Kazakhstan was held a monitoring of the displacement of KazNTU — on ore deposits as a result of
which a number of Instructions on protection were made facilities for various mines. In this regard, the
scientific works of the above-mentioned scientists re analyzed, taken into account the results of large-scale
studies on the problem of studying the process of development of ore deposits, including the open-
underground method of development. One of them is the research carried out at the mine Akbakay [2].

Initial data and research methods. The rapid development of science and technology the past
10-15 years, led to the birth a new method for determining the coordinates in geodesy and surveying -
satellite system. The use of the satellite system for geomechanical monitoring is based on three the main
directions. The first direction is connected with the construction and reconstruction of support structures
surveying networks on the earth's surface and areas of open mining. The second direction-the
implementation of surveying surveys surface and communications in the fields of downhole production of
hydrocarbons, open mine excavations, dumps, tailings, as well as filming engineering constructions'.

Conducting geodetic observations is based on a system of constant base stations.

They collect GPS information- receivers or GNSS receivers and the Rover in RTK mode (the actual
time) is introduced amendments. Geodetic works on supervision are carried out by means of mobile
(temporary) base and permanent base stations [1].

Results of the study and discussion. Based on the GPS measurements surveying service to the mine
Abai were provided with reference points (earlier and new) whose coordinates are determined with high
accuracy [Sultanguzin U.M., Aubakirov T.O., Musabaev T.A i dr. Kosmicheskie issledovanija v
Kazahstane, Almaty: ROND, 2002]. The scheme of location of strong points and shooting on the field "."
is shown in figure 1 and coordinates in table 1.

1. Using the results of satellite definitions in the field of geodesy is not ends, because with each
passing day, improved technology and equipment, accordingly, the scope of their use is expanding. [11]

The emergence in recent times of surveying and geodetic practice of modern devices, in the form of
3D scanners, allows you to study in detail the elements of occurrence surfaces of attenuations and
inaccessible locations. In the conduct of geomechanical monitoring, the study of vertical and horizontal
the earth surface displacement finds wide applicable scope radar interferometry method. Currently, there
are two methods of radar interferometry: satellite and ground. In satellite radar interferometry, the
efficiency of obtaining the actual spatial information about the earth's surface is an important requirement,
applied to modern data of remote sensing of the Earth (remote sensing), along with high spatial resolution
as well as geometric accuracy. Exactly efficiency is one of the main advantages of radar systems of remote
sensing or synthesized radar equipment (SAR) systems [4]. Thanks to the microwave radio band used in
radar, the data serve as a unigque source information about the earth's surface. Space radar monitoring of
subsidence, caused by the development of deposits, successfully carried out abroad and in Kazakhstan.

In the fields of geodetic observations are carried out twice a year (spring and in autumn) and
additional seismological measurements are carried out. For obtaining reliable data must be carried out
simultaneously with geodetic observations in monitoring mode space radar interferometric survey areas of
deposits, which allows to regularly receive the field of displacement of the earth surfaces with high
precision [21].

The main methods of carrying out geomechanical observations on the Akbakay field were:

1. Geomechanical monitoring;

2. Space interferometric monitoring;

3. Instrumental monitoring.
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Figure 1 — Location outline of geodetic network points and survey points
The Catalogue of coordinates points
Coordinates
Points
X Y H
Turlybai 4993455,446 323687,609 534,698
Kashkynbai 4998214,446 314456,909 534,212
Kyzylbel 4991708,246 302559,769 424,008
Karaoba 4985882,546 310687,379 399,503
Dobavochnyi 4989490,346 317564,379 475,288

Recently the increasing distribution for determination of vertical and horizontal displacements of the
land surface is received by methods of the space radar interferometry (SRI) in which amplitude and a
phase, the radio signal reflected from a surface is fixed.

The basic advantage of a space radar interferometry before other methods of vertical and planned
deformations monitoring of the land surface consists in direct measurement of the diversity in a relief
which occurred for the period between two (three, four) space shootings occurring at different times.

The file of shifts received as a result of interferometric processing displays the happened changes of
the studied land surface relief resulted from various natural and technogenic processes.

The interferometric technique of land surface motions monitoring assumes existence of couple of
SAR the images removed from two relatives, but the parallel orbits of the spacecraft carried on time,
locally.
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Each radar image of interferometric couple (or chain) contains an amplitude and phase layer. The
amplitude layer is more suitable for the visual analysis. The resulting phase F, received during
interferometric processing of phase layers images of interferometric couple, consists of the following
components [10]:

F= Ftopo + Fdef + Fatm + I:n

where: Fyp — phase incursion due to survey of a topography under two different corners; Fger — phase
incursion due to surface shift during the period between shootings; Fam — phase incursion due to lengths
distinction of optical paths because of refraction in the environment of a signal distribution; F,— phase
variations as a result of electromagnetic noise.

For interferofram creation on couple of radar space pictures the license software products (Gamma,
D-InSAR (ERDAS), PhotomodRadar, SARscape (Envi), etc) allowing to create high-precision and multi-
scale digital models of a relief and also a number of the specialized maps displaying the quantitative and
gualitative information about stability of the land surface.

As a result of the carried-out surveys there was created a shifts map of the land surface of the
Akbakaysky mine territory on which there was registrated shifts of soils and grounds in a sag trough up to
5 cm (figure 2).

Figure 2 — Map of the land surface of the Akbakay mine territory
on which there was registrated

Based on the processing of radar images obtained by the space Agency from artificial earth satellites
(1SZ), defined vertical movement of the territory the object and the assessment of its state (figure 3).
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Figure 3 — Space the field "Akbakay" used in interferometry

Radar interferometry makes it possible to work with data obtained by remote sensing, creation of
three-dimensional models, sections and profiles of terrain According to the results of space radar
observations, a number of local foci were established sedimentation of the earth's surface over areas of
underground mining. Currently on this areas of land being land-based observations. Such geomechanical
observations and researches on geodynamic polygons opens wide opportunities to study the vertical
movements of the earth's crust. The advantages of space monitoring are, first of all, its greater productivity
compared with traditional geodetic survey. Cosmic monitoring shows in advance of settling of a surface
over the developed space (coverage area up to 3000 sg.km). The method does not require large economic
costs, no need for field surveying work. Radar images obtained from ISS depending on the type of
spacecraft change within 11 to 45 days (figure 4).

Figure 4 — Space image of "Akbakay" field received from LandSat satellite
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There are two types (seismic and cosmic) of monitioring Seismic monitoring can provide information
that is short-term harbinger of the impending destruction of rocks in local areas. Space monitoring
provides information on long-term processes, flowing both in the local areas of observation and in a large
area. The that way, they complement each other [3].
The shift (sag) zone of the land surface received on the technology using data of the radar spacecraft
TerraSAR-X having high spatial resolution has more detailed parts and more precisely displays trough

contours
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Figure 5 — Comparison of results lifting of the land surface, received by method
of a differential interferometry and land measurements

The comparative analysis of differential interferometry results and comparison of the results of the
land surface lifting received by a differential interferometry method with data of surveying measurements
during 2011-2016 on a profile showed rather high correlation. There is a arrangement scheme of a profile
on the resulting map of shifts received from interferometric measurements and size of shifts along this

profile in the (Figure 5).
According to interferometric measurements in a reference point point 27, absolute value of the land

surface sag was 0.8 cm since October, 2014 till August, 2015, and on land measurements this value is
equal to 1 cm.

Summary. The third direction is the implementation of a systematic surveying observations of the
earth's surface displacement and deformations of building elements and constructions'. Currently,
GPS-monitoring is successfully conducted on a number of large enterprises of mining complex of the
Republic of Kazakhstan. In General, in the process of the providing the region with basic stations and
adjustment of "permanent” strong points call out a number of difficulties. Therefore, the geodynamic
polygons and mines to conduct geomechanical monitoring using modern surveying instruments, new
technologies and software product.

Cooperation with geodetic observations is also useful when identified the areas vulnerable to
subsidence of the ground surface, and required more precision observations with real-time results, since
space data monitoring require longer processing times. The main advantage is the possibility space-based
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monitoring coverage of significant areas. At the field Agbagay observation station is about 500 frames.
Shooting is carried out one once a year at every point where the rapper is laid. In the best case manage to
hold 2 measurements per year on all lines and thus obtain information on offsets from interval 1 year
6 months. During this time, the collapse may develop, and it is impossible predict. According to the results
of space radar surveys, data on the earth's displacements the surfaces are delivered to us every month.

I.cC. Ma;:mmaponal, J. H. CyneﬁMeﬂosal, T. Mentaes’,
I'. K. BafuayﬂeTOBal, H. A. Muaerenko?, C. Tymzmcanosa1

LOn-Mapabu arsianarsr Kasak yirTeik yauBepenTeti, Anvatsr, Kasakcran;
“Peceit FHUTBIM aKa eMHSICHIHBIH JKep KOWHAYBIH KeIIeH i urepy mpobieManapsl HHCTUTYTH, Mackey, Peceit

KEP BETIHAEI'T OBPBbEKTIHIH, KbIJIZKYBIH
HUHTEPO®EPOMETPUAJIBIK O AICIIEH MOHUTOPUHI TEY

AHHoTanmsl. ['eoMeXaHUKaJIbIK MOHUTOPHHT KYPri3y — TEONIOTHSUIBIK OpTa JKarAailblH OakpUIay XKyieci, Tay
JKBIHBICBI MCH JKep OCTiHIH JXKBUDKY YIepicTepi, Tay KBIHBICTaphl MACCHBIHIETI T€OMEXaHUKAJBIK )KOHE TCOIIMHAMH -
KaJIBIK YAEpICTep, OpBIHAIFaH OaKpUlay MHTEPHPETALUSCHI, JKAJIIbl MAacCHUB JKaFIalblH TONTACTHIPY JXoHE Oepik
KeMep mapaMeTpliepin Oomkay.

Ax0akail KeH OpHBIHIAFbI XKep KbIPTHICEIHBIH KBIUDKY JKaFIaiblH aHBIKTAY YIIiH )KepAeri pajap HHTephepoMerT-
PHACHI KOJIaHbUIaAbl. Byl TEXHOTIOTHACH aneMaeri OipHelle FEUIBIMU-3ePTTeY HHCTHTYTTaphl MEH YHBIMIAphl FaHa
KOJIIAHA/IBI.

CIyTHUKTIK pagapiiel HHTEp(epoMeTpHrsiia aFbIMAAFsl JKepIiH OeTi XKaiibl KeHICTIKTIK aKmapar ayIblH KbI-
JAMIIBIFBI, COHBIMEH KaTap KeHICTIKTIK a)KbIPaTBIMIBUIBIK MEH I€OMETPHUSIIBIK AAJIK — JKeplii KAIIBIKTBIKTaH 30HATAY-
Fa KOMBUIATBIH MaHBI3IBI Tanam. JKephl KaBIKTHIKTAaH 30HATAY HEMECe CHHTE3ICNIeH panapiibl ammnapaTThIK
XKy#eneri paJroIoKalUsIbIK KyHe apThIKIIBUIBIKTAPBIHBIH 01pi *KBIIIaMABIK OOJIBINT CaHAadbL.

['eoMexaHUKaIBIK MOHUTOPUHT JKOHE T€0AMHAMUKAIIBIK HOJUTOHIAP JKOHIHIET1 3epTTeyIep xKep KbIPTHICBIHBIH
TiK KO3FaJIBICBIH 3€PTTEY YIIiH MOJ MYMKIiHIIK Oeperi.

JKYMBICTBIH MaHBI3Jbl KBIPHI — CKaHEp ailHalachIHAA TYPFaH JkKep MeH OoO0BeKTiNiepli ckaHepiiey. ApHaibl
MapKajap/pl )KOFapbl IOJIIKIECH CKaHepliey HYKTe OYJITBIH ajdyFa MYMKIHIIK Oepeai. JKep KbIPTHICBIHBIH JKBUDKY
JKar[IalblH aHBIKTAy YLIIH JKepleri paaapibl MHTep(epOMEeTpHs KOJJaHy TEXHOJOTHACHIH anempieri OipHere
FBUIBIMU-3€PTTEY HHCTUTYTTAPbl MEH YHBIMIAPBI FaHA KOJIIAHAIBI.

JKepcepikTik pagapibl MHTEpPEpOMETpUAAa KepOeTi Typaibl ©3¢KTi KEHICTIKTIK aKMapaTThl aly JKeXeNIiri
JKOFapbl KEHICTIKTIK a)KbIPaThIMIBIKIICH, COHIali-aK TeOMETPHUSIIBIK TIIIIKIICH KaTap jKepAi KAIIBIKTHIKTaH 30HATaY-
JbIH Ka3ipri 3aMaHfbl JiepeKTepiHe KOMBLIATHIH MaHbBI3/Ibl Tajuan OOkl caHanaasl. oyl OChl INAMaHIBIK KepAi
KAIIBIKTaH 30HATAYIbIH PAJUOJIOKALMSUIBIK )KYHECIHIH HeMece JKYHEHIH CHHTE3JINTIeH pajap ammapaTypachiHbIH
HET13T1 apTHIKIIBUTBIKTAPBIHBIH 0ipi OOJIBIIT CaHaTa IbI.

I'eoMexaHUKaIBIK MOHUTOPHHI KOHE I'eOJMHAMUKAJBIK MOJUTOHIAPIAFE! 3ePTTEYIIEp JKep KbIPTHICBIHBIH TiK
KO3FaJIbICBIH 3epTTeyre MOJ MYMKIHIIK Oepeni. Paguonokanusga KOJIaHbUIATEIH MEKPOTOJIKBIHABI a0 IHaa30H
apKachlHa JIepeKTep kep OeTi Typaisl Oipereil akmapaT ke3i Oouibll caHananbl. KeH opbeIHAApBIH UrepyeH TyFaH
OTBIPBICTAP/IBIH  FAPBILTHIK PAJANOJIOKAIMSIBIK MOHMUTOPHHII Imerenje >oHe Kaszakcranma TaOBICTBI JKy3ere
aCBIPBLIAIbI.

KeH opbiHIapeiHAa reone3usulblk Oakbpulay SKbUIBIHA €Ki peT (KOKTeMze KoHe KY3le) JKYprisineai jkoHe
KOCBIMIIIa CEHCMOJIOTHSIIBIK euemMaep xyprizieni. CeHiMII lepeKTepii aly YIIiH reoAe3nsulblK OakpliayMeH Oip
YaKbITTa KOFapbl JAJIIKIICH jkep OCTiHIH JKbUDKY allaHbIH TYPAKTHI allyFa MYMKIHZIK OepeTiH KeH OpbIHAaphl ayma-
FBIHBIH FAPBIIITHIK, PAHOJIOKALMSIIBI HHTEP()EPOMETPHSUIBIK TYCIPLTIMIH MOHUTOPHHITIK PEXHUM/IE KYPri3y KaKer.

XKepnin xacangpl cepikrepiner (JKK3) rapplil areHTTIri apKbUIbl ajJbIHFAH pasiapiiblK CypeTTepAl OHJIeY
HETi31H/Ie 00BEKT ayMaFbIHBIH TiK JKbUDKBIFAHBI aHBIKTAIIIBI )KOHE OHBIH XKai-KyHiHe Oara Oepiui.

Panapnsik nHTepdepomerpust JKK3 anpiHFaH MomiMETTEpMEH JKYMBIC iCTEyre, YILIONIIeMAlI MOJeNbAep/Ii,
TUTIKTEp MEH XEPTiliKTi Kep MpoduibIepiH KypyFa MyMKIiHIIK Oepeni. FapeluTek pagapisl Oakpuiay HOTHXeIEpi
OoiibIHIIA Kep OeTi jKepacThl eHJIIPY ydYacKeJepiHiH YCTiHeH Oipkarap IIOKKEH >KepriuliKTi OIarbl OeNrijIeHreH.
Kasipri yakpITTa Oochl yudackene jkep OeriHe Oakpuiay Xyprizimyzne. I'eoguHaMHKaNBIK ITOJUTOHAApIAFsl MyH/IAH
reoOMEXaHHUKaJIbIK OaKblIay MEH 3epTTEYJIep JKep KbIPTHICHIHBIH TiK KO3FaJIbICHIH 3€PTTEYTe arIai TyAbIpabl.
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FapbluThlK MOHUTOPUHT apTHIKIIBUIBIKTAPE], €H aJABIMEH, DOCTYPJ Ie0Je3nsUIBIK TYCIPUTIMMEH CalbICThIP-
raHga eHiMai Ooxpn kemexmi. Fapeimm MoHMTOpHMHII WrepinreH KeHicTik ycTiHme (aymaktel 3000 mapmbel merpre
IefiH KaMTy) JKepHiH ajablH aja IIeKKEeHIH KepceTedi. OiC YIKeH SKOHOMHKAIBIK IIBIFBIHIBI Talall eTHewi,
JaJIaJblK TeOAC3HSIIBIK KYMBICTapFa KaXKETTIIK JKOK,

Tyiiin ce3aep: TeoMeXaHHKAIBIK MOHHUTOPHHT, FAapbITHIK MOHHTOPHHI, T€OIXMHAMHKAIBIK IIOJHIOH, JKep
KBIPTBICBIHBIH KO3FAJIBICHL, KepZl KAaIIBIKTBIKTaH 30HATAY, WHTepPEpOMETpHs, KEpAiH JXKacaHABI Cepiri, perep,
CaHMBIK MOJIEITb.

I.cC. MannMaponal, J. H. Cyneﬁmeﬂonal, T. Mentaes’,
TI. BaﬁnayneTOBal, H. A. Ml/lJICTeHKOZ, C. TyMamaHOBa1
1 o o .
Kazaxckuit HarmoHaMBHBINH YHUBEpCUTET M. anb-Dapabu, Anmatsl, Kazaxcran;
2I/IHCTI/ITyT pobIeM KOMIUIEKCHOTO OCBOeHHUs Henp Poccuiickoii akagemun Hayk, Mocksa, Poccust

MOHUTOPHUHI CABWKEHUN OB BbEKTOB 3EMHOM IIOBEPXHOCTH
HUHTEPOEPOMETPUYECKHUM METOAOM

AHHoOTanus. ['eoMexaHMYecKnii MOHUTOPUHT — 3TO CHCTeMa HaOJIONCHUI COCTOSHMS T€0JOTHYECKON Cpempl,
MIPOLIECCOB CABMKEHUS TOPHBIX TOPOJ M 36MHOH MOBEPXHOCTH, TCOMEXaHNYECKUX W THAPOANHAMUYECKHX MPOIIEC-
COB B MacCHBE TOPHBIX ITOPOJ], HHTEPIPETAIHS Pe3yIbTaTOB HaOMOAeHUH, (OPMUPOBAHHE CYKACHHUS O COCTOSHUH
MaccHuBa B II€JIOM U IPOTHO3 apaMeTPOB YCTOHYMBBIX OTKOCOB.

s onpeneneHus CABMXCHUS 36MHONH KOPBI MECTOPOXKICHUS AkOakail MPUMEHSNIACh TEXHOJOTHS Ha3eMHON
panapHoii HHTep(hEepOMETPpHH, KOTOpast MPUMEHSETCS TOJBKO HECKOJIBKHMH HAYYHO-HCCIEAOBATEIILCKIMU HHCTHUTY-
TaMH ¥ OPTaHHU3AIMSIMHU B MHpE.

B cnyrtHHKOBO# panmapHOil MHTEp(EpPOMETPHUH OINEPAaTHBHOCTH MOJIYYEHHS aKTyaJbHOH IMPOCTPAaHCTBEHHOU
nH(popMannK 0 3eMHOI MMOBEPXHOCTH ABISIETCSI BAXKHBIM TPEOOBAaHHUEM, IIPEABSIBIACMbIM K COBPEMEHHBIM JaHHBIM
JIMCTAaHIIMOHHOTO 30HANPOBAHUS 3eMJIH, Hapsay C BBICOKUM IPOCTPAHCTBEHHBIM Pa3pelIeHHEM, a TAKKe Ie€OMETpH-
YEeCKOW TOYHOCTBIO. VIMEHHO OIEpaTHBHOCTH SIBISETCS OJHUM M3 OCHOBHBIX NMPEHMYIIECTB PaJHOJIOKAIIMOHHBIX
CHCTEM AMCTAHIIMOHHOTO 30HANPOBAHMUS 3eMIIM WM CHHTE3NPOBAHHBIN pajiap CUCTEMOH anmaparyp.

I'eomexaHnyeckne MOHHTOPWUHTH M WCCIEIOBaHMS HAa T'€OJMHAMHYECKHX MOJMIOHAX PAacKPHIBAIOT IIHUPOKHE
BO3MOXKHOCTH M3Y4€HHsI BEPTHKAIBHBIX JBIKCHUH 36MHOI KOPBI.

B 3101 paboTe caMbIM KIIIOYEBEIM MOMEHTOM SIBJISIETCSI CKAHMPOBAHHE MECTHOCTH W OOBEKTOB BOKPYT TOYKH
CTOSIHHSI CKaHepa, T.€. CKAaHUPOBAHHE CIICIHAIbHBIX MapOK ¢ MaKCHMAaJIbHBIM Pa3pelIeHHeM, YTO MO3BOJISICT MOy~
YUTh 00JaKa ToueK. TeXHOIOTHs MPUMEHEHHs Ha3eMHON pajlapHON MHTEPPEPOMETPHH JUIsl ONPEAEICHHS CABUXKE-
HUSI 3eMHOH KOpPBI NPHMEHSETCSI TOJbKO HECKOJIBKUMH Hay4HO-HCCIEOBAaTEIbCKUMH WHCTUTYTaMH M OpraHH3a-
LUSIMU B MHpE.

B cnyrtHnkoBo#l panmapHOil mHTEp(EpOMETpHUH OINEPaTHBHOCTH MMOJYYEHHsS aKTyalbHOM MPOCTPAaHCTBEHHOU
nH(popMannK 0 3eMHOIl MOBEPXHOCTH SBISIETCSI BXKHBIM TPEOOBAHHEM, ITPEABSIBISICMbIM K COBPEMEHHBIM JTaHHBIM
JIMCTAaHIIMOHHOTO 30HANPOBAHUS 3eMJIH, Hapsay C BBICOKUM IPOCTPAHCTBEHHBIM Pa3pelIeHHEM, a TAKKe Ie€OMETpH-
YECKOM TOYHOCTBIO. IMEHHO ONEpaTUBHOCTb SIBISIETCS OJHUM U3 OCHOBHBIX NPEUMYIIECTB PaJUOTIOKALOHHBIX
CUCTEM JUCTAHLIMOHHOTO 30HAUPOBaHMS 3eMJIH WM CUHTE3UPOBAHHOM pajap anmnaparypoil cucteM.

I'eomexaHnueckre MOHUTOPUHTH M HCCIEIOBAHUS HA IEOJUHAMUYECKUX IMOJHMIOHAX PAacKpbIBaeT LIUPOKHE
BO3MOKHOCTH M3YYEHUIO BEPTHKAIIBHBIX IBM)KEHUI 3eMHOU KOpbl. biarogapst MUKpOBOJHOBOMY PaJuOHAaINa30HYy,
UCTIONIB3yEMOMY B PAIMOJIOKAINH, JaHHBIE CIIy>KaT NCTOYHMKOM YHHKAJIbHOW MH(OpMany O 3eMHOW IMOBEPXHOCTH.
Kocmuueckuii pasinoIoKanMOHHBI MOHUTOPUHT TIPOCAJOK, BBI3BAHHBIX pa3pabOTKOH MECTOPOXKICHHH, YCIEIIHO
ocymiecTBisieTcs 3a pyoexxom u B Kazaxcrane.

Ha mecropoxeHusix reozie3ndeckue HaOIIOAEHUs BETyTCs JIBa pa3a B roj (BECHOH M OCEHBIO) M MPOBOIATCS
JIOTIOJTHUTENbHBIE CEHCMOIIOTHYECKe n3MepeHHtst. [JIsl OydeHNsT Ha/Ie)KHBIX JJAHHBIX HE0OXOIUMO OJJHOBPEMEHHO
C Te0Je3MIeCKUMH HaOIIOJICHNSIMA BECTH B MOHUTOPHHIOBOM PEXHUME KOCMHUYECKYIO PaJMOJIOKAIIIOHHYIO WHTEp-
(epoMEeTpHYECKYI0O CHEMKY TEPPUTOPHUH MECTOPOKIAEHHH, MO3BOJIIONIYIO PETYJSIPHO IIOJY4aTh I10JIE CMEIICHHH
3eMHOU IOBEPXHOCTH C BBICOKON TOUHOCTBIO.

Ha ocHoBe 006paboTKM paflapHBIX CHUMKOB, ITOJYYE€HHBIX KOCMUYECKHM areHTCTBOM M3 MCKYCCTBEHHBIX CITYT-
nukoB 3emin (MC3), onpeneneHsl BepTHKAIBHbBIE CIBH)KEHHS TEPPUTOPHH OOBEKTA U JJaHA OLIEHKA €€ COCTOSTHHIO.

Pagapnas uHTEpdepoMeTpusi CO3aeT BO3MOXHOCTh paboTaTh JaHHBIMH, moiaydeHHbIX /[I33, co3manms
TpPEeXMEpPHBIX MoJelield, pa3pe3oB u npoduieit MmectHocTH. [lo pe3yibTaTaM KOCMHUYECKHX paJapHbIX HAaOIOAESHHUN
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YCTaHOBIICH PSJ JIOKAJHHBIX 0YaroB OCEIaHUI 3eMHOH ITOBEPXHOCTH HAJl yIaCTKaMH MOA3EMHOM 1o0byn. B HacTos-
mee BpeMs Ha 3TOM y9acTKe MECTHOCTH BeAyTCsS Ha3eMHbIC HaOmroneHus. Takue reoMexaHndeckrue HAOMIOICHUS U
HCCIICAOBAaHMA Ha TEOIUHAMHUYECKHX MOJHTOHAX PACKPBHIBACT IMUPOKHE BO3MOXKHOCTH HM3YUCHHIO BEPTHKAIBHBIX
JIBUYKEHUI 36 MHOU KOPBI.

[IpenmymiecTBa KOCMHYECKOTO MOHUTOPHHTA COCTOSIT, TIPEXKIIE BCETO, B €T0 OOIBIICH IPOM3BOIUTEIHHOCTH IO
CpPaBHEHHIO C TPAIWUIIMOHHON Teone3ndeckoil crémioi. KocMmuueckuii MOHITOPHHT TOKA3bIBAET 3a0JIarOBPEMEHHO
oCeIaHus MOBEPXHOCTH HaJl BRIPaOOTaHHBIM IPOCTPaHCTBOM (oxBat Teppuropuu 1o 3000 kB.M.). MeTox He Tpebyet
O0NBIINX SKOHOMHYECKUX 3aTPaT, HET HEOOXOAMMOCTH B TIOJIEBBIX TEOJIE3MUECKUX padoTax.

KiroueBblie cj10Ba: TeOMEXaHUYECKUH MOHUTOPUHT, KOCMUYECKUIT MOHUTOPHUHI, T€0IMHAMUYECKUI TTOJIMIOH,
IBIDKCHUSI 3€MHOW KOPBI, AMCTAHIIMOHHOTO 30HIUPOBAHHSA 3eMIIH, MHTEPPEpPOMETpHUs, UCKYCCTBEHHBIH CITyTHHK
3emn, periep, TUGPOBOI MOIEIb.
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MATHEMATICAL MODELING FORECASTING
OF CONSEQUENCES OF DAMAGE BREAKTHROUGH

Abstract. The article is devoted to the development of a mathematical model for preventing a breakthrough of a
dam and predict its possible consequences. In this work, the task of developing a single integrated approach to
ensuring the safe operation of hydraulic structures, based on the notification of interested bodies in real time, was
solved. A mathematical model of the state of the reservoir is developed, on the basis of which a hardware-software
complex for operational notification of interested organizations (akimats) and local emergency departments is
implemented. A mathematical model of predicting the consequences of a dam break is proposed. An algorithm for
calculating the maximum level of the breakout wave has been formulated, taking into account many parameters of
the hydraulic structures. The convergence of the developed algorithm in the form of a theorem has been proved. This
method has a large practical focus, compared with existing formulas.

The Java language implements a hardware-software complex (PAC) for predicting the effects of a dam break,
consisting of the following modules: 1) a module for receiving and transmitting current information about the water
level, humidity and temperature on the crest of the dam; 2) a module for processing constant and operational
information about the threat of dam breakthrough (server); 3) a module for predicting the effects of a dam break.
Based on the solution of the model problem, the effectiveness of the developed hardware-software complex is
shown. The practical basis for the model task was the events that took place in Kyzylagash village of Almaty region
of the Republic of Kazakhstan.

Key words: mathematical modeling, flooding, dam, breach, breakthrough waves, water resources, water level,
hydraulic structure, hardware-software complex.

Introduction. According to the report of the UN Commission, the damage from natural disasters, in
particular floods, has only increased over the years, and economic losses from the consequences of floods
lead to a decrease in gross domestic product. Over the past century, more than a thousand cases of
destruction of hydraulic structures have occurred in the world, the causes of which, among the
meteorological phenomena, were factors of a geological and geophysical nature.

Thus, the St. Francis dam in California was built 70 km from Los Angeles in the San Francisco
canyon in order to accumulate water for its subsequent distribution through the Los Angeles water supply
system. Under a wave wall of 40 m, all living things and buildings were destroyed. The valley was
flooded for 80 km. More than 600 people died during this flood. The second example in Italy in 1963, a
mountain massif collapsed in the Vayont reservoir, resulting in ~ 25 million tons of water overflowed
through the dam, creating waves in the Piave river valley with a height of 70 m. 4 villages were destroyed,
4,400 people were killed [1-3].
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The accident at the Sayano-Shushenskaya hydroelectric station was a man-made disaster that
occurred on August 17, 2009. As a result of the accident, 75 people died, the equipment and the equipment
and premises of the station were seriously damaged [4-6].

In Kazakhstan, the construction of many hydraulic structures was carried out in the 60-80s of the last
century. Their survey today shows that the actual depreciation is more than 60%, the reliability and safety
of strategically important hydraulic structures are sharply reduced [7-9].

The long service life and reduction in the last 20 years of funding for operating expenses, current and
capital repairs, as well as the influence of climatic and seismic factors gradually lead to moral and physical
deterioration of the entire complex of hydraulic structures. There are also objects located close to
hazardous industries [10-12].

The tragic events in the spring of 2010 in the Almaty region and 2014 in the Karaganda region with
human casualties and destruction, as well as floods in other regions of Kazakhstan, served as a serious
lesson to prevent similar situations in the future. It is necessary to develop recommendations on equipping
the hydraulic structures with modern monitoring systems, equipment and means to improve operational
safety. Also, the recent events of May 1, 2020 on the breakthrough of the dam of the Sardobin reservoir
(capacity of 922 million m3) in neighboring Uzbekistan led to the flooding of 4 villages in the Turkestan
region of Kazakhstan. As a result, 620 houses were damaged and the region's agriculture was severely
economically damaged [13, 14].

In this regard, research on the development of a mathematical model of dam breakout and the
prediction of its consequences is relevant.

Mathematical model for predicting the consequences of a dam breakout. Catastrophic flooding,
which is the result of a hydrodynamic accident, consists in the rapid flooding of the area by a breakout
wave. Hydraulic structures can be breached due to natural forces (earthquake, hurricane, landslide, etc.),
structural defects, violations of operating rules, impact of floods, destruction of the dam base, etc. During
the breakthrough of the hydraulic structures, a gap (closure channel, passage) is formed, through which the
water flows from the upper downstream to the lower one and the formation of a breakthrough wave.
Breakthrough wave is the main striking factor of this type of accident, characterized by wave height and
speed [15, 16].

In [17], it was found that the following hydroelectric complex parameters and the conditions of
propagation of a breakthrough wave in the downstream most significantly affect the h,.x values: reservoir
volume before the accident (W,,4:er), reservoir depth at the dam before the accident (H), roughness of
the upstream wall (n,), the amount of opening of the gap (B,g;,), water flow in the downstream of the
hydroelectric facility before the accident (Q,), the distance from the damsite to the observation site (L).
The dependence of the maximum flooding depth on the main influencing factors was obtained and
presented in general form by the expression:

0,98..0,02 ,0,05
hpax = 2:511-100,2)150—Q0 1)

0,13
WwaterL

The limits of applicability of formula (1) are indicated: reservoir volume (W, 4¢e-) — from 50 to
5000 thousand m® depth of water upstream of the dam (H,) — from 2 to 20 m; water flow in the
downstream of the hydraulic facility before the accident (Q,) — from 1 to 100 m%s; reservoir length — from
0.8 to 2 km, if there is no backup from the downstream hydraulic structures; distance from the dam site to
the considered section (L) from 0.5 to 50 km; roughness (n,) from 0.02 to 0.2.

In addition, the formula (1) has the following disadvantages:

1) missing parameter —the amount of opening of the gap (Bgqp),

2) the volume of the reservoir before the accident (W,,4:.r) IS placed in the denominator, which leads
to a contradiction to the basics of hydrology — "a larger volume of reservoir filling leads to a decrease in
the breakthrough wave".

In [18], due to the limitations of the applicability of the formula (1), it was proposed to use the
dependence (2) proposed by V.1. Volkov to determine the maximum depth of flooding:

L \-013
hinax = 0,34H, () )
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As a disadvantage of the formula (2), it should be noted that it does not use such important
parameters of the hydraulic structures as the reservoir volume before the accident (W,, 4¢er-), the amount of
opening of the gap (Byg;). This fact greatly narrows the applicability of this formula.

To correct these shortcomings, the article proposes the following approach.

The maximum depth h,,,, is sought in the form

hiax = 0Bgh, Hy? W2

gap water

L7t ®)

In the formula (3) all the coefficients a; > 0,i = 0,4.

Let n = 4 be the number of information parameters of hydraulic structures that affect the size of the
breakthrough wave; x = (x, ..., x,) — the vector whose components characterize the hydraulic structures.

For the convenience of further calculations, we will accept

Y =hmax X0 =1, X1 = Bgap; X2 = Ho; X3 = Wygrer; x4 = L.
We introduce the following designations:
m-— the number of versions (situations); X;; — the value of the i-th parameter in the j-th version, where
i=0n,j=1m.
Y; — maximum breakthrough wave depth in the j —th situation, where j = 1,m.
Then formula (3) can be rewritten in the form:

Y =ag* (Tlh=q2g%) *x, ™ (4)

Formula (4) corresponds to the optimization problem, where the coefficients a;, are unknown, which
determine the influence of the k—th information parameter on the overall result.
We will take the logarithm of the expression (4):

In(Y) = ao + Xi—g ap In(xy) — asln(x,) (5)
The coefficients ajcan be found from the minimum condition for the functional
2
S =Y (In(Yy) — ap — Tioy ax In(Xy) + asln(Xy;)) (6)
We introduce the set
A={0<a; <10} (M

It is easy to show that A is a convex closed set in R™ space.
The algorithm for finding the coefficients of functional (6).
Step 1. The minimum of functional (6) is found by the least square method, by reducing to a system
of linear algebraic equations of the form
CB =d,
where C — (n+1)*(n+1) — the matrix, d — (n + 1) — the vector made up of values
In(Y;),In(Xy;), k=0,n,j=1m.

If all elements of the vector 8; > 0,= 0,n, then we take a; = B;, i = 0,n and go to step 5.
Step 2. Denote by a;* the n-th approximation for calculating the coefficient «;.
As a zero approximation, we select

_(Bi,ifBi >0
a‘p_{s,ifﬁi <0

Here ¢ > 0 —is a sufficiently small number.
Step 3. The minimum of the functional (6) is defined on the set (7).
Let's build an iterative process

a*t = 11, (@ = S (@) (8)
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Here I1, — projection operator onto the set A. The coefficients y,, = 0, the determine the step length
at the n-th stage, can be found from the condition

SO a = yaS' (@) = 715 (af - vS'(f™))

or in the process of splitting the step.

Step 4. Discrepancy is sought r = min; (abs(a}1+1 - ai")).

If r < &, then go to step 5. Otherwise, increase the iteration number and go to step 2.

Step 5. Algorithm completion.

The convergence of the proposed algorithm is provided by the following theorem.

Theorem 1. Let the set A be convex and closed. Then the sequence {a}'} , defined by the formula (8)
converges to the solution of the problem of minimizing the functional (6) on the set (7).

Proof. Since the set A is convex and closed, the functional (6) is convex and differentiable, then any
limit point of the sequence {a]'} is the minimum point [19].

Based on the available information about the breakthroughs, 30 versions of parametric data were
prepared. Based on this information, the following formula is obtained:

Bimax = 1,34 + o' Byay Wy 'L~ (9)

In the formula (9), the volume of the reservoir (W,,4.e;) is measured in millions of m®; the water
depth in the upstream wall of the dam (Hy) is in m;the amount of opening of the gap (Bgqp) — in m; the
distance from the dam site to the observation site (L) - in km.

Model problem. All further calculations simulate the events that took place in the village of
Kyzylagash of Almaty region on March 11 and 12, 2010. The 45-meter-high dam was designed to store
42 million cubic meters of water. On the night of March 10, the water level reached 30 million cubic
meters. The next day, in the afternoon or in the evening, | can not say the exact time, the water level
exceeded 40 million cubic meters. In other words, 15-16 million cubic meters of water was added to the
Kyzylagash reservoir in 15-16 hours. The dam broke on March 11 at 10.30 p.m. Two hours later, the
water gushed towards the village of Kyzylagash. The wave width of the mudflow was 1.6 kilometers, and
the height was 3 to 4 meters. According to official figures, most of the village was severely damaged.
70% of the village of Kyzylagash was destroyed. The tragedy in Kyzylagash claimed the lives of
44 people.

Results. Based on the mathematical forecasting model, the situation for March 11-12, 2010 in the
village of Kyzylagash was simulated. Table presents the chronicle of events. The first two columns
provide information about the date and time. Information in columns 3 through 5 is obtained in automated
mode. Based on the above proposed mathematical model, calculations were performed on the level of
safety, reservoir occupancy and the expected overflow time over the dam crest (columns 6-8).

In the 6th column, the following security level encoding is adopted: 1 - low; 2 - safe; 3 - alarming;
4 — catastrophic.

The simulation results of a dam break

Date Time Wat(t;r}l)evel Temperature | Precipitation | Securitylevel Watt(agt:/nc;I)u me | Time ;[ﬁoci]\f)arflow
1 2 3 4 5 6 7 8
11/03/2010 10.00 15 12 2 30000,0
10.30 14.75 12 2 30250,0
11.00 14.5 13 2 30500,0
11.30 14.25 13 3 30 750,0 14.25
12.00 14 13 3 31000,0 14
12.30 13.75 14 3 31250,0 13.75
13.00 135 14 3 31500,0 13.50
13.30 13.25 14 3 31750,0 14.25
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Table continuation
1 2 3 4 5 6 7 8
14.00 13 15 3 32 000,0 13
14.30 12.75 15 3 32 250,0 12.75
15.00 125 15 3 32500,0 12.50
15.30 12.25 14 rain 3 32 750,0 11.75
16.00 12 14 rain 3 33000,0 11
16.30 11.25 14 rain 3 33750,0 10.25
17.00 10.5 13 rain 3 34500,0 9.30
17.30 9.75 13 rain 3 35 250,0 8.75
18.00 9 13 rain 3 36 000,0 8
18.30 8.25 13 rain 3 36 750,0 7.25
19.00 7.5 12 rain 3 37500,0 6.50
19.30 6.75 12 rain 3 38250,0 5.75
20.00 6 11 rain 3 39 000,0 5
20.30 5.25 11 rain 3 39750,0 4.25
21.00 4.5 10 rain 4 40500,0 3.50
21.30 3,75 10 rain 4 41 250,0 3
22.00 3 9 4 42 000,0 2.50
22.30 2,5 9 4 42500,0 2
23.00 2 9 4 43000,0 1.50
23.30 15 8 4 43500,0 1
12/03/2010 | 00.00 1 8 4 44000,0 0.50
00.30 0,5 7 4 44 500,0 0
01.00 0 7 4 45 000,0 0
01.30 0 6 4

Figure 1 shows an hourly chart of the reservoir occupancy. As can be seen from table 1 and the graph
in figure 1, the akimat (local administrations) and emergency authorities would have been alerted at 21.00
on March 11. According to the forecast time was still 3.5 hours before the tragedy. Victims could have

been avoided.

45000

40000

Volume of water (thousand cubic meters)

Safe level Alarming level

M Catastrophic level
L 2 *

35000

30000

25000

20000

Figure 1 — Graph of fillability of a reservoir
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Based on the formula (9), the situation was simulated in Kyzylagash village. Figure 2 shows a
kilometer-long graph of the passage of a breakthrough wave.

FigureN0.1 = O *
File Edit View Inset Tools Window Help

De”dE NAAA/ 220

Sistema

12

10

Figure 2 — Graph of maximum breakthrough wave in Kyzylagash village

As can be seen from the Figure, the wave of breakthrough came to Kyzylagash village reached a
height of 4.5 meters. In Eginsu village, 16 km from the dam, the wave reached a height of about one
meter.

Conclusion. This article has developed a mathematical model of monitoring the state of the reservoir
and predicting the consequences of a dam break.

The model problem (events that took place in Kyzylagash village of the Almaty region of the
Republic of Kazakhstan) shows the effectiveness of the developed mathematical model of predicting the
consequences of a dam break.

The tragic events in the spring of 2010 in the Almaty region and in 2014 in the Karaganda region
with human casualties and destruction, as well as floods in other regions of Kazakhstan, served as a
serious lesson to prevent similar situations in the future. It is necessary to develop recommendations on
equipping hydraulic structures with modern control and measuring devices, equipment and means to
improve the safety of operation.

The practical significance of the work is to develop a system that provides current and forecast
information that contributes to the correctness of decision-making at the territorial or republican level.

Acknowledgment. The work was carried out at the expense of grant funding for research for 2018-
2020 under the project NeAP05131027 "Development of biometric methods and means of information
protection™ at the Institute of Information and Computational Technologies, the Committee of science of
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! AKapaTTHIK KoHe ecenTeyil TeXHONIOTHAIAP HHCTUTYTH, AnMatsl, Kasakcram;
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*Jlio6iH TeXHAUKAIBIK yHIBepCcHTeTi, [Tombira

BOI'ET BY3bLIBICBIHBIH CAJIIAPBIH BOJIKAY IbIH MATEMATHKAJUIBIK MOJEJII

AnHoTanusi. Maxkama OereTTiH OY3BUIyBIHA JKOJN OepMey »OHE OHBIH BIKTUMAaJl CaliiapblH OO0IDKaymbIH
MaTeMaTUKaJIBIK MOJENiH kacayra apHamraH. Ocbliaiiia KOJNJIAHBICTAaFbl OPTYPJl OAICTEpHl Tanjay HeriziHie
THIPOJMHAMUKAJBIK anaTThl TOTEHIIE jKarnail periHae OoJpKay SJicTepiH jkacay YIIIH 3€pTTEyIiH MakKcaThl MEH
HETi3ri MiHAETTepl TYXKBIPBIMAAIABL. Bys »KympIcTa IIEmiMHIH KOJIA@HBICTAFBl SJiCTEpiHE Talliay JKOHE 3epTTey
MaKcaTTapblHa TY)KBIPBIM JKacajiasl. Mocese TajqjaHbII JKOHE OHBI IIeIly OapbIChIHJA TYBIHAAYbl BIKTUMaN HETi3ri
npoOiemanap aHbIKTanFaH. MaoceseHiH JKalllbl CHIIATTaMachl YXOHE 3epPTTEY MaKCaTTapbIHBIH TY)KbIPHIMIAaMachl
kenripiiren. CunarTajiraH SIiCTepAiH apTHIKIIBIIBIKTAPEl MEH KEMILIUIIKTepl KepceTureH. MaTeMaTHKabik
MOJIETBJICYAIH 3aMaHayH TEXHOJIOTHSIAPBIH JKOHE €CENTEy HOTW)KENEPiH TIeorpadusuIblK akKMapaTThIK XKyilene
KepceTyMeH KaTap OereT Oy3bUIBICHIHBIH MAaTEMaTHKAJbIK MOJENIH 3€PTTEYMEH €CenTey TIKIpHOeciH KonmaHa
OTBIPBIN, KCWICHIl TalAay[blH, TAOWFH JKOHE TEXHOTEHIIK CHUIIATTaFbl TOTEHIIE >Xardail canmapblH OOJDKayIbIH
Oenriii omicTepiHe CambICTHIPMAIIBI TaJIay KacaJIbl.

KnuMaTThIK MoiMeTTepAl TapaTyFa apHaJIFaH aBTOHOMABI MUKPOKOMIBIOTEPIIIK JKYHE jKacajIbl, HAKTHI yaKbIT
PeXUMIHE CepIiHAl TONKBIH (haKTOpIaphlH OODKAY MOCENECIHIH JKajIlbl CHITATTAMAChl MCH MIHIETi KEeNTipiJireH.
XKepcepikTik mepekrepmi Oepy KyHeciHiH nepOec 3IeKTPMEH KaOIbIKTay JKyHeciHe Kelleci PHepPTUsHbI Mmaiinanany
YIUiH 3HEprus OHAIPYIe jKoHE >KMHAKTayFa KipeTiH >ka0abikTap KemieHi kipeni. Cy JeHreii eney >ka0IbIKTapbl
opTypiai Oomybl MyMmKiH. JKyiie KbI3METiH KamMTaMachl3 €Ty VIIiH eJley Kypajuapbl JAepekTepiai OepymiH imiki
KyileciIMeH J>KoHE JJIEKTPMEH >KaOAbIKTay jKyleciMeH OainaHblcThipbuiansl. Kepcertiiaren sxyienepai OipikTipy
OpHaJIaCybl KypJeli ©3¢H KeJIHICTi Cy MeHreilin Oakputayra MyMKiHmik Oepenmi. Cy JCHreWiH ONIICHTIH >KaOIbIK
TYpJIi KE€3€HIIK CeHCopyapJaH MOIIMeTTepAl anybl Kepek. JKWHamFaH MONIMETTep CHUTYalMsUIBIK OpTajbIKTapFa
Xi0epinin, apHaiibl KbI3METTEp BIKTHMAJI Cy TACKBIHBI MEH Cy TaCKBIHBIH OOJDKAy, CY IIBIFBIHBIH €CENTey XKoHe OacKa
MaKcaTrTap YIIiH HaiaanaHa bl

Bererrepain cunarramanapbl, MUKPOIIPOIECCOPIIBIK TEXHOJOTHIHBI KOJIJaHyFa HETi3/IeNreH Kasipri 3aMaHFbl
Oackapy >KyHenepiHiH MyMKIHIIKTEpi TalJaHa bl

Cy KONMachIHBIH >KaFfaiblH OaKplIayIblH MaTeMaTHKAJIBIK MOJAENI >Xacallpbl, OHBIH HETI3iHAe MYAIelni
yitbIMaapabl (SKIMZIIKTEp) KOHE KEpriuliKTl TeTeHIIe >araail OeniMAepiH jkeaen xabapiay YIIIH anmaparThik-
OarjapiamanblK KeleH eHrizimai. Tangay kenecineil KOpBITHIHIIBI jkacayFa MYMKIHAIK Oepelli: MyMKiH THAPOAH-
HAMUKAJIBIK araT calJapblH 00JDKaybIH YTHIMABI 9/1iCi — aHAIMTHUKANIBIK MOJIETIbJIEpTe HEri3/eNI'eH KOJIAaHbICTaFbI
MoJieNibJiey OaFaapiiaMaiblK KypaiblH TaiianaHy.

MaremaTHKaibIK MOJIEIIbJICY MEH eCenTey IKCIIEPUMEHTIHIH 3aMaHayd TeXHOJIOTHSUIAPbIH Iaiijanana OThIPHIIL,
TaOWFU TEXHOTEHJIIK CHIATTaFbl TOTEHIIE JKaFAai cajapblH KeIeH i Tajaay, MOJIeNIbey JKoHe O0JDKayIblH Oenrii
oficTepiHe CANBICTRIPMAITBI TallAAy XKYPTi3UIiN, HOTHXKENEep i reoaknapaTThIK Kyielae KopceTe OTHIPHII JKoHE Oerer
OY3BUTBICBIHBIH MAaTeMAaTHKAIBIK MOJICIIHE 3epTTey JKYpri3inmi. TacKbHHBIH canmapblH OOJDKayIbIH TYpIi
MaTeMaTHKaJIBIK MOAEIbIEP1, 9AICTepl MEH allTOPUTMAEPI CUITATTaJIFaH.

Berer Oy3bLIBICHIHBIH ocepiH OOJDKAyZbIH MaTeMaTHKAJIBIK MOZAENI YCHIHBUIFaH. [ MIpaBIMKAIBIK KYpPBUIbIM-
JIap/IbIH KOIITETeH MapaMeTpIiIepiH ecKepe OTBIPHII, CEPIiHAl TOIKBIHHBIH MAaKCUMAIIIBI ICHIeHiH ecenTey alIropuTMi
TYKBIPBIMJAJIFaH. O3IpJICHIeH aJrOPUTMHIH TeopeMa TYPIHJET! KMHAKTBUIBIFBI JanenaeHai. byn omic xonmaHbic-
Tarbl (JOpMyJIaIapMEH CaJbICTBIPFAH/A YIIKEH MPAKTUKAIIBIK OaFbITKA He.

Java Tinmi Gerer OyY3BUIBICHIHBIH ocepiH Ooimkayra apHairaH OarmapiaManbIk-anmaparTelK kemesai (BAK)
Ky3ere aceipAbl. O Keneci MOAYIbAEPACH TYPAJIb:

1) Gerer GaraHACBIHIAFHI Cy JIEHT €M1, BUFAJIABUIBIFEI MEH TEMIIEPATypachl TYpajbl aFbIMIAaFbl aKIapaTThl aTyFa
JKOHE XKibepyre apHalFaH MOIYJIb,

2) GeretTiH OY3bUTY KayTli TYpaJIbl TYPAKTHI KOHE JKeIeJl aKIapaTThl OHAeyTre apHallFaH MOTyJb (cepBep);

3) Oerer OY3bUIBICBIHBIH SCEPiH OOJDKayFa apHaAJFaH MOJYJb.

Mopenpik ecenTi MEIyIiH HeTi3iHe 931pJIeHreH annaparThIK-Oar apiaMalblK KeIeHHIH THIMAUIIN KepceTi-
reH. MoJIenpIiK ecenTiH MpaKTUKaIbIK Heri3i perinae Kasakcran PecnyOmmkacsl AiMathl OOMBICHIHBIH KpI3bLmaranr
ayblIbIH/IA OOJIFaH anaTThl OKUFA aJIbIH/IbI.

Tyiiin ce3mep: MaTeMaTHKAJIBIK MOAENbBILY, cy Oacy, Oerer, Oy3y, CEpHiHAI TOJIKBIHAAP, CY PeCypcTapsl, Cy
JICHI €1, THAPOTEXHUKAJBIK KYPBUIBIM, allapaTThIK-0aFapIaMalblK KeIeH.
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MATEMATHUYECKOE MOJIEJIMUPOBAHUE TPOTHO3UPOBAHHUS
MOCJIEACTBUI IPOPHIBA TAMBDI

AnHoTanus. CTaThsl MOCBSAIIEHA Pa3pabOTKE MAaTEMaTHIECKONW MOJENHN IPEIYNPEXKICHUS TPOPHIBA IUIOTHHBI U
MIPOTHO3UPOBAHHUIO BO3MOKHBIX €r0 MOCIEACTBHH. TakuM oOpa3oM, Ha OCHOBAHUH MPOBEACHHOTO aHAIN3a PA3JIHd-
HBIX CYIIECTBYIOIIMX METOO0B ObUTH c(hOPMYIMPOBAHBI IIETb 1 OCHOBHBIC 3a/lauHl MCCJICAOBAHUH, HAIIPABICHHBIX Ha
pa3paboTKy METOMMKHM MPOTHO3HMPOBAHHSA T'MAPOJMHAMHUIECKOW aBapHy KakK UpPE3BBIYANHON cuTyarnu. B manHOM
UCCIICIOBAaHUIl TIPOBEJEH aHAIU3 CYLIECTBYIOLIIMX METOJOB pelleHuil u (GopMymupoBKa 3aad HCCICIOBAHUSL
[Mpoananu3upoBaHa 3ajjaua M BBISBICHBI OCHOBHBIE MPOOJIEMbI, KOTOPbIE MOTYT BO3HHUKHYTh B XOJIE €€ pPEIICHUSI.
[MpuBenena oOmias XapakTepuUCTHUKa NPOOJIEeMbl M IIOCTAHOBKA 3a/a4 HCCIIEOBaHHS. BBINENeHbl TOCTOMHCTBA U
HEIOCTAaTKH OIHMCAHHBIX METOJOB. BBINONHEH CpaBHUTENBHBIH aHAIM3 HM3BECTHBIX METOJOB A KOMIUIEKCHOTO
aHaln3a, NMPOTHO3UPOBAHMA MOCIEACTBUNA UYpEe3BBIYAMHBIX CHUTYyalldil MPUPOJHOIO M TEXHOTEHHOTO XapakTepa ¢
MIPUMEHEHUEM COBPEMEHHBIX TEXHOJIOTUI MAaTEMaTUYECKOTr0 MOJEIUPOBAHNS M BEIYUCIUTEIBHOIO SKCIEPUMEHTA C
0TOOpa)XEHHEM pe3yIbTaToB B reorpaduueckoil MHGOPMAIMOHHONW CHCTEME M HCCIEJOBAaHWE MaTeMaTHYECKOH
MOJIETIM TIPOPBIBA AAMOBI.

Pa3zpaboTana aBTOHOMHAass MHKPOKOMIIBIOTEpHAs CHCTEMa Iepeladd KIMMAaTHIECKUX JAaHHBIX, NPHBEICHA
o01mas XxapakTeprCTHKa U IIOCTAaHOBKA 33/1a4X IIPOTHO3UPOBAHUS (PAKTOPOB IIPOPBIBHBIX BOJIH B PEaTbHOM MacITa-
0e BpeMeHH. ABTOHOMHAsI IOJICUCTEMa SHEPTOCHA0KEHHS [UIS CITyTHUKOBBIX CHCTEM TIepeayull JaHHBIX BKIIOYACT B
ce0si KOMIUIEKC 000pynoBaHUs, (YHKIUH KOTOPOTO 3aKIIOYAroTCs B BHIPAOOTKE M HAKOIJIGHHH SHEPTrUH JUIs
HOCIEYIONIEr0 ero MCIOJIb30BaHUS B LEMSIX 00ECHeUeHMs NICKTPONUTAHUS 00OpYJOBaHUS IEpefaud IaHHBIX.
O0opynoBaHue U3MEpeHHH YPOBHS BOJbI MOXKET OBITh paziauuHbIM. [{i1s obecrieueHns: GyHKIIMOHUPOBAHUS CUCTEMBI
U3MEpHUTENbHOE 000pyIoBaHHE OYyIET CONMpPAraThCs C MOACUCTEMOI Mepeaadn JaHHBIX U MOACUCTEMOI! 3Heproobec-
nedeHus1. ConpshKeHNE YKa3aHHBIX CHCTEM MO3BOJMT OCYIIECTBIISATh MOHUTOPHHT YPOBHS BOIBI B MOPEHHBIX 03epax,
pacToyIO’KeHHE KOTOPBIX SIBISETCS KpalHe TPYTHOIOCTYIHBIM. TEeXHHYECKHe CpelCTBa, HW3MEpSIOIIHE YPOBEHBb
BOJIBI, JIOJDKHBI OBITH CHOCOOHBI ITOJIy4aTh JaHHBIE C JaTYMKOB C PA3IMYHON HepHOIUYHOCThIO. HakamimnBaemble
JTaHHBIE OYyT IepeiaBaThCsl B CUTYAlMOHHBIE IICHTPBI M NCTIOJIb30BAThCS CIIEUAIBHBIMU CIIyKOaMu JUIs IPOTHO3H-
POBaHUS BO3MOXKHBIX ITaBOJKOB U HABOJHEHMH, IOICYETA PACX0/a BOJABI U B IPOUMX LIENAX.

IIpoananu3upoBaHbl XapaKTEPUCTUKHU IIOTUH, BO3MOKHOCTH COBPEMEHHBIX CUCTEM KOHTPOJISI, OCHOBAHHBIX HA
MPUMEHEHNE MUKPOIIPOLECCOPHOMN TEXHUKU.

Pazpaborana maremaruueckas MO/IEIb MOHUTOPUHTA COCTOSHUSI BOJOXPAHWININA, HA OCHOBE KOTOPOH peain-
30BaH aNnapaTHO-MPOTPaMMHBIA KOMIUIEKC ONEPATHBHOI'O OMOBEIICHUS 3aMHTEPECOBAHHBIX OpraHM3AINK (aKkuMa-
TOB) ¥ MecTHBIX noapasaencHuii YC. [IpoBen¢HHbIN aHATN3 MO3BOJIET CAENaTh CIEAYIOIINE BBHIBOBI: PAIlHOHAb-
HBIM CIIOCOOOM IPOTHO3MPOBAHUS TOCIEACTBHII BO3MOXHBIX THAPOJUHAMUYECKUX aBapuil ABISETCA NMPUMEHEHHE
CYIIECTBYIOIINX HMUTALMOHHBIX IPOrPAaMMHBIX HHCTPYMEHTOB HAa OCHOBE aHAJTUTUYECKUX MOJIEIEH.

BrInoiHeH CpaBHHUTENBHBIH aHAN3 M3BECTHBIX METOMOB I KOMIUIEKCHOTO AaHAINM3a, MOJCIHPOBAHUS U
Imporao3uposanus nocneacTsuit YC mpupoJHOro TEXHOIEHHOTO XapaKkTepa ¢ IPUMEHEHHEM COBPEMEHHBIX TEXHOJIO-
I'Mi MaTeMaTHYeCKOT0 MOJIEITMPOBAHNUS M BEIYHCIUTEILHOTO SKCIIEPUMEHTA C OTOOpaKeHHEM Pe3yJIbTaTOB B Teorpa-
¢rueckoii MHGOPMAIMOHHOW CHCTEME W HCCIEJOBaHWE MaTeMaTHYecKoil Monesnu mpopbiBa namObl. OnmcaHsl
pa3IUYHbIE MATEMAaTUUECKUE MOJEIIH, METOBI U aITOPUTMBI AJIsl IPOTHO3UPOBAHMS MOCHEICTBUHA HABOJHEHU.

[Ipennoxena MaTeMaTH4eckasi MOJIENIb TIPOTHO3UPOBAHMS TOCIEICTBHH NpOpbiBa MIOTHHBL. ChopMyaupoBaH
aNrOPUTM BBIUHCIICHUS] MAaKCUMAaJIbHOIO YPOBHSI BOJIHBI NPOPBIBA, YUUTHIBAIOIUI MHOXECTBO MapaMeTpOB T'HIpPO-
TEXHUYECKUX COOpYKeHHH. J[oka3zaHa CXOTUMOCTH Pa3pabOTaHHOTO aJrOpHUTMa B BHJE TeopeMbl. J[aHHBIH MeTox
nMeeT OONBIIYI0 IPAKTHIECKYI0 HAIIPaBICHHOCTH 110 CPAaBHEHHIO ¢ MMEIOITIMHUCS GOPMYIIaMu.

Ha s3p1ke Java peann3oBaH anmmapaTHO-TIPOTPaMMHBIN KOMIDIEKC MOHHTOPWHTA W IIPOTHO3UPOBAHHUS IOCTEN-
CTBHUIH NPOpPBIBA TUIOTHUHBI, COCTOSAMINN M3 CIEAYIOMMX MOAYJIeH: 1) MOIynh MONydeHHs W Nepefadd TeKyIled WH-
¢opmarnmu 00 ypOoBHE BOABI, BIAXHOCTH U TEMIIEpaTypbl Ha TpeOHe IIOTHHBI; 2) MOAYNIb 00pabOTKH MTOCTOSTHHOW M
omepaTtuBHOW WH(popManuyu 00 yrpose MmpopbiBa IUIOTHHBI (cepBep); 3) MOAYIb HMPOTHO3HPOBAHUS MOCIEICTBHA
IPOPbIBA IUIOTHHEL.
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Ha ocHoBe pemnrenust MozenbHOW 3amaud nokaszaHa 3(dexkTuBHOCTH pa3paboTaHHOW mporpammsel. [IpakTu-
YEeCKOW OCHOBOH JUII MOJIENIBHOM 3a/ada MOCIY>KHJIM COObITHS, mpousomieamue B c.Kp3buiaram AMaTuHCKOM
obnactu Pecnyonuku KazaxcraH.

KiroueBble cnoBa: MaTeMaTHUeCKOe MOJEIHPOBAHUE, HABOJHEHME, IUIOTHHA, NPOPAH, BOJIHBI MPOPHIBA,
BOJIHBIE PECYPCHI, YPOBEHb BOJIbl, THIPOTEXHUYECKOE COOPYKEHUE, IPOrpaMMHO-AINAapaTHBII KOMIUIEKC.
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DEVELOPMENT OF THE TECHNOLOGICAL PROCESS
OF ROLLING BARS IN THE NEW DESIGN RADIAL SHEAR MILL
BY USING PHYSICAL MODELING

Abstract. A new design radial shear mill (RSM) which allows us obtaining high quality rods and wires by
combining rolling and pressing is presented in this article. Physical modeling of the technological process of rolling
rods and wires at RSM with various processing modes was performed by using STD 812 torsion plastometer.

The change in the structure of aluminum alloy A5083 during multi-stage compression at various temperatures
and strain rates is described with a single position. The impact of temperature-deformation processing conditions on
the microstructure and micro-hardness of aluminum alloy A5083 while rolling at RSM is analyzed. Kinetics of
growth and grain grinding are considered; the conditions for forming the fine-grained structure are mentioned. It is
established that in the deformation temperature range of 200 =+ 300 °C and strain rates of 1.0 and 30 s™, dynamic and
static recrystallization proceeds in the structure of the aluminum alloy A5083, depending on the temperature-
deformation processing conditions. In the article, it is proved that it is necessary to perform rolling of the workpieces
on a RSM at a rolling temperature of 280-320 °C in order to ensure a fine-grained structure in bars out of A5083
alloy.

Key words: tensile torsion, torsion, experiment, structure, grains, mill, rolls, hardening, softening, recrystallization.

Introduction. Nowadays, it is common that various industries produce a certain amount of press
products out of non-ferrous metals and alloys with small geometric dimensions (various profiles, rods,
pipes, wires, etc.). With the purpose of producing such types of products, most of the technically
developed countries produce and implement radial-shear rolling (RSP) [1,2], methods of continuous
pressing of a new generation of Conform, Extrolling, Linex, as well as the methods of continuous casting,
rolling and pressing of Castex and Caster [3-5] at a good scientific level. Furthermore, it should be noted
that the equipment used in these technological processes own high mobility, flexibility, and relatively high
productivity while manufacturing products of various nomenclatures despite the large number of changes
in the technological process.

According to the authors of the article [6-9], a well-studied continuous process is the method of
combined rolling and pressing (CRP). This opinion occurred due to the fact that the development of CRP
installations with an optimal design and testing of rational modes of manufacturing bars and profiles out of
non-ferrous metals and alloys were performed by studying this method in laboratory and industrial
conditions. It should be noted that it is advantageous to use a continuous combined process of casting,
rolling and pressing in the production [10-13] in order to decrease the number of metallurgical processes
and reduce energy costs. Later, these methods might become innovative processes in mini-factories for the
production of small batches of press products.

Thus, the analysis of technological processes of manufacturing press products indicated that they are
effective according to both technological and economic indicators. However, most of the above mentioned
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methods were not used and implemented properly in the industry, since the proposed technical solutions
did not provide the industry with a stable process and did not create the necessary pressure for extruding
the metal. At the same time, powerful shear deformations of the metal are not developed along the section
of the workpiece, and, consequently, does not create conditions for a good investigation of the metal
structure and for its property improvement.

It is known [14-17] that a set of experimental and industrial studies is required in order to develop a
technology with the optimal temperature-deformation processing intervals. In this case, a certain amount
of time is spent and certain materials are consumed. Therefore, for developing a technological process it is
necessary to study and investigate various processing modes by using physical modeling and find rational
modes that make it possible to manufacture products with a fine-grained structure as well as with high
mechanical properties. The implementation of physical modeling can minimize the resource and time
costs of the study in a significant way. Subsequently, physical modeling allows us to determine the
rational temperature-deformation modes of rolling and pressing by a resource-saving way.

The objective set in our work was to develop a rational technology for hot pressing of rods out of
aluminum alloy on a new design radial-shear mill (RSM) by using physical modeling.

Materials and methods of research. In this article, a new design of RSM was presented [18]. At this
mill, the combination of hot screw rolling and pressing produces metal rods of small diameters or wire
with a fine-grained structure.

Physical modeling was used for developing a rational technology for the hot deformation of rods and
wires on a new design radial-shear mill. Operations of torsion and tensile torsion were implemented for
physical modeling due to the fact that combined rolling and pressing processes in the proposed mill is
carried out by rotational-translational movement of the workpiece. The impact of the temperature-strain
parameters of the above mentioned combined process on the evolution of the grain structure of the
aluminum alloy A5083 was investigated by using these operations.

STD 812 torsion plastometer was implemented for the physical modeling of hot plastic deformation
of rods and wires on a new design radial-shear mill [19,20]. The samples were heated in an inductor.
Aluminum alloy A5083 was chosen as the workpiece material. With the purpose of producing samples
with a homogeneous and relatively coarse-grained structure, the initial bar stock with a diameter of 10 mm
was subjected to homogenization annealing at the temperature of 470 °C and kept in this position for
30 hours.

In the manufacture of bars and wires at radial-shear mill, the main changing technological parameter
is regarded to be the feed angle and the rolling angle. These indicators affect both speed and degree of
deformation, as well as the processing temperature. Therefore, samples with the size of @16 x 210 mm
manufactured out of annealed rods (length of the deformation zone is 60 mm) were deformed by torsion
and tensile torsion at various strain rates. Testing procedure of the samples was carried out in vacuum. The
samples were heated until the temperature reached 200, 300, and 400 °C at a rate of 5 °C/s and kept at this
temperature for 250 s, then they were tested at a strain rate of 1.0 and 30 s™. After deformation, the
samples were cooled at a rate of 20 °/s.

A universal microscope Neophot 32 (Karl Zeiss, Jena) (Germany) was used for conducting
metallographic analysis. The Neophot 32 microscope is designed for metallographic microscopy and for
making photographs.

The measurement of micro-hardness of the samples was performed according to the Vickers HV
method on an automated micro-hardness tester of the American company INSTRON at a working load of
2.942 H and holding time of 10 seconds at the particular load.

Results and discussions. In this article, the obtained image of the microstructure of aluminum alloy
A5083 in the cross section of the deformed rod was presented and demonstrated in Figures 1-4.

Based on the study of the microstructures of aluminum alloy A5083, it was established that:

- the initial structure has relatively unevenly distributed large grains with an average size of
~ 368 microns;

- samples deformed by the torsion with a strain rate of 1 s™ at temperatures of 200 °C had a relatively
coarse-grained structure in the central and surface zones of the sample (figure 1, a, b). The average grain
size varied from 163 microns to 315 microns;

- an increase in the strain rate to 30 s ' at a testing temperature of 200 °C led to an intensive decrease
in grain sizes in the surface zone of the workpiece, while it had a relatively coarse-grained structure in the
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central zone (figure 1, c,d). In these cases, the average grain size in the surface zone was 52 pum, and
253 um in the central layers;

- torsion of the samples with a strain rate of 1 s at a temperature of 300 °C also led to the formation
of a different-grain structure (figure 2, a,b). The average grain size in the surface zone was 28 um, and
57 um in the central layers;

- testing the samples at the temperature of 300 °C, but with a strain rate of 30 s™, also contributed to
the formation of a relatively different-grain structure (figure 2, ¢, d) with a change in the average grain
size from 34 um (surface zone) to 69 um (central zone);

- deformation of samples at the temperature of 400 °C and with a strain rate of 1 and 30 s™ led to the
formation of a relatively coarse-grained structure (figure 3, a, b) with a range of grain sizes ranging from
263-271 um (surface layer of the sample) and 293-302 um (central zone of the sample);

- deformation of samples by the tensile torsion at the temperature of 200 °C with a strain rate of
1 s™ led to the formation of a homogeneous and relatively coarse-grained structure with an average grain
size of 62 um (figure 4, a);

- an increase in the temperature to 200 °C and deformation at a speed of 30 s™ made it possible to
obtain a homogeneous and relatively fine-grained structure over the entire cross section of sample which
is under testing with a grain size of 73 um (figure 4, b);

- tensile torsion with a strain rate of 1 s allowed us to obtain more homogeneous and relatively
fine-grained structure in samples deformed at a temperature of 300 °C a with a grain size of 36 um
(figure 4, ¢);

- twisting tension at a temperature of 300 °C and deformation at the rate of 30 s™ resulted in a
homogeneous and relatively fine-grained structure over the entire cross section of the sample under
testing. In this case, the average grain size was 18 um (figure 4, d);

- tension with a torsion at the temperature of 400 °C and strain rates of 1 and 30 s™ led to the
formation of a relatively homogeneous and coarse-grained structure with a range of grain sizes from
182 - 211 um across the sample cross section (figure 4, d).

By comparing the obtained images of the structures, it can be seen that the strain by the torsion did
not allow us to obtain a homogeneous refinement of the structure in the cross section of the rod. In the
majority of cases, there are areas with a fine-grained structure in the surface layer of the sample, and larger
grains which are visible in the central zones. We believe that the reason behind fragmentation of surface
zones and preservation of coarse-grained structure in the center of the workpiece is the concentration of
deformation degree in the surface zone of the workpiece during the deformation of sample by torsion.

Figure 1 -
Microstructure
of the surface and central
zones of samples deformed
by the torsion at the
temperature of 200 °C.
a - surface zone, 1 s%;
b - central zone, 1 s%;
¢ - surface zone, 30 s%;
d - central zone, 30 s
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Figure 2 —
Microstructure
of the surface and central
zones of samples deformed
by the torsion at the
temperature of 300 °C.
a - surface zone, 1 s
b - central zone, 1 s%;
¢ - surface zone, 30 s%;
d - central zone, 30 s

a) b)
Figure 3 — Microstructure of the surface and central zones of samples deformed
by torsion with a strain rate of 1 s (a) and 30 s™* (b) at the temperature of 400 °C

Figure 4 —
Microstructure
of the samples deformed
by tensile torsion at various
temperatures and strain rates.
a-1s"200°C;
b-30s? 200°C; c- 15" 300°C;
d-30s% 300°C; e-1s" 400°C
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It should be noted that such a difference in the formation of structures is particularly evident when
samples are deformed by torsion with a strain rate of 1 s at a testing temperature of 200 °C. The results of
the experiment indicated that torsion of the samples under demonstrated temperature-strain conditions
leads to a small thermal effect of plastic deformation. The temperature of the working part of the sample
increases by 250 °C while compared to its initial temperature.

The results of metallographic studies indicated that hardening and softening processes take place
mainly by the return and polygonization mechanism during a rise in temperature in the structure of the
central zone of the sample. At the initial stage of deformation, a dynamic return occurs in the metal
structure of the workpiece, and polygonization occurs with a continuous increase in stresses. Furthermore,
unsteady polygonization takes place in the metal structure. Due to the unsteady process of polygonization
in the metal structure, unequal grains and subgrains are formed in the sample with relatively large sizes. It
should be noted that this temperature-velocity condition of deformation provides unsteady dynamic
recrystallization taking place on the surface of the sample and structure which is formed with an average
grain size.

The above mentioned research results indicate that structure is formed during the deformation of
samples by torsion with temperature-speed conditions both at the temperature of 200 °C with a strain rate
of 30 s?, and at the temperature of 300 °C with strain rates of 1 and 30 s™ according to the above-
described law. However, torsion of the sample at the temperature of 200 °C with a strain rate of 30 s™ led
to the greatest thermal effect of plastic deformation. The maximum temperature recorded in the working
area of the sample was 530 °C. Based on these data, it can be noted that the temperature of the working
area of the sample was increased by 330 °C. Such increase in temperature led to the occurrence of steady-
state polygonization and recrystallization in the structure of the central and surface zones of the sample,
respectively. We believe that the established polygonization and recrystallization took place in the
structure of the central and surface zones of the sample in the case of torsional stress at a temperature of
300 °C with strain rates of 1 and 30 s™ respectively. The occurrence of established polygonization and
recrystallization at these temperature-strain rate deformations led to the formation of fine-grained structure
in the surface zone of the workpiece and a medium-grained structure in the central zone of the workpiece.

It should be noted that the samples deformed by tensile torsion with a strain rate of 1 and 30 s™ re-
ceived a relatively large fragmentation of grains. Therefore, the microstructure of samples deformed by
this type of deformation at the temperature of 200 and 300 °C has more finer-grained structure in
comparison with samples deformed by torsion under the same temperature and speed conditions of testing.
The reason behind the greater fragmentation of grains when tensile torsion is applied to the sample is the
action on the rod of the torsion and additional tensile stress. The actions of such complex stress state lead
to a more uniform distribution of the degree of deformation. It is known that a uniform distribution of the
deformation degree leads to the formation of a homogeneous structure in the metal.

By analyzing the above mentioned data, it becomes clear that, regardless of the applied load, an
increase in the testing temperature up to 400 °C leads to the formation of a coarse-grained structure due to
the occurrence of secondary (collective) recrystallization.

Investigation of the micro-hardness of A5083 aluminum alloy deformed by the torsion and tensile
torsion indicated that the hardness of the material in the surface layer is higher than on the rod axis. At the
same time, the study of the laws of the distribution of micro-hardness in the cross section of samples
deformed by the torsion or tensile torsion at various temperatures and strain rates indicated that the smaller
the size of the fragmented grains of the structure, the greater the micro-hardness of the metal. Conversely,
the larger the grain size, the lower the micro-hardness of the sample.

It should be noted that deformation of samples by the torsion or tensile torsion at the temperature of
400 °C led to the decrease in micro-hardness over the entire cross section of the sample, which is
associated with the passage of secondary (collective) recrystallization in the metal structure.

Based on the obtained results, it can be concluded that the rolling should be carried out in the
temperature range of 280 - 320 °C with a strain rate of 1 — 30 s™ in order to obtain a fine-grained structure
in bars or wires out of aluminum alloy A5083, deformed on a RSM of a new design. Furthermore, in the
proposed mill, it is necessary to produce a load conducive to develop tensile or compressive torsion in the
deformation zone. The load which facilitates deformation of the workpiece with the tensile torsion can be
created by installing a coiler in front of the die. At the same time, the load allowing the workpiece being

—— 129 ——




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

deformed by compressive torsion can be produced by increasing the flow velocity of the rolled metal in
the rolls, i.e. by backing up the metal in front of the matrix.

Conclusion. The combination of rolling and pressing on a new design radial-shear mill allows us to
obtain uniform micro-hardness and fine-grained structure over the entire cross section of a cylindrical
workpiece in the case of production of load contributing to the development of tensile or compressive
torsion in the deformation zone.
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KYPBLIBIMBI )KAHA PAJUAJIBABI-BIFBICTBIPY OPHAFBIHJIA HIBIBBIK WJIEMJIEY IIH
TEXHOJIOTUSLIBIK YJAEPICIH ®U3UKAJIBIK MOJIEJBAEY APKbLIBI JKACAY

AnHoTanusi. Makaiaza KypbUIBIMBI XaHa paaualiabl-bIFbICTEIpY opHarbl (PbIO) yceiabuiran. IbIObIKTap MeH
ceIMTeMipiepai OacnakTay YIIH KOJJAHBUIATBIH PaIvajblbl-bIFBICTHIPY OpPHAFbl 0acThl JKETEKTEH, YKYMBICIIBI
KamnacTaH, MIIHOUIIK TopaObIHAH XKoHe Oacmnak-yakaiblObiHaH Typazapl. PblO-HBIH yuI minnHOLIIr 06ap *KyMBICIIBI
Karacel TYFBIPJBIH ilmiHe opHanacTeiprad. OChl TYFBIPABIH OMbiFbiHAa 120° GYpPBIIIIIEH »KYMBICIIBI MIIHOLTIKTEPiH
Topabbl JKMHAKTaJdFaH. JKYMBICIIBI MINIHOUIIKTEp >KacThIKKa j>KWHakrayiraH. [limiHOimikTepre aliHamy MOMEHTI
OUTIKTEp apKbUIbI 3JIEKTPKO3FBUITKbIIITApAaH Oepijeni. Ochl OpHAKTHIH MiLIHOUIIKTEp] JalbIHAaMaHbl KapIHUThIH
JKOHE JKAHIINTBIH TOJIKBIHIBI-KOHCYTHI OOJIIMIe >KoHE MeJIIEPICHTIH OesliMre uemaeHreH. TOJKBIHIBI-KOHCYTHI
0eJIIMHIH IIBIFBIHKBI )KOHE OMBIHKBI XKepJiepi OypaH/alibl ChI3BIKIIEH OPbIHAAIFaHbI XKalblH/a aliTa KeTKeH jkoH. Ochl
Ke3/Ie LIBIFBIHKBI JKOHE OWBIHKBI XKEpJep/IiH TeOMETPHSIIBIK OJIIeMi miemMiey OarbIThiHAa Kapai OipTiHaen a3asjbl.
Ocbl OpHaKTa uiemjiey MeH 0acnakray/pl OipiKTipy >KOJIBIMEH JKOFaphl camaibl HIBIOBIKTAp MEH ChIMAAp/bI alyFa
6onansl. STD 812 TopcHOHABI MIACTOMETPIH KoJiaHa OThIpkI, PhIO mbIOBIKTap MEH ChIMIApAbI TYPIIi PeKUMAEP-
MEH OHJICY/IH TEeXHOJIOTHSIIBIK ylepici (pU3UKaJIbIK MOAEIBICY apKbLibl jkacaiabl. Makangaaa HakThl MO3UIUSIMEH
TYpJIi TemImepaTtypaza KemnTereH nedopmanus >XpuigamibiFbiMeH AS5083 anoMHHUII KOPBITIIACHIHAH JKacalfaH
JlabIHAaMaHbl KOIICAThUIbI KAHIIbIFAHA KOPBITIA KYPbUIBIMBIHIAFBI TYHIPIIIKTED OJIIEMiHIH 03repy 3aHIbUIBIFbI
cunarranrad. PblO-ma A5083 amoMuHHMI KOPBITHACBIHAH JKAcaJFaH IMIBIOBIKTapAbI MIIEMIETEH Ke3€ OChI KOPBIT-
MaHbIH MHKPOKYPBUIBIMBIHA TeMIIepaTypa-aeGopMaIissHbIH OHICY PEXiMi KaHIal 3aHABUIBIKIICH oCep CTETIHIIr
tanganrad. KypeuibIM TYHIpIIIKTEPiHIH 6cyl MeH Maiiaiay KWHETHKAChI )KYMBICTA KapacThIPbUIFaH, yCaK TYHIpILiK-
Ti KypBUIBIMHBIH KaIBIITACy JKaFgaiisl kepceriaren. 200-300 °C medopmarius Temmeparypacsl MeH 1,0 xone 30 ¢
nedopManus KbUIIaAMIbIFbl Auana3onbiHga A5083 amoMHHAN KOPBITIIACHIHAH YKACAIFAH IIBIOBIKTHI HICM/ICTCHIE,
TemIepaTypa-aeGopMalrsUIbIK OHJIeY pexiMiHe OaillaHbICThI HIBIOBIK KYPBUIBIMBIH/IA THHAMHUKAIIBIK JKOHE CTAaTHKA-
JBIK KalTa KpUCTaJJaHAaThIHBI aHBIKTAIbL. JKymbicTa A5083 amoMHHUI KOPBITIACBIHAH JKacajiFaH IIBIOBIKTA YCaK
TYHIpIIiri KYpBUTBIMABI aTy YLIiH OHBIH naisiHgaMacsiH PblO-ma 280-320 °C TeMmepaTypa apaibIFbIHAA WIEMACY
KaxeTTiri monenaerai. Ocel )KyYMBICTa TYpii TeMmeparypa MeH AedopMaliis KeIIIaMABIFEl apalbIFbIHAA YATLIepai
Oypay Hemece co3bIl OypayMeH nedopManusIaHFaHa oJap IblH KOJACHeH KUMAChIHAa MUKPOKATTBUIBIKTBHIH Tapaly
3aHIBUIBIKTAPHI 3epTTeNAil. MeTaur KYpbUIBIMHBIH OOJIMIeKTeNreH TYHIpIIKTepiHiH Memepi HeFypisIM Kimri 6oca,
MeTaJUl MHUKPOKATTBUIBIFBI Ja COFYPJIBIM JKOFaphl OONMaTHIHABIFEI Makamama kepcerinmi. JKymeicra AS5083
KOPBITIIACHIHAH JKacaliFaH OyibIMIapa YCaKTYHipIIiKTI KYpbUIBIM/IBI Nyl KAMTaMachi3 ety yiuin onapast 280-320
° C remnieparypa apansirsiana PblO-na negopmarusiiay KaXeTTuTir TonenaeH 1.

Tyiiin ce3nep: co3bim Oypay, Oypay, Toxipnde, KypblIbIM, TYHIPIIiK, OpHAK, MIIiHOLTIK, OepikTikK, Oepikci3miK,
KaWTaKkpUCTANAaHy, HOJUTOHIAY.
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PA3PABOTKA TEXHOJIOI'HYECKOTI' O ITPOIECCA ITPOKATKH IIPYTKOB
HA PATMAJIBHO-CJABUTOBOM CTAHE HOBOM KOHCTPYKIIUU
C MOMOUBIO PU3NYECKOI'O MOJEJIUNPOBAHMUS

AnHoTanus. B maHHO# cTaTbe mpemrokeH paguanbHO-ciBUTOBHI ctaH (PCC) HOBO# KOHCTPYKIHH, ITO3BO-
JSFOIIMH COBMEIICHHEM IPOKATKH M MPECCOBAHMS MOIydYaTh NMPYTKH M MPOBOJIOKY BEICOKOTO KadectBa. PCC s
MIPECCOBAHUS MIPYTKOB M IIPOBOJIOKU COJEPKUT IJIABHBIM MPUBOJ, Pab0UyI0 KJIETh, BAIKOBBIH y3€l H Ipecc-MaTpHILy.
TpexBankoBast pabodast kietb PCC COCTONT M3 CTAaHHWHEL, B pacTOYKax KOTOpoil depe3 120° cMOHTHPOBAHBI y3IIBI
pabounx BamkoB. Paboume BaJky CMOHTHMpPOBAHBI Ha MOAyIIKax. KpyTammii MOMEHT K BajkaM IIepeaaeTcs depes
IIMTUHAETN OT JICKTPOJBHUraTesie. Baaky maHHOTO cTaHa MMEIOT BOJHHCTO-KOHYCOOOpa3HbIE YYacTKH 3axBaTa U
o0XaThsd W KanuOpYyIOMMK ydJacTOK. 3aMETHM, YTO BBICTYIIBl M BNAJAMHBI BOJHHCTO-KOHYCOOOPA3HBIX YYacTKOB
BBINIOJTHEHBI MO0 BUHTOBOH JIMHWUHK. IIpy 3TOM reomMeTpudecKre pa3Mephbl BHICTYNOB M BIIAJWH MOCTENCHHO YMEHbB-
IIafoTCsl B HampaBJeHUH HpokaTku. C mcmoip30BaHreM TopcHoHHOTO mmactomerpa STD 812 mpowusBeneno ¢usu-
YEeCKOE MOEINPOBAHNE TEXHOIOTHUECKOTO MIPOIIecca NPOKATKHU NMPYTKOB U MpoBosioku Ha PCC HOBOH KOHCTPYKIIMH
C Pa3IMYHBIMU peXUMaMH 00padoTkH. C eIUHON MO3UINH ONMCAHO U3MEHEHHE CTPYKTYPHI aIFOMHHHEBOTO CILTaBa
A5083 npy MHOTOCTYIICHYaTOM OOKaTWH MPU Pa3IMYHBIX TEMIEpaTypax M cKopocTax aedopmupoBanus. [Ipoana-
JM3UPOBAHO BIMSHUE TEMIIEPaTYpHO-Ae(HOPMAIIOHHBIX PEKHUMOB 00paOOTKH Ha MUKPOCTPYKTYPY aTIOMHHHEBOTO
cruiaBa A5083 npu npokatke Ha PCC. PaccMoTpeHa KMHETHKA pOCTa M U3MENBUYEHUS 3€pEH, OTMEUEHBI YCIOBHS
00pa3oBaHusl MEKO3EPHUCTOM CTPYKTYPHI. Y CTAHOBIEHO, YTO B AuanasoHe Temmneparyp aedopmanui 200 + 300 °C u
ckopoctsax aedopmarmm 1,0 u 30 cts CTPYKType amoMmuHueBoro cruiaBa AS5083 mpoTekaeT auHamMuuecKas U
CTaTH4YecKasl PEKPHCTAIUTU3ALHUS B 3aBUCMOCTH OT TEMIIEpaTypHO-1e(pOPMAIIMOHHBIX PEXUMOB 00paboTku. B pabo-
T€ JOKa3aHO, YTO IUIS 0OECIeYeHUs MEIKO3EPHUCTOH CTPYKTYpPHI IPOKATKy 3aroToBkH u3 cruraBa A5083 Ha PCC
HEoOX0MMO MPOU3BOAUTH NpH TemrepaType npokatku 280-320°C. B pabore n3y4yeHsl 3aKOHOMEPHOCTH paclpe/ie-
JIEHUS] MHUKPOTBEP/IOCTH B IONIEPEYHOM CEUCHHH O0pasloB, Ae(OPMUPOBAHHBIX KPYYEHHEM WM PACTITHBAIOIIAM
Kpy4eHHEM IIpU pa3lIMuHBIX TEMIIepaTypax M CKopocTsax aedopmaruu. IlokazaHo, 4TO YeM MEHBIIE pa3Mep
(parMEeHTUPOBAaHHBIX 3€pPEeH CTPYKTYPHI, TEM OOJbIIe MHKPOTBEPLOCTh MeTayia. B pabore nokasaHo, 4to ais
obecrieueHns MEIIKO3EPHUCTOM CTPYKTYpPHI B IIpyTKax n3 cruiaBa A5083 HeoOX0oIMMO NMPOKATKy 3arOTOBOK IPOHU3-
Boauth Ha PCC mpu Temmeparype npokatku 280-320 °C.

KaioueBble ci1oBa: pacTsruaromiee KpydeHHe, KpydeHne, SKCIepUMEHT, CTPYKTypa, 3€pHa, CTaH, BAJKH YyII-
pOYHEHHE, Pa3ylIpOYHEHHE, PEKPHCTAIUIN3AIIHS.

Information about authors:

Mashekov Serik, Doctor of Technical Sciences, Satbayev University, Department of Transport Technology,
Almaty, Kazakhstan; mashekov.1957@mail.ru; https://orcid.org/0000- 0002-9577-2219

Tussupkaliyeva Elmira, Doctor PhD, Satbayev University, Department of Transport Technology, Almaty,
Kazakhstan; elatus78@mail.ru; https://orcid.org/0000-0001-5287-113X

Alshynova Aiman, Doctor PhD, Almaty Technological University, Department of Mechanization and
Automatization of Industrial Processes, Almaty, Kazakhstan; aiman16@mail.ru; https://orcid.org/0000-0002-0161-
0244

Absadykov Bakhyt, Doctor of Technical Sciences, Professor, the Corresponding member of National Academy
of Sciences of the Republic of Kazakhstan; A. B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan;
b_absadykov@mail.ru; https://orcid.org/0000-0001-7829-0958

Kozhevnikova Grazhina, Doctor of Technical Sciences, Professor, Physical Technical Institute of the National
Academy of Sciences of Belarus, Minsk, Belarus; fti@tut.by; https://orcid.org/0000-0002-0573-8878

Mashekova Aiym, Department of Transport Technology, Satbayev University, Almaty, Kazakhstan;
ms.mashekova@mail.ru; https://orcid.org/0000-0001-9260-2129

— 131 ——


mailto:mashekov.1957@mail.ru
mailto:elatus78@mail.ru
mailto:aiman16@mail.ru
mailto:b_absadykov@mail.ru
mailto:fti@tut.by
https://orcid.org/0000-0002-0573-8878
mailto:ms.mashekova@mail.ru
https://orcid.org/0000-0001-9260-2129

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

REFERENCES

[1] Barykin N. P. The influence of technological parameters of radial shear rolling on the steel structure 45 / N. P. Barykin,
N. V. Lopatin // Forging and stamping production. Metal forming. — 2007. — Ne 4. — p. 17-20.

[2] Galkin S. P., Romantsev B. A., Kharitonov Ye. A. Realization of innovative potential of the universal method of RSM //
Ferrous metals, 2015, Ne 1. — p. 31-38.

[3] Sidelnikov S.B. Combined methods of processing non-ferrous metals and alloys: a monograph / S.B. Sidelnikov,
N.N. Dovzhenko, N.N. Zagirov. - M.: MAX Press, 2005.- 344 p.

[4] Sergeev V.M. Continuous casting and pressing of non-ferrous metals / V.M. Sergeev, Yu.V. Gorokhov, V.V. Sobolev,
N.A. Nesterov. - M .: Metallurgya, 1990. - 85 p.

[5] Sidelnikov S.B. Design and development of a pilot plant for combined rolling and pressing / S.B. Sidelnikov,
A.l. Grishechkin, N.N. Dovzhenko // Light alloy technology. - 2002. - Ne 5-6. - p. 41 - 44.

[6] Bespalov V. M. A study of combined processes of processing alloys of the Al-Zr system for obtaining long-length
deformed semi-finished products for electrical purposes: Diss. Cand. tech. sciences. - Krasnoyarsk.: Siberian Federal University,
2014, - 180 p.

[7] Fastykovsky A.R. Development of the scientific foundations and combined methods of metal forming by pressure,
providing savings in material and energy resources: syn. dis. ... Dr. tech. sciences. Novokuznetsk, 2011. 38 p.

[8] Matveeva I. Development and research of new aluminium alloys with transition and rare-earth metals and equipment for
production of wire for electrotechnical applications by methods of combined processing / I. Matveeva, N. Dovzhenko,
S. Sidelnikov, L. Trifonenkov, V. Baranov, E. Lopatina // TMS Light Metals 2013. At the TMS 2013 Annual Meeting and
Exhibition, 2013. P. 443-447.

[9] Fastikovsky A.R. Combined processes using reserve friction forces in the deformation zone during rolling.
Novo-Kuznetsk: NPK, 2007. 246 p.

[10] Comparative properties of the wire in the combined process of filterless drawing and surface cleaning /
K.G. Pashchenko, Yu.F. Bakhmatov, A.A. Kalchenko et al. // Modern high technology.2015. N 2. P. 107-111.

[11] Kharitonov V.A. Directions of development of technological processes of wire production / V.A. Kharitonov //
Hardware production in the 21st century (Theory and practice): inter.university. Sat scientific tr.. ed. Kharitonova V.A.
Magnitogorsk: GOU VPO “MSTU”, 2001. P. 4-15.

[12] Sivak B.A. Development of domestic metallurgical equipment based on modular technologies / B.A. Sivak // Steel.
2000. N 8. P. 54-57.

[13] Minaev A.A. Combined metallurgical processes / A. A. Minaev. - Donetsk: Technopark DonSTU UNITECH, 2008.
552 p.

[14] Filippini S.A., Ammerling W.J. Further developments in wire rod and bar production using the 3-roll technology, Proc.
AlSTech 2008, Vol. 2, 5-8. Mai 2008, Pittshurgh, USA.

[15] Hillen P., van Ammerling J. Targets, implementation and operating results of the modernization project of a bar mill
for engineering steel, Proc. 3. Europ. Rolling Conf., METEC Congress 2003, 16-20. Juni 2003, Diisseldorf. P. 171/76.

[16] Austen T., Ogle D., Hogg J. EBROS — endless bar rolling system, Proc. AISE Annual Convention and Steel Expo
2002, 30. Sept. 2. Okt. 2002, Nashville, USA. P. 1/24.

[17] Ruker V.N. The large-scale effect while drawing / V.N. Ruker, S.A. Baryshev, E.F. Gallyamov // Modeling and
development of technological processes of metal forming: Sat. scientific tr. Magnitogorsk. 1999. 206 p.

[18] Investigation of power and force parameters of pressing of precisions at the continuous pressing mill of new
construction / S.A. Mashekov, E.Z. Nugman, A.S. Mashekova, B.A. Bekbosynova, E.A. Tussupkaliyeva, B.N. Absadykov // News
of the National Academy of Sciences of the Republic of Kazakhstan Series of Geology and Technical Sciences. Almaty, 2020.
P. 73-79.

[19] Grosman F., Hadasik E. Technological plasticity of metals. Plastometric tests, Silesian University of Technology
Publishing House, ISBN 83-7335-204-X, Gliwice 2005. P. 11-12.

[20] Dyja H., Koczurkiewicz B., Laber K. Physical simulation of the microstructure evolution of the specimens made from
30MnB4 steel // Metal Forming, Collection of Science Papers, N 2 (41) 2015. The Ministry of Education and Science of Ukraine,
Donbas State Engineering Academy, ISSN 2076-2151, Kramatorsk, 2015. P. 65-70.

—— 132 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

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

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 443 (2020), 133 —140 https://doi.org/10.32014/2020.2518-170X.113

UDC 551.3.053

A. E. Melnikov?, Zhang Ze**, N. N. Grib®, K. Shabo®

*Melnikov Permafrost Institute of the Siberian Branch of the Russian Academy of Science, Yakutsk, Russia;
*State Key Laboratory of Frozen soil Engineering, Northwest Institute
of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou, China;
*Technical Institute (Branch) of Ammosov North-Eastern Federal University, Neryungri, Russia;
*School of Civil engineering and Institute of Cold Regions Engineering,
Science and Technology, Northeast Forestry University, Harbin, China.
E-mail: MelnikowDon@mail.ru, zhangze@mail.ru, grib@nfygu.ru, kamilshabo@rambler.ru.

CHANGES IN THE COMPOSITION AND PROPERTIES
OF THE HOST ROCKS OF COAL DEPOSITS IN YAKUTIA
UNDER THE INFLUENCE OF CRYOGENESIS

Abstract. The results of laboratory tests carried out on rock samples of the Kharbalakhskoye coalfield located
in Central Yakutia revealed significant secondary changes having taken place in the host rocks containing the coal.
Evidently, under transformation processes, it is not only the composition of the rocks that had changed, but also the
nature of structural bonds that have a great influence on their physical and mechanical properties. Thus, the ultimate
strength values of coal-containing sandstone and siltstone samples under uniaxial compression vary from 20 to
30 MPa, while under uniaxial tension, the ultimate strength values range from 6 to 10 MPa. These relatively low
numerical values pertaining to the physicomechanical properties of rocks, which are generally atypical for long-
flame coal deposits, are almost 50% lower than those of analogous rocks hosting other coal deposits in Russia. It is
considered that the mechanical strength properties of the rocks of the Kharbalakhskoye field are due to significant
cryogenic processes. A comparative analysis of the properties of core samples obtained from boreholes drilled in
2019 with samples from a quarry obtained several decades ago reveals signs of transformation of rocks in the
Kharbalakhskoye field due to phase transitions of freezing and thawing water.

Key words: coal, Yakutia, cryogenesis, physical and mechanical properties, Harbalakhskoye deposit, host
rocks, material composition.

Introduction. In the mining industry, ensuring the stability of pit walls is a very important issue. In
turn, the stability of inclined technogenic landforms largely depends on the cryogenic predisposition of
constituent rock strata [1] (in this work, cryogenesis is understood as a set of processes associated with
phase transitions of water resulting from freezing and thawing [2]). Insufficient attention paid to factors
determining the nature and intensity of cryogenesis in the design of mining facilities leads to the develop-
ment of undesirable processes that complicate mining operations and reduce their safety level [3-8].

In order to obtain quantitative characteristics of the influence of cryogenesis on the technological
elements of the open pit mine, taking the timing of its impact into account, studies were carried out on the
physicomechanical properties (PMS) of carbon-bearing rocks of the Lensky coal basin. The object of the
study was the pit wall of the Kharbalakhsky open pit mine, which has played a significant role in the
mining activities of Central Yakutia in its more than 55 years of operation since the discover of the deposit
in 1962.

The Kharbalakhskoye coal deposit is located in the central part of the Lower Aldan coal-bearing
region of the Lena basin in the Sakha Republic (Yakutia) (figures 1, 2, 3). In orographic terms, the deposit
area is confined to the flat plain of the Lena-Amginsky interfluve and characterised by a weak dissection
of the relief.
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Figure 2 — Area of distribution of coal deposits of the Lensky basin showing coals of various technological groups.

Legend. Brown coal: 1 — grade By; 2 — grade B,; 3 — grade Bs. Coal: 4 — grade D — G; 5 — grade G-0S;
6 - grade T. 7 — coal mining enterprises; 8 — Harbalakh open-pit mine.
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Figure 3 — Geological scheme of the site. Legend: 1 — alluvial floodplain and riverbed — sand, pebble; 2 - Sartang horizon —
alluvium of the I-floodplain terrace — pebbles, sands, sandy loam, loam; 3 — Upper Jurassic deposits — sandstones, siltstones;
4 — contour; 5 — line of geological section; 6 — line of geological section of the works of 2019; 7 — wells drilled in 2019;

8 — boundaries of the investigated quarry; 9 — loam; 10 — sandy loam; 11 — clay; 12 — sand; 13 — sand-gravel mixture;

14 — ice; 15 — medium-grained sandstone; 16 — fine-grained sandstone; 17 — fine-grained sandstone;

18 — coarse siltstone; 19 — siltstone; 20 — intercalation of lithological differences; 21 — coal.
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Absolute elevations range from 110 to 147 m. The climate of the deposit area is characterised as
extremely continental. The average annual air temperature is minus 10 °C. The absolute minimum air
temperature is minus 66 °C, while the absolute maximum is plus 38 °C.

The average number of days with frost is 240, while the frost-free period falls within the range of
120-125 days. The last frosts are observed at the end of May, with negative temperatures starting to appear
at the end of August.
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The geological structure of the region is characterised by terrigenous Jurassic deposits, which are
represented by the alternation of sandstones, siltstones (aleurolites) and mudstones (argillites) (see figure 3).
The total thickness of the deposits is 225-270 m. The deposits are overlain by loose Quaternary
formations. One coal seam, extending to 10.4 m, was identified in the sediments of the Upper Jurassic
upper sub-formation within the Kharbalakhskoye deposit. This coal seam is divided into two bands, with
the thickness of the upper band varying between 1.45 m and 5.40 m, while the lower band has a thickness
of between 1.66 m and 5.56 m. The rocky intercalation separating the seam into bands is typically
composed of sandstone or, less frequently, coarse siltstone. The depth of the intercalation varies from
0.15-0.20 to 3.5-5.21 m. The top of the seam is overlain by medium- and fine-grained sandstones. This
soil is composed of fine-grained sandstones and coarse siltstone. Fault tectonics in the area of work are
represented by infrequent nonsinusoidal in-situ shear zones. In general, the deposit is characterised by a
fairly uncomplicated geological structure [9].

Research methods. In 2019, in order to clarify the PMS and the material composition of the host
rocks, as well as to study the main mining-geological and engineering-geological conditions, boreholes up
to 62.0 m deep were drilled at the Kharbalakhskoye coal deposit (see Figure 3). In the process of carrying
out work on the boreholes, carbon-bearing rocks represented by Jurassic deposits comprising
heterogeneous sandstones and siltstones were tested.

Laboratory tests were performed on a recently-obtained rock core in order to determine the following
characteristics: density; porosity; humidity; tensile strength under uniaxial compression and uniaxial
tension; acoustic properties (propagation velocity of longitudinal and transverse waves in a rock sample);
Poisson's ratio; and Young's modulus of elasticity. The determination of these rock indicators was carried
out in accordance with the requirements established by state standards of the Russian Federation (GOSTSs:
12071-2014; 21153.7-75; 21153.2-84; 21153.3-85; 24941-81; 5180-2015; 1248-2010, etc.).

When examining the specificity of material transformations of rocks during cryogenesis, chemical-
analytical studies are typically carried out [10-13]. However, the analysis of changes in the chemical
composition of rocks does not fully characterise the conversion of their mineral composition and fails to
completely take into account the effect of structural transforming processes, which are of great importance
for sedimentary rocks [14]. A satisfactory understanding of the relationship between changes in the
composition and PMS of rocks informs their mineralogical and petrographic study. According to the
authors, this approach gives the most accurate results by identifying the most complete range of possible
reasons for their change as well as providing a forecast of further possible changes in the rocks. Thus, in
addition to defining the PMS, laboratory work included mineralogical and petrographic studies.

The effect of cryogenesis on rocks was estimated from sandstone samples taken from borehole
No. 310, which was drilled in 2019, as well as from the pit wall (opening date 1962), located 750 m from
the borehole. Samples from the borehole were correlated with the corresponding section of the pit wall.

Results. The main results for determining the PMS of rocks from the borehole core and the pit wall
of the Kharbalakhskoye field are shown in table.

The density of rocks from borehole cores at natural humidity is in the range from 1.99 to 2.37 g/cm?;
the tensile strength of siltstone under uniaxial compression is about 20 MPa, while for sandstone it varies
from 21.2 MPa to 31.4 MPa. The uniaxial tensile strength of the host rocks of the considered field
typically does not exceed 10 MPa. At the same time, sandstone samples taken from the quarry showed a
20-27% decrease in uniaxial compression strength, a 16% decrease in density and an increase in porosity
coefficient of 25-32% as compared to fresh samples from borehole 310.

The results of mineralogical and petrographic studies of sandstones from the bore hole and pit wall
allowed the following main transformational mechanisms to be identified (figure 4):

1) hydromicasation, which is caused by the decomposition of feldspars, fragments of aluminosilicate
rocks and clay cement, and is accompanied by a general softening of the rock mass;

2) carbonation, accompanied by the formation of ankerite with grain sizes <0.01 mm and calcite;

3) ironisation due to surface oxidation of carbonates containing iron (ankerite and siderite) and
layered silicates (chlorite and biotites).
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PMS of rock samples taken from a borehole core of (2019) and the pit wall (opened 1962) of the Kharbalakhskoye field

No. i Borehol Sampling
0.in orehole i
order | number | ROckstratum interval, m p) Ke | Vp Vs i E compress | T
from to
1 2 3 4 5 6 7 8 9 10 11 12 13
1| 310A oandstone, | 400 | 450 | 215 | 3.0 | 366 | 203 | 027 | 22683 | 272 | 95
ine-grained
2 310A Siltstone 55.2 56.8 | 2.17 | 1.39 | 342 | 195 | 0.26 | 2084.6 21.6 6.5
Sandstone,
3 310A fine-grained 56.8 60.2 199 | 3116 | 3.76 | 212 | 0.27 | 2283.1 26.1 8.4
Sandstone,
4 310 very fine- 22.0 235 207 | 228 | 3.47 | 1.96 | 0.27 | 2032.6 29.5 8.6
grained
Sandstone,
5 310 medium- 34.8 365 | 212 | 275 | 3.68 | 2.04 | 0.28 | 2291.6 24.9 8.9
grained
Sandstone,
6 309 fine-grained 145 303 | 2.37 | 350 | 3.78 | 2.09 | 0.28 | 2654.6 314 14.3
7| 300 sandstone, | 440 | 165 | 210 | 7.26 | 300 | 1.75 | 0.26 | 16713 | 212 | 9.8
fine-grained
open pit Sandstone,
8 pen p very fine- 220 | 235 | 187 | 51 | - - - - 203 | 6.1
mine )
grained
open pit Sandstone,
9 penp medium- 34.8 365 | 1.82 | 6.3 - - - - 18.2 55
mine X
grained
Table legend: p — rock density at natural humidity, g / cm?, Kp — porosity,%; Vp — propagation velocity of elastic
longitudinal waves in a rock sample, km / s; Vs — propagation velocity of elastic transverse waves in a rock sample, km/s;
u — Poisson's ratio; E — Young's modulus, MPa; cgompress — Ultimate strength under uniaxial compression, MPa; o, — ultimate
strength under uniaxial tension, MPa; f/g — fine-grained; vf/g — very fine-grained; m/g — medium-grained.
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Figure 4 — Scheme of mineralogical-petrographic transformations of sandstones of the Kharbalakhsky coal deposit.
1 — composition of sandstones from borehole 310; 2 — composition of sandstones from the quarry
after 57 years of exposure to cryogenesis

In the mineralogical and petrographic study of sandstone samples taken from the pit wall,
deformations of individual fragments of quartz grains and feldspars (crushing, fracturing), as well as
plastic damage to materials were identified taking the form of clastic defectiveness and recrystallisation of
carbonate grains. All of these deformational distortions are evidently the result not only of lithostatic
pressure, temperature and hydration mechanisms of weathering, but are also due to cryohydration during
the phase transition of water into ice at the stage of seasonal freezing of rocks.
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The influence of cryogenesis on sandstones in the natural mass revealed by the borehole is broadly
similar to the effects observed in the same rocks that make up the pit walls.

Common signs are the staged nature of weathering and uneven nature of its manifestation, as well as
the mineralogical identity of the neoplasms, including the formation of hydromica with an admixture of
ancherite, kaolinite, calcite and iron hydroxides. The main difference between the transformations of
sandstones from the quarry consists in their greater intensity, especially in terms of carbonation, as well as
the completeness of the manifested processes of the selected mechanisms.

We note that similar mechanisms for the transformation of host rocks subjected to cryogenesis have
been established for other coal deposits in Yakutia. In particular, studies of the mineralogical and
petrographic composition of the Jurassic sandstones of the Neryungri coal deposit in South Yakutia led to
the conclusion that the transformation of the mineral part of sandstones during cryogenesis is expressed in
a change in the PMS of the rocks composing the massif, whose nature depends on the leading role of one
of the above mechanisms [14].

Conclusions. The high intensity of changes in the initial properties of sandstones in the studied
region over a relatively short period of time appears to be due to processes of cryogenesis. Moreover, the
degree of change in the properties of coal-bearing rocks is determined by the duration of cryogenic
impact. Thus, no forecast of the stability of manmade gradients, cut slopes and pit walls can be sufficiently
substantiated without a detailed study of cryogenesis processes. To date, there is still a significant lag in
the study of the theory of weathering processes on which basis methods for their assessment can be
developed. Although the processes of cryogenesis in temperate climates have been studied for several
decades, methods and approaches for areas of permafrost distribution are under development. Hardly any
work has been carried out to describe the mechanisms (mineralogical, structural, including the nature of
water migration and ice formation) and material transformations that occur during phase transitions of
water, i.e. freezing and thawing.

According to the authors, the establishment of features of regional cryogenesis is universal in nature
and can be applicable to solving a wide range of tasks in assessing and predicting the degree of cryogenic
transformation of rocks having various structural components.

The reported study was funded by RFBR and NSFC according to the research project
No. 20-55-53006 and No. 4191101321.
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U3MEHEHHUE COCTABA Y CBOMCTB BMEIIAIOIIUX MOPO/I
YT OJIbHBIX MECTOPOXKJIEHUM SIKYTHUM 1101 BO3JIEUCTBUEM KPUOTEHE3A

AnHoranus. Ilo pesympTataM mabOpaTOPHBIX HCHBITAHWH IPOO TOPHBIX IOPOJ MECTOPOXKACHUS YT
«Xapbayaxckoey, pacnojoxeHHoro B LlenTpanbHol SIKYTHH, yCTaHOBJIECHO, YTO BTOPHYHBIE W3MEHEHHUS B TOPHBIX
MOpo/axX, BMEIIAIONINX YTJIM, SBISIOTCA BEChbMa CYIIECTBEHHBIMH. B mpomecce mpeoOpa3oBaHUsI M3MEHHICS HE
TOJIBKO COCTaB MOPOJ, HO M XapakTep CTPYKTYPHBIX CBSI3€H, OKa3aBILMX OOJIBIIOE BIMSHHUE HA UX (U3MKO-MEXaHU-
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Yyeckue cBoiicTBa. Tak, 3HaYEHUs Npejesia IPOYHOCTH IPH OJHOOCHOM C)KaTHU 00pa3loB MECYaHUKa U aJIeBPOJINTa,
BMEIIAIOUINX yriH, u3Menstoress ot 20 no 30 Mlla, npu ogHOoOCHOM pactsbkeHuu — oT 6 g0 10 Mlla. [lanuble
YHCIIOBBIC 3HAYCHUS (PU3MKO-MEXaHMYECKUX CBOMCTB MOPOJ OTHOCHTENHFHO HU3KHU W, B LIEJIOM, HE TUITMYHBI JJIS
MECTOPOXKJICHUHN JUIMHHOIUIAMEHHbIX yried. [IpouHocTHbIe cBOIiCTBAa BMEIIAIOUINX MOPOJ MOYTH HANIOJIOBUHY HUXKE
[0 CPAaBHEHUIO C aHAJOTMYHBIMH MOPOJAMH JPYTHX MECTOpoXkAeHuH yris B Poccun. BepodTHo, Ha MpOYHOCTHBIE
cBoiicTBa mOpox XapOasaxCKOro MECTOPOXKACHHS CYIIECTBEHHOE BIMSHHE OKa3aJd IIPOIECCHl KPHOTCHE3a.
[IpoBeneHHBI CpaBHUTEIBHEIHN aHAIN3 CBOMCTB KEpHA U3 CKBAXXHH, MPoOypeHHBIX B 2019 1., ¢ mpobaMu 13 Kapbepa,
BCKPBITOTO HECKOJIBKO ACCATWICTHH Ha3al, OOHApY)KMBAeT MpPU3HAKK NpeoOpa3oBaHUs HOpox XapOamaxcKoro
MECTOPOXKICHUS, 00YCIOBICHHOTO (pa30BBIMH IIEPEXOIaMH BOJBI, IPOMEP3AHUEM U OTTANBAHHEM.

ITerporpado-muHepanornueckne MCCIEJOBAaHNUS IO3BOJIMIN BBIJCIHTH CIEAYIONINE OCHOBHBIE MEXaHU3MBI
W3MEHEHHs TIopoJI: 1) ruapoCIIoTH3aNus, KOTopasi 00yCIIOBJICHA Pa3JIoKEHHEM IOJIEBBIX ILIIATOB, 0OJIOMKOB aJIFOMO -
CHJIMKAaTHBIX TOPOJ M TJIMHUCTOTO LIEMEHTA, JaHHBII MEXaHU3M CONPOBOXKAACTCS OOLIMM Pa3yNpOYHEHUEM CKallb-
HOTO MaccuBa; 2) KapOOHaTH3alMs, CONPOBOXIAMOMIAsCcs 0Opa3oBaHMEM aHKEPUTa M KalbIHTa; 3) O)KeJe3HEHHe,
00yCIIOBIICHHOE TIOBEPXHOCTHBIM OKHCIICHHEM KapOOHATOB COAEPXKAIIMX XKeJle30 (aHKepUTa M CHUIEPUTA) U CIIOWC-
TBIX CHJIMKATOB (XJIOpUTa U OMOTHTOB). AHAJOIMYHbIE MEXaHU3MBI IPE0OPa30BaHMs BMEIAIOIIUX OPOJI, TIOABEPT-
IIUXCSI KPHOT€HE3Y, YCTAaHOBIICHBI U JJIS IPYTUX YTOJIBHBIX MECTOPOXKIeHUH SIKyTHH, B yacTHOCTH, FOXHOMI SKyTHH.

[Tpn muHEpanoro-nerporpaMuecKoM HCCIEAOBAaHUN 00pa3IoB TOPHBIX MTOPOA, OTOOPAaHHBEIX C O0pTa Kapbepa,
UACHTHHUINPOBAIHCH Ae(hOPMAIH OTIAEIBHBIX O0JOMKOB 3€pEH KBapla U IOJICBBIX LINATOB (IpoOIeHNe, TPEIHH-
HOBAaTOCTh), & TAKXKE INPU3HAKH OOJIOMOYHOH NE(PEKTHOCTH M MEPEKPHCTAJUIM3AINU 3epeH KapOoHaToB. Bce atm
neopManMoOHHbBIE «HCKAXKEHHA», MO-BHINMOMY, SBISIOTCS PE3YJIBTATOM JIMTOCTATHYECKOTO IABJICHUS, TeMIlepa-
TYpPHOTO M THAPATHOTO MEXAaHH3MOB BBIBETPHBAHUS, a Takke 00yCIIOBICHBI KPHOTHIPATHON IPHPOIOIl B mporecce
(ha30BOTO TIEpEX0/1a BOABI B JIE/ HA CTAJANN CE30HHOTO ITPOMEP3aHUs TOPOS.

Bo BiaMAHUM KpHOTeHe3a Ha MECYaHHKH B €CTECTBEHHOM MAacCCHBE, BCKPBITOTO CKBaXKMHOM, M TaKUX XKe
MOpO/Iax, CIararoliX CTEHKH KapbepHOTO yCTyIa, OOHAPYKUIIOCh MHOTO CX0IHOT0. OOLIMMY NPU3HAKAMH SIBJISIOT-
csl CTaJUMHBIA XapakTep BBIBETPUBAHUS, HEPABHOMEPHBIN XapaKTep €ro MpOsBICHHS, MUHEPAJOTHUECKash MHIUBH-
JyalnbHOCTh HOBOOOpa3zoBanuil. OTinune mpeoOpa3oBaHMN NECUaHMKOB W3 Kapbepa BbIpaXkaeTcs B Oojplield HX
WHTEHCHUBHOCTH, 0COOEHHO KapOOHATH3alMH, U TTOJTHOTE IPOSBICHHUH BbIACICHHBIX MEXaHU3MOB.

Takum 00pa3oMm, BbICOKass HHTEHCUBHOCTh W3MEHEHHS IIEPBOHAYAIBHBIX CBOMCTB IECYAaHUKOB B UCCIIETyEMOM
perroHe 3a OTHOCHUTENIbHO KOPOTKHH IEepHOoJl BPEMEHH OOYyCJOBJIEHAa MpoleccaMH KpHoreHesa. [Ipudem creneHb
N3MEHEHHsI CBOMCTB YIJIEBMEIIAIOIINX IOPOJ ONpENeNsieTCsl CPOKOM €ro BO3JICHCTBHs. B cBA3M C 4eM, NMpOTHO3
YCTOWYHMBOCTH MCKYCCTBEHHBIX CKIIOHOB, OTKOCOB BBIEMOK M OOPTOB KaphepoB HE MOXKET OBITH JOCTATOYHO 0OOCHO-
BaH 0e3 JeTaJbHOTO M3Y4EHHs NPOILEeccOB KpHoreHe3a. Ha ceronHsIIHUI AeHb BCE eIlle MMEETCsl CYIIECTBEHHOE
OTCTaBaHWE B M3yYECHUH TECOPHHU IPOIECCOB BHIBETPUBAHMSA M B pa3pabdOTKe METOAMK MX OLEHKH. Ecim mpouecch
KpHOTEHEe3a B YCJIOBHSIX YMEPEHHOTO KJIMMaTa M3Yy4aroTCs HECKOJBKO AECATHICTHH, TO U1 palioHOB pacrpocTpa-
HEHHs MHOTOJIETHEH Mep3JIOThl METOIBI M MOJIXOMAbl HaXOIATCS B CTaguM pa3paboTku. [IpakTHueckn HUKOTHA HE
MPOBOJATCS pabOThI MO ONMHMCAHUIO MEXaHM3MOB (MHUHEPATOTHYECKHX, CTPYKTYPHBIX, B TOM YHCIIE XapakTep
MUTpanyy BOJBI M JIbI000pa30BaHUA) U BEIIECTBEHHBIX NMPeoOpa30oBaHUil, BO3HUKAOMNX NMpH (a30BhIX Iepexorax
BOJBI, NPOMEP3aHWH U OTTamBaHWeM. Ilo MHEHHMIO aBTOPOB, YCTAHOBJIEHHE OCOOEHHOCTEH pPErHOHANBHOTO
KpHOTEHe3a NMeeT YHHBEPCAJIBbHBIN XapakTep U MOXKET OBITh MPUMEHHMO JJIS PEIIeHUs IIMPOKOTO CIEKTpa 3aaad
I OIIEHKE U MPOTHO3€ CTENEHN KPHOTEHHOH TpaHc(hopMaIuy OPOoJI C Pa3IMIHBIMU CTPYKTYPHBIMH CBSI3SIMU.

Hccneoosanue svinonneno npu gurancogoii noodepicke POOU u T'OEH Kumas 6 pamkax HAyuHblX NPOeKmos
Ne 20-55-53006 u Ne 4191101321.

KaloueBble caoBa: yromb, SIKyTus, KpHoreHe3, (QH3MKO-MEXaHMYECKHE CBOICTBA, MECTOPOXKACHHE
Xap0anaxckoe, BMELIAIOIINE TOPHBIE TIOPO/Ibl, BEIIECTBEHHBIH COCTaB.
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GEOMORPHOLOGICAL ANALYSIS OF THE ILI RIVER BASIN
CATCHMENT AREA FOR INTEGRATED DEVELOPMENT

Abstract. Based on long-term informational and analytical materials of the World Meteorological Organization
(WMO), the Weather and Climate reference portal and stationary meteorological stations of the RSE Kazhydromet
located in the catchments of the Ili River basin, which cover the Almaty region (Narynkol, Tekes, Sumbe, Dobyn,
Aydarly, Kapshagay, Usharal, Bakanas, Kokzhide, Kuigan) of the Republic of Kazakhstan, Xinjiang Uygur
Autonomous Region (Tekes, Xinyuan, Tokkuztara, Yamata, Kuldzh) of the People’s Republic of China and using
the law of geographic vertical zoning, the energy resources of river basins and groundwater, the climatic potential of
natural systems that characterize the heat and moisture supply of natural landscapes and ecological and
hydrogeochemical indicators showing the direction and intensity of the hydrogeochemical process on a spatial scale,
which allowed for geomorphological zoning, are determined catchments of the Ili river basin, characterizing the
natural functions of the river basin, to have runoff and environment formation, which are the basis for environmental
management and environmental engineering.

Key words: climate, nature, resources, river, pool, environment, landscape, catchment, system, heat, moisture,
security, potential, process, nature management, environmental management, function.

Relevance. The general current situation of the catchment of the basin of the transboundary Ili River,
located on the territory of the People’s Republic of China and the Republic of Kazakhstan, is characterized
by a rather intense geoecological state. This situation is caused by the progressive involvement and
development of the natural resource potential of vast territories (in our case, watersheds), the increase in
technogenic impact on them and the disruption of the relationship between natural components in
geosystems and in the human-nature system.

Therefore, to solve the geoecological problems of the watersheds of the transboundary river basin, it
is necessary to consider and study them in the form of geosystems of a certain rank, including an
interdependent set of components and developing as a whole on the basis of geomorphological
schematization, describing the main processes of the functioning of watersheds with a possibly large set of
parameters that take into account changes in the components of geosystems catchment areas.

The main natural function of the river basin is, firstly, drainage, secondly, peculiar combined
geosystems (the principle of unification here is the unity of hydrogeochemical flows having one object for
their discharge) and, thirdly, this is a spatial basis for nature management (allocation of land for various
purposes ) and environmental management, that is, objects of a comprehensive arrangement of their
watersheds.

With a comprehensive arrangement of the catchments of the river basin, the catenary approach is the
basis of the geomorphological schematization of the catena, which consists of four facies with different
altitudinal positions. The eluvial facies represents a hill near the dividing line, the transeluvial facies
represent the slope to the inflection point, the transaccumulative facies represent the slope after the
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inflection point, and the supersquale is the lowland of the floodplain terraces. The floodplains of the
rivers, despite their significance, were not considered in the work. The transeluvial and transaccumulative
facies form the transit facies of the slope, and the supequal facies adjoins the watercourse.

Purpose of the study — based on geomorphological schematization of catchments of river basins
using the catenary approach, zoning of the landscape system of catchments of the Ili River basin to
identify regional differences and the need to accurately determine their economic and economic
capabilities.

Object of study - The Ili River, which originates in the Central Tien Shan on the territory of the
People’s Republic of China (PRC) after the confluence of three tributaries - the rivers Kash, Kunes and
Tekes, with the latter having a large tributary - the Koksu River and its flow formation zone (Halyktau and
Narat) is characterized by the largest layer of precipitation - more than 1300 mm / year. The sources of the
Tekes river are located on the territory of Kazakhstan on the Muzart glaciers and their length is 438 km,
the catchment area is 28100 km? (within the Republic of Kazakhstan, respectively, 218 km and 4250 km?).
The river, high in the upper reaches, at the intersection of the Tekes Depression loses a significant part of
its flow for water consumption in the branches of the economy, but after the confluence of the tributaries
Kokpak, Bayankol, Narynkol, which feed on meltwater from the Khan-Tengri glaciers, the water content
of the river increases significantly. Then it flows through the territory of the People’s Republic of China
(East Turkestan), where it merges with the Kunes and Kash rivers, and at the 250-th km from their
confluence enters the territory of Kazakhstan with the Ili river with many waters. After exiting the
Kapshagai Gorge, the Ili River flows through the deserted Balkash plain to Lake Balkhash. Downstream
the riverbed is unstable, replete with elders and islets. When it flows into the lake, the river forms a
delta with an area of about 9000 km? which is divided into three systems of branches - Topar, lli and
Zhideli [1].

Research Methods and Materials. The work used information and analytical materials of the World
Meteorological Organization (WMO), the reference and information portal «Weather and Climate» and
stationary meteorological stations of the RSE «Kazhydromet» located in the catchments of the Ili River
basin, which cover the Almaty region (Narynkol, Tekes, Sumbe, Dobyn, Aydarly, Kapshagay, Usharal,
Bakanas, Kokzhide, Kuigan) of the Republic of Kazakhstan, Xinjiang Uygur Autonomous Region (Tekes,
Xinyuan, Tokkuztara, Yamata, Kulja) of the People’s Republic of China [2]

By the methodology of the comprehensive arrangement of the catchments of river basins, given the
multidimensional nature of the problem, the whole set of methodological approaches that exist in
environmental management, that is, the geosystem and catenary approaches, has been adopted.

The catenary approach is the basis of the geomorphological schematization of catenas when
substantiating the need for a comprehensive arrangement of catchments of river basins [3,4,5].

In the geomorphological schematization of landscape catenas of catchment areas, in order to justify
the need to equip river basins, each catchment within the same physical and geographical area is
represented by a catena consisting of four facies with different altitude positions, determined by the depth
of the relief: eluvial, transit, superaqual and subaquatic. If the watersheds have extended slopes, the transit
facies is divided into the transeluvial and transaccumulative facies [5].

Thus, the basis of geomorphological schematization of watershed landscapes based on the geosystem
approach, based on the excess of the earth's surface over the watercourse, makes it possible to more
objectively differentiate the zones of facies locations.

However, in the quantitative description of the hydrogeochemical processes of catchments of river
basins, the main integral factor is the energy of the groundwater flow, that is, the speed of their movement,
the mass of water, depending on the thickness of the aquifer, filtration energy, and evaporation energy,
which are not taken into account when using the excess of the earth’s surface over the watercourse as a
criterion for geomorphological schematization of river basins, i.e A; and AH characterize the excess of the
earth’s surface over the watercourse, then you can imagine the energy or work performed by the flow of
groundwater in the following form [4]: AE = A; = m;-g-AH = m;-g-A;, where AE — change in
energy at the site dx, kJ; A; — work performed in an elementary volume by the flow of groundwater in the
area dx, kJ; m; — groundwater mass; A; u AH — height exceeding the Earth's surface above the bank of the
watercourse, m.
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Construct geomorphological circuit landscape catenas possible using hydrogeochemical potential
groundwater flow river basin (M), characterizing work (4,),committed by a liquid in the process of
precipitation to the ratio of the concentration of soil solution (C,),that is, they can be considered as the
ability of the soil cover to be released from readily soluble salts from the upper to the lower reaches of the
river basins: M = 4, / C,, where: M — hydrogeochemical potential of river basins; A, — work performed in
an elementary volume by the flow of infiltration water in the soil layer of river basins; C — average salt
concentration in groundwater flow [4]: e

A= 0/[f-A-05A-D] ¢ =[C+A -0 =5 C/O|/ Com,

where: R — radiation balance; O. — precipitation; L — latent heat of vaporization; C, — initial
concentration of soil solution in the soil layer; - permissible concentration of salts in the soil solution,
which corresponds to the parameter of non-saline soils; C, — salt concentration in groundwater;
(1 — t) — infiltration action time (t = 7/365), T — duration of the biological active period; A = A/Dp,
A — groundwater depth: A, — critical groundwater depth.

Research results. For the geomorphological zoning of the watershed territories of the Ili River basin,
a catenary approach was used, which involves a geomorphological schematization of landscape catenas of
the watersheds of river basins characterizing landscapes in the mountain class (eluvial facies), piedmont
landscape subclass (transelyuvial facies), foothill plain landscape subclass (transaccus) flat class of
landscapes (super-aquatic and sub-aquatic facies).

Based on the above methodological approach, the energies and work performed by the groundwater
flow in the catchments of the Ili River basin are determined (table 1).

Table 1 — Energy resources of the catchments of the Ili River basin

Groundwater flow energy,

Natural and climatic zones The absolute height AH KJ
landscane Weather stations of the earth’s surface, m '
P facies m A; YA;
class
Basuarkor 4059,0 - - -
Mount Eluvial Narynkol 1806,0 1797,0 17628,6 31961,3
Tekes 1766,0 40,0 3924 14333,3
Sumbe 1232,0 534,0 5238,5 13940,3
. . Tekes (China) 1203,0 29,0 284,5 8701,8
Piedmont Trans-eluvial - -
Xinyuan (China) 947,0 256,0 2511,4 8417,3
Tokkuztara (China) 773,0 174,0 1707,0 5905,9
Yamato (China) 723,0 50,0 490,5 4198,9
Gulja (China) 663,0 60,0 588,6 3708,4
Piedmont Trans Kokdala (Chlna) 627,0 36,0 353,2 3119,8
lowland accumulative Dubyn 596,0 31,0 304,1 2766,6
Aydarly 576,0 20,0 196,2 2462,5
Kapshagay 540,0 36,0 353,2 2266,3
i 490,0 50,0 490,5 1913,1
Bakbakty 459,0 31,0 304,1 14226
Usharal 397,0 62,0 608,2 11185
Super aqual
Bakanas 396,0 1,0 9,8 510,3
Plain Akdala 390,0 6,0 58,9 500,5
Akkol 384,0 6,0 58,9 441,6
Araltobe 357,0 27,0 264,9 382,7
Subaquatic Kokzhide 350,0 7,0 68,7 117,8
Kuigan 345,0 5,0 49,1 491
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As can be seen from table 2, in the catchment areas of the Ili River basin in the territory of the
Raiymbek district of Almaty region, that is, the zone of runoff formation, where the mountain class of
landscapes with eluvial facies is located, has rather high energy resources of river basins and groundwater,
which are 23259.5 kJ. At the same time, in the watershed territories of the Ili River basin, which pass
through the borders of the Xinjiang Uygur Autonomous Region of the People’s Republic of China, are
located in the piedmont class of landscapes with transeluvial facies, the energy resources of river basins
and groundwater are reduced to 8034.4 kJ. The energy resources of river basins and groundwater in the
foothill lowland class of landscapes with a transaccumulative facies of catchments of the Ili River basin,
which cover part of the territory of the Xinjiang Uygur Autonomous Region of the People’s Republic of
China and the Uyghur District of the Almaty Region of the Republic of Kazakhstan, amount to 2285.8 kJ.
At the same time, in the territories of the catchment part of the Republic of Kazakhstan, covering from the
Dobyn hydrological post to the city of Kapshagai, it amounts to 500.3 kJ, that is, the energy resources of
the river basin and groundwater are sharply reduced. In the territories of the flat class of landscapes with
superaqgual facies, covering the Ili and Balkhash districts of the Almaty region, the energy resources of the
river basin and groundwater are reduced to 1530.3.1 kJ, and in the zone of the subaquatic facies it
decreases sharply to 333.6 kJ.

Thus, in accordance with the principle of geographical zonality existing in energy and groundwaters,
from 31,961.3 to 49.1 thousand catchment areas of the Ili River basin (table 2).

Table 2 — Geomorphological schematization of landscape catenas in the catchment areas
of the Ili River basin according to the energy resources of the river basin and groundwater

Natural Geomorphological
and climatic zones indicator
Landscape Faci The absolute height Groundwater flow energy,
acies '
class of the earth's surface, m kJ

Mount Eluvial <1800 <175000
Piedmont Trans-eluvial 800-1800 8000-17500
Piedmont lowland Trans accumulative 540-800 5500-8000

Super aqual 350-540 3500-5500
Plain

Subaquatic >350 >3500

The natural heat and moisture supply of the active surface is the most important constituent element
of the complex of natural productive forces, that is, natural landscapes that are actively involved in the
biological process in general and in the formation of natural-technogenic complexes, especially the
catchments of river basins [6,7,8].

Based on the long-term information and analytical materials of the located meteorological stations in
the catchments of the Ili River basin, their average long-term energy resources and natural and climatic
potentials are determined, that is (table 2): the sum of the air temperature for the biologically active period
of the year (3; t,°C), amount of precipitation (O,, mm), evaporation level (E,, mm), and photosynthetically
active radiation (R, k/cm?) (table 3).

As can be seen from table 3, the energy resources of the watersheds of the Ili River basin from the
mountainous class of landscapes (eluvial facies) to the plain class of landscapes (subaquatic) increase, the
sum of the biological active air temperature from 2338.0 to 3800.0 ° C, volatility from 844, 0 to
1472.0 mm and the radiation balance from 134.0 to 182.0 kJ / cm?, and precipitation decreases from 433.0
to 144.0 mm. Under these conditions, landscape-geochemical catenes are formed in the catchment areas of
the river basin, that is, the simplest cascade landscape-geochemical system, characterized by the intensity
of hydrogeochemical flows, which largely depend on their energy resources.
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Table 3 — Natural and energy resources of the catchments of the Ili River basin

Natural and climatic zones . Absolute Natural and climatic indicators
(landscape class, facies) Weather stations height (H), m 2
p ' g . O, mm | Y¢t,°C | E,mm | R, kdcm
Mountain class of |andscapes Narynkol 1806,0 433,0 2805,0 1001,0 149,0
(eluvial facies) Tekes 1766,0 421,0 2338,0 844,0 134,0
Piedmont subclass Sumbe 1232,0 377,0 3074,0 1122,0 158,0
of landscapes Tekes (China) 1203,0 259,0 3100,0 954,0 159,0
(transeluvial facies) Tokkuztara (China) 773.0 2480 | 35790 | 8940 1750
Yamato (China) 723,0 252,0 3130,0 1269,0 162,0
Gulja (China) 663,0 248,0 3800,0 1284,0 182,0
Piedmont lowland subclass Zharkent 641,0 2130 | 39500 | 1661,0 187,0
of landscapes
(trans accumulative facies) Dobyn 596,0 226,0 4100,0 1748,0 192,0
Aydarly 576,0 364,0 4305,0 1247,0 199,0
Kapshagay 540,0 370,0 3750,0 1528,0 180,0
Plain class of |andscapes Usharal 397,0 354,0 3622,0 1168,0 176,0
(superaqual facies) Bakanas 396,0 2730 | 37000 | 1527,0 179,0
Plain Class Of |andscapes KOkZhide 350,0 224,0 3700,0 1474,0 179,0
(subaquatic) Kuigan 345,0 1440 | 38000 | 14720 182,0

At the same time, the energy resources of river basins and groundwaters of the natural system are
additionally characterized by hydrogeochemical processes of groundwater, which are characterized by
ecological and hydrogeochemical parameters of landscape of river basins, which are extremely important
in the ecological and hydrogeochemical zoning of landscape and geographical zones and water
management assessment of catchments of the Ili River basin (table 4).

Table 4 — Environmental-hydrogeochemical indicator
of the landscape system of the catchment area of the Ili River basin

Natural and climatic zones . Indicators
. Weather stations H, m — —
(landscape class, facies) Co g/l C.. g/l A m i c W
’ 2 ’ n
Mountain class Basuarkor 4059,0 0.30 1.00 10.0 0,73 0,60 1,21
of landscapes Narynkol 1806,0 0,30 1,00 10,0 0,79 0,60 1,32
(eluvial facies) Tekes 17660 | 0,30 1,00 | 100 | 060 | 060 | 1,00
Piedmont subclass Sumbe 1232,0 0.40 1.20 10.0 0.60 0,80 0,75
of landscapes Tekes (China) 1203,0 0.40 1.30 10.0 0.41 0,80 0,51
(transeluvial facies) Tokkuztara (China) | 773,0 0,40 130 | 100 | 035 | 080 | 044
Yamato (China) 723,0 0.50 1.50 6.0 0.39 1,00 0.39
. Gulja (China) 663,0 0.50 1.50 6.0 0.29 1,00 0.29
Piedmont lowland subclass

of |andscapes Zharkent 641,0 0,50 1,50 6,0 0,34 1,00 0,34
(trans accumulative facies) Dobyn 596,0 0,50 1,50 6,0 029 | 1,00 | 0,29
Aydarly 576,0 0,50 1,50 6,0 0,46 1,00 0,46
Kapshagay 540,0 0,50 1,50 6,0 0,51 1,00 0,51
Plain class of |andscapes Usharal 397,0 0,90 3,50 3,0 0,50 1,50 0,33
(superaqual facies) Bakanas 396,0 0,90 3,50 30 038 | 2550 | 025
Plain class of |andscapes Kokzhide 350,0 1,50 6,00 3,0 0,31 1,80 0,17
(subaquatic) Kuigan 345,0 1,50 6,00 3,0 020 | 1,80 | 0,13
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In this case, the work, as can be seen from table 4, performed in an elementary volume by a flow of
infiltration water in the soil layer (4,) from the mountain side (eluvial facies) to the lowland (subaquatic)
zones gradually decreases from 0.73 to 0.20, and the average salt concentration in surface water - soil —
“groundwater" system (C'), on the contrary, increases from 0.60 to 1.20. Consequently, the ecological-
hydrogeochemical potential or soil-reclamation indicator of the landscape (), obeying the law of vertical
zonality, decreases from 1.21 to 0.13, which characterizes a saline collection basin in the area of
hydrogeochemical flow stacking. This regularity shows the available possibilities for the formation of
hydrogeochemical processes in the catchment areas of the Ili River basin, which are damaged by the
spread in the flat class of landscape with superaqual and suaqual facies, where salinization of soils with
low ecological productivity are widespread [57], which are estimated using integrated criteria for
environmental and climatic productivity natural landscapes (table 5):

- humidification coefficient (K, = O / E,), where O, — precipitation, mm; E, — volatility over the
biological active period of the year, mm: E, = 0.0018 - (25 + t)°(100 — a), where t — is the average monthly
temperature °C; a — monthly average relative humidity, % [9];

- dryness index (R = R/LO,, where L — specific heat of vaporization, assumed constant and equal to
2,5 kJ/cm?); R — photosynthetically active radiation, kd/cm?[10]: R = 13.39 + 0.0079 - ¥ t > 10°C, here
Y. t,°C —the sum of the air temperature for the biological active period of the year [11].

At the same time, under natural conditions, the formation of landscape hydrogeochemical facies
largely depends on the heat and moisture supply of the catchment areas of the Ili River basin, since the
natural humidity coefficient decreases from 0.50 from the mountain class of landscapes (eluvial facies) to
the Plain class of landscapes (subaquatic) to 0.10, and the "dryness index", which characterizes the degree
of balance of moisture and heat, rises from 1,273 to 5,056, which show the presence of sufficiently high
energy resources.

Table 5 — Geomorphological schematization of landscape catenas of catchments of the Ili River basin

Humidity Indicators of heat and moisture

zones Weather stations K, R

The absolute height of the
earth's surface, m

Administrative districts

Mountain class of landscapes (eluvial facies)

. Narynkol 0,43 1,370 1806,0 .
Wet mountain Raiymbek
Tekes 0,50 1,273 1766,0
Piedmont subclass of landscapes (transeluvial facies)
Sumbe 0,34 1,676 1232,0 Raiymbek
Arid mountain Tekes (China) 0,27 2,456 1203,0 i Kazakh Autonomous
Tokkuztara (China) 0,29 2,822 773,0 Prefecture

Piedmont lowland subcl

ass of landscapes (trans accumulative facies)

Yamato (Chlna) 0,20 2,571 723,0 i Kazakh Autonomous
Gulja (China) 0,19 2,935 663,0 Prefecture
o Zharkent 0,13 3,510 641,0 Panfilov
Arid piedmont -
Dobyn 0,13 3,398 596,0 Uigur
Aydarly 0,29 2,187 576,0 Kerbulak
Kapshagay 0,24 1,946 540,0 Kapshagay city
Plain class of landscapes (superaqual facies)
. . Usharal 0,30 1,988 397,0 i
Arid plain
Bakanas 0,18 2,622 396,0 Balkhash
Plain class of landscapes (subaquatic)
i Kokzhide 0,15 3,200 350,0
Very arid _ Balkhash
desert Kuigan 0,10 5,056 345,0
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Thus, using the laws of geographic vertical zonality, the energy resources of river basins and
groundwater, the climatic potential of natural systems characterizing the heat and moisture supply of
natural landscapes, and ecological and hydrogeochemical indicators showing the direction and intensity of
the hydrogeochemical process on a spatial scale, which allowed geomorphological zoning of catchments
of the Ili River basin, characterizing the nature valued functions of the river basin, ie runoff and
environment formation and is a basis for environmental management and environmental engineering
(table 5).

Thus, based on the geomorphological schematization of the catchments of the transboundary Ili river,
based on the drainage of river basins as a thermodynamic system, the boundary of which coincides with
the altitudinal zonality, it is possible to assess changes in the hydrological, ecological, soil, and ecological-
hydrogeochemical regime of landscape systems taking into account natural and territorial differences as
performing important environment formation or environmental functions.

Conclusions. Based on long-term informational and analytical materials of the World Meteorological
Organization (WMO), the Weather and Climate reference portal and stationary meteorological stations of
the RSE Kazhydromet, located in the catchments of the Ili River basin, which cover the Almaty region
(Narynkol, Tekes, Sumbe, Dobyn, Aydarly, Kapshagay, Usharal, Bakanas, Kokzhide, Kuigan) of the
Republic of Kazakhstan, Xinjiang Uygur Autonomous Region (Tekes, Xinyuan, Tokkuztara, Yamata,
Kuldzh) of the People’s Republic of China and using the law of geographic vertical zoning, the energy
resources of river basins and groundwater, the climatic potential of natural systems that characterize the
heat and moisture supply of natural landscapes and ecological and hydrogeochemical indicators showing
the direction and intensity of the hydrogeochemical process on a spatial scale, which allowed for
geomorphological zoning, are determined catchments of the Ili river basin, characterizing the natural
functions of the river basin, to have runoff and environment formation, which are the basis for
environmental management and environmental engineering.

XK. C. M¥CTa(])aeBl, 9. T. Kosbikeesa®, JI. M. PLICK%]IﬁeKOBal,
A.E. AJIZ[l/lﬂpOBal, Apsuaac Ilopunaiituc

1 .
Kazak yITThIK arpapiblK yHuBepcuTeTi, Anmatsl, Kazakcran;
¥Yne1 ButosT yHuBepcurerti, Kaynac, JIutsa

KEIIEH/I YAJIECTIPY YIIIH LJIE ©3EHIHIH, CY JKUHAY AJIABBIH
TFEOMOP®OJIOTUAJBIK TAJIAAY

Annoranus. Kazakcran Peciyomukacer Anmatsl o6mbickiHBIH (Hapeiakon, Tekec, Cym0e, Jo0bIH, Afinapaisr,
Kammmrarait, Ymapan, bakanac, Koxxume, Kyitran) sxome Kprraii Xaneik PecrnyOnmkacbiHblH CHHBIBSH-
YiFbIp aBTOHOMUSUTBIK ay/IaHBIHBIH aiiMarblH KAMTHTHIH [i1e ©3¢HiHIH Cy jkKnHay anaObiHa opHanackaH «Kasruapo-
MeT» PMO-HIH TypakThl METEOPOJIOTHSIIBIK OCKETTEPiHIH oHEe OJEeMIIK METEOPOJIOTHSIIBIK YKbIMHBIH (OMY)
«Aya-paiibl )KoHE KJIMMAaT» aHBIKTaAMAJIbIK-aKIapaTThIK JKYHECIHIH KOIDKBUIABIK MAJIIMETi HEri3iHJe jKoHe reorpa-
GusUTbIK TiK Oesiey 3aHbIH MMaljajiaHa OTHIPHII, ©3¢H alaObIHBIH JKOHE KEPACThl CYbl aFbIHBIHBIH IHEPTrETHKAIBIK
pecypcTaphbl, TAOUFH KYHEHIH TAOUFH-KIMMATTBIK TTOTEHITUAIBIH CUTIATTAUTBIH TAOUFH JTaHAMA(TTAP IbIH bUTFAJIMEH
KaMTaMachl3 €Ty KOpCeTKIIITepi, THIPOreOXUMHSIIBIK YAepicTep OarbIThIH JKOHE KAapKBIHBIH OCHHENEHTIH yaKbIT-
KEHICTIK MacIITaOBIHIAFbl 3KOJOTHSIBIK-THAPOTCOXUMHSIBIK KOPCETKIIITEePl aHBIKTAIIBI, al OJ OHBIH HOTHIXKECI
©3¢H aJaOBbIHBIH TaOWFU KBI3METIH CHITATAWTHIH Lile ©3€HIHIH Cy KUHAy anaObliHaa reoMOp(OIIOTHSUIBIK ayIaH bl
KYprisyre MyMKiHIIK Oeplii, sSIFHM OHBIH CY arbIHBIH JKOHE OpTaHbl KYpPYIIbl KacHeTi, TaOMFaTThl Maiajiany >KoHE
TaburaThl YiecTipy IiH Heri3i O0JIbII caHaIabl.

Lie e3eHiHiH Cy wuWHAy anaObl alMarbIHBIH TAaOWFH SHEPIETUKAIBIK PECypCTaphl JaHAMAPTAPABIH TayJIbl
TONTApPbIHAH (IIOBUAIBIK (Qarusiaan) JanamadTrapabi Ka3bIKTHIK TOOBIHA (CyOaKBaIbIBIK (alusara) Kapai ecei,
SFHU OHOJIOTHSIIBIK OEJICEH II aya TEMIIEPATYPACHIHBIH KUBIHTHIFBI 2338,0 °C-Tan 3800,0 °C-Ka, GynaHy(bIH IIaMaChl
844,0 mM-nen 1472,0 mMm-Te xoHe paaManusiablK TeHrepme 134,0 K)I)K/CMZ-TaH 182,0 Kll)lc/CMz-Ka JIeHiH, ai
aTMocdepanblK KaybH-mambH mamachkl 433,0 mm-1eH 144,0 MM-Te AeiiiH TOMEHIEHl KOHE OCHI JKaFaaliFa TOH
JaHIIIA(TTHIK-TEOXUMISUTBIK KaTeH, SIFHH TCOXMMUSIIBIK aFblH KAPKBIHBI APKBUIBI €PEKIICIICHETIH, reorpadusiIbiK
aliMakThIK (OeneyIniK) 3aHIbIIBIFbIHA OAWIaHBICTI CAThIJIAHFAH JTAHAIIA(TTHIK-TEOXUMUSUIBIK JKyHe maiaa 6onasl
JKOHE KOITETeH jKarnaiia >KepacThl Cybl arbIHBIHBIH JHEPreTHKANBIK KyaThl COFaH OaillaHBICTHI OOJIFaHIBIKTaH,
OHBIH CaH/IBIK LIIaMachl AMOBHAIABIK (anusaan cyoakBanbabIK Ganusra kapaid 31961,3 kJlx-nan 49,1 k/x-ra neiin
OIpTIHIET TOMEHICH]II, a1 OJ1 ©3CH aliMarblH reoMOP(OJIOTHSITBIK KeIIeyre MyMKIHIIK Oepesi.
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CoHbIMEH, TaOWFH OpPTaHBIH HAKTHUIAHFAH KOJIEMJIETl TONBIpaK KaOaThIHAAFbl CY3UIreH Cy aFrbIHBIHBIH aTKapa-
TBIH KYMBICBIH (an) TayJbl (AMOBHAIABIK (QanusaaH) jKa3bIKTHIK (CyOakBamabIK Qanusara) aiiMakka kKapaid 0,73-TeH
0,20 -ra neiiin TeMeHzECe, «Kep OETi CyBI-TONBIPaK-KEPACThl CYbI» KYHECIHAETI Cy aFbIHBIHBIH OPTallla TY3/bUIBIFbI
0,60-tan 1,80-re neiiin eceni. CoHOBIKTaH, reorpadusuIblK aiiMakThIK (OenaeysiK) 3aHJIbUIbIFbIHA OaiIaHbICTHI
SKOJIOTUANBIK-THAPOTCOXUMHUSIIBIK HEMECE TOTBIpaK-MeIropaTuBTik kepcetkim (M) 1,21-nen 0,11-re jeiiin Tomen-
JIeH i, aJl OJ1 THAPOTEOXUMMSUIIBIK aFbIHHBIH KOpJIaHy aliMarbIHa TY3 KMHAJIATHIH aJIalThIH KaJIbIITACAThIHBIH CHIIAT-
Talabpl, SFHU OYJ1 3aHOBUIBIK e e3eHHIH cy JKHHAy anaObIHBIH aMarblHIAFBl THAPOTCOXUMHSIIBIK YAepiCTepIiH
KaJIBINITACy MYMKIHIIUTITiHE OaiJIaHBICTI, OHBIH JKa3bIKTHIK aiiMaFblH/Ia CyNepaKkBaIbIK JKOHE CyaKBaJIbIK (artus-
JIap/BIH TapaxyblHa A9MIeN 00Jia anampl.

CoHbIMEH KaTap, TaOWFu KaFAaiaarsl JJaH A TTHK-THAPOTCOXUMUSUIBIK (hanusuIapbIHBIH KalblnTacybiHa line
©3CHIHIH Cy XKMHAy aJaOBIHBIH JKBUIY JKOHE BUIFAIMEH KaMTaMachl3 €Ty JOpeXKeciHe Tikelel OainaHBICTHI, cebebi
nmaHamadTTapAbIH TayJIbl TONTAapblHAH (AIIIOBHANABIK (anusaan) naHmmaTTapabH Ka3blK TONTapbiHa (CyOakBa-
IBIK (anusiFa) Kapail Taburn puIFanaany kepcerkimi 0,50-nen 0,10-Fa neiiin ToeMeHael OacTalabl, all KbLTY JKOHE
BUIFAJIIBIH TEHI'€PMEITIK JIOPEKECIH CUITATaUThIH «KYPFaKIIbUIBIK Oenrici» 1,273- Ten 5,056-Fa neiiin xoFapbLIaiibl,
an Oynaif )karail aliMaKThIH YHEPreTUKAIIBIK PECYPCTAPBIHBIH OTE XKOFaphl eKESHIINH KOpCeTeIi.

CoHbIMEH, 6T€ MaHbI3/1bl OPTaHbI KYPYLIbI )KOHE 3KOJIOTHSJIBIK KbI3MET aTKapaThlH ©3€HHIH CY )KHUHAY ajla0bl Cy
aFBIHBIHBIH KaJIBINTACY KaFIailblH TEepMOAMHAMUKAIIBIK JKYHE pEeTiH/e KapacThIpa OTHIPHII, LIeKapaibIK l1e e3eHiHiH
Cy JKHHAY aa0bIH TeOMOPQOIOTHSIIBIK JKEINiIey HeTi3iH/e j)KoHe aiiMaK IIeKapachIHBIH OWiK OSNICYIKKe cail Kemyi,
OHBIH JaHAmA(QT KYHECIHIH THAPOJOTHSIIBIK, SKOJOTHSIBIK-TONBIPAK >KOHE SKOJOTHSIBIK-THIPOTEOXUMHSIBIK
TOpTiOiHIH ©3repyiH, TaOuFH-aliMaK e3TeIIUIITiH ecCKepe OTHIPHII OaraayFa MYMKIHIIK Oepei.

Tyiiin ce3gep: wimmar, Taburar, KOp, ©3€H, ajam, OpTa, JaHAmMA(T, Cy JKHUHAY, KYHE, JKbIIy, BIIFall,
KaMTaMachl3 €Ty, OTCHINANI, Yepic, TAOUFaTTHI Maiifanany, TaOurat YiiecTipy, KbI3MeT.

K. C. Mycradaes’, A. T. Kosbikeesa', JI. M. Poickysi6exoBa’,
A.E. Ammﬂponal, ApBuaac MopunaiiTuc’

'Kasaxckuit HalHoHabHbII arpapHblil yHIBepcHTeT, AnMatsl, Kazaxcram;
2YHI/IBepCMTeT Burosta Benukoro, Kaynac, JIutsa

TEOMOP®OJOTMYECKHAN AHAJIA3 BOJOCBOPA BACCEMHA
PEKHW WJIH J1J151 KOMILIEKCHOI'O OBYCTPOMCTBA

AnHoranus. Ha ocHOBe MHOTOJIETHUX WH(POPMAIIMOHHO-aHAIUTHYSCKUX MaTepHaioB BceMUpHO# MeTeopoJio-
ruueckoit opranmzanuu (BMO), cmpaBouHo-uHGOpManmoHHoro moprana «lloroga u KiIMMaT» M CTAllHOHAPHBIX
MeTeoponorndeckux craniuii PI'TI «KasruapomeT», pacmoniokeHHBIX B BogocOopax OacceiiHa peku Mim, KoTopeie
OXBaTHIBAIOT AnMaTHHCKYI0 o6nacts (Hapeiakon, Tekec, Cym6e, JJoOsiH, Alimapnsl, Kammaraii, Yirapan, bakanac,
Koxxwune, Kyiiran) PecmyOmuku Kazaxcran, CHHBIBRSH-YWTypcKuil aBTOHOMHEI paifoH (Texec, CHHBIOAHB,
Toxkkystapa, Smaty, Kympmka) Kuraiickoir Haponro#t PecniyOnmuku M ¢ MCHONB30BaHUEM 3aKOHA Teorpadudeckoit
BEPTHKAJIbHOW 30HAJIBHOCTH, OINPECNICHbl JHEPTeTHYECKHEe PEecypchl PEUHBIX OacceHOB M IIOJ3EMHBIX BOJI,
PUPOAHO-KIMMATHYECKOTO MOTEHIIMANA MPUPOIHBIX CHCTEM, XapaKTEePU3YIOMIKUX TEMJO- U BIArooOecrneueHHOCTH
€CTEeCTBEHHBIX JIAHAMIA()TOB M HKOJOTO-THUAPOTCOXMMUYECKUX IOKa3aTeliel, MOKa3hIBAIOIINX HAIpaBIEHHOCTh U
HMHTEHCUBHOCTh THAPOTEOXMMUYECKOTO TpoIecca B MPOCTPAHCTBEHHOM MacIITabe, KOTOPHIE MO3BOJIMIN MPOBECTH
reoMop(oJIoruueckoe paiioHUpoBaHHe BOJOCOOPOB OacceiiHa pexu Wi, XxapakTepu3yIOIuX NPUPOAHbIE QYHKIIMU
pedHoro OacceifHa, TO €CTh CTOKOOOpa3oBaHHE M CPpeqo00pa3oBaHue, SBISIONIMXCA 0a3MCOM I MPUPOAOIOJIB30-
BaHUS U IPUPOA000YCTPOHCTBA.

[IpuponHble 3HEpreTHYecKue pecypchl TEPPUTOPHM BOmOocOOpoB OacceiiHa peku Mnm or ropHoro xiacca
nanamadToB (r0BHANBHAS (anus) B CTOPOHY PaBHUHHOTO Kiacca JiaHmadToB (CyOakBanbHast) MOBBIIIACTCS, TO
€CTh CyMMa OHOJIOTHYECKOM aKTUBHOM TeMIleparypsl Bosayxa ot 2338,0 no 3800,0 °C, ucnapsiemocts ot 844,0 10
1472,0 MM u pammanuoHHblii 6amanc ot 134,0 no 182,0 KZ[)K/CMZ, a arMoc(epHbIC OCAaTKH YMCHBIIAKOTCS OT
433,0 no 144,0 MM ¥ B 3THX YCIIOBHSAX B BOJOCOOPHBIX TEPPUTOPHSIX PEUHOTrO OacceliHa popmupyercs JaHamadTHO-
reOXMMHYECKHE KaTeHbI, IPOCTENIIAs KacKaJHasl JaHadTHO-TEOXUMUIECKasi CUCTEMa, OTIMYAIOIIAsCsl HHTCHCHB-
HOCTBIO THIPOT€OXUMHUYECKUX ITOTOKOB, KOTOPHIE BO MHOTOM 3aBHCAT OT MX YHEPTETHUECKUX PECYPCOB MOA3EMHBIX
BOJ, TOAYMHSIONIMXCS OT 3aKOHA TreorpaMuecKkodl 30HATBHOCTH, OT J3JIIOBHANBHONH 10 cyOakBanbHOM (harmu
mocTeneHHo ymeHneinaercs ot 31961,3 x/x no 49,1 xJx, 4To AaeT BOZMOXKHOCTh Ha WX OCHOBAHHWH NMPOU3BOJIUTH
reoMop(OJIOTHYECKYI0 CXEMATH3aLHNIO JIAHAIIA(QTHRIX KAaTeHOB BOJAOCOOpHOH TeppuTopnu Oacceitna pexku Mnn.

IIpu aToM paboTa, coBepiIaeMas B 3JIEMEHTapHOM O0BeMe MOTOKOM HHOMIBTPALHMOHHBIX BOJ B IOYBEHHOM
cioe (A,) OT CTOPOHBI TOPHBIX (MOBMANBHAS (BalMs) K PABHUHHBIM (Cy6akBajibHas) 30HAM, MOCTENEHHO YMEHb-
maetcs ot 0,73 mo 0,20, a cpemHsas KOHIEHTPALUsS COJEH B CHCTEME «IOBEPXHOCTHAs BOJA - MMOYBA - TPYHTOBAs
BOJIa» (CT* ), Ha00opoT, yBennuuBaetcs ot 0,60 mo 1,80. CienoBaTenbHO, YKOIOTO-THIPOTCOXUMHYCCKUI TTOTCHIIUAI
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WIH TIOYBEHHO-MEJMOPATUBHBINA Mokaszatenb naHamadra (M), moa4uHAsCh 3aKOHY BEPTHKANBLHON 30HAIBHOCTH,
ymenbmiaercs ot 1,21 go 0,11, yto xapakrepusyer B 00NacTH Mara3MHHUPOBAHHS THAPOT€OXHMMHYECKOTO IMOTOKA
(dopmupyercst coiecOOpHBI OacceiiH, TO €CTh 3Ta 3aKOHOMEPHOCTh IIOKa3bIBAaeT HMEIOIINECS BO3MOXKHOCTH
(hOpMHpPOBaHUS THIPOTCOXUMHUIECKAX MPOLIECCOB B TEPPHTOPHSAX BojgocOopa OacceifHa pekm Mimm, 4To mOBpex-
JTAFOTCS pacpOCTpaHEHHUEM B PaBHUHHOM KJ1acce JIaHImadTa ¢ CylepakBalbHON U CyaKBaJIbHON (arisiMu.

IIpn 3TOM B €CTECTBEHHBIX YCIOBHUSX (POPMHUPOBAHUS JTaHAIMIA(DTHO-THIAPOTCOXUMHUYECKHX (haluii BO MHOTOM
3aBUCAT OT TEIUIO- W BIAaroo0ECHEYEHHOCTH TEPPUTOPHI BogocOopoB OacceliHa pekn Mimm, Tak Kak OT TOPHOTO
Kjacca JaHgmagToB (3MIOBHANBHAS (amms) A0 paBHUHHOTO Kiacca NaHAmadToB (cybakBaibHas) KOAPPHUIUEHT
€CTECTBEHHOI0 yBiaxHeHus: ymeHblaercs oT 0,50 mo 0,10, a «MHIOEKC CYXOCTH», XapaKTEPU3YIOIIMHA CTENEHb
cOaaHCHPOBAaHHOCTH BJIarW U TeIlIa, moBblmaercs ot 1,273 1o 5,056, KoTopble MOKa3bIBAIOT HAIMYUE AOCTATOYHO
BBICOKHX YHEPTeTHYECKUX PECYPCOB.

Takum 00pa3oMm, Ha OCHOBE IreoMOP(OIIOTHYECKOH CXeMaTH3alUK BOJOCOOPOB TpaHCrpaHn4HOW pexu Wim,
Gazupyromeiicsi Ha TOJIOKEHUIX CTOKOOOPa30BaHUs PEYHBIX 0ACCEHHOB KaK TEPMOJIMHAMHYECKOH CUCTEMBI, TpaHU-
I1a KOTOPBIX COBMNAJAaeT C BBICOTHOHM MOSICHOCTBIO, MO3BOJISIOT OLEHUTh M3MEHEHMS T'MIPOJIOTHYECKOT0, HKOJIOro-
MMOYBEHHOT'0 U HKOJOTO-THAPOTCOXUMHUICCKOTO PEKUMA JIAHAMAPTHBIX CUCTEM C YU€TOM IMPUPOTHO-TEPPUTOPHAITE-
HBIX Pa3IMIM{ KaK BHIOJHSIONINE BAYKHBIE CPE000Pa3yIOIIHE HITH SKOJIOTHIECKHE (QYHKIHUH.

KaroueBble ciioBa: Ki1umar, IpupoJa, PeCypesl, peka, dacceiiH, cpena, manamadr, Bogocbop, cucTeMa, TeIo,
BJIara, 00ecre4eHHOCTh, MOTECHINA, IPOLECC, IPUPOAOIIOIL30BAHNE, IPUPOI000YCTPOUCTBO, (QYHKITHS.
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POSSIBILITY OF VORTEX SEPARATION
EJECTOR APPLICATION IN THE COLLECTION
AND SEPARATION OF GAS

Abstract. The article analyzes the experimental and pilot ejector installations and shows shortcomings in their
work with two-phase flows. Association of high and low pressure gas flows with a conventional choke device leads
to a significant loss of flow energy of high pressure gas. This union of gas flows of high and low pressures, also
limits the selection of gas from wells with low wellhead pressure and the combined gas stream in this case becomes a
low-pressure, so transporting it over long distances becomes impossible. Thus, new design of the vortex and
separation ejector for the improvement of technological processes is proposed.

Its design and principle of operation are described. The proposed ejector consists of a feed chamber with a
tangential inlet of the passive flow, and a tangential exit of the liquid phase, mixing chamber and diffuser.

The possibility of implementing it at the same time in the ejection and low-temperature gas separation processes
were considered. The advantages of the ejector are shown. Due to the cold created by very low temperature in the
proposed vortex ejector it is possible to carry out the process of static low-temperature gas separation simultaneously
with the process of ejection. The use of this small-sized ejector instead of compressor installations on limited areas of
offshore platforms, bushes and flyovers is especially expedient and advantageous.

The vortex ejector is simple in design and can be made out of the factory by forces of the manufacturers
themselves from tube elements.

Key words: pressure, temperature, flow velocity, nozzle, adiabatic expansion, flow, energy, vortex flow.

Introduction. In the operation of gas condensate fields in the technological scheme of collection and
preparation of gas to transport gas-liquid flows with different (high and low) pressures appear. In some
cases, because of the inability to dispose of these low-pressure gas streams with a high content of gasoline
fractions, they are useless burned in flares or released into the atmosphere. With the aim of increasing the
pressure of low-pressure gases requires the construction of a compressor station, which is not always
profitable with a techno-economic point of view.

Vortex tubes of small diameters (D<30 mm), working with air flow at low pressures, have found
their industrial application in the field of aviation, refrigeration, air conditioning, instrumentation,
measuring equipment and others.

However, vortex tubes, like other jet devices (ejectors, turbo-expanders), have not found their wide
industrial application and have remained at the experimental and pilot stage in the field of high pressure
and gas processing practices. There are several reasons for this. Firstly, in the technical literature, vortex
tubes have an opinion that they, as a transformer (converter) of energy, have a low performance index due
to the need for a high initial gas pressure. Secondly, it is difficult to carry out laboratory and bench tests of
large vortex tubes with high flow rates and initial gas pressures that simulate field and factory conditions.
In addition, there is currently no reliable theoretical basis and universally accepted methods for
technological and structural calculations of vortex tubes in the widely changing thermodynamic conditions
of field and factory practice. Heating half of the total flow in a vortex tube is also considered a vulnerable
factor when used in a low-temperature gas separation unit (LTS) installation.
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At the same time, the presence of “free” natural high reservoir pressures in gas condensate fields and
the need for rational use of the energy of these pressures cast aside the opinion of the low efficiency of
vortex tubes. It should be noted that the “hot stream” in the vortex tube can form at low initial pressures at
the inlet of the pipe, and at higher initial pressures at the inlet of the vortex pipe, the temperature of the hot
stream is equal to the initial temperature of the total flow at the inlet of the vortex pipe. At higher initial
gas pressures at the inlet of the pipe, the so-called “hot flow” of the vortex tube may have a negative
temperature. In this case, a strongly cooled dry (central) stream and a moderately cooled and
supersaturated vapor of heavy hydrocarbons and water (peripheral) stream will leave the vortex tube. The
decrease in the temperature of the “hot stream” is explained by the fact that the total vortex temperature
effect is the algebraic sum of the Rank effect and the usual throttling [(47) to = (A7) rank £ Binrottling] -
When determining the total vortex effect by the “hot flow”, the value of the integral throttling effect
(Binrottiing) Q€S @ negative value.

It should also be noted that by cooling a hot pipe with an external source of cold (water or another
cooling agent), it is possible to increase the proportion of cold flow

(n = 0.8-0.9). This situation (the use of a non-adiabatic vortex tube) increases the cooling capacity
and thereby increases the possibility of the use of vortex tubes in LTS installations (figure 1).

Figure 1 — Schematic diagram of the low-temperature separation of natural gas using vortex tubes
1 - well; 2 - the first vortex tube; 3 - heat exchanger; 4 - the second vortex tube; 5 - blockhouse;
6 - separator-heat exchanger; 7 - capacity for liquid; 8 - dry gas reservoir

Thus, the technological need to reduce wellhead pressure during the operation of gas condensate
wells to the pressure of apron gas pipelines, the simultaneous cooling and separation of gas in small vortex
tubes without rotating metal elements, makes it possible to rationally use the pressure energy of the gas
flow during its expansion and significantly reduce the specific consumption of metal. The throughput of a
vortex tube with a diameter of 60 mm at a critical expiration of a gas stream with an initial pressure of
100 kgf / sm? is approximately 350 thousand nm?*/ day. The mass of such a vortex tube is about 4550 kg.
In the separation mode of operation (u = 0.6), this jet apparatus can carry out gas separation in an amount
of: 0.6 - 350000 = 210000nm® / day. A comparison of the mass of the vortex tube and the amount of
treated gas shows a very low specific metal consumption for separating gas in the vortex tubes.

This article proposes a model of a vortex separation ejector for collecting and separating produced
gas.

Methodology. Association of high and low pressure gas flows with a conventional choke device
leads to a significant loss of flow energy of high pressure gas. This union of gas flows of high and low
pressures, also limits the selection of gas from wells with low wellhead pressure and the combined gas
stream in this case becomes a low-pressure, so transporting it over long distances becomes impossible.

In the case of high-pressure gas stream in the field scheme of gas collection is much beneficial the
use of ejector units in exchange for the construction of the compressor station. From oilfield practices
there are known some results of experimental and experimental-industrial tests of straight ejector
installations in technological scheme of the high and low pressure gas flows’ collection [1]. However,
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these ejector installations is not found wide industrial application in field practice, and remained at the
stage of experimental work for the following reasons:

- The lack of reliable calculation methods of the ejection for not-separated gas-liquid flows’ process;

- Violation of the optimal operation mode of straight ejector installations in the presence of a liquid
phase in active (high-pressure) and passive (low-pressure) gas flows;

- the need to implement the process of active and passive gas-liquid flows separation before entering
them into the ejector unit;

- difficulty controls work of straight ejector installations, as in the case of change of initial parameters
of active and passive flows, you often need to change all the transverse dimensions of the ejector units
elements (i.e., dimensions of cross sections of the nozzles, chambers and displacement diffusers);

- presence of a liquid phase in the active and passive flow leads to a large hydraulic resistance, loss of
energy pressure, the emergence of a "flooding"” regime in existing ejector systems;

- Appearance of the liquid in the gas enter to those set, also dramatically affects the main indicators,
including the coefficient of efficiency and coefficient of ejection.

Considering mentioned above drawbacks in operation and design of the existing straight ejector units
upon their work with two-phase flow, the authors have developed a new design of vortex separation
gjector (figure 2) that performs simultaneously two functions in the collection and preparation of gas for
transport:

- Ejecting and increase of the passive flow pressure;

- Implementation of the active and passive flow separation together in the vortex ejector [2].

The proposed ejector consists of a feed chamber with a tangential inlet of the passive flow, and a
tangential exit of the liquid phase, mixing chamber with a tangential nozzle for active flow input, the
diaphragm installed between the receiving and mixing chambers to enter the passive flow in the chamber
of the displacement, diffuser with a rectifier of common flow and tank for collecting liquid.

The principle of operation of the proposed ejector is as follows. Passive two-phase flow, coming
through the tangential inlet to the receiving chamber, makes in it a rotational movement. The free liquid
phase of the flow due to centrifugal force is forced out to the walls of the inlet chamber and through a
tangential exit pipe is drained into a tank for collecting liquid. After separation, the rotating passive gas
flow through the central hole of the diaphragm and enters into the mixing chamber, where through the
tangential inlet nozzle the active two-phase flow enters too. Here the flow is also subjected to rotational
movement. In this case, in the mixing chamber is a joint rotational movement of active and passive flows
in the form of a "vortex inside another vortex"”, that is, in this camera continues the rotary motion of the
passive flow inside rotating active flow. There is a separation of combined flows, and selected liquid
phase through a tangential outlet of the mixing chamber is drained into a tubular container for collecting
liquid. Then mixed combined separated flow in the diffuser straightening and raising its pressure, shell out
of the vortex ejector.

Note that the active flow passing through tangential nozzle is subjected to adiabatic expansion in
which the flow becomes very low static (local) temperature.

i

Figure 2 — Vortex separation ejector 1 - input passive flow; 2 - input of the active stream; 3 - receiving chamber;
4 - mixing chamber with a diaphragm; 5 - diffuser with a rectifier; 6 - tube fluid container; 7- gas line; 8 - fluid line
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However, measurement of this low static temperature with a thermometer is almost impossible, since
in this case the movement of the thermometer with the same speed at which the moving stream of gas is
necessary. But, despite that this temperature is not subject to direct measurement, however, due to the cold
created by this very low temperature in the proposed vortex ejector it is possible to carry out the process of
static low-temperature gas separation simultaneously with the process of ejection.

The static temperature of a moving gas stream can be determined using the dependences of the
adiabatic expansion of the gas. In the critical mode of the gas stream outflow through the nozzle (i.e., at

the maximum flow rate of the active stream), the temperature ratio in front of the nozzle (T,) and in the

mixing chamber (T,,.) is equal to: ;—0 = E here k is the adiabatic index (for natural gases, k = 1.3).

this mode, the pressure ratio in front of the nozzle (P,) and in the mixing chamber (P.,.) is equal to:

[k +1 k 1
For natural gases, these ratios are equal:
Ty 1.3+1_115
T, 2
1.3
P, 1.15 + 1713-1
= F=— T =183
P, 2

Temperature (AT, = T, — T,) and pressure (AP.. = P, — P..) differences for this mode for
natural gases will be:

T, 0.15

ATy = Ty— 2 = Ty (332) = 0,137, AT,, = 0.13T,
P 0.83

BPy = Po— = Ty(To2) = 0,454Py AP, = 0.454P,

In the proposed vortex ejector, the critical static temperature (T.) corresponds to the separation
temperature (Tp) Of the total mixed flow in the mixing chamber (T = Tsp) and can be determined in the

critical mode of the flow of the active stream depending on the initial temperature (stagnation
temperature) of the active stream (T, = f—fS .
Results. The table shows the calculation results for the determination of critical temperatures (T).

Temperature differences (AT, = T, — T,,) and coefficients ag = % in the critical flow of the

cr

active stream at initial pressures and temperatures equal to P, = 6.0 = 10.0MPa and T, = 273 <+ 313K.

Table 1- Calculation results for gas flow cooling during adiabatic gas expansion under critical outflow conditions
for various initial pressures and temperatures

P/ Pe, (MPa/MPa)
60328 | 70823 | 804437 | 00492 |  100/5.46
To K T K | ATq=T,— Ty, K b
’ o~ Jer 272 | 317 | 363 | 408 | 4.54
o5 = AT/ APy (K / MPa)

273 237 36 132 113 9.9 8.8 7.9
283 246 37 136 117 10.2 9.1 8.1
293 255 38 13.9 12.0 105 9.3 8.4
303 263 39 143 12.3 10.7 9.6 8.6
313 272 40.7 14.9 12.8 112 9.9 8.9
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Analysis of table data shows that in the adiabatic expansion of the gas committed at the critical gas

outflow with increasing initial temperature (T,) increases the difference in critical temperature

. AT, . . .
AT, = T, — T.-and the coefficient ag = AP” This ratio also increases at lower values of AP, in case

cr

when AT = const.

In the considered coefficient o, [as an indicator of the degree of cooling efficiency during iso-
entropic (s = const) expansion of the gas flow] equal to:

os = 7.9-14.9°C/MPa, whereas under these conditions, the corresponding ratio of the throttling
process (i.e. constant enthalpy i = const) equal a; = 3 —4.5°C/MPa This means that under these
conditions the process of iso-entropic gas expansion from the point of view of obtaining a cold at a lower
temperature, significantly effective (2.5-2.7 times) than the gas throttling process, applicable in existing
low-temperature gas separation units.

It should be noted that the mode of operation of the vortex ejector can be likened to the mode of
operation of the turbine expander only with the difference of absence of rotating parts (wheels, bearings)
in vortex ejector. In this ejector the rotation of the high circumferential and angular velocities is exposed
to the gas stream. Therefore, in this case, unlike the wheel of the turbine expander, the gas vortex rotates
with a significantly higher number of revolutions, which allows the low-temperature separation process
more effectively, so this process can co-administer at lower static temperatures of the gas streams. Despite
the fact that this static low temperature cannot be directly measured, it really exists and can be
successfully used in the proposed vortex ejector for low-temperature gas separation. Its value, as has
already been said, can be determined by calculation and confirmed by measuring the temperature of the
dew point of the gas at the outlet of this ejector using a moisture meter.

Thus, in the proposed vortex ejector, it is possible to combine the processes of ejection and gas
separation. The use of this small-sized ejector instead of compressor units on limited areas of offshore
platforms and overpasses is especially expedient and advantageous.

The vortex ejector is simple in design and can be made out of the factory by forces of the
manufacturers themselves from tube elements. Its work is easily regulated by changing the initial
parameters of the initial gas flows. In this case, it is enough to replace the dimensions of the nozzle cross
sections and the diameter of the diaphragm for the passive flow to enter the mixing chamber.

Conclusions. 1. The reasons that delay the widespread use of existing rectilinear ejector installations
in technological schemes for gas collection are indicated;

2. The presence of a free liquid phase in the composition of the active and passive flows impairs the
reliability of the results of technological and mechanical calculations for the design of existing rectilinear
ejector installations;

3. The presence of fluid in rectilinear ejector installations increases the hydraulic resistance in them,
leads to a loss of pressure energy and violates their optimal mode of operation;

4. In the proposed vortex separation ejector, the above-mentioned disadvantages of existing ejector
installations are eliminated and pressure energy is rationally used.

5. In the vortex ejector, the processes of ejection and gas separation occur simultaneously;

6. Low-temperature gas separation in a vortex ejector occurs at low static temperatures obtained due
to high gas flow rates during adiabatic expansion of gases;

7. The advantages of vortex separation ejector using in the technological scheme of collecting and
preparing gas for transport are indicated.

C.T. Haspy3osa, E. B. I'anamosa
O3ipbaiixaH MEMIICKETTiK MyHal jKoHe ra3 yHUBepcuTeTi, baky, O3ipbaibkan

TA3/bI J)KUHAY JKOHE AJKBIPATY YIEPICIH/IE
KYWBIHBI D’KEKTOPBI KOJJIAHY MYMKIH/IITT
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C.T. HoBpy3oBa, J. B. 'agamosa
AzepOaitmxanckuii 'ocymapctBennsiit YauBepcutetr Hedru u [Ipomemmennoctn, baky, AzepOaiimxan

BO3MOXHOCTb IPUMEHEHMUS BUXPEBOI'O 92)KEKTOPA
B TIPOHECCAX CBOPA U CEITAPALIMU I'A3A

AHHoTanus. B cratbe mpoananu3npoBaHa paboTa OMBITHO W ONBITHO-MPOMBIIIICHHBIX KEKTOPHBIX yCTaHO-
BOK, YKa3aHbl HEOCTaTKH B MX pabore ¢ aByx¢asHbIMU moTokamMHu. OObeANHEHHE Ta30BbIX IOTOKOB BBHICOKOTO U
HHU3KOTO JaBICHUH IOCPEICTBOM CTAHAAPTHOTO INTyIEpa NPHUBOAWT K 3HAYUTENBHBIM IOTEPSIM DSHEPTHM Tra3a
BBICOKOTO JaBlIeHHUs. Takke Takoe 00bEJUHEHNE TIOTOKOB T'a3a HU3KOTO M BEICOKOTO JIaBJICHNI OrpaHUIUBAET OTOOP
ra3a U3 CKBa)XXMH C HU3KHM YCTHEBBIM [ABICHHEM M COBMEIIEHHBIH IIOTOK B 3TOM ClIydac MMEET HH3KOEe 3HAYCHHE
JIABJICHHUS, YTO JIEJIa€T HEBO3MOXHBIM €T0 TPAHCIIOPT Ha OOJBIINE PAacCTOSHUS. B cBsA3M ¢ 3THM, U1 yCOBEpIICH-
CTBOBAaHMUS TEXHOJOTHYECKHUX MPOIIECCOB IPEIIAracTCsl BAXPEBOM U ceNapannOHHbIH 35KEKTOP.

OmnucaHbl ero KOHCTPYKIMS W NPHHOUI padoTsl. [IpeanaraeMslii 3)KEKTOp COCTOHWT M3 NPHEMHOHW KaMephl,
KaMepbl CMEIICHUS C TAaHT€HIMAIBHBIM COTUIOM IS BX0Jla aKTHBHOTO MOTOKA, AWa(parMbl, yCTAHOBICHHON MEXIY
MIPUEMHON ¥ CMECHUTEJIbHON KaMepaMHy A7 BXO/1a TACCHBHOTO IMTOTOKA B KaMEpPhI CMelIeHust, tuddysopa.

Boumn moka3aHel BO3MOXHOCTH OZHOBPEMEHHOTO NMMPUMEHEHHMS IIPEATIOKEHHOTO 3KEKTOpa B TIpolieccax HU3KO-
TEMIIEpaTypHOH cenapalyy ra3a u »»kekuuu. OTMEedeHbl MPEenMyIecTBa 3TOro 3KeKropa. BBuay xonona, cozgaBae-
MOTO OYEHb HHM3KOH TeMIlepaTypoi, B pa3pabOTaHHOI cxeMe Mpe/UIoKeHa OJHOBPEMEHHAs peasln3alys BBIICYKa-
3aHHBIX TEXHOJOTHYECKUX IMPOLECCOB. VICmonp30BaHe 3TOr0 MaorabapuTHOTO 3KEKTOpa, BMECTO KOMIIPECCOPHBIX
YCTQHOBOK Ha OTPAHMYCHHBIX YYaCTKaX MOPCKHX IIaT(opM, KycTOB M 3CTaKaj SBISETCS OCOOCHHO Iienecoodpas-
HBIM W BBITOJTHBIM.

Crenyet ydecTh TaKkKe TO, YTO B BUXPEBBIX TPyOax cemapaliioHHasi CKOPOCTh T'a3a 3HAUYUTENBHO (B COTHH pa3)
OoinbIlle, YeM B COBPEMEHHBIX CETApaI[OHHBIX alnapaTax, 4yTo ITO3BOJSIET OCYLIECTBUTH OOpaOOTKYy OOJIBIIOTO
KOJIMYECTBA ra3a B BECbMa MaJIOra0apUTHBIX BUXPEBBIX TPyOax.

Y4uThIBast OrpaHUYEHHOCTh PA0OYMX IUIOMAAEH CTaKaa M MHAWBUAYAJIbHBIX MOPCKHX OCHOBaHMH, aBTOpaMu
IIpe/IoKEeHa TEXHOJIOTHYecKas cxeMa 00paboTKU rasa ¢ MPUMEHEHHEM COBMECTHO TPYOHOTO cemaparopa W HOBOH
KOHCTPYKIIMH BUXPEBOH TPYOBI, PACHIONIOKEHHBIX Ha JTHE MOPSI.

BuxpeBoil 3)KeKTop MPOCT MO KOHCTPYKLMH M MOXKET OBITh M3TOTOBJIEH Ha 3aBOJE CHJIAMHM CaMHX IIPOM3BO-
JUTesIel n3 TpyOUaThIX HIEMEHTOB.

KaroueBble cioBa: naBineHne, TeMieparypa, CKOpOCTh IOTOKa, COIUIO, aJHabaTHYeCKoe pacIIupeHne, MOTOK,
SHEPTHs, BUXPEBOE TCUCHHE.
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STUDY OF MINING-GEOLOGICAL CHARACTERISTICS
OF URANIUM DEPOSITS OF KAZAKHSTAN FOR DEVELOPMENT
BY UNDERGROUND WELL LEACHING

Abstract. Existing traditional uranium mining technologies have major drawbacks, do not meet the
requirements of a market economy, are ineffective, require the use of a large number of expensive injection and
pumping wells, low leaching rates, require a large consumption of chemical reagent, sulfuric acid (to produce 1 ton
of uranium concentrate requires a flow of 100 tons sulfuric acid). Here, a productive solution refers to a chemical
solution containing the concentration of the leached therein of various useful components (metals), including
uranium, dissolved therein.

In the practice of exploitation of hydrogenous uranium deposits, the arrangement of technological wells has
been adopted: linear (or in-line), areal (or cellular) and combined.

Our proposed innovative technology for the exploitation of hydrogenous uranium deposits will be developed on
the principle of piston wells using the effect of activation of a chemical solution supplied to the array of a
hydrogenated uranium layer for leaching and other useful components. In the process of activation, the chemical
solution is heated to t = 70 ° C, the water in the solution becomes a good solvent. Pumping wells are used as piston
wells without changing the design, i.e. pumping wells are also used as injection wells.

This article presents the mining and geological characteristics of technogenic uranium deposits in Kazakhstan.
The basis of the raw material base of Kazakhstan's uranium is exogenous type deposits, combined into a subgroup
called “infiltration”. Uranium infiltration deposits are formed by groundwater associated with regional formation
zones and zones of soil-layer oxidation. The development and implementation of the method of underground well
leaching of uranium (UWL) is one of the most important scientific and technical achievements of the mining
industry. The main advantages of the underground leaching method compared to traditional mining methods of
developing deposits are as follows: the possibility of involving poor and off-balance ores in deposits with complex
geological and hydrogeological conditions, but with large reserves of uranium; Significant reduction in capital
investments and terms of commissioning deposits; improving working conditions, reducing the number of miners
and increasing labor productivity by 2.5-3.5 times; reducing the negative impact of uranium mining on the environ-
ment.

Key words: uranium, deposit, exploration, borehole underground leaching, industrial assessment.

Introduction. The Republic of Kazakhstan has the world's largest raw material base of proven
industrial reserves of uranium. Explored reserves in Kazakhstan total about 1 million. 560 thousand tons
uranium. The presence in Kazakhstan of significant reserves, well-explored deposits of uranium,
developed mining and processing capacities of uranium, as well as the current situation on the world
uranium market, determine the prospects for the development of the uranium mining industry in
Kazakhstan. The basis of the raw material base of Kazakhstan's uranium is exogenous type deposits,
combined into a subgroup called “infiltration”. Uranium infiltration deposits are formed by groundwater
associated with regional formation zones and zones of soil-layer oxidation.
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Development of infiltration uranium deposits was started in Kazakhstan from the 70s of the last
century. By the mid-80s, Kazakhstan already provided about 40% of the uranium needs of the former
USSR. To develop the deposits, a new method of uranium mining was used at that time - the method of
underground leaching through a system of wells drilled from the surface, which consists in transferring
uranium to solution at the place of natural ore occurrence.

The development and implementation of the method of underground well leaching of uranium
(UWL) is one of the most important scientific and technical achievements of the mining industry. The
main advantages of the underground leaching method compared to traditional mining methods of field
development are as follows:

- the possibility of involving in the exploitation of poor and off-balance ores of deposits with complex
geological and hydrogeological conditions of occurrence, but with large reserves of uranium;

- significant reduction in capital investments and terms of commissioning;

- improving working conditions, reducing the number of miners and increasing labor productivity by
2.5-3.5 times;

- reducing the negative impact of uranium mining on the environment.

Methods. The basis for the development and implementation in practice of uranium mining of the
method of underground borehole leaching were achievements in the field of geological exploration and
industrial assessment, epigenetic deposits of regional zones of reservoir and soil oxidation, achievements
in the field of hydrodynamics, geochemistry, hydrometallurgy.

Underground leaching technology can rightfully be attributed to the revolutionary technology that has
changed the conditions and economics of uranium production.

The successful solution of the complex of technical problems in the development of the underground
leaching method of uranium was associated with the development and implementation of special technical
means and technologies for the construction and operation of wells, instrumentation, as well as with the
development and industrial development in the hydrometallurgy of uranium sorption-desorption
technology using ion-exchange resins.

Over the past years, collectives of Kazakhstani uranium mining enterprises have done a great job to
improve the technology of uranium mining, increase labor productivity, reduce production costs, and
automate production processes. Considerable work has been done in the field of drilling and equipment of
wells, improving the means of raising productive solutions, devices for their sorption-desorption
redistribution.

New deposits are involved in commercial exploitation, including those with complex geological and
hydrogeological conditions, characterized by weakly permeable areas with high carbonate content,
filtration heterogeneity, unstable spatial arrangement of ore bodies in ore-bearing horizons and large
depths of their occurrence, lack of reliable water confines, etc. Expanding the boundaries of the
application of the underground borehole leaching method of uranium requires further improvement of this
progressive mining method and determines its high science intensity.

Based on modern achievements of geotechnological science and practice, the development of
uranium mining by the method of downhole leaching goes along the path of introducing computer-aided
mining technology based on the complete automation of all production processes; optimization of
opening, preparation and mining schemes; the introduction and development of new technical means for
the construction and development of wells, new structural materials; reducing the cost of solvents, ion
exchange resins; the introduction of electrodialysis plants, sorption-desorption concentration apparatuses
such as SDK, polymer washing liquids, hydraulic fracturing and hydraulic washing of formations, new
methods of electro-ultrasonic intensification of leaching and redistribution of productive solutions; the
introduction of effective methods for monitoring the hydro-geochemical parameters of underground
leaching sites and environmental rehabilitation of waste.

The social significance of introducing the method of downhole leaching into uranium mining practice
is extremely great. Fundamentally, for the better, the nature of the work of miners and the radiation safety
of the work have changed.

A further increase in uranium production, based on the introduction of the latest scientific and
technical achievements in the practice of developing infiltration deposits, will allow Kazakhstan to take a
leading place among the world's uranium producers.
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Results. About 25% of the world reliably explored uranium reserves are concentrated in the bowels
of Kazakhstan. Total reserves and resources are estimated at 1560 thousand tons of uranium, including
category reserves (B+C;+C,) of 928 thousand tons.

A unique feature of the republic’s uranium reserves is that about 75% of them are concentrated in
deposits associated with regional zones of formation oxidation. This type of field is not widespread in the
world and is being developed by the most progressive, relatively cheap and environmentally preferable
method of underground well leaching. (UWL).

Geological and industrial types of Kazakhstani uranium deposits: deposits of regional zones of
reservoir oxidation; deposits of soil-bed oxidation zones; organogenic phosphate deposits; vein stockwork
deposits.

Kazakhstan uranium deposits associated with regional formation oxidation zones are formed in the
Shu-Sarysuyskaya and Syr-Darya depressions of the platform cover of the northern part of the Tien Shan
uranium megawatch (Northern, Eastern and Western group of deposits).

Deposits associated with zones of soil-layer oxidation are developed in the Ili River basin, outside the
zone of activity of industrial enterprises and in the Akmola region of Northern Kazakhstan.

Uranium deposits suitable for mining with sulfuric acid leaching through a system of wells drilled
from the surface belong to the subgroup of infiltration (hydrogen). These deposits are the basis of the raw
material base of the uranium industry of Kazakhstan and are concentrated in the Shu-Sarysuyskaya
(Mynkuduk, Inkai, Budenovskoye, Zhalpak, Sholak-Espe, Uvanas, Moinkum, Kanzhugan) and Syrdarya
(Irkol, Karamurun, Kharasan, Zarechnoye, Asarchik Kyl, Zha , Chayan, Lunar) uranium ore provinces.

The largest of the deposits of the soil-formation oxidation zone and promising for development is the
Semizbay deposit.

The development of vein stockwork type deposits is, in principle, possible with a minimum level of
profitability, subject to selective mining of rich areas in combination with heap leaching. The scale of this
direction of production directly depends on the situation on the natural uranium market.

The development of deposits of organogenic phosphate type is not profitable and is possible only
with the integrated extraction and marketing of uranium, scandium, rare earths, sulfur sulfide and
phosphorus pentoxide. However, global market demand for these types of products is still limited.

A prerequisite for the implementation of underground leaching technology should be good
permeability of the medium containing uranium mineralization for the solution. With sufficiently good
permeability indicators, even deposits of poor uranium ores prove to be profitable for mining. Each
uranium deposit is always individual in its natural features, the technical and economic indicators of the
exploitation of deposits by underground leaching depend on these features. Moreover, the feasibility of
using underground leaching technology for mining a particular uranium deposit is based on the parameters
of two factors: the possible volume of uranium production per unit time and the possible cost of producing
a unit of uranium.

The average concentration of uranium in the productive solutions depends on the productivity of the
ore-bearing stratum and the effective thickness of the ore-bearing rocks involved in the leaching process.

The reagent consumption for underground leaching of uranium depends on the reagent capacity of
ore-bearing rocks, the type and nature of uranium mineralization, rock carbonate, productivity and
effective thickness of formations, hydrodynamic conditions for pumping solutions through ore-bearing
strata.

In the practice of underground leaching of uranium, the specific consumption of the reagent is
50-150 kg per 1 kg of metal, which is due to the reaction of the acid with other minerals and the spreading
of solutions. Carbonates almost completely react with acid (1 kg of sulfuric acid is consumed per 1 kg of
CaCQ0s), minerals of oxide iron, less intensely ferrous iron and some aluminosilicates (up to 10%) dissolve
well (40-50%) [1,2].

At the stage of formation acidification, the reagent (sulfuric acid) consumption is usually 8-10 g / |
for ores with high carbonate content and 20-30 g / | for non-carbonate ores. At the leaching stage, the
concentration of sulfuric acid in working solutions ranges from 8to 15g/I.

Productivity in productive solutions is determined by the total production rate of pumping wells, and
the metal yield in solutions by its concentration in solutions. The degree of uranium extraction from the
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bowels depends on many natural factors, geotechnological parameters of the deposits of the deposit and
technological indicators of the leaching process. The ratio of liquid to solid L:S is determined by the ratio
of the volume of pumped solutions through the ore-bearing formation to the volume of the rock mass of
the formation [4].

The solution to the question of determining the degree of suitability of a uranium deposit for mining
by underground sulfuric acid leaching in each particular case, first of all, should be based on a study of the
geotechnological parameters of the deposits. In this case, the development of a geotechnological
classification of the suitability of the field for sulfuric acid underground leaching through a system of
wells drilled from the surface acquires practical significance [5,6].

When constructing the classification, the basis can be taken of general geotechnological features that
apply to all infiltration deposits and particular parameters of these features that characterize one or another
degree of suitability of the deposit for sulfuric acid underground leaching of uranium.

The developed classification is given in table 1. The classification allows, according to existing field
exploration data, an aggregate assessment of the degree (class) of suitability of a deposit (deposit) for
underground leaching of uranium.

Table 1 — Classification of signs of suitability of uranium deposits for sulfuric acid leaching

Suitability of the deposit for sulfuric acid leaching
of uranium according to parameters of geotechnological features

Geotechnological features of uranium deposits

High Sufficient Low
(1st class fitness) (2nd class of suitability) (3rd class fitness)

1. The length of ore deposits, km >1,0-2,0 1,0-2,0 <10
2. Depth width, km 50-100 30-50 <10
3. Depth of mineralization, m 100 - 200 200 — 400 > 400
4. Mineralization power, M >3-5 3-5 <10
5. The content of clay-silt fractions, % <20 20-30 > 30
6. Uranium content in ore, % >0,056-0,1 0,05-0,1 <0,05
7. Content CO,, % 1,0-2,0 >2,0
8. Type of ore mineralization: Oxide Mixed Coffinite
Activation energy, E, kJ / mol; <10 10-20 >20
The order of the reaction >0,3 025-03 0,25
of sulfuric acid leaching, o
9. Ore productivity, kg/m? >5,0 3,0-50 <30-10
10. Groundwater level, m <50 Up to 50 > 50
11. Groundwater pressure
on the horizon roof, m >50 Up 1050 <50
_12. The oxygen content 8-10 5.6 <5
in formation water, mg/I
13. The ratio of iron ions 3+ 2+ 3+ _ 2+ 3+ 2+
in produced water Fe” > Fe Fe*" =Fe Fe" < Fe
14. The filtration coefficient
of ore-bearing rocks, KF, m/day >1,0 10-05 <05
15. The rate of filtration apisotropy <01 01-03 07-10

of the productive horizon

The analysis of table 1 shows that the parameters of geotechnological features can have a significant
impact on the conditions and indicators of leaching of uranium.
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Depending on the parameters of geotechnological features of the fields, each of the fields selected for
leaching can be classified as high, sufficient and low suitability for sulfuric acid leaching through a system
of wells drilled from the surface.

During the operation of two equally-produced wells (pumping-out), a sufficiently high rate of
movement of the solution is ensured, however, the leaching process is carried out with significant
spreading of the solutions outside the zone of interaction of the wells. Working solutions are almost
always diluted with produced water, but this does not affect the amount of uranium removed and the
effluent, since a decrease in concentration corresponds to the same increase in the flow rate (volume) of
the pumped liquid. The true concentrations of uranium and solvent in the leach solutions are equal to their
values in the pumped liquid, multiplied by the unbalance coefficient. The dilution ratio of solutions is
equal to the unbalance coefficient. In practice, due to the need to maintain a balance of pumped and
injected solutions, it is rather difficult to reliably determine the contours of the leached volume. For this,
hydrodynamic grids obtained in various ways (electro-analog modeling, calculations, etc.) are used with
the results of laboratory or experimental work on metal extraction superimposed on them.

Figure shows the grid current of the solution and the position of the boundaries of its distribution with
a linear (in-line) arrangement of technological wells [2-5].

In this case, leaching occurs in a linear section limited by a pair of technological wells.

The grid current of the solution and the position of the boundaries of its distribution during the operation of two wells in an
unlimited aquifer. 1- streamlines; 2 - equal pressure lines (numbers indicate filtration resistance); 3 - the boundaries of the
distribution of the leach solution (the numbers show the dimensionless relative time the solutions reach the boundaries)

The accumulated experience in the exploitation of deposits of zones of formation oxidation allows us
to group natural geological and hydrogeological factors and the conditions of occurrence of deposits in
favorable and unfavorable conditions for the use of underground downhole leaching of uranium (table 2).
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Table 2 — Geological and hydrogeological factors and conditions determining the operating conditions
of uranium deposits by underground leaching

Natural factors determining
the in-situ leaching process

The conditions of operation of the deposit by underground leaching method

favorable

unfavorable

1. Mineralization position in
the ore-bearing aquifer

Compact, there are no barren interbeds
inside the ore deposit

Complex, with frequent alternation of
mineralization and barren rocks in the aquifer

2. Lithological and filtrational
features of the ore-bearing
aquifer section

Mineralization uniformity, low thickness
(up to 20 m) of the aquifer, filtration
uniformity of rocks

Mineralization heterogeneity, increased
thickness (over 20 m) of barren aquifers, the
possibility of spreading and dilution of
productive solutions

3. Tectonic environment in
the ore zone

Faults and vertical displacements of the
ore zone are absent; formation
hydrodynamics is stable

The presence of faults and displacements along
the faults of mineralization and aquifers, a
complex hydrodynamic situation, which makes
it difficult to control the process of leaching of
uranium

4. The presence of water
storage

Apertures are available; ore bearing
aquifers are located between mature
aquifers

There are no mature aquifers; there are
hydrodynamic windows between productive and
barren aquifers

5. The composition of ore-
bearing rocks

Quite homogeneous, mainly quartz-
silicate, easily soluble ballast impurities
are absent, low content of clay particles,
carbonates, sulfides.

High content of harmful readily soluble
compounds, carbonates, phosphates, sulfides,
the presence of clay minerals of the
montmorillonite group

6. Explosiveness of mineral
forms of uranium

Easy opening with slightly acidic aqueous
solutions, low acid consumption

High persistence of mineral forms of uranium
by dissolution with acid solutions, the need for
oxidizing agents, high acid consumption

7. Ore Productivity

High enough (more than 4-5 kg /m?)

Low (1-3 kg/m?)

8. The ratio of productivity to
the effective power of the ore-
bearing horizon

From 1: 5 to 1:10, allows you to maintain
a high concentration of uranium in
solutions

More than 1:10, has a negative effect on the
concentration of uranium in solutions

9. Achieved in exploration
flow rates of pumping wells

2to51/sormore

Lessthan21/s

10. Form of deposits

Elongated wide deposits with good
permeability of ore-bearing rocks

Irregular complex shape with low permeability
of ore-bearing rocks

The data in tables 1 and 2, the data can be used in the evaluation of deposits for the use of
underground borehole leaching [6-10].

Discussion. The developed classification system for signs of the suitability of infiltration uranium
deposits for leaching is recommended for use in the design of PSV technology in Kazakhstan deposits.
The possibility and effectiveness of applying the technology of underground leaching of uranium with
sulfuric acid solutions through a system of wells drilled from the surface is determined by a combination
of a number of geotechnological and economic factors and parameters [11].

The determining factors and parameters for the use of underground leaching of uranium include the
availability of reserves for the organization of work on UWL; parameters of water cut and permeability of
ore-bearing rocks; mineralization depth; type of ore mineralization; the material composition of ore-
bearing rocks; parameters of carbonate and sulfuric acid solubility of minerals; parameters of occurrence
and groundwater pressure; presence of water storage; expected uranium mining costs. The degree of
suitability of the field for efficient exploitation by underground leaching depends on specific combinations
of parameters of natural and production conditions [12-22].

Based on the results of this work, an assessment was made of the existing technology for exploitation
of hydrogenic uranium deposits in Kazakhstan to select the object of study; an analysis is made of existing
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production technologies for the exploitation of hydrogenous uranium deposits that do not meet the
requirements of a market economy: low labor productivity, high cost per unit of production; a comparative
analysis of boreholes with the main technical facilities providing the injection of a chemical or
biochemical solution was made; An alternative method for supplying chemical solutions to an array of
hydrogenous uranium reservoir has been developed; losses and dilution of chemical solutions are
determined.

The work was performed according to the results of study No. AP05130987 "Development of
innovative technology for exploitation of hydrogen deposits of uranium for industrial and energy
development of the contra

E. E. Opl,mfomal, A.E. BopoﬁbeBZ, M. Kanranunesa’, L %K. Yremes

1 . .
AJIMaTBI DHEPTeTHKA XKoHe OaliTaHbIC YHUBEpCUTeTi, AnMaTsl, Ka3zakcTaH;
2 o . o,
Peceit xamsikrap mocteirsl yauBepcureti (PYIH), Mackey, Pecei;

3 ..
/1. A. KonaeB aTbIHAaFbl Tay-KE€H iC1 HHCTUTYThI, Anmatsl, Kazakcran

KEH OPHBIH )KXEPACTbI YHFBLUIAII INAMMAJIAY SAICIMEH UTEPY YIIIH
KA3AKCTAHHBIH YPAH KEH OPBIHIAPBIHBIH TAY-KEH-I'EOJIOI' UAJIBIK
CUITATTAMAJIAPBIH 3EPTTEY

AHHOTaUMs. YpaH eHIIPYAIH JoCTYPIi TeXHOJIOTHSUIIAPBIHEIH eA9Yip KeMIIUTIKTepi 6ap, HApBIKTHIK YKOHOMHKA
TaJlanTapblHa Kayar OepMeWi, THIMALIr a3, KbIMOAT TYpaThlH KYIO-COPY YHFhIMAaJIapblH KON KOJAaHYAbl Tajar
eTell, CUITUICY/IiH TOMEH KapKbIHJBUIBIFbl XUMHSUIBIK PEAareHT MEeH KYKIPT KbIIIKBUIBIHBIH KO MOJILEpPAETi HIBIFbI-
HBIH KakeT erei (1 T ypaH KoHIEeHTparhiH any yiiH 100 T KyKipT KbIIIKBUI MIBIFBIHBI). MyHIaFbl @HIMII epiTiHal —
epITUIreH CLATICI3NeHTeH TYpii Maiiianbl KOMIOOHEHTTEpiH (MeTanaap), OHBIH IMIiHAE YpaH KOHICHTPAIHSCHIH
KAMTHUTHIH XUMHUSIIBIK SPITIH/I.

YpaHHBIH THAPOTEH I KeH OpPBIHAAPBIH MaijanaHy TIXiprOeciHae TEXHOJOTHSIIBIK YHFbIMaIap/AblH OpHAJIAcy
cXxeMachl KaObUTIaHFaH: KeJUTK (HeMece KaTap), allaiIbIK (HEMece YAIIBIK) jKOHEe KypaMa OO0JIbII CaHaIa bl

bi3 yChIHATBHIH THAPOTeH 1l YpaH KeH OpbIHIAPBIH MaiiianaHyAblH HHHOBAIMSUIBIK TEXHOJIOTHSCH OHBI CLITICI3-
JEHIIPY XKoHe OacKa Ja maiaaibl KOMIOHSHTTED YINIH YPaHHBIH THAPOTSH/II KabaT MacCUBIHE OCpiIeTIH XUMUSIIBIK
epiTiHAiHI OeJICeHTIPY ocepiH KOMAaHa OTHIPHII, TOPIICHB I YHFRIMAAP IBIH )KYMBIC iCTey KaFUAAThIHIA 931pIICHEI.
Bencenmipy yaepicinae xumusiblk epiTiaai t = 70 © C meliiH KbI3aabl, epiTIHIIACTI Cy KaKChl epITKIIIKe aifHaIa /bl
Copfbllll  KYABIK KOHCTPYKLMSIHBI ©3repTIEeCTeH IOPIICHBIIK YHFBIIAD pETiHAE MaijanaHaabl, SFHU aijgay
YHFBIMaJIapbl COPY YHFbIMAJIAphl PETIHJE 1€ KOJIIAaHbUIa/IbL.

Makanana Ka3zakcTaHHBIH TEXHOTEHIIK ypaH KEH OpPBIHAAPBIHBIH Tay-T€OJIOTHSJIBIK CHIIATTAMAChl OEpiireH.
KazakcTan/blK ypaHHBIH IIUKI3aT 0a3aChIHBIH HETi31H «MHOUIbTPALMUIBIK» el aTalaThlH Killll TONKa OipiKTipiireH
9K30TeHIIK YJriAeri KeH OpbIHAAPHl Kypalasl. Y paHHBIH WHQUIBTPALMSIBIK KEH OPBIHIAphl Ka0aTThl OHIPIIIK XKoHE
TOIBIPAKTHIK-KA0ATTHIK TOTBIFY alMakTapbIMeH OaiIaHBICTBI JKepacThl Cybl HETI3iHIE KaJbINTAaCKaH. YpaHIbl
KEpacThl YHFBIIAIl IIaiiManay oiciH 93ipJiey KoHE EHIi3y Tay-KeH ©HEpKoCiOiHIH MaHBI3/Ibl FHUIBIMH-TEXHHKAIBIK
JKETICTIKTepiHe kaTaipl. JKepacTbl CINTICI3AEHAIPY OMICIHIH JOCTYpIi KEH OpBIHIAAPBIH HUTepy oiicTepiMeH
CaJIBICTBIPFaH/Ia MbIHA/Ial apPTHIKIIBUIBIFBI 0ap: KYp/AENi reoIorHsUIbIK-THAPOre0IOrHsUIbIK XKaFaaiaa ipi ypaH Kopbl
0ap KeH OpBIHIAPBIH HAIIap jXKoHEe OajaHCTaH THIC KEH OPBIHJAPBIH MalgaaHyFa TapTy MYMKIHIITT; KYpAETi calbiM
JKOHE KeH OpBIH/ApBIH Nalaananyra Oepy Mep3iMiH eoyip KbICKapTy; €HOEK XKarJaiblH XKaKcapTy, Tay-KEeH KYMbIC-
LIbIAp CaHBIH KBICKApTy KoHE eHOeK eHIMAUNriH 2,5-3,5 ece apTThpy; ypaH eHIIpYIiH KOpIIaraH OpTara Tepic
ocepiH a3alTy OOJIBIN CaHaIAIbI.

Tyilin ce3aep: ypaH, K€H OpHBI, TEOJOTISUIBIK Oapiay, YHFBIMAJBIK JKEepacThl MIaiManay, ©HEpKOCIITIK
Oaranay.
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N3YYEHUE I'OPHO-TEOJIOI'NYECKHUX XAPAKTEPUCTHK
YPAHOBBIX MECTOPOXKJIEHUM KA3SAXCTAHA JJISI PA3PABOTKHA
METOJOM HNOJA3EMHOI'O CKBA’KMHHOTI' O BBIIINEJIAYNBAHUA

Annoranusi. CyllecTByOLIME TPaJULMOHHBIE TEXHOJIOTHH J00BYM ypaHa oOnanaloT OOJBIIMMHU HEJOCTaT-
KaMH, HE OTBEYAIOT TPEOOBAHUSAM PHIHOYHOW 3KOHOMHKH, Mallod(QEKTUBHBI, TPEOYIOT NMPUMEHEHHUsS! OOJBIIOTO
KOJINYECTBA JOPOTOCTOSIINX 3aKaYHBIX M OTKAYHBIX CKBAXKHH, OOJIBIIIONO pacxo/ia XUMHUECKOTO peareHra, CepHoOu
KUCJIOTHI (A7 moydeHnst | T KOHIeHTpaTa ypaHa TpedyeTcs pacxox 100 T cepHO# KHCIOTHI), OTIMYAIOTCS. HU3KOH
WHTEHCHBHOCTBIO BBINIECIAYMBAHUS. 31€Ch IO IPOXYKTUBHBIM PAacTBOPOM MHOHHMAETCs XUMHYECKHUH pacTBOp,
CoJeprKaIi KOHIIEHTPALUIO PACTBOPEHHBIX TaM BBIIIEIOYCHHBIX PA3IMYHBIX MOIE3HBIX KOMIIOHEHTOB (METAJIIOB),
B TOM 4HCIIE YpaHa.

B npakTuke sKCIUTyaTalliil TMAPOTEHHBIX MECTOPOXKACHUI ypaHa HMPUHATHI CXEMBl PacIHOI0XKEHUS TEXHOJIO-
THYECKUX CKBA)KUH: JINHEHHBIE (MU PsAHBIE), IIOMAIHbIE (MIN SUCUCThIC) 1 KOMOMHUPOBaHHBIC.

[Ipennaraemast HaMM WHHOBALMOHHAS TEXHOJIOTHMS SKCIITyaTallid TMAPOTEHHBIX YPAHOBBIX MECTOPOKICHUI
OyneT pazpaboTaHa Ha NMPHUHIHIE PabOT MOPIIHEBBIX CKBAXHWH C MPUMEHEHNEM 3(deKTa akTHBANH XUMHIECKOTO
pacTBOpa, M0JaBaeMOT0 B MacCHB TMIPOTCHHOTO IUIACTa ypaHa Ul €ro BBIIENAYNBAHHA U JPYTHX MOJE3HBIX KOM-
MIOHEHTOB. B mporecce akTUBAIMM XUMHUECKHUII pacTBOp nmogorpenaercs o t = 70°C, Boga B pacTBOpe CTaHOBUTCS
XOpOIIMM PAacTBOpUTENEM. B KkauecTBe MOPIIHEBBIX CKBAXKUH IPUMEHSIOTCS OTKaYyHbIE CKBaXKHHBI 0€3 M3MEHEHHUs
KOHCTPYKTUBHOTO O(pOPMIICHHSI, T.€. OTKAYHbIE CKBRKUHBI UCITIOJB3YIOT M KaK 3aKayHbIe CKBAKUHBI.

B 370l cTaThe 1aHBI TOPHO-TEOIOTHUECKHE XapAKTEPUCTUKH TEXHOTEHHBIX YPaHOBBIX MecTopokaeHui Kazax-
crana. OCHOBY CHIpbEBOI1 0a3bl Ka3aXCTAHCKOTO ypaHa COCTABIISIOT MECTOPOK/ICHHS SK30T€HHOT'0 THIIA, O0bEANHEH -
HBIE B ITOJTPYNITY, TOJYYHBIIYI0 Ha3BaHWE «HHQUIBTPALHUOHHOTO». MHOMIBTpanMOHHBIE MECTOPOXKIICHUS ypaHa
c(hOpMHUPOBaHBI MMOJ3EMHBIMU BOJIAMH, CBSI3AHHBIMH C PErMOHAIBHBIMHM 30HAMH IUIACTOBOTO M 30HAMH TPYHTOBO-
IUTaCTOBOTO OKucyeHus. Pa3paboTka u BHEpEHHE METO/Ia TOI3EMHOTO CKBaXXHHHOTO BhINenaunBanus ypana (IICB)
OTHOCHTCS] K Ba)XKHEHIIUM HAayYHO-TEXHHYECKUM JOCTHKECHUSAM T'OPHOOOBIBAIONICH MPOMBIIIIEHHOCTH. OCHOBHBIE
MPEUMYIIECTBA METO/A IOJ3EMHOTO BBIIIEIAYNBAHMS 110 CPABHEHHIO C TPAJAWIMOHHBIMH TOPHBIMH CIIOCOOaMU
pa3paboTKN MECTOPO’KAECHUH 3aKITIOYAIOTCS B CIEAYIONIEM: BO3MOXKHOCTH BOBJICUEHHUS B SKCIUTYyaTallMIO OSIHBIX U
3a0aJaHCOBBIX PYJ MECTOPOXKIECHHH CO CIIOKHBIMH T'€0JIOTO-THIPOTCOIOTHUECKIMHU YCIOBHSMH 3aJleTaHusi, HO
HMMEIOIIMMH KPYTIHBIE 3aIlachl ypaHa; 3HAYHTEIbHOE COKpAIIEHNE KalUTAIBHBIX BIOXKEHHUH M CPOKOB BBOIA MECTO-
POKAEHUH B 3KCIUTyaTallMIo; yIydIIEHHE yCIOBUI TPyAa, COKpAIeHHE YUCIECHHOCTH TOPHOPAOOUYNX U MOBBIIICHHE
MIPOU3BOIUTEIHLHOCTH TpyAa B 2,5-3,5 pa3a; yMEHBIIEHHE OTPUIATEIHHOTO BO3ICHCTBUS YpaHOJOOBIYM Ha OKpPY-
HKAIOIIYIO CPExy.

KiroueBble ci1oBa: ypaH, MECTOPOXKJEHUE, Ie0J0ropa3BelKa, CKBAKMHHOE IOJ3€MHOE BhILIEIauUBaHUE,
MIPOMBIIIJICHHAS OLEHKA.
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GEOLOGICAL STRUCTURE OF SOILS
AND RICE YIELD IN THE ILI RIVER BASIN

Abstract. Rice irrigation systems in Kazakhstan are located on river terraces and levees of the Syr Darya, lle,
and Karatal rivers’ basins. The geological structure and lithological composition of soils in the aeration zone is
characterized by a wide variety, differing in soil fertility, mechanical composition, water and physical properties,
water availability and salinity. Alluvial-meadow and takyr soils consist of light and heavy loam, sandy loam, and
clay [1,2,3].

Melioration errors of the rice irrigation systems, built in the period from 60s to 80s of the last century, can be
described by the fact that the Kubanskaya rice sowing map was built on all soils of river terraces and river banks,
with the same parameters of irrigation and drainage, with the share of rice 57.5% and 63% [4].

At the rice irrigation systems, where the geological structure and lithological composition of the aeration zone
soils correspond to the irrigation and drainage parameters of the Kubanskaya rice sowing map, the soil fertility and
ameliorative status of irrigated land has remained high for many decades. The salt content in the 100 cm soil layer is
0.3-0.4%; in the autumn-winter period ground water is at a depth of 2.0-2.5 m, its mineralization is 5-7 g/l. During
the rice irrigation period, ground water does not connect with the water of rice paddies, and the filtration of water
from rice paddies is permitted and comprises 12 — 17 mm/day. Rice is grown without flow and discharge of water
from rice paddies, the irrigation rate is 21,400 m*/ha, and the yield is 5.2 t/ha.

At the rice irrigation systems, where the geological structure and lithological composition of the soil in the
aeration zone does not correspond to the irrigation and drainage parameters of the Kubanskaya rice sowing map, the
land is saline. During the rice irrigation period, the ground water connects with the water on the rice paddies. On
these paddies, due to the convective diffusion of salts from the soil and from ground water, water salinity increases
and reaches the critical threshold of toxicity of 2.5 g/l [5]. It is necessary to discharge water to reduce the salinity of
water on the rice paddies, which is followed by flooding of water from the irrigation channel. The irrigation rate is
23,500 m*ha, and the yield is 4.7 t/ha.

Key words: Geology, soil cover, lithology, aeration zone, takyrs, mineralization, water availability, salinity,
ricesystems, water-salt balance, rice, yield.

Introduction. The impact of geological structure of the soil on the yield of rice study was carried out
empiricallyon the field of 155 hectares of “Birlik” farm. The mineralization rate of water layer as well as
observations on rice growth and productivity have been carried out on 20 paddies during rice irrigation
period. On two rice paddies (10 and 11) with the area of 6.8 ha, the soil is highly saline with a salt content
in the soil of the aeration zone of more than 1.0%. Upon reaching a critical threshold of toxicity and water
salinity layer in rice paddies, water from paddies is discharged and paddies are flooded to the same level
with water from an irrigation channel. On the other rice paddies (the remaining 18), with the overall area
of 48.2 hectares, the soil is slightly saline with a salt content of up to 0.3%. On the remaining 100 ha
paddy field, the rice is cultivated according to the existing recommendations [8].

Results. On saline soils of rice paddies 10 and 11, the irrigation rate is 23,488 m®/ha, the yield is
4.7 t/ha. Discharge (change) of water from rice fields during the irrigation period is carried out twice: the
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first is during stem extension of the rice plants when the salinity of the water layer in rice paddy is 2.5 g/l
and the second time is during flowering period; the volume of water discharge is 2,297 m%ha. On slightly-
saline lands of 18 rice paddies, the salinity level of the water layer in the rice paddies during the irrigation
period did not exceed 1.0 g/l and water was not discharged from the paddies, the irrigation rate of rice
constituted 21,346 m*/ha, while the yield was 5.2 t/ha (table 1).

Table 1 —Rice irrigation technique

Rice vegetation S . Water S . Water
- Rice irrigation regime Rice irrigation regime
Ne stages and their - . supply . . supply
. on saline soils 3 on low saline soils 3
duration m>/h m>/h
1 2 3 4 5 6
1 Sprouting Flooding and maintenance of 10 cm 6.559 Flooding of the paddy fields by 10 5780
05.v-15.V water layer ' cm '
2 Eg] \e;r_g3|lng\;/crops Maintenance of 8 - 10 cm water layer 3,170 | Intermittent flooding by 5-6 cm 3,070
3 Tillering Maintenance of 5 cm water layer 2,609 | Maintenance of 5 cm water layer 2,510
01.VI-30.VI ' '
01-02.VII Increase of water layer up to Increase and maintenance of 12 cm
820 790
12cm water layer
03-22. VIl Maintenance of the water 3,270
Booting layer
4 1 0L VI-25.VII 23-24. VI Discharge of the water layer
' ' from paddy due to mineralization Maintenance of 12 cm water layer 4,100
increase up to 2.5 g/l 1,200
24-25. V11 Flooding of paddy with 12
cm water layer
26. VI1-08.VIII Maintenance of 12 cm
5 Heading - water layer
blooming 9-10.VIII Discharge of the water from 2,510 Maintenance of 12 cm water layer 2,866
26.VII-10.V1I paddy due to mineralization increase up
to 2.5 g/l
11-12. V11 Flooding of paddy fields to
Milk — waxed o g of paddy 1,200
6 | ripeness - Maintenance of 12 cm water layer 2,230
1LVIN-28.VIII 13-28.VI1II Maintenance of 12 cm water 2,150
layer
Full ripeness
7 | of rice grain 29. VII1 Discontinue water supply - Discontinue water supply -
29.VI11-08. IX
8 | Total 23,488 21,346
9 | Riceyield, t/ha 4.7 5.2

Hydro module of initial flooding of the paddy fields is equal to 6,4 — 7,8 I/s-h, during maintenance of
the water layer period — 1.9-4.6 I/s-h.

When rice yield is 5.2 c/h, the total evaporation during irrigation period (evaporation plus
transpiration) is 9,860 m*/h. An intensity of the evaporation in irrigation period depends on vegetation
phase. The highest value of the evaporation occurs in the booting phase — 158 m*/h per day [9,10,11].

Total evaporation value, which includes transpiration and filtration is 17,710 m®/h, which is lower
than the water consumption norm set by spillways at 3,679 m®g. Such water volume is consumed for soil
saturation of aeration zone and side filtration to adjoining territory of the paddy fields [12,13].

In water balance, water supply to the paddy fields during irrigation period to the low saline soils
without water discharge is 21,396 m/h, to the saline soils with water discharge is 23,488 m/h, additional
supply from the ground waters and atmospheric precipitations are 1,340 m*h and 2,670 m*/h respectively.
In consumption side of the water balance, total evaporation is equal to 9,860 m?h, filtration and drainage
run-offs are 7,850 m*h, ground water outflow from the paddy fields is 1,180 m%h, and 1,490 m%h.
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Discharge run-off from the paddy fields in which mineralization of the water layer exceeded acceptable
limits, it is 2,800 m*h. On the rice system, the water balance is steadily maintained, the sum of the
components of the supply part of the water balance is equal to the consumption, the balance discrepancy is

5.5-5.6% (table 2).

Table 2 — Water balance of the paddy fields of Agrofirm «Birlik» experimental field

No Name Low_saline soils, p_addy fields Salipe soils, pqddy fields
without water discharge with water discharge
1 2 3 4
Supply side
Water supply from channel 21,396 23,488
Precipitations 1,200 1,200
Ground water inflow 140 1470
Total 22,736 26,158
Consumption side
1 Soil saturation 2,700 2,700
2 Total evaporation and transpiration 9,860 9,860
3 Filtration and drainage run-off 7,850 7,850
4 Discharge run-off — 2,800
5 Ground water outflow 1,180 1,490
Total 21,590 24,700
Discrepancy 1,270 1,474
5.5% 5.6%

The salinity balance of Agrofirm «Birlik» of the Akdaly rice system demonstrates that soil
desalination of aeration zone occurs during rice cultivation at the rice fields. Salt discharge from aeration
zone of 0-160 cm from the paddy without water discharge in irrigation period is 36.4 t/h, on saline soils
with water discharge in irrigation period is 29.9 t/h. Salt discharge prevails over entry to the paddy fields
without water discharge up to 4.7 t/h, on saltine soils with water discharge 2.6 t/h, discrepancy is 4.0% and

1.3% (table 3).

Table 3 — Salinity balance at the paddy fields of Agrofirm «Birlik» experimental field of the Akdaly rice system, t/h

On low saline soils, paddy fields On paddy fields with water
Elements of Salt Balance without water discharge during discharge during irrigation
irrigation period period
S, — salt reserves of aeration zone before rice crop 112.6 229.8
S, — salt entry with irrigation water 12.2 12.8
Sz — salt entry from ground water 1.2 14
TOTAL 126.0 244.0
S, — salt reserves of aeration zone after rice harvesting 76.2 199.9
Ss — salt discharge by filtration run-off 491 38.1
S — salt discharge by discharge run-off ' 5.2
S; — salt discharge by drainage run-off and ground water
5.4 2.8
outflow
TOTAL 130.7 246.6
Balance -4.7 -2.6
Discrepancy, % -4.0 -13
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The rice growing technique, which is taking into account the geological structure and lithological
composition of soils in the aeration zone of rice paddies, affects the critical threshold indicators of the
mineralization of the water layer on rice paddies and provides: profit of 33,250 tenge/ha and increases
profitability by 18.6% on saline lands; on slightly saline lands profit is 49,256 tenge/ha and profitability by
22.2%. Reduction of non-productive loss of irrigation water on the area of 55 hectares is 3,945 m*/ha; rice
yield increases by 0.6 t/ha, efficiency of rice production by 20,137 tenge/ha, profitability by 10.7% (table 4).

Table 4 — Rice cultivation economic efficiency of irrigation technique based
on critical threshold values of water layer mineralization in the paddy fields

Rice irrigation technique during .
irrigation period Weighted At remaining Adifference in
Indicators Low saline soils Saline soils average copggs;(t:}:/%no f comparison with
without water W!th water value Agrofirm «Birlik» cooperative
discharge discharge
Area, hectares 48.2 6.8 55 100
Rice yield, t/h 52.4 47.2 51.8 46,0 5.8
Irrigation rate, m¥/ t 21,396 23,488 21,655 25,600 - 3,945
Water consumption, m/c 408 499 418 556 -138
Product prime cost, KZT/ t 5,060 5,307 5,154 5,810 - 656
Profit, KZT/h 49,256 33,250 47,277 27,140 20,137
Efficiency, % 222 18.6 21.7 11.0 10.7

Conclusions. The geological structure and lithological composition of soils in the aeration zone of
the Akdala rice system affects the degree of soil salinity, water consumption rates and rice yield. In
comparison with slightly and moderately saline soils, on saline soilsthe irrigation rate of rice is higher by
2,800 m*ha, whilethe rice yield is lower by 0.5 t/ha. On the saline lands of the Akdala rice system, water
is discharged from rice paddies twice during the irrigation period, once in July and the second time in
August. Saline lands of rice systems, where itis necessary to be discharge(change) water during the
irrigation period, account for 11% of the irrigated area, while other 89% of the irrigated land area is
slightly and moderately saline, and there is no need to discharge water during the irrigation period [5, 14,
15].

The introducing of the proposed technique for rice irrigation, which is taking into account the
thresholds of critical indicators of the water layer mineralization of the rice paddies will increase the
additional harvest of shaly rice from the Akdala rice system by 6.0 thousand tons, and will save water
resources by 40 million m® per year. On the rice irrigation systems of Kazakhstan, these indicators will
comprise 43.5 thousand tons and 296 million m® of saved water respectively.

A.T. Payl, K. K. Kagamesa', I. A. Payl, K. K. Aﬂyapﬁekosl, P. Mepamona2

1Ka3¥AY, Anmarsl, Kazakcras;
2Arpapm)lx yHuBepcuret, [Inosnus, boarapus

IJIE ©3EH BACCEMHI TOITBIPAFBIHBIH T'EOJOTUSJIBIK KYPBLJIBIMBbI
7KOHE KYPIII OHIMI

AnHoraunusa. Kazakcranmarel kypimr cyapy xyieci Ceipmapus, Ine »xone Kaparan eseni OacceitHiHiH
Teppaccachl MEH CarachlH/Ia OpHAJIACKaH. Alpallys aiiMarbl TOMBIPAFbIHBIH T€OJOTHSIIBIK KYPBUIBIMBI MEH JIMTOJIO-
THSUTBIK, KYPaMbl TOIBIPAK KYHAPJIBUIBIFEL, MEXaHUKAJIBIK KYpaMbl, Cy-(QHU3UKaIBIK KaCHEeTTepl, Cy OTKI3TIiITIri MeH
TY3JBUIBIFBI apKBLIBI €peKIIeeHeli. AJUTIOBHAIIbI IIAJFBIH/IBI XXOHE TaKbIp TONBIPAFBI )KEHIJ )KOHE aybIp ca3/laKTaH,
KYMJIaK casfiaH >koHe ca3faH Typajsl [1,2,3].

OtkeH rachipablH 60-80-plnnapel canblHFaH Kypill cyapy »KyHeciHAeri MeIHOpaTHBTI KEMIIITIKTEp ©3¢H
Teppaccachl MEH jKarajayblHJarbl TONBIPAKTHIH a’pauusi aiMarblHBIH T'€OJOTHSUIBIK KYPBUIBIMBI, JHUTOJIOTHSIIBIK
KypaMbIMEH epeKIIeJeHeTiH, OipKypbrutbiMabl «KyOaHCKas» Kypill KapTachl, cyapy >oHE IpeHaxIblH Oipaei
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napaMeTpiMeH CaJIbIHFaHbl )KOHE KYPILITiH aybIClaibl ericTiK cxemaiapbl 7 jkoHe 9 KypilTiH yieci colikeciHIie
57,5% xoHe 63% Kkypaiinsl [4].

Kypim cyrapy xyiiecin naiganany kesinge «KyOaHckasi» Kypilll KapTachl TONBIpaK KacHETTEpiH CaKTaraH
TOIBIPAKTa, KYPIIITIH KETEeKII TaKbUIIAPBIH CyapyablH OY3bUTYBI KarIaiblHIA, KYPILITIH OHIMIUIIrT MEH Kypiml
JIaKbUIIAPBIHBIH ayBICYBl KONITETeH OH/IaFaH >KbUigap OOWbI xoFapbl 00BN Kenfi, Kypimr 6,0 ToHHA./Ta )koHEe OJIaH J1a
ke, >koHbImKa 18,0 T / ra Kyprak mMaccara neifin xereni. Kypimrig cyapy HOpMacsl k00aibIK ayKeiMaa 22-23 MBIH
M/ra Kypaiiasl. JKeTekimi Kypill JaKbUIIapbIH CyapyIblH apKachIHAA TONBIPAK KACHETTEpi Oy3bImaibl, OHiMIiTri
TOMEH JKepAiH Oydeprmik KabifieTi eKkiHmi peTTik Ty3maHaabl, Kypim eHimaimiri 3,5 T / ra, xoHsmmka 6,0-8,0 1/ra.
Kypimris cyapy HOpMackl 28 MBIH M>/ra JKoHE ONaH Ja Kell, JKepiH TO3y YAepici jKoHe ayblIIIApyalIbTbIFEl
MaKcaTbIH/Ia TTaliTalaHyJaH [IBIFBIT KajdraH [S].

JKanmer aynanasig 220 Mbig ra, Ceipaapus e3eHi Oacceiininaeri Kpi3putopaa Kypin cyapy KyheciHaeri eHiMi a3
xeprep 40 MBIH ra Kypaiinel. Inme e3eni OacceitHingeri Aknmana maccuBi 8 MbIH ra, Kei3buiopia Kypiln cyapy
xydecinmeri 20 MBIH Ta jKOHE AKJana MAacCHUBIHIErT 6 MBIH ra TO3FaH Ep CKIHII peT TY3IaHFaHIbIKTaH,
aybUIIIApyalIbUIBIFBl MaKcaThIH A NalijaaHy1aH MIBIFbII KaJFaH [6].

«KybaHckas» Kypill KapTachl )KeTi JKOHE TOFBI3 TaHANThl aybICHaJbl ericTikre Kypim eHimaimiri 50-60 wra
OonaThlH a’pauus aiiMarbl TOIBIPAFBIHBIH TEOJIOTHSJIBIK KYPBUIBIMBI MEH JIMTOJIOTHSUIBIK KYpaMbl KEHIUT ca3naybIT
TOTIBIPAFbIMEH, KYMJbl ca3fgak KabartaH Typazmbl. JKepi Ty3meipak, 100 cm tombipak kabareiama 0,3-0,4% Ty3ast
6o kenenmi. Kysri, KBICKBI Ke3eHAe >kepacThl Cyel 2,0-2,5 M TepeHHIKTe, OJapIblH MUHEpANTaHybl 5-7 T/1
Kypaiinel. Kypimri cyapy ke3eHiHAe >KepacThl Cybl KYpIll €TiCiHiH CYBIMEH KOCBUIMAWIBI, KYPIIl €TiCiHEH CyIbIH
cy3yiyi 6oc xxoHe Toymirine 12-17 mm kypaiinsl. Cy3ymyniH apKacklHAA KYPIll aThI3BIHAAFEI Cy )KaHAPa b, TOIBIPAK-
TBIH TaMblp KaOaTblHAaH MHKPOOPTAaHM3M KaJJIbIFbl MEH TY3 alblHanpl. J[peHax arblHBI cekyHnaelHa 0,57 n/ra
kepcereni. Kypim aFsIHCBI3 %oHE KYPIII aTBI3BIHAH Cy aFBI3BUIMAN ocipinemi.

Kypimr cyapy »xyleciHiH eHIMI a3 jKepAe adpalus aiMarbl TOIBIPAFbIHBIH T'€OJIOTHSJIBIK KYPBUIBIMBI MEH
JIUTOJIOTHSUTBIK KYpaMbl aybIp Ca3gaybiT MEH ca3 OalmIbIKThl ca3nakraH Typansl. JKepi Ty3mael, 100 cM Tombipak
kabatbiHna 0,7-0,9% ty3 kezneceni. Ky3ri, KbICKbI Ke3eH e xKepacThl ¢ybl 1,2-1,5 M TepenaikTe, ajl MUHEpaIaHybl
12-15 r/n xypaiigsl. KypimTi cyapy OapbichiHAa >KepacThl CYBIHBIH KYPIII aThI3bIHAAFbl CYMEH apajiachlll, Kypill
aTBI3BIHIAFHI CYABIH CY3u1yi Toyiirine 0-3 mwm, npenaxarsl 0,12 11/ car. 6omaasl. Byt xepie TOmbIpak MeH *KepacThl
CybI TY3bIHBIH KOHBEKTUBTI Mu(D(y3uschiHa OalIaHBICTBI KYpPIlll aThI3BIHIAFBI Cy KOOIpEK MHHEpallJaHa/bl )KOHE
VBITTBUIBIK IIEKTi AeHredine 2,5 r/m xerexi [7,8]. CyoslH MUHEpANJaHyBIH a3aliTy VIINIH cyapy KaHalbIHAH CYIbI
arbI3y KaXKeT, KeWiHHEeH Cyapy KaHaJblHAaH Cy TONTHIpajbl. byn kepieri Kypill NakbUIBIHBIH JKETi JKOHE TOFBI3
TaHAITHI aybIcTanbl ericke apHan «KyOaHcKash» Kypilll KapTachblHBIH KYPBUIBIMBIH ©3TepTy KepeK, OHBIH >KOOaJbIK
350-400 M opHBIHa 60 M KamIBIKTHIKTA kacay KaxeT. «KyOaHckas» Kypiml KapTacklHEIH 60 M IpeH apaKamlbIKTHIFbI
JOpeHaxabl arbiHbH 0,37 J1/c.ra. KaMTaMachl3 eTelli, TOMBIPaKThIH KalTa Ty3/aHy KaFaaibIHbIH anablH anaasl [5,6,7].

Tyiiin ce3mep: reosorus, TONBIPAK >KAMBUIFBICHI, JIMTOJOTHS, a’palys aiMarbl, Takblp, MUHEpaJIaHy, Cy
OTKI3TIIITIK, TY3ABUIBIK, KYpIlll XKYiieci, cy, Ty3 OajaHChl, KYpill, OHIM/IUTIK.

A.T. Pay', K. K. Kagamesa’, I. A. Pay’, K. K. Anyap6exos’, P. Mepaﬂ?.ona2

'HAO KasHAY, Anmartsl, Kazaxcran;
ZAI"papHHﬁ yHuBepcuret, [lnosaus, boarapus

I'EOJIOI'MYECKOE CTPOEHHUE TIOYBOI'PYHTOB
U YPOXKXAMHOCTDb PUCA BACCEMHA P. LJIE

AHHoTanusl. PucoBple opocuTensHBIE CHCTeMBI Ka3zaxcraHa pacmoNOXeHBI Ha pEYHBIX Teppacax u
MIPUPYCIOBBIX Bajax B OacceitHax pek Ceipaapeu, Wne, Kaparan. ['eomormueckoe CTpOe€HHUE W JTUTOIOTHUECKHUI
COCTaB TIOYBOTPYHTOB 30HBI a3palli XapaKTepu3yeTcsl OOIBIINM Pa3sHOOOpa3neM, OTIHIAFOIINXCS MO TUIOIOPOIHIO
[I0YB, MEXaHMYECKOMY COCTaBY, BOTHO-(DM3NIECKUM CBOHCTBAM, BOAOIPOBOJANMOCTH M CTETICHH 3acoiieHHs. [10uBEI
AJUTIOBUAJIBHO-TYTOBBIE M TAKBIPHBIE COCTOST M3 JIETKUX M TSHKENIBIX CYTIIMHKOB, cymnecei, mmnsl [1,2,3].

OwmnOKN MeNInopaly PUCOBBIX OPOCUTENIBHBIX CHCTeM, IocTpoeHHble B 60-70-80 romsl mpomnioro croierus,
COCTOAT B TOM, YTO Ha BCEX MOYBOTPYHTAX, PEUHBIX Teppacax M MPHUPYCIOBBIX Banax, OTIMYAIOLIUECS MO Te0J0TH-
YECKOMY CTPOEHMIO M JIUTOJIOTHUECKOMY COCTaBYy 30HBI a’palMu Oblia mocTtpoeHa pucoas kapra «KyOaHckasy»
OJTHOM KOHCTPYKIMH, C OZIMHAKOBBIMHU ITapaMeTpaMH OPOILICHUS U JPeHaka M CXeMaMU PHCOBBIX CEBOOOOPOTOB 7 U
9 nonHsle, ¢ 10NeH yuacTUsl pUca COOTBETCTBEHHO 57,5% u 63% [4].

B mporecce skcmnyaraliui pUCOBBIX OPOCHTENIBHBIX CUCTEM BBIACHUIIOCH, UTO HAa MOYBOIPYHTAX, L€ PUCOBAs
kapta «KybaHckas» crocoOHa COXpaHATh CBOHCTBO TOYB, B YCJIOBHAX JCHCTBYIONIMX BO3MYIICHHUN OT TOJHUBOB
BeAylIeH KyJabTypHl pHCa, YPOKafHOCTH pHca M KYJIBTYPY PHCOBOTO CEBOOOOPOTa MHOTHE ACCATHIICTHS OCTAeTCS
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BBICOKOH, puca — 6,0 T/ra u 6onee, morepHsl — 10 18,0 T/ra cyxoit Maccel. OpocUTeNnbHAsS HOpMA puca — B Ipeeiax
npoexTHOit 22-23 Thic.M*/ra. Ha MoYBOrpyHTaX, /1€ 3a CYET [OIMBA BELYIIEH Ky/IbTyphl pHca HApyIIAIOTCS CBOICTBA
Mo4YB, UX Oy(epHOCTh 3eMJIM HU3KONPOIYKTHBHBIC IMOJABEPKEHBI BTOPHYHOMY 3aCOJICHHIO, YPOXKaWHOCTh pHca He
npessimaer 3,5 1/ra, mouepHsl — 6,0-8,0 1/ra. OpocurenbHass HopMa puca 28 Thic.M*/ra U BBIIIIE, IIPOUCXOUT
Jierpaalys 3eMeib U BBIXOJ U3 cenbXxo3000pora [5]. 3 obmeit miomany 220 Thic.ra HU3KONPOAYKTHBHBIE 3MJIN Ha
Ke3pmopauHCcKkoil pHCOBOM  OpoCHTENbHOW cucreMe B Oacceitne p.Ceipmappn cocraBisitor 40 ThIC.Ta, Ha
AxnannHCKoOi B Oacceline p.Jne — 8 Thic.Ta, HerpaanpoBaHHbIC 3eMIH Ha KBI3BUTOPAMHCKON pUCOBOM OpOCHTEIBHOM
CHCTEME, BBIIEANINE M3 CEIbX03000p0Ta IO HPUYMHE BTOPHUYHOTO 3aconeHus , 20 Teicra W 6 Thlc.ra — Ha
AKnanuHCKOH [6].

I'eonmorndeckoe CTPOEHHE M JINTOJIOTHYECKHH COCTAaB IIOYBOTPYHTOB 30HBI a’palliH, T/A€ PHCOBas KapTa
«KybaHckas» obecneunBaeT ypoxailHocTh puca 50-60 1y/ra B CEMHUIIOIBHOM M AEBATHIIONBHOM CEBOOOOPOTax,
NIPE/ICTAaBIICH MOYBaMH JIETKMMHU CYIJIMHKaMH, CYIJIMHKaMu C MPOCJOHKaMu cymnecH. 3eMild ci1a003acolieHHbIE, C
conepxanueMm coseit B 100 cm crnoe nmous 0,3-0,4%. B oceHHe-3UMHUI NepHOA T'PYHTOBBIC BOABI HAXOISATCA Ha
riy6une 2,0-2,5 M ipu uX MUHepanu3auuu S5-7 r/1. B nepuoa nonuea puca rpyHTOBbIC BOABI HE CMBIKAIOTCS C BOJON
PHCOBBIX YEKOB, (pHUIBTPAIs BOABI U3 PUCOBBIX YEKOB CBOOOIHAsS U cocTaBisieT 12 — 17 Mm/cyT. 3a cyer ¢puibTpa-
LM IPOUCXOIUT OOHOBJIEHUE BOJIBI B PHCOBBIX Y€KaX, BBIHOC COJICH M MPOAYKTOB JKU3HEESITEIILHOCTH MHUKPOOpra-
HHU3MOB M3 KOpHEOOnTaeMoro cios mous. [IpeHaxHsiit cTok cocrasisier 0,57 n/c.ra. Puc BeipamuBaeTcs 6e3 mpoTod-
HOCTH ¥ COPOCOB BOJBI N3 PUCOBBIX YEKOB.

Ha HU3KONpPOIYKTHBHBIX 3eMIIIX PHCOBOI OPOCHTENIBHOM CHCTEMBI I'€OJIOTHYECKOE CTPOCHHE M JIMTOJIOTH-
YECKHI COCTaB MOYBOTPYHTOB 30HBI a’palll IPEICTABICH TSDKEJIBIMU CYTIMHKAMHM, CYTJIMHKAMH C IPOCIOWKAMHU
TIIMHBL. 3€MIIH 3aCONIEHHBIE, ¢ conaepxkanueM conedl B 100 cm cnoe nous 0,7-0,9%. B oceHHe-3uMHMN EpHOA Tp-
YHTOBBIC BOJABI HaXOIATCs Ha Tiyomne 1,2-1,5 M, muHepanm3anus ux 12-15 r/1. B mepuox monmsa prca rpyHTOBBIE
BOJIbI CMBIKAIOTCSI C BOJJOM PUCOBBIX YEKOB, (DMIIbTpPALIUs BOJBI U3 PUCOBBIX YEKOB cocTaBisieT 0-3 MM/CyT, qpeHax-
Hbl cTok — 0,12 5/c.ra. Ha 3TuX 3eMisiX 3a cueT KOHBEKTHUBHOHN nudGy3un CoJei U3 MOYBBI U OT TPYHTOBBIX BOJ
YBEJIMYHMBACTCS MUHEPAIN3alHsl BOJBl B PUCOBBIX Y€KaX W JOCTUraeT KPUTHUECKOTO IOpOra TOKCUYHOCTH 2,5 1/1
[7,8]. Anst cHmKeHHs MHHEpalU3aluy BOJbI B YeKaxX HEOOXOJMMO IPOU3BOJIUTH COPOCHI BOABI C HOCIENYIOLIErO
3aTOIJICHUS M3 OPOCHTENBHOTO KaHama. [ CeMMIIONBHOIO M JEBSITUIIOIBHOIO PUCOBBIX CEBOOOOPOTOB HAa ITHUX
3eMIISIX HEOOXO0AMMO U3MEHUTh KOHCTPYKIUIO PHUCOBOH KapThl «KyOaHCKas, BBIOIHUTE paccTostHueM 60 M BMeCTO
350-400 M mpoekTHOW. PrucoBas kapra «KyOaHCKas» ¢ MEXIpEHHBIM paccTossHueM 60 M 00ecleduT OpeHaKHBIN
ctok 0,37 n/c.ra, mpenOTBpaTHT BTOPUIHOE 3aCOJICHHUE 1T0YB [5,6,7].

KnaiodeBble ciioBa: reosorusi, MOYBEHHBIH MOKPOB, JHUTOJIOTHS, 30HA adpald, TaKbIPbl, MHHEpAIN3alMs,
BOJIONIPOBOANMOCTb, 3aCOJICHUE, PUCOBBIE CUCTEMBI, BOJHO-COJICBOM OaslaHC, PUC, YPOKAWHOCTb.
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URANIUM AND OTHER TOXIC ELEMENTS IN TRANSBOUNDARY
WATERS NEAR KAMYSHANOVSKY DEPOSIT

Abstract. The paper is devoted to revealing the signs of negative impact from the territory of the
Kamyshanovskoye deposit (Kyrgyzstan) on the level of contamination with uranium and other hazardous elements in
transhoundary water bodies, in the first place in the Shu River. For this, six control points along the irrigation canal
at this territory were chosen together with 9 control points along the Shu river within the area. The elemental
composition of water samples was studied employing MS-ICP and OES-ICP; concentration values of 22 elements
were determined. The calculations were performed based on the obtained contents of toxic elements of the 1st and
2nd classes. Corresponding sanitary standards exceed the corresponding values by 1.5 — 6.7 times. At that, uranium
makes the main contribution to the toxicity level of the studied water in the Shu River (46%) and in the canal (61%).
The toxicity of the water canal is for ~3 times higher than that of the Shu River. The highest toxicity indicator was
found in the water delivered to the agricultural irrigation at the territory of the Kamyshanovskoye deposit. This
peculiarity and the obtained data may be of interest to the Ministry of Agriculture of the Kyrgyz Republic.

The distribution of chemical elements in water along the irrigation canal and along the Shu River bed was
studied. It is established that the canal water do not become contaminated with toxic elements while passing through
the deposit lands. It was established in the 3 control points of the Shu River that an increase (by 28 — 130%) in the
concentration of Ca, Ni, Li, Sr, U, Mg, Cr, Ba over their concentrations at the control points is higher upstream of
this river. The results obtained convincingly indicate the presence of a serious influence of the Kamyshanovskoye
deposit territory on the Shu River contamination with these elements. It is unlikely that such significant
contamination is caused by the irrigation system discharge waters. One of the possible mechanisms of water
contamination in the Shu River in its segment may be the entry of groundwater in contact with the ore body of this
deposit.

Key words: uranium deposit, transboundary waters, toxic elements.

Introduction. The uranium deposit Kamyshanovskoye is located on the territory of Kyrgyzstan
45 km from Bishkek and in the immediate vicinity of the border with Kazakhstan. It has been revealed
exploring this deposit that uranium is concentrated (up to 0.1%) mainly in peat and silt-peat deposits.
Uranium-bearing peat also contains the following chemical elements (including the toxic ones): Mo, Cu,
Zn, V, As —n+(0.1-0.01)%; Pb, Co, Ni, Sc, Ga—n-0.001% [1].

In the southern part of this field, the village of Kamyshanovka with a population of about
2.5 thousand people is located. The local population is mainly engaged in cattle breeding and cultivation
of vegetables and grain crops. These agricultural works are carried out practically on the entire territory of
the field. A complex densely interwoven irrigation system has been created for watering the cultivated
products. Water, which is a mixture of many water sources, enters this system through a special hydro-
canal. Ultimately, the waters of this system, including all return water from the irrigation fields, are
discharged into the riverbed of the Shu River flowing in the northern part of the field along the
Kyrgyzstan-Kazakhstan border.
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Since virtually any mineral exploration activity or industrial development of mineral deposits affects
the environment [2,3], al-Farabi KazNU studied the radionuclide composition and the presence forms of
uranium in peat samples from the Kamyshanovskoye deposit and soil taken near the residential village of
the same name.

The revealed specific activity of **U in the studied soil significantly (for about 10 times) exceeded
the background value of its activity for the region. This indicates a technogenic impact from the uranium
mine. It was also shown that the main part (more than 90%) of uranium contained in the studied soil and
peat samples is in geochemically mobile forms [4, 5]. Uranium in such forms, under the influence of
various natural factors (rain, wind), can migrate to local water sources and spread over considerable
distances. Thus, the situation on the territory of the Kamyshanovskoye deposit, located in close proximity
to the transboundary Shu River, represents a potential danger of contamination of this river with uranium
(and, possibly, with other toxic elements).

Given the above, we set up a task to study the elemental composition of water samples taken in the
Shu River and the hydro-canal in the territory of the Kamyshanovskoye deposit. The purpose of this study
is to identify the signs of the negative impact of the above (or other) factors on the contamination with
uranium and other toxic elements (TE) of the waters of these transboundary objects, in the first place of
the Shu River.

Field work and methods of research. Field work was based on the experience gained in our
previous studies of radiation and environmental conditions in the Syr Darya river basin within the
framework of the international project “Navruz” (Kazakhstan, Uzbekistan, Tajikistan, Kyrgyzstan) [6].

Water was sampled as shown in figure 1 from 6 control points (CH-1 — CH-6) along one of the
irrigation canals and at 9 control points along the Shu River (SH-1 — SH-9). The vast majority of these
samples (14 out of 15) were taken on the territory of Kyrgyzstan. In Kazakhstan, only 1 water sample was
taken at the control point (CP) SH-9.

N
Kazakhstan {

SH-4 Legend
@ Checkpoints

Uranium-bearing peatlands

Kyrgyzstan

0 2 4 8 Km
L " i L 1 1 L 1 ]

Figure 1 — Water sampling points in the territory of the Kamyshanovskoye field

At each control point, water was sampled at least in 5 points in compliance with the State Standard
RK GOST R 51592-2003. So, places free of algae and floating debris were chosen. A water sampling
container was immersed to a depth of 50 cm below the surface. The combined 0.25 | water sample was
filtered through 0.3 um membrane filters, preserved at the rate of 3 ml of concentrated HNO; per 1 1, and
hermetically packed in plastic bottles.

Inductively coupled plasma mass and optical emission spectrometry (MS-ICP, OES-ICP) were used
to determine the elemental composition of the taken water samples. MS-ICP analysis was performed at the
ELAN-9000 inductively coupled plasma quadrupole mass spectrometer PerkinElmer SCIEX. The
OES-ICP analysis was performed on an OPTIMA-8000 inductively coupled plasma optical emission
spectrometer, manufactured by PerkinElmer Inc. Each device is equipped with a computer workstation
and specialized software. All analyses were carried out according to the standard method “ISO 17294-2.
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Part 2: determination of 62 elements.” Prior to each measurement series, the sensitivity and stability of the
spectrometer system (instrument tuning) was checked using specially prepared (based on standard
samples) solutions. Upon obtaining the calibration curves, blank solutions and natural water samples were
measured, both initial and (if necessary) diluted 1/10, 1/100, etc. The isotopes for measurement (in the
case of IC-ICP) and the emission lines (in the case of OES-ICP) were selected based on a compromising
criterion assuring acceptable detection sensitivity, minimal spectral noise and low background. The
techniquelallows to determine concentrations of many elements with the detection thresholds from 0.1 to
10 pg-kg™.

The presented technique was tested on various standard samples and has been successfully used in
monitoring the transboundary rivers of Kazakhstan and studying the environmental situation in the basins
of the most contaminate water objects [6-8].

Results and their discussion. The methods of MS-ICP and OES-ICP were used to study the
elemental composition of water samples taken at all 15 CPs. The concentration values (or their threshold
values) were determined for the following 27 elements: Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Fe,
Hg, K, La, Li, Mg, Mn, Mo, Ni, Pb, Sb, Sr, Th, U, V. Preliminary analysis of the obtained data showed
that the contents of Ag, Be, Cd, Hg and Th in all the studied water samples were below the detection
thresholds of the employed analysis methods and the corresponding clark values (world average) for
drinking water [9].

Table 1 shows the intervals of the concentration values for the remaining 22 elements and the average
values of their concentrations in water at the studied sections of the Shu River and the canal. The table
also presents the clark values for all elements, as well as the maximum allowable concentrations values set
by WHO (MACwwo) [10] and (additionally) by Kyrgyz Republic (MACkgr) [11] for drinking water. It
should be noted that the values of the MACkg for Al, Co and Li coincide with the relevant standards set by
the Republic of Kazakhstan (MACgk) [12].

Table 1 — The concentrations of chemical elements in water samples taken along the Shu river and the canal, pg-kg™

Object
Element The canal Shu River cl[gak Ml\,/AI\ ,EC\;VKHRO[[lll(])]l
Range Average Range Average
Al 103 - 179 14632 35.9-88.0 75.4+24.0 50.0 500
As 2.45-450 3.35+0.79 1.70-2.13 1.93+0.11 0.20 10.0
B 232 - 452 312495 60.9 - 149 91.6+30.5 50.0 2,400
Ba 30.2-58.1 40.4+12.1 29.3-82.3 62.6+15.7 60.0 700
Ca, % 62.3-90.1 73.6+11.5 37.1-77.0 57.5¢10.4 13.4 -
Ce 0.37-0.55 0.46+0.09 0.17-0.30 0.26+0.07 0.06 -
Co 0.41 -0.58 0.47+0.07 0.23-0.30 0.25+0.02 0.20 100
Cr 2.45-8.64 4.84+2.42 1.62 -4.09 2.29+0.67 1.00 50.0
Cu 1.15-2.49 1.82+0.59 1.31-3.03 2.59+1.87 1.50 2,000
Fe 82.0 - 163 116443 43.6 -61.4 58.849.6 40.0 2,000
K, % 2.58 -4.33 3.53+0.74 1.52 -2.97 2.56+0.44 1.30 -
La 0.19-0.28 0.24+0.05 0.14-0.19 0.17+0.05 0.04 -
Li 18.3-42.38 26.6+11.2 493-11.4 8.03+1.87 2.50 30.0
Mg, % 31.1-595 40.4+11.4 12.2-248 17.8+4.4 3.35 -
Mn 5.22 -16.6 10.6+6.1 3.99-10.6 9.13£3.39 8.20 400
Mo 9.09-14.7 10.5+£2.2 4.92-5.76 5.30+0.24 0.50 70.0
Ni 6.16 - 8.60 6.92+0.98 4.15-6.58 5.19+0.58 0.50 70.0
Pb 0.40-0.62 0.51+0.08 0.30-0.60 0.49+0.11 0.10 10.0
Sh 1.06 - 1.84 1.34+0.35 <0.30-0.75 0.69+0.21 1.00 20.0
Sr 1107 - 2025 13924358 529 - 905 650+124 60.0 -
U 82.6-114 99.0+14 174-31.1 24.3+4.7 0.24 30.0
\% 7.83-14.2 10.4+3.1 2.08-243 2.1940.11 1.00 -
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The data presented in table 1 indicate that the average concentration of the vast majority of the
studied elements (with the exception of Ba and Sh) in the waters taken in the Shu River and in the canal
are higher (for many, are substantially higher) than their corresponding clark values. Also, for many of
these elements (with the exception of Ba and Cu), the concentrations in the canal are noticeably (for 1.5 —
4 times) higher than those in the river. As it has been mentioned above, the water of the irrigation system
on the territory of the Kamyshanovskoye deposit flows into the Shu riverbed. This imposes the risk of the
Shu water contamination with chemical elements contained in significant concentrations in these
wastewaters. The highest contamination danger exists due to the significant contents of uranium (U is a
chemical element of the 1 hazard class), certain elements of the 2" hazard class (Al, As, B, Li, Mo, and
Sr), and salts of calcium, potassium, magnesium.

Table 2 show the calculated values of the total chemical toxicity (the limiting indicator of the harmful
effects, Kpn, the limiting hazard indicator) of water at all CPs along the canal and the Shu River. The
calculations are performed in accordance with the following expression

n
Kun =2 Ci *MAC!
i=1
where C; — is the concentration of the elements of the Hazard class 1 or 2. At that, we considered a limited
list of elements (those with significant concentrations at all 15 CPs) of the 1% and 2™ hazard classes: Al,
As, B, Ba, Li, Mo, Pb, Sr, U. This indicator for drinking water, following the Sanitary Rules of the
Republic of Kazakhstan, should not exceed 1.0 [12].

Table 2 — The values of the limiting hazard indicator Ky, for the water samples taken at the control points
in the canal and in the Shu River

Ci- MAG;!
Sample code -
Al | as | B | Ba | L [ Mo | P ]| st | U | Ku
Canal
CH-1 0.36 0.39 0.19 0.08 143 0.21 0.04 0.29 3.66 6.65
CH-2 0.34 0.32 0.17 0.07 1.25 0.15 0.05 0.22 3.80 6.37
CH-3 0.32 0.25 0.12 0.04 0.68 0.14 0.05 0.18 3.55 5.33
CH-4 0.31 0.28 0.11 0.04 0.67 0.14 0.06 0.18 3.24 5.02
CH-5 0.21 0.32 0.10 0.05 0.61 0.14 0.06 0.16 2.81 4.45
CH-6 0.22 0.45 0.10 0.06 0.69 0.13 0.05 0.17 2.75 4.62
Shu River
SH-1 0.18 0.21 0.03 0.11 0.23 0.07 0.08 0.08 0.58 1.57
SH-2 0.17 0.20 0.03 0.11 0.24 0.07 0.04 0.08 0.59 1.53
SH-3 0.18 0.20 0.03 0.12 0.24 0.07 0.06 0.08 0.61 1.59
SH-4 0.17 0.20 0.03 0.11 0.25 0.07 0.05 0.08 0.60 1.56
SH-5 0.16 0.21 0.06 0.09 0.38 0.08 0.05 0.13 0.91 2.07
SH-6 0.09 0.18 0.06 0.09 0.37 0.08 0.06 0.12 1.03 2.08
SH-7 0.08 0.18 0.06 0.08 0.35 0.08 0.05 0.12 1.04 2.04
SH-8 0.07 0.17 0.03 0.04 0.16 0.08 0.03 0.08 0.94 1.60
SH-9 0.08 0.18 0.03 0.05 0.19 0.08 0.03 0.08 0.99 1.71
MACwHo, MACkg, ug~1'1 500 10 2,400 700 30 70 10 7,000 30

The data presented in table 2 indicate that all the studied waters are characterized by the Ky values
exceeding the sanitary standard of 1.0. At that, the main contribution to the toxicity of the studied waters
is made by uranium (an element of the 1* class of chemical hazard): in the Shu River — for 46%, in the
canal — 61%. It should also be noted that the toxicity of the cannel waters is significantly (~3 times) higher
than that of the river waters (the average value of the Ky, indicator for the canal waters is 5.41 + 0.91, for
the waters of the Shu River — 1.75 £ 0.24). The highest value of this indicator (K, = 6.65) was found for
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water at KP SN-1. This means that water significantly contaminated with toxic elements is supplied to the
irrigation system of the agricultural fields on the territory of the Kamyshanovskoye deposit. We believe
that this feature and the data obtained may be of interest to the Ministry of Agriculture of the Kyrgyz
Republic.

The distribution histograms were made to study the distribution of the studied elements in the waters
of the irrigation canal (laid through separate sections of the uranium-bearing peat deposits) and in the
waters of the Shu River. Some of them are shown in figure 2 below.

U B U B
150 - i OO 40 - MACy0= 30 160 MACwno=2400
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Figure 2 — Distribution of individual elements in the waters along the canal (a) and the Shu river (b)

It follows from figure 2a that the passage of the canal waters through the field does not ultimately
lead to their enrichment with the elements presented. Moreover, the concentrations of most of them (U, B,
Li, Sr, Ni, Mg, Ca, Mo) in the water at CH-5 are noticeably lower than those at CH-1. At the same time,
one should pay attention to the sharp increase in the concentration of Cr in the canal water at the CP CH-3
(probably, due to a local contamination spot), as well as the increased contents of K, As, Ba in the water at
the CP CH-6. Additional research is needed to clarify this pattern. It is common for all elements at figure
2b that their concentrations in the Shu River are evenly distributed in the waters taken upstream from the
territory of the Kamyshanovskoye deposit at the following CPs: SH-1, SH-2, SH-3, SH-4. Further, their
distribution in the waters of this river downstream differs markedly. In accordance with the main objective
of this study, the distribution of U, B, Li, Sr, Cr, Ni, Mg, and Ca is of primary interest. The concentrations
of each of these elements in water increase sharply (for most of them) or smoothly (for Ni) at SH-5 and
remains elevated at the next two CPs SH-6 and CH-7. The excess of the average concentration in waters at
these three CPs of each of these elements over the average value of its concentration in waters at the
previous 4 CPs has the following value, %: Ca — 28, Ni — 30, Li - 55, Sr - 61, U — 66, Mg — 71, Cr — 86,
B — 130. The presented results convincingly indicate the presence of a serious influence of the
Kamyshanovskoye deposit territory on the river contamination with these elements. It is unlikely that such
significant contamination is caused by wastewater from the irrigation system. This conclusion is supported
by the comparison of the concentrations of these elements in the river at the CPs SH-8 and SH-9, in the
interval between which the waters of the studied canal flow into this river. An increase in the
concentration of these elements in the water on this segment of the Shu River is negligible and ranges
from 2.5% (Ni) to 13% (Li). One of the possible mechanisms of water contamination in the Shu River in
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its segment (SH-5 to SH-7) may be the entry of groundwater in contact with the ore body of this deposit. It
should also be added that the revealed contamination with TE, Ca and Mg of the Shu River water is
limited to the river section from the CP SH-5 to the CP SH-7. At SH-8, a sharp decrease (with the
exception of U) of the concentration of these elements in water is observed. A more detailed study is
needed in this place, on a segment of the river from SH-7 to SH-8, to clarify the essence of this
phenomenon and its profoundness.

Conclusions. As a result of the present study, the factors of serious environmental concern were
identified on the territory of the Kamyshanovskoye uranium deposit. Specific measures are required to
clarify their nature and degree of danger to the environment and the health of the local population.

It has been established that the water used for irrigation of agricultural fields in this territory is
significantly contaminated with uranium in concentrations of more than 3 times higher than the maximal
permissible level for drinking water (MPAwo = 30 ug-kg™) and with other toxic elements. It is necessary
to carry out specific studies to reveal the degree of these elements transition to the farmed agricultural
products.

It was also established that the concentration of uranium and other TEs in the water of the Shu River
in its section located near the ore bodies of this deposit significantly exceed their levels in the upstream
waters of this river. The discussed here possible mechanisms of the identified contamination is
hypothetical. In order to identify a real source and reveal the mechanism of this contamination, it is
necessary to carry out a more detailed study on this section of the deposit territory and the adjacent section
of the Shu River.
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KAMBIITAHOBCKOE KEH OPHbBI MAHBIHJIAT'BI TPAHCIHEKAPAJIBIK CYJATBI
YPAH )KOHE BACKA JA YBITTbI DJIEMEHTTEP

Annotanus. KampinraHoBckoe ypaH keH opHbl KpIpFbi3cTan aymarbsiHia binrkek kanacbiHaH 45 maKbIpbIM KaIlIbIK-
Ta )xoHe KazakcTaH miekapachiHa TikeseH jkaKblH OpHAJIAcKaH. byi1 keH opHBIH Oapiay HOTHXKECiH/Ie ypaH HeTi3iHeH
IIBIMTE3EKTE JKOHE JIAMIBI-IIBIMTE3EKTi Ierinaine morbipiaanransl (0.1% neitin) anpikrangsl. CoHmal-aKk ypaHIbl
HIBIMTE3eK KYPaMbIH/a Keleci XUMUSIIBIK dJIeMeHTTep (0FaH Koca ybITThl) 6ap: Mo, Cu, Zn, V, As - n-(0.1-0.01)%;
Pb, Co, Ni, Sc, Ga - n-0.001%.

ATalMBIII K€H OPHBI ayMarbIHBIH OHTYCTIK OeiriHie 2.5~ MBIHFa JKYBIK XalKel Oap KambimanoBka KeHTI
opHajackaH. byJ1 KeHT TypFbIHIAapHI HETI3iHEH MaJl MIapyallbUIBIFBIMEH, COHai-aK KeTeHiIC, IoH I JaKblI 6cipyMeH
aifHanbIcaabl. by aypulmapyambuIbIK KYMBICTaphl iC )KY3iHJe KeH OPHBIHBIH OapiIbIK ayMarblH/Ia )KY3€re achlpbl-
najsl. OcipiireH eHIMJI cyrapy YIIiH Oip-OipiMeH THIFBI3 OaiIaHBICTBI cyapy Xyileci KypbsuiFaH. byn xyitere cy
apHaibl Cy apHachl apKbUIBI Keei. ATanraH )XYHEeHIH Cybl, OFaH KOca CyapMallbl ajKaIrTap/iaH Kepi KeJeTiH OapIibik
cy, aKkplp coHbIHIa, KpIpFpi3cTan-KaszakcTan mekapackl OOMBIHIaFBI KEH OPHBIHBIH COJITYCTIK O6JIiri apKbUIbl arbIl
xarkaH L1y ezeHi apHacbiHa xiOepineni.

On-Gapabdu ateiHgarsl Kaz¥Y-na KaMpinraHoBckoe KeH OpHBIHAH aJIBIHFAH MIBIMTE3EK YITIepiHAeri ypaHHBIH
PaIMOHYKIMATIK KYpaMbIH JKOHE OpHAJAcy MINIiHIH, COHJAal-aK aTTac KeHTTIH KaHbIHAH IPIKTEJIN aJbIHFaH TOIIbI-
PaKTHl 3epieey GOMBIHIIA JKYMBICTAP OPBIHIAIIEL 3epTTENreH TOMBIPAKTAFhl U MEHIIKTI aKTHBTINIri OHBIH
aTaMMBIII alfMaKTaFbl aKTHBTLUIITIHIH asyIbIK MOHIHEH enoyip (mamameH 10 ece) acaThIHBI aHBIKTAIABL. by ypan
KEHIIIHIH TEeXHOT'eHIIK BIKMa eTeTiHiH kepcereai. CoHmai-aK, 3epTTeNreH TONbIPaK MeH MIBIMTE3eK YJTijaepiHaeri
ypaunbiH Herisri Oemiri (90%-TeH acTambl) MeOXMMUSIIBIK-MOOMIBAI MilIiHAE eKeHAairi kepcerinreH. OchiHIai
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MiIIHAepAeTi ypaH opTypii Taburu (akToprapaslH (KaHOBIp, JKEN) 9CepiHeH KEPTiIKTI cy Ko3iHe KeIlyi >KoHe
eIoylp KamBIKTBIKKA Tapamysl MYMKiH. Ocplnadima tpancmekapanslk 1y e3eHiHe >XaKbIH JKepie OpHalacKaH
KaMmepimanoBckoe KeH OpHBI ayMarbIHIAFbI XKaFAall OCHl ©3¢HHIH ypaHMeH (MYMKiH 0acKa /1a YBITTHI 2JIEMEHTTEpPMEH )
BIKTHMAJI JIACTaHY KayIliH TOHIIpeIi.

Maxana TpaHCHIeKapalblK Cy OOBEKTiIepi CYBIHBIH, OipiHmm ke3zekre Llly e3eHiHIH ypaHMeH xoHe Oacka na
YBITTHI DJIEMEHTTEPMEH JIacTaHy JneHreiiine KaMplmaHoBCkoe ypaH KeH OPHBI ayMarbIHBIH Tepic ocep eTy Oenriiepin
aHbIKTayFa apHamrad. O VIIH OCBHl ayMaKTHl cyapManay jKyieci apHachIHBIH OOMBIHIAFBl 6 OaKpUIay ITyHKTiHEH,
COHJaif-aK ockl MekeHae arbin oTeTiH Ly e3eHi apHACHIHBIH OOHBIHIAFEl 9 OaKpUIay IyHKTIHEH Cy ChIHAMAallapbl
ipiKTeNin anbHIBL. [piKTenin aJplHFaH Cy ChIHaMalapbIHBIH 31eMeHTTIiK KypaMbl MS-ICP xone OES-ICP omictepi-
MeH 3epAeeHal. 22 IEeMEHTTIH KOHIIEHTpaNus MoHi aHbIKTanApl. Kayintimiri |- jkoHe 2-TONTaFsl YBITTH 3JICMEHT-
TEpIiH MeIIIepi Typanbl ajblHFaH IEpeKTepliH Heri3iHae OapibIK 3epACTCHIeH CYIBIH KOCBIHIABl XUMUSIIBIK
YBITTBUIBIFBIHBIH MOHIHE €celTey Xyprisingi. EcenTey HoTIOKeIepi OCHI mapaMeTpIiH OapIibIK ajJblHFaH MOHI THICTI
CaHWTAPIBIK HOpMaTHBTEH 1.5-6.7 ece acaTBHIHBIH KepceTTi. Byl perTe, 3epAeieHreH CyIbIH YBITTBUIBIK JCHTreiine
ypaHHBIH KocatblH yieci 3op: Ly eseninne - 46%, aprana — 61%. ApHa cybIHbIH ybITTHUIBIFH 1lly e3eHiHe Kapa-
raHzaa enayip (~ 3 ece) sxorapsl. KaMbIlaHOBCKOE KEH OPHBI ayMarbIH/IaFbl aybLT MIAPYALIBUIBIFB AIKANITAPBIH Cyapy
XKyleciHe TYCETiH CYABIH YBITTBUIBIK KOPCETKINli €H JXOFapbl MoHre me 0onmpl. OChl €peKIIETiK >KOHE aJIbIHFaH
nepexrep KP Aybut mapyaribiIbiFbl MUHHUCTPIITIHIH KbI3BIFYIIBUTBIFBIH TYABIPYBI MYMKIH.

XUMHUSUITBIK 3IEMEHTTEP I CyIanaplpy kaHaiel MeH Ly e3eHi apHackIHAa Tapaty skaraaiisl 3epaenenai. Kanan
CYBIHBIH K€H OPHBI ayMaFbl apKbUIBl arybl OJApIbIH YBITTHI 3JIEMEHTTCPMEH JacTaMaWTBIHBI aHBIKTAIIbl. Kenmi
IOFbIp JKaHbiHAa opHanackan Illy e3eni cyeiHbiH ym Oakputay nyskringe Ca, Ni, Li, Sr, U, Mg, Cr, Ba
KOHLICHTPALMSCBIHBIH OChI ©3€H arbICHIHBIH JXOFaprbl OeJIriHAE OpHallacKaH Oakpliay IyHKTTEpPIHAETi OJIapAbIH
KOHIICHTPALUSCHIHAH enoyip korapbutaraHbl (28-130%-ra) aHbIKTanmel. Anbrarad HoTibkenep Ly e3eHiHIH OCHI
JIEMEHTTEPMEH JlacTaHy JcHreiine KaMplmaHOBCKOe KEH OPHBI ayMarblHBIH €IJyip acep eTETIHIITIH HaKThI
nmenenaeni. MyHnail alTapiblKTail J1acTaHyIbIH CYJIAHABIPY *KYHECIHIH aFbIHABI CYbIHAH TYBIHIAY BIKTHMAJIBIFGI a3.
Byn xepne Iy e3eHiH JlacTalTHIH BIKTHMAJI MEXaHU3MAEPiH Oipi OHBIH apHACHI APKBUIB! ATAJMBII KEH OPHBIHBIH
KEHJ1 IIOFBIPEIMEH TYHICETiH KepacThl CYBIHBIH OTKCHIHEH 0OJyBI MYMiH.

Tyiiin ce3aep: ypaH KeH OpHBI, TPAHCIIEKAPATIBIK CY, YBITTHI 3JIEMEHTTE.
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Wucturyt speproit pmsuxu MO PK, Anmarsr, Kazaxcran;

2 o

buonoro-nousennsiit unctutytr HAH KP, bumnkek, Keipreizcran

YPAH U APYT'HE TOKCHUYHBIE 3JIEMEHTbBI B TPAHCTPAHUYHBIX BOJAX
BJIN3 MECTOPOXIEHUA KAMBIIIAHOBCKOE

AnHOoTauus. Mecropoxxsienue ypana KampliiaHOBCKOe pacnofioskeHo Ha Teppuropun Keipreizcrana B 45 kM
or 1. bumkek m B HemocpencTBeHHOH Onmm3ocTH OT rpaHuisl ¢ KaszaxcranoMm. B pesynbrare pasBegku 3TOTO
MECTOPOXK/ICHHUS YCTAaHOBIICHO, YTO ypaH CKOHLEHTpHpoBaH (10 0.1%), B OCHOBHOM, B TOp(ax M HIOBO-TOP(SHBIX
OTJIOKEHHAX. YPAHOHOCHBIE TOP(BI COAEPKAT TAKKe CIENYIONINEe XUMHYECKUE 3JIEMEHTHI (BKIIOYass TOKCHYHBIE):
Mo, Cu, Zn, V, As - n-(0.1-0.01)%; Pb, Co, Ni, Sc, Ga - n-0.001%.

B 10%HOH yacTu TEpPPUTOPHUU ITOTO MECTOPOXKACHUS PACIONIOKEH Mocelnok KamblllaHOBKAa ¢ HaceleHUEM
~2.5 ThIC. YenoBeK. JKutenu 3Toro mocenka, B OCHOBHOM, 3aHMMAIOTCSI CKOTOBOACTBOM, a TAaK)KE€ BbIpalllUBaHHEM
OBOILCH M 36PHOBBIX KYJIBTYpP. DTH CEIbCKOXO3SHCTBEHHBIE paOOTHI MPOBOJSTCS MPAKTHIECKH Ha BCEH TEPPUTOPUH
MECTOPOXKJACHUA. [l MoIuBa BBIPAIIMBAEMOM MHPOAYKLIHUHM CO3JaHA CIOXHAs TyCTONEpEIUIETEHHAs cHcTeMa
opomenusa. Boga mocrymaer B 3Ty cucTeMy IO CHELUAIBHOMY TMApoKaHany. Boabl 3Toil cucTemsl, BKIIIOYas Bce
oOpaTHBIE BOJBI C IOJIEH OPOIIECHUs, B KOHEYHOM UTOre, cOpachiBatoTcsi B pyciio p. Iy, nporekaromeii B ceBepHOH
4acTU MECTOPOXKAEHHs BIOIb rpaHulibl Keipreiscran — Kazaxcran.

B KazHY um. anp-®apabu BBITOIHEHB padOTHI 110 N3YYESHUIO PaJMOHYKIMIHOTO COCTaBa M (HOPM HaXOXKICHHS
ypaHa B oOpa3uax Topda ¢ MecToposkieHuss KaMbIlaHOBCKOE 1 MOYBBI, OTOOpPaHHOI BO3JIE OZJHOMMEHHOTO JKHJIOTO
nocenka. YCTAHOBJIEHO, YTO ye/IbHAS aKTHBHOCTH ~°U B M3yYeHHOM I0UYBE CyIIECTBEHHO (IpHMepHO B 10 pa3)
IpeBBIIaeT OHOBOE 3HAUEHHE €€ aKTHBHOCTH B JJAHHOM PETHOHE. JTO CBUAETEIHCTBYET O TEXHOTEHHOM BIIMSHUH
CO CTOPOHBI ypaHOBOro pynHuka. IlokazaHo Takke, 4TO OCHOBHas 4acTh (Oonee 90 %) ypana, conmepialierocs B
N3y4YEeHHBIX 00pa3lax MouBbl M TOp(da, HAXOAUTCS B T€OXHMMHUYECKH-MOOMIBHBIX (hopMax. YpaH, HaAXOAALIMHCS B
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Takux (opMax, IMOA BO3ACHCTBHEM DA3IHYHBIX NPHPOTHBIX (PaKTOPOB (IOXKAb, BETEP), MOXKET MHUTPHPOBATH B
MECTHBIE BOJHbBIE MCTOYHUKH M PACIPOCTPAHATHCA HA 3HAUWTEIBHBIC pacCTOSHMA. TakuM o0pa3oM, cuTyanus Ha
TEPPUTOPUH MECTOPOKACHHUS KaMBIIIaHOBCKOE, PACIOIOKCHHOW B HEMOCPEACTBEHHONW OIM30CTHM OT TpaHCTpa-
HuuHOH p. Iy, mpencTaBisieT MOTEHIMAIBHYIO ONACHOCTD 3arpPA3HEHMS 9TOM pPEeKH ypaHOM (BO3MOXKHO, U IPYTHMHU
TOKCHYHBIMH 3JIEMEHTAMH).

CraThsl TOCBSINEHA BBIIBICHUIO IPHU3HAKOB HETATHBHOTO BIMSHHA TEPPUTOPHUM MECTOPOXKICHUS ypaHa
KawmplmmaHOBCKOE Ha ypOBEHb 3arpsI3HEHHOCTH YPAaHOM U APYTMMH TOKCHYHBIMHU 3JIEMEHTAMH BOJ TPAHCTPAaHUIHBIX
BOJIHBIX OOBEKTOB, B mepByio ouepens — p. Lly. [msg storo ObuIM 0TOOpaHB! MPOOBI BOABI HAa O-TH KOHTPOJIBHBIX
ITYHKTaxX BJOJb KaHajda OPOCHTENILHON CHCTEMBI 3TOI TEpPUTOPUH, a TaKkKe Ha 9-TH KOHTPOJBHBIX ITyHKTaX BIOIb
pycaa p. Iy, mporekatomeii B 3TOH MECTHOCTH. DJIEMEHTHBIH COCTaB OTOOPAaHHBIX MPOO BOIBI M3YUEH METOAaMHU
MS-ICP u OES-ICP. OmpeneneHsl 3Ha4eHHsI KOHIEHTpAIH 22-X 3JeMeHTOB. Ha OCHOBe MOITydeHHBIX NaHHBIX O
COJEp)KaHWU TOKCHYHBIX 3JIEMEHTOB 1-TO M 2-TO KIIACCOB OMACHOCTH BBINIOJIHEHBI PAacueThl 3HAYCHUH CyMMapHOMH
XMMHYECKOH TOKCHYHOCTH BCEX M3YUCHHBIX BOA. Pe3ynbTaThl pacueToB MMOKa3aid, YTO BCE IMOJyYCHHBIC 3HAUCHUS
3TOro MapaMeTpa MPEBBIILAIOT COOTBETCTBYIOLIUI CaHUTapHbIM HOpMaTUB B 1.5-6.7 pa3. IIpu 3ToOM OCHOBHOM BKJIaz
B YPOB€Hb TOKCHYHOCTH M3Y4EHHBIX BOJ BHOCHUT ypaH: B p. llly — 46%, B xanane — 61%. ToxcudHOCTh BOA KaHanma
cymecTBeHHO (~ B 3 pasa) Bbiue, yeM p. Llly. Haunbomnee BricoKkoe 3HaUEHHE MTOKA3aTENs] TOKCHIHOCTH YCTaHOBJIEHO
UL BOABI, TIOCTYTIAIOIIEH B CHCTEMY OPOIICHHS CEIbCKOXO3SHCTBEHHBIX IOJICH Ha TEPPUTOPUH MECTOPOXKICHUS
KawmplmanoBckoe. 9Ta 0COOGHHOCTh W TOJYYEHHbBIC JaHHBIE MOTYT INPEICTaBIATh MHTEpec A1 MUHHCTEpCTBa
cenbckoro xo3sicraa KP.

WzyueHo pacnpenenceHue XMMHYECKHX JIEMEHTOB B BOJAaX BJOJb OPOCHTENHHOTO KaHajda M BIOJb pycia
p. Uly. YcranosneHo, 4To mpoTeKaHUE BOJ KaHala 4epe3 TEPPUTOPHIO MECTOPOXKICHUS HE NMPUBOJUT K HX 3arpss-
HEHUIO TOKCHYHBIMH 31eMeHTamMu. B Bomax p. llly Ha Tpex KOHTPOJBHBIX MYHKTAX, HAXOMAIIMXCS ONMU3 PYAHBIX
3aJekell, YCTaHOBIICHO 3HaunTenbHOoe moBbimenne (Ha 28-130%) xonnentpanuu Ca, Ni, Li, Sr, U, Mg, Cr, Ba
OTHOCHTEJIPHO MX KOHIEHTPAlMM Ha KOHTPOJBHBIX MYHKTAaX, PACIOJIOKECHHBIX BBIIIE II0 TEYEHHIO 3TOH DPEKH.
[MoxyaeHHbIe pe3ysbTaThl yOSIUTEIEHO CBUACTEIBCTBYIOT O HAIMYNH CEPbE3HOTO BIMSHUSA TEPPUTOPUH MECTOPOXK-
neHnst KaMpInraHoBckoe Ha ypoBeHb 3arps3HeHHOCTH p. llly stuMu snemeHTtamu. ManoBeposTHO, YTOOBI Takoe
3HAQUUTEIBHOE 3arps3HCHHE OBUIO BBI3BAHO CTOKAMH BOJ OPOCHUTEIbHOW cHCTeMbl. OJHHUM U3 BO3MOXKHBIX
MEXaHM3MOB TaKoro 3arpsisHeHus p. Ly Ha 3TOM MecTe MOXET SIBIAThCS MOCTYIUICHHE B €€ PYyCIIO MOI3eMHBIX BO/,
KOHTaKTHPYIOIIUX C PYIHBIMH 3QJI€KaMH 3TOT'0 MECTOPOKICHHS.

KaioueBble c10Ba: MECTOpOX/ICHNE ypaHa, TPAHCTPAHUIHbIE BOJIbI, TOKCHYHBIE JJIEMEHTHI.
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MODELING THE INFLUENCE OF THE ARTICLE DEVICE
ON DYNAMIC INDICATORS OF FREIGHT WAGONS

Abstract. The article investigates the dynamic performance of a freight car with an articulation device - model
SAC-1 RUS. As a criterion for assessing dynamic indicators, the acceleration of the car body and the dynamic
deflections of the "spring-truck" system were selected, which characterize the ride and loss of stability of the car
when it goes off the rails on various irregularities of the track.

When an articulated car moves along different path irregularities, the acceleration that occurs at various points
along the length of the car is not the same. In compiling the system of differential equations of motion of the "spring
- truck™ system, the Lagrange equation of the second kind was used as the mathematical apparatus.

The body acceleration and the dynamic deflections of the springs were chosen as the criteria for assessing the
running properties of the cars. The first characterizes the smoothness of the carriage, and the second characterizes the
stability of the wheel, i.e. wheel derailment. It is known that the magnitude of the acceleration at different points
along the length of the car is not the same, since the value of the vertical acceleration of bouncing is influenced by
the vertical oscillations of the body's galloping. Therefore, when solving the system of differential equations, the
body accelerations were determined at two points: above the center plates of the bogies and the center plate of the
device for articulating freight cars or above the wheelsets, that is, in the places where acceleration sensors are
installed during full-scale tests of cars.

Based on the analysis of the results obtained, it was revealed that articulated cars: exclude the possibility of
relative vertical displacements of adjacent cars, with other equal dynamic parameters; lead to a noticeable
deterioration in driving properties, accompanied by an increase in the value of vertical acceleration of the body. The
values of accelerations and dynamic deflections of an articulated car are 6% higher than those of a four-axle freight
car. The vertical acceleration of the front and rear of an articulated car is 30% greater than that of a typical car.
Outside the critical speed for an articulated car, the value of vertical dynamic deflections significantly decreases in
the case of an isolated irregularity with a length of 6 m or less.

Key words: articulated car, acceleration of the body, dynamic deflection, ride, articulation, unevenness of the
path.

In 2019, a model articulated gondola car of increased payload capacity manufactured by Tikhvin Car-
Building Plant JSC appeared on the CIS market. This gondola car model has a number of technical
advantages, firstly, it improves transportation efficiency, and secondly, it provides a significant increase in
the throughput of the railway network. Freight wagons should possess not only effective technical and
economic characteristics, but also increased driving characteristics, stability and reliability. Therefore, it
becomes necessary to conduct deep theoretical studies in order to determine the optimal dynamic
performance of a freight car with an articulation device. Problems related to the study of the effective
dynamic parameters of an articulated car taking into account the unevenness of the track are one of the
urgent problems of transport technology and traffic safety in railway transport.

The aim of this work is to develop a mathematical model of a freight car with an articulation device
that adequately describes the smoothness and stability of the car with various irregularities in the track, as
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well as to give an objective assessment of the dynamic performance of an articulated car based on the
solution of differential equations of motion.

In the works of Russian scientists [1-3], the results of a study of the dynamic loading of a freight car
on modernized bogies of increased carrying capacity are presented, where the maximum acceleration of
the car body from the speed of movement, in an empty state, is determined.

A characteristic element of a modern wagon is a device for articulating freight wagons, which is
supported by a biaxial trolley (see figure 1). Wagon sections connected by a device for articulating freight
wagons of the SAC-1 RUS brand allow their mutual rotation in the horizontal and vertical plane. The
device is designed to connect two successive sections of the carriage with support on one common trolley.

Jz, /iZJ /izo sz
o | Lol L llaa| lel L ool Lol |4

Hﬁ@@f H—'@?‘—l—' Hﬁ@

a7 BT S N AN 7 I 75 TN
2[3 i'II

Figure 1 — Design diagram of an articulated wagon

The rotation of the sections of the car relative to the three coordinate axes is due to the presence of a
spherical hinge in the structure. Consider the oscillations of an articulated car when moving along various
irregularities of the path. Two types of bumps were considered, namely, periodic and isolated bumps at
various lengths. Suppose that the car body is supported through the Fridays and the Friday of the
articulation device on three trolleys with ordinary spring suspension. The rigidity of the carriage structure
and the absorbing apparatus are taken into account through the rigidity of the articulation device, i.e.
averaged stiffness is taken.

When studying plane vertical vibrations, an articulated car is considered as a special case of a
generalized mechanical system, the mathematical model of which is defined as follows: an articulated car
is a flat oscillatory system with degrees of freedom; suspension elements are characterized by independent
parameters, i.e. mass and moment of inertia about the coordinate axes.

We assume that the wheelsets rotate relative to their own axes Oy and there is no translational
movement relative to the side beams of the carts. The vertical movements of the two-part body are z; and
Z,, respectively, and the galloping angles are - 6, and 6,. The generalized coordinates are: z,, 6; and 0,.

The vertical displacement of the body z; is determined through the generalization of the coordinates
using the expression [4]:

z1 =z — 13(0, + 6,).

The positive directions of the displacements z;, z, and the galloping angles 6,, 0, are shown by
arrows, the symbols z3, zs, z¢ are the irregularities of the path (see figure 1).

The movement of an articulated freight car along an absolutely rigid path is given by the second-
order Lagrange equation
d (ar) oT | om

D
2\oa) "aq T g Tag, - Yy

a
aq;
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where T - is the kinetic energy, IT - is potential energy, ® - is the dissipative function, g; - is the
generalized coordinate, g; - is the generalized speed, Q; — is the generalized force corresponding to the
generalized coordinate g;. The dissipative function, kinetic and potential energy are defined below by the
relations

. . : . .12 . : 2 . : 2
b = al[ZZ - 13(61 + 92) - l191 - Z3] + az(ZZ - l192 - Zs) + a3(Z2 - 1192 - 26) B (2)
1 . 1 . 1 . . . 2 1 .
T =21oy0f +210y03 +om[z; — 13(6, + 6,)] +-5m23, 3)
IT=c[z; — 1306, + 65) — 1161 — z3)* + ¢3(2, — 116, — 25)% + ¢c3(2, — 116, — 24)*. 4

In expressions (2 - 4): 1,,- the central moment of inertia of the body; ¢y, ¢y, ¢ - stiffness of one spring
set in kg/cm; ay, 0, az— resistance coefficients of one hydraulic damper in kg-sec/cm.

To derive a system of differential equations of motion of an articulated car, we substitute relations
(2-4) into equation (1), then after some transformations we obtain a system of differential equations in the
form [5]:

(Ioy + mi3)0; + mi36, — mlzz, + 2a,(1y + 13)%6; + 2a313(l; + 13)0, — 2a, (L + 1)z, + )

+2C1(ll + 13)291 + 2C1l3(ll + l3)92 — 2C1(l1 + lz)Zz = —Zal(ll + 13)23 — 2C1(l1 + l3)Z3;

miz0 + (Ioy + mi2)0, — mlsz, + 2a;l3(Ly + 13)6; + Ry 13 + 20,1 + 2a312)6, +
+(—2all3 + Zazll + 2a3l1)22'+ 2C1l3(ll + l3)91 + (chlg + ZCZI% + 2C3l%)62 + \ (5)
+(2c1l3 — 2¢5ly + 2¢3l1) 2y = —2aql3253 — 2051125 + 2a3l12g — 2¢11323 — 2¢511 725 + 2¢314 Z4;
—ml30; — mlg, + 2mz, — 2a,(1; + 13)0; + (—2a,l3 — 2a,l; + 2a31,)6, +
+(2a1 + 2(12 + 2“3)22 — 2C1(l1 + l3)91 + (—chl3 — 2C2[1 + 2C3ll)92 +
+(2¢1 + 25 + 2¢3)zy = 2123 + 205725 + 20325 + 20376 + 20123 + 2C 275 + 2032

Solving the system of differential equations (5) with respect to the highest derivatives, we obtain:

G, = mly15+21oy 1 +1oyls _ l3(mlyl3+1oy) l3(mlql3—1oy)
1 2y (loy+miZ) 1 20,y (Ioy+miZ) "2 7 20y (Ipy+mi3) " %’
G, = I3(Ioy—mlyl3) Ioy (21 —13)+ml, 13 on(211+l3)+mlll§F
2 = 2) 11 12 2 12 3 (6)
215y (Ioy+mi3) 215y (Ioy+mi3) 214y (Ioy+mi3)
mlyl3—loy mlyl3—2ml3—Iyy mlylz+2ml3+1yy
Zy = -
27 am(lpy+miZ) 1 2m(lpy+mi3) 2 2m(lpy+mi3) =%

where:
Fi = [z, = (4 + 13)61 — 136, — 2,]2¢; + [2, — (I + 13)0; — 136, — 2,]2a5;
F, = (25 — 116, — 25)2¢; + (2, — 116, — 25)2aty;
F3 = (25 + 1,0, — 2)2¢5 + (22 + 1,0, — 26)2a3.

Based on a comparison of the structural elements of the articulated and typical carriage, the
following geometric and mechanical characteristics were adopted: body length -19.540m, body height -
3.2m, width -3.0m, weight -42t and the total static deflection at full load is 45mm. The parameters
included in equations (5-6) take the following values: m = 39542 kg, I; = 521 m, I3 = 6.38 m,
loy = 183 10* kg-m?, ¢;=¢5=394 Kg/cm, ¢,=380 Kg/cm, 0;=0,=26 Kg/cm, az= 44 Kg/cm [6].

As criteria for assessing the running properties of cars, body accelerations and dynamic spring
deflections were selected. The former characterizes the smooth running of the car, and the latter the
stability of the wheel, i.e. wheel derailment [7]. It is known that the magnitude of the acceleration at
different points along the length of the car is not the same, since the vertical vibrations of galloping of the
body contribute to the value of the vertical acceleration of bouncing. Therefore, when solving the
differential equations of motion, the accelerations of the body were determined at two points: above the
Fridays of the trolleys and the Friday of the device for articulating freight wagons or above the wheelsets,
that is, in places where acceleration sensors are installed during field tests of wagons. The depth of the
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roughness of the path, that is, the double amplitude of the sinusoid or the vertical distance between the
lower and upper points of the roughness is denoted by z; (where i=3,4,5,6), which is 1 cm.

Figure 2 shows graphs of the dependence of the acceleration Z of the rear of the car on the speed of
movement in the case of isolated bumps, respectively, with a length of 6, 12.5 and 25 m. Curves 1, 2 and
3 correspond to path irregularities of 6, 12.5 and 25 m in length. The acceleration value of an articulated
wagon is 30% greater than that of a four-axle freight wagon.

Figure 3 shows the graphs of the dynamic deflections of the rear spring sets z; depending on the
speed of movement in the case of an isolated roughness, respectively, with a length of 6, 12.5 and 25 m.
Curves 1, 2 and 3 correspond to path irregularities of 6, 12.5 and 25 m in length. The magnitude of the
dynamic deflections of an articulated wagon is 6% greater than that of a four-axle freight wagon.

. 2
Z, m/sec
200
150
100
1
50
2
3

20 40 60 80 100 120V, km/h
Figure 2 — Graphs of the dependence of the acceleration
of the rear of the car on the speed in case isolated bumps.
The curves correspond to: 1- the length of the roughness is
6 m; 2 - the length of the roughness is 12.5 m; 3- the length
of the roughness is 25 m

z,,cm
2,1
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1,5
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Figure 3 — Dynamic deflections of the rear spring sets
depending on the speed of movement in the case
of an isolated unevenness. The curves correspond to:

1- the length of the roughness is 6 m; 2 - the length of the
roughness is 12.5 m; 3- the length of the roughness is 25 m

Figures 4-5 show graphs of the dependence of accelerations on speed with periodic irregularities of
the path, respectively, for the front and rear parts of the car. Curves 1 and 2 correspond to irregularities of
the path 12.5 and 25 m long. The values of the vertical accelerations of the front and rear of the articulated
car are 30% greater than that of a typical car.

. 2
Z,,2,,Cm/sec 2., 2,cmisec

175 175
150 150
100 100
75 75
50 1 50
25 5 nl—1
0 2
20 40 60 80 100 120 V, km/h 20 40 60 80 100 120V, km/h

Figure 4 — Graph of the acceleration of the front parts
of the car on the speed with periodic irregularities
of the path. 1 - the length of the roughness is 12.5 m;
2- the length of the roughness is 25 m

Figure 5 — Graph of the acceleration of the rear
of the car from the speed. 1 - the length of the bumps is
12.5 m; 2- length of the roughness 25 m

In the case of isolated irregularities (lengths of 6, 12.5 and 25 m), the articulated car has a decrease in
the value of vertical dynamic deflections with an increase in speed from 80 to 120 km / h. In the case of an
isolated roughness of 6 m or less in length on an articulated car, the value of the vertical dynamic
deflections significantly decreases beyond the critical speed.
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In an articulated car, the vertical dynamic deflection reaches a maximum value of 2.0 cm in spring
sets in the case of three irregularities, respectively, with a length of 6, 12.5 and 25 mm.

Conclusions. Based on the analysis of the results obtained, it was revealed that articulated wagons:
exclude the possibility of relative vertical movements of adjacent wagons, ceteris paribus dynamic
parameters; lead to a noticeable deterioration in driving properties, accompanied by an increase in the
magnitude of the vertical acceleration of the body. The values of accelerations and dynamic deflections of
an articulated wagon are 6% more than that of a four-axle freight wagon. It should be noted that the results
obtained by the authors of [1-3] are in good agreement with the results of this work.

The vertical acceleration of the front and rear of an articulated car is 30% greater than that of a typical
car. Outside the critical speed of an articulated car, the value of vertical dynamic deflections significantly
decreases in the case of an isolated roughness of 6 m or less in length.

The analysis of the obtained results shows that the use of the articulation device of the SAC-1 RUS
model worsens the dynamic characteristics of the articulated car, therefore, requires additional design
solutions. Hence, as a consequence, it is necessary to conduct experimental studies in order to clarify the
influence of dynamic loads on the track in accordance with the Technical Regulations for Traffic Safety in
Railway Transport.

B.T. Cononemcol, H. M. MaXMETOBal, B. A. Hmconaesz, M. S1. KBa].llHI/IHl,
C.E. Bemlcanonal, H. A. BaaaHOBal, A. A. Maauk®
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KYK BATOHBIHBIH TMHAMMUWKAJIBIK KOPCETKIIITEPIHE MYIIEJIEY
K¥YPbLJIFbICBIHBIH OCEPIH MOJAEJIAEY

Annoranusi. Makanaga mojeni SAC-1 RUS mymeney KypbUIFbICH Oap jKYK BarOHBIHBIH JTUHAMHKAJIBIK KOP-
ceTKilTepi 3eprrenred. JJMHaMUKaIbIK KOPCETKIIITEP/AiH Oarajay KpUTEpHiii peTiHlle BaroH LIaHAIIAFbIHBIH YACY
JKOHE «peccop-apbay KYHECiHIH JTUHAMUKAIBIK HiTy CHIIATHI ajbIHFaH, OJIap KO3FaJIbICTHIH OipKAJIBINTHIIBIFBIH JKOHE
BaroHHBIH PEJILCTEH IIBIFBIN KeTIeY JKaFJaiblH CUIaTTaIb.

My1esieHreH BaroHHbIH OpTYpJIl Tericci3liik OOWbIMEH KO3FallFaH/la OHBIH Y3bIH/BIFbI OOMBIHIIA TYpJIi HYKTE-
Jiep/ie nmaiina 00JIaThIH ey XKaFaaibl Oipaeit 6oamaiiasl. «Peccop - apbay xyiiecinin auddepeHnnanapK TeHIeyIep
KyieciH KypacTeIpy/la MaTeMaTHKaJbIK anmapaTr periHae ekiHmi perrti Jlarpawx Tenzeyl KosigaHbsulasl. Baron
KO3FaJIBICBIHBIH Au(dhepeHInaNIpIK TeHAeYyIep KYHECiHIH IIenMineH apba TaOaHBIHBIH YCTIHACTI KOHE MYIIEey
KYPBUIFbUIAPBIHBIH Y/I€Y CHIIATHI, SSFHU JaJlalIbIK ChIHAK KYPri3y Ke3iHJe YIey JaT4MKTepi OpPHATBUIATHIH HYKTeJep e
AHBIKTaJIJIBI.

SAC-1 RUS wmapkaibl Mylueney KOHIBIPFBICHIMEH KOCBUIFAH JKYK BarOHJapbIHBIH CEKIUsJIapbl OJapblH
KOJIJICHEH JKoHE BEPTHKAJIb Ka3bIKTHIKTa ©3apa aliHalyblHa MYMKiHAIK 0epeni. Kypburrbl Oip skannbl apbana Tipeyiii
6ap eki Ti30eKkTel opHalaCKaH BaroH CEKIMSIapBIH KOCyFa apHaJFaH.

BaroH cexuusuIapsIHBIH YII KOOPIMHATANBIK OChKE KATBICTBI OYpBUTYBI KYpbUIBIMIA OONaTHIH cepabik
mapHupre OaimaHpIcTRL. Tericci3miKTiH eKi Typi KapacTBIPBUIABI, aTall aiTKaHAa TYPl Y3bIHIBIKTAFbl MTEPHOITHI
JKOHE OKIIAyJaHFaH >XOJ Tericci3liri. BaroH KypBUIBIMBIHBIH JKOHE JKYTY allapaThIHBIH KATTBUIBIFBI MYIIENEY
KYPBUIFBICHIHBIH KATTBUIBIFBI apKBUIBI €CKEpLIe i, SFHA OpTalia KaTTHIIBIK aJIbIHABI.

Jonranak >xynrapsl e3iHiH Oy ociHe KaTBICTHI aifHamaisl XKoHE apOanapaslH OYHIpIIiK apKajJbIFbIHA KATBICTHI
inrepieMeni OpeIH aybICTBIpMaiabl. Exi OeJlikTeH TypaThlH MIaHAITAKTHIH BEPTHKAIb OPBIH ayBICTHIPY JKaFIalbl — Z;
KOHE Zp, aJl OKBIpaKTay OypsImTapsl — 0 xone 0,. XXannsiranran KOOpIUHATTAp PETIHAE Z,, O, KoHE O,aIIBIHIBI.

BaroHHBIH JXYpri3rimn KacuMeTTepiH Oarajay KpWUTEpHiIepi peTiHAe IaHAmaKTHIH YAyl MEH pPeccOpiblH
JNUHAMUKAJBIK Uiyl anblHAbl. BipiHITici BaroH KO3FalbICHIHBIH OipKAIBINTHIFBIH CUTIATTANIBI, all eKIHIIICI TOHTeIeK
TYPaKTBUIBIFBIH, SFHU IOHTEJIEKTIH PEbCTeH MIBIFYBIH CHITATTalabl. BaroH y3bIHABIFEI OOHBIMEH TYPJIi HYKTEIEpAEri
yaey mamachl Oipzeit emec eKeHAiri O0enriii, efTKeHi NMIaHalIaKThIH BEPTHKAJb IIOKBIPAKTay TepOemici BepTHKAIb
ceKipy yZeyiHiH caH MoHiHe acep erei. COHIBIKTaH KO3FaIbIC AU(GEepeHIIHAIIBIK TEHACYiH IIeNTKeH Ke3/1e JeHeHIH
YAey yZIepici eki HyKTede AaHBIKTAIIBI: apba TaOaHOapBIHBIH YCTiHAE J>KOHE JKYK BarOHAAPBIHBIH MYIIEIEY
KYPBUIFBICHIHBIH Ta0aHBIH/IA HEMECE JKYIT IOHFAIaKTapbIHBIH YCTIH/E, SIFHA BarOHAAPIb! AalajblK CBIHAKTAH OTKI3y
OapbICBIHAAFHI YIEY JaTIYNKTEPi OPHATBUIFAH JKEpIep/e.
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AJBIHFaH HOTIDKEJIEP/i Talay Heri3iHAe MYIIeJIeHIeH BarOHAapAbIH: OpAel JHHAMUKAIBIK ITapaMeTpiIi KOpIii-
JieC BaroHIApIbIH CabICTHIPMAalbl BEPTHKANb OPBIH aybICTHIPMANTHIHABIFEl AHBIKTAJABL, IIAHAKTHIH BEPTHUKAIb
YACYiHIH CaH MOHIHIH ecyl XYPy CHNATHIH alTapibIKTal HamrapiaTaabl. MYIIEIeHTeH BaroHHBIH YA€yl MeH
TUHAMUKAJIBIK HITYiHIH CaH MOHI TOPT OCHTI )KYK BaroHBIHA KaparaHnaa 6% apThIK. MyIIeneHTeH BarOHHBIH aJIJIbIH-
FBI )KOHE apTKbI OOIIKTEpiHIH BEPTHKAIb YACYiHIH CaH MoHI THNTIK Baronra Kaparanna 30% yikeH. ¥3bIHABIFBI 6 M
HeMece OJlaH Jia a3 OKIIayJIaHFaH TericCi3iKTe KPUTUKAJIBIK KbUIIaMIBIKTHIH [IETiHeH acKaHAa, MYILIESICHI ¢H BaroH-
HBIH BEPTUKAIb JHHAMUKAIBIK Uiy YICpici alTapipITaid a3asabl.

Tyiiin ce3aep: MYIIEJICHIeH BaroH, MAHAKTHIH YICYi, TUHAMUKAIBIK Wiy, KO3FAJIBICTHIH OipKaJBINTHUIBIFEL,
MYIIeNey KYPBUTFBICHI, KOJIBIH TETiCCI3Miri.

B.T. Cononemcol, H. M. MaXMeTOBal, B. A. HI/IKO.]IaeBZ, M. s. KBaHIHPIHl,
C. E. Bex:kanosa’, 1. A. Ba3aHOBal, A. A. Mamx!

1 .
Kazaxckas akagemust TpanciopTa 1 KoMMyHHuKauil uM. M. TeiabimnaeBa, Aamarsl, Kazaxcran;
2 o N N
OMCKWHif TOCYJapCTBEHHBIH YHUBEPCUTET ITyTelt coobmenms, OMck, Poccus

MOJIEJITMPOBAHUE BJIMSHUS YCTPOMCTBA COYJIEHEHUS
HA TMHAMUMWYECKHUE NOKA3ATEJIA T'PY30BbIX BAT'OHOB

AnHoTanusl. B crartee nccnenytorcs IMHaAMUYECKUE MOKa3aTeldd IPY30BOTO BaroHa C yCTPOMCTBOM COYJICHE-
uust — mozenin SAC-1 RUS. B kauecTBe KpUTEpHsl OIICHKH JTHHAMUYECKUX MMOKa3aTeleii BRIOPaHbl YCKOPCHHUS Ky30Ba
BaroHa M JWHAMUYECKHE HPOTHObI CUCTEMBI «peccopa — TENIeKKay, KOTOPble XapaKTepH3YIOT IUIABHOCTh XOJa U
YCTOHYMBOCTH BaroHa OT CX0JIa C PEJILCOB MPH PA3IMYHBIX HEPOBHOCTSX ITyTH.

[Tpu nBUXEHUU COWIEHEHHOT'O BaroHa 1o pa3jiuyHbIM HEPOBHOCTSIM MYTH YCKOPEHHE, BO3HHUKAIOIIEEe B pa3jiny-
HBIX TOYKax IO JUIMHE BaroHa, He oAnHakoBo. [Ipu coctaBneHny cucteMbl AU(PepeHIINAIbHBIX YPaBHEHUH IBIDKE-
HUSI CHCTEMBI «Peccopa — TEJISKKa» B Ka4eCTBE MaTEMaTHYECKOro ammapara HCIIOIb30BaHO ypaBHeHMe Jlarpamka
2-To poxa. 13 pemenus cucteMs! u¢hepeHINaIbHbIX YPaBHEHNH IBIDKSHNS BaroHa OTPEIeISUINCh YCKOPEHHS Hal
MISTHUKaMH TEJIEXKKH U YCTPOHCTBOM COWIEHEHUS, T.€. B TOUKAX I/Ie, KaK MPaBUJIO, YCTAaHABIMBAIOTCS AATINKH YCKO-
PEHUS TP HATYPHBIX UCTIBITAHUSAX.

Cekuuu BaroHa, COSTUHEHHBIC YCTPOWCTBOM ISl COWICHEHUS Ipy30BEIX BaroHoB Mapku SAC-1 RUS, nomyc-
KAalOT UX B3aUMHBIM IIOBOPOT B I'OPU3OHTAIbHOW M BEPTUKAIBHOM IUIOCKOCTH. Y CTPONCTBO NPEJHA3HAYEHO VIS
COCIMHEHUS IBYX MOCIIEI0BATENILHO PACIIOI0KEHHBIX CEKIIUI BaroHa ¢ ONMUPAHUEM Ha OJIHY OOLILYIO TEJIEKKY.

[ToBOpOT cekIMii BaroHa OTHOCUTEIBHO TPEX OCeil KOOPIUHAT MPOMCXOJAUT 33 CUET HAUYUSI B KOHCTPYKIIUU
cepuueckoro miapHupa. PaccMaTpuBaiIMCh J1Ba THIIA HEPOBHOCTH, & MMEHHO NEPHOAMYECKas W M30JIMPOBaHHAS
HEPOBHOCTh MYTH NPH pPAa3IMYHBIX JUIMHAX. JKECTKOCTh KOHCTPYKI[MM BaroHa W IOTJIOUIAIOIIEro ammapara
YUUTBIBAIOTCSI YePE3 HKECTKOCTh YCTPOHCTBA COUWICHEHHUS, T.€. OepeTcsi OCpeIHeHHAs KECTKOCTb.

KosnecHble mapbl BpamiatoTcst OTHOCHTEIBEHO COOCTBEHHBIX oceif Oy M OTCYTCTBYET MOCTYIIAaTeIbHOE IIepeMelnie-
HHE OTHOCHUTEIHFHO OOKOBBIX Oalok TejexeK. BepTHkanbHbIE NepeMelneHns Ky30Ba, COCTOAIIEro M3 JBYX dYacTei,
COOTBETCTBEHHO, Z3 M Z3, a yTJIbI FaJIONMpPOBaHus - 61 u 6,. B kauecTBe 0000IIEHHBIX KOOPWHAT IPUHATHL: Zp, 61 1 0.

B kauecTBe KpuUTEpHEB OLIEHKH XOJOBBIX CBOMCTB BaroHOB BHIOpPAaHBI YCKOPEHMS Ky30Ba M JWHAMHUYECKHE
nporu6sl peccop. [lepBrie XapakTepu3yoT IIABHOCTh XO/1a BaroHa, a BTOPbIE — YCTOWYMBOCTH KOJieca, T.€. CXOA C
penbcoB Kosieca. VI3BECTHO, YTO BeJIMUMHA YCKOPEHMS B PAa3jMYHBIX TOYKax [0 JUIMHE BaroHa HEOJIMHAKOBa,
MOCKOJIbKY Ha 3HAuU€HHEe BEPTHKAJIbHOTO YCKOPEHUSI MOMIPHITMBAaHKS BHOCUT BKJIAJ] BEPTHUKAJIbHbBIE KOJIEOAHHs rajo-
MUpOBaHMs Ky30Ba. [loaTomy npu perieHnn anddepeHnnanbHbIX YpaBHEHU IBUKEHHST YCKOPEHHUS Ky30Ba OIpe/ie-
JSUTUCH B JIBYX TOYKAX: HaJl MATHUKAMH TEJIEXKEK U ISATHUKOM YCTPOWCTBA JUIsl COWICHEHUs TPY30BbIX BAalOHOB WIIU
HaJl KOJIECHBIMH TapaMH, TO €CTh B MECTaX, IJIe YCTAHABIUBAIOTCS TATYMKH YCKOPEHHS NP HATYPHBIX UCTIBITAHUSAX
BaroHOB.

Ha ocHoBe aHanm3a MoJy4eHHBIX PE3YJIBTATOB BBISIBICHO, YTO COUWIEHEHHBIE BarOH: HCKIIIOYAlOT BO3MOKHOCTh
OTHOCHTEJIFHBIX NepeMEIIEeHHH M0 BEPTHKAIN COCEAHUX BaroHOB, NP MPOYMX PABHBIX IMHAMUUYECKHX MapaMeTpax;
MPUBOST K 3aMETHOMY YXYALICHHIO XOIOBBIX CBOWCTB, COIPOBOKAAIOIIMXCS POCTOM BEIMYMHBI BEPTHKAIBHBIX
YCKOpEHHH Ky30Ba. BennunHbBI yCKOpEeHNH M TMHAMUUYECKUX NPOrHOOB COWIEHEHHOr0 BaroHa Ooubine Ha 6%, 4eM
YETBIPEXOCHOTO TPY30BOTO BaroHa. BepTHkanbHble YCKOpEHHs NepenHeld M 3aJHel YacTH COWIEHEHHOTro BaroHa
6ompire Ha 30%, yeM y TUTIIOBOTO BaroHa. 3a mpejeiaMu KpUTHIECKOW CKOPOCTH Y COUJICHEHHOTO BaroHa BeJIMYMHA
BEPTHKAJIbHBIX JTUHAMHYECKHX IPOTMOOB CYIIECTBEHHO YMEHbBIIAETCS B Cilydyae M30JUPOBAHHOW HEPOBHOCTH
JUTHHON 6M M MEHEE.

KiroueBble c10Ba: COUWJICHEHHBIH BaroH, YCKOpEHHE Ky30Ba, TMHAMHYECKHN MPOTHO, TUIABHOCTh X0/, YCTPOKC-
TBO COWJICHEHHS, HEPOBHOCTbH ITyTH.
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CTAHJAPTHBIE IIOKA3ATEJIN
MOINPUIINPOBAHHbBIX BUTYMOB

AHHoTanus. B crartbe omnpeseneHs! U NMpoaHATN3UPOBAHBI OCHOBHBIE CTaHJApTHBIC MOKA3aTeNlu (TIeHeTpaus
npu 25 °C, pactspkumocts nipu 25 °C, Temiieparypa pa3MsrdeHusi, TeMieparypa Xpynkoctu) outymoB mapok bHJ|
100-130, BHA 130-200 u 21 mogudumupoBannoro d6uryma. Yucteie 6utymel mapok BHJ[ 100-130 u BH/I 130-200
npousBeneHsl B [laBiogapckoM HeTeXMMHYECKOM 3aBOJIE M yIOBIETBOPSAIOT TpeboBanmsaMm crtanmapra CT PK
1373-2013.

B xauectBe mMomuduraropos Obuti npuHATH nonamMepsl Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501,
Butonal NS 198, SBS (L30-01A), KUMHO, pe3utoBas kpoiika u nonudocdopHas kucinora. Moaupukamms oury-
MOB OBLTa OCyIIECTBIICHAa B Jaboparopuy Ka3zaxcTaHCKOTO TOPOXKHOTO HAYYHO-HCCIIENOBaTeNbckoro nHeTuTyTa (Kas-
nopHUN). TTonydenusie MoanbUINPOBaHHBIE OUTYMBI YIOBIETBOPAIOT TpeboBanusm cranaapra CT PK 2534-2014.

CraHJapTHbIE TIOKa3aTely YHUCTHIX ¥ MOAU(QHUIUPOBAHHBIX OUTYMOB OBUIH OmpelesieHbl B Jlaboparopun Kas-
nopHUMU no cranpapram: nenerpanus npu 25 °C - CT PK 1226-2003; pactsmxumocts mipu 25 °C - CT PK 1374-2005;
temrnepatypa pasmsrdenus - CT PK 1227-2003; remneparypa xpynkoctu - CT PK 1229-2003.

YcraHoBEHO, 4TO NpU J00aBKe K OMTyMaM BCe NMPUMEHEHHBIE MOJUMEpPhl U noiaudochopHas KUCIOTa TOHH-
KAIOT MIEHETPAIMIO, TEM CAMBIM M3MEHSIOT MapKy outymoB. [Tocie mogudukanum 43% noauMepOUTYMOB Tepexo-
JUIT Ha CIIEYIONIYI0 MapKy, 43% M3MEHSIOT MapKy Ha 2 equHHLBI 1 14 % MMeroT MapKy OoJiee BA3KYIO Ha 3 €AMHHMIIBL.

Bce paccmoTpeHHbIe TToSMMEpHI U TOIH(GOCOpHAst KUCIOTa HOBBILAIOT TEMIIEPATypy Pa3MIrdeHUsI, TEM CaMbIM
YIIy4IIafoT BHICOKOTEMIIEPATypHYIO YCTOWYMBOCTh OMTYMOB. OnpesiesieHo, 4To pH MOANGHUKAIMN OUTYMOB MapoK
BHJ 100-130 u BHJ 130-200 noBbleHre TeMnepaTypsl XpynkocTu coctaBisier 32-45 % u 28-93 % cootset-
CTBEHHO.

BospmmacTBO (71 %) monmmepoB m nonudochopHas KUCIOTa MOBHILIAIOT TEMIEPaTypy XpyNKOCTH (TOHHM-
AT HU3KOTEMIIEPATYPHYIO YCTOWYNBOCTB). B ueThipex ciydasx u3 aBaaiati oxHoro (19 %) moanduxanus npak-
TUYECKH HEe U3MEHSET TeMIlepaTypy XpynkocTH. Toibsko B 1ByX ciydasx (10 %) momudukanum outyma mapku bBH/I
130-200 nony4eH MoJI0KUTENbHBIH AP (EKT — HOHMKEHUE TeMIIepaTypbl XPYIKOCTH.

Tonbko B Tpex ciydasx (14 %) momupukanuu OTMEYEHO TOBBIIICHUE PACTSHKUMOCTH OUTYMOB. B deThIpex
caydasx (19 %) ncxomHas pacTsDKUMOCTB OCTaeTcsl HEM3MEHHOH. B octampHbIX ciaydasx (67 %) pacTsKUMOCTb
O6uTyMOB yMeHbIaercs oT 26 % no 86 %.

KaioueBble cioBa: OUTYMBI, TOJMMEPHI, PE3UHOBAst KPOIIKA, MONH(pochOpHas KUCIO0Ta, IIEHETPpaLus, pacTs-
KHUMOCTb, TEMIIEPATYPa Pa3MATYEHHs, TEMIIEPATYPa XPYIKOCTH.

1. Beenenne. B yclnoBHAX pe3KOKOHTHHEHTAJIBHOIO KiIMMaTa Kak B KazaxcraHe sl MOBBIIEHUS
9KCIUTyaTallHOHHOM HAJEKHOCTH ac(albTOOCTOHHBIX MOKPBHITHH aBTOMOOMJIBHBIX TOPOT HEOOXOIMMO
YIIyYIIUTh BHICOKO- M HU3KOTEMIIEpaTyPHBIE XapaKTEPUCTUKU JTOPOKHBIX OuTymoB [1-5]. B Hacrosmee
BpeMs B MHUPE B JOPOXXKHOM CTPOUTENBCTBE NPHHATO, YTO OAHUM H3 OOIIEHPUHATHIX CII0cOOO0B
MOBBIILIEHUS HKCIUTyaTallMOHHBIX XapaKTEPUCTHK JOPOXKHBIX OWUTYMOB SIBJIsSIETCS MOAMGMHKALUS HX
pa3HBIMU MOJIMMEPaMH, HHOTIA BKItOYast nordochopryto kucnory [1-3, 6-15].

B KaszaxctanckoMm OOpOXKHOM Hay4yHO-HccienoBaTenbckoM uHcetuTyTe (KasmopHMUU) B Teuenue
MOCIEAHNX 15 JIeT cuCTeMaTHYeCKH UCCIIEAYETCs] BOIIPOC O MOBBIIIEHUH SKCILTYyaTallMOHHBIX XapaKTepuc-
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TUK OUTYMOB, acaTbTOOETOHOB M IPYTHX JOPOXKHBIX MaTepHaoB. B 4acTHOCTH, OBIITN MCIIBITAHBI OKOJIO
50 6uTyMOB pa3HBIX 3aBOJIOB, MOIU(UITUPOBAHHBIX PAa3HBIMU TOJIMMepaMH u Tonudoc(hopHOIt KUCIOTOH.

B Hacrosmeit paboTe mpencTaBiI€HBI W aHAIW3UPYIOTCS OCHOBHBIE CTaHJAPTHBIE TOKa3aTeln
(menerpamms mpu 25 °C, pactspkuMocTh Tipu 25 °C, Temniepatypa pa3MAardeHus, TeMIepaTypa XpymnKoCTH)
outymoB mapok BHJI 100-130 u BHJI 130-200, mpomsBenenusix llaBrmomapckum HedTEeXHMMHUYECKHIM
3aBogoM (I[THX3), u eme 21 momudunupoBaHHOTO OHTYyMa, MOIYYEHHOTO IMyTeM T00aBKH B yKa3aHHbBIE
WCXOJHBIE YUCTHIE OUTYMBI 7 TIOTMMEPOB, PE3NHOBOM KPOIIKH U TTOIH(POCcHOPHOIT KUCITOTHI.

2. MaTepuaJjibl 1 METOAbI

2. 1. burymsl. B Hactosmieit pabore st M3ydeHHUS CTAaHAAPTHBIX TOKa3aTeledl OBLIM TPHUHSATHI
2 gucTeix U 21 mogudummpoBanusnii OutyM. Yucteie 6utymsel mapok BH/I 100-130 u BHJI 130-200 6putn
npom3BeneHsl B IlaBmomapckoM HedTexuMuUdeckoM 3aBoje W3 HedTu 3amamuoit Cubupm (Poccwmst)
METOJIOM TIPSMOTO OKHCIIEHHS U yaoBieTBopstoT TpedoBanmsaM crangapra CT PK 1373-2013 «butymsr u
OWTYMHBIE BSDKYIIHE.

butymbl HeTsIHBIE TOPOKHBIE BA3KHE. TEXHUUECKUE YCIOBH.

2.2. Moaudukaropsl. B kauectBe momudukaropoB Obimu mpuHATH monumepbl Elvaloy 4170,
Elvaloy AM, Kraton, Calprene 501, Butonal NS 198, SBS (L30-01A), KUMHO, pe3uHOBasi KpoIlika H
nonmudocopHas kuciota. Momupukanus OWTYMOB yKazaHHBIMH J00aBkamu Oblla OCYIIECTBICHA B
nmaboparopun KazmopHUU. [lomyuennsie MomnduimpoBaHHbIE OUTYMBI YAOBIETBOPSIIOT TPEOOBaHUAM
craanapra CT PK 2534-2014 «butrym u OutymHBIE BsSOKyIIHe. buTyMbl HehTssHBIE MOIU(MUITUPOBAHHEIE,
JIOpoXKHBIEe. TeXHWYecKne yciaoBUs». bomee moapoOHY0 WHGOPMAIMIO O MPUTOTOBICHUHA MOAM(HIIN-
POBaHHBIX OWTYMOB MOXXHO IONYy4YuTh B paborax [7,9]. JlaHHBIE 00 WCHBITAHHBIX OWTyMax W WX
COKpaIlleHHbIe 0003HAYeHNs IPUBEIeHBI B Tabmmie 1.

Ta6muna 1 — JlaHHBIC 00 HCTIBITAHUSX YUCTHIX X MOJU(UIINPOBAHHEIX OUTYMax

Ne Mapka 6utyma HasBanue momudukaropa | KommuecrBo monudukaropa,% CoxkpanieHHOE 0003HaUCHHE
1 BHJI 100/130 - - PNHZ_100-130

2 BHJI 100/130 Elvaloy 4170 1,4 PNHZ_100-130+Elvaloyl

3 BHJT 100/130 Elvaloy AM 2,0 PNHZ_100-130+Elvaloy2

4 BHJI 100/130 Kraton 4,0 PNHZ_100-130+KTraton

5 BH/1 100/130 Calprene 501 4,0 PNHZ_100-130+Calprene

6 BHJI 100/130 Butonal NS 198 3,0 PNHZ_100-130+Butonal

7 BHZ 100/130 SBS (L 30-01 A) 3,0 PNHZ_100-130+SBS

8 BHZ 100/130 KUMHO KTP 3,0 PNHZ_100-130+KUMHO3

9 BHJ 100/130 KUMHO KTP 6,0 PNHZ_100-130+KUMHOG6

10 BHJ 100/130 Pe3uHoBast kporika 10 PNHZ_100-130+PK10

11 BHJI 100/130 PesunoBas kpomrka 15 PNHZ_100-130+PK15

12 BHZ 130/200 - - PNHZ_130-200

13 BHJT 130/200 Kraton 6,0 PNHZ_130-200+Kraton

14 BHJT 130/200 Elvaloy 4170 18 PNHZ_130-200+Elvaloy 1

15 BHJT 130/200 Calprene 501 6,0 PNHZ_130-200+Calprene

16 BHJT 130/200 Butonal NS 198 3,5 PNHZ_130-200+Butonal

17 BHJT 130/200 SBS (L 30-01 A) 5,0 PNHZ_130-200+SBS

18 BHJT 130/200 Elvaloy AM 2,2 BHJI 130/200+Elvaloy 2

19 BH/JI 130/200 PPA 1,0 PNHZ_130-200+PPA

20 | BHJI130/200 Eﬂ‘j‘:"” 0%52 PNHZ_130-200+Kraton+ PPA
21 | BHJI130/200 l'f:,":'oy 4170 011'062 PNHZ_130-200+Elvaloy 1+ PPA
22 | BHJ 130/200 g;'/gre”e 501 05’ 652 PNHZ_130-200+Calprene-+ PPA
23 | BHI 130200 ff;,‘f”a' NS 198 03"(?2 PNHZ_130-200+Butonal+ PPA
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2.3. CranpaptHble noka3areiau. OCHOBHBIC CTaHJAPTHBIC IMOKA3aTEIN OMTYMOB OBUIN OMPEICIICHBI
B naboparopun KazmopHUU. CrannmapTHble MmoOkKa3aTeid M CTAaHAAPTHI, 0 KOTOPHIM OHH ONPEACIICHBI,
TIPUBEICHBI B TA0OIHIIC 2.

Tabnuia 2 — OcHOBHBIEC NTOKA3aTENU U CTAHAAPTHI

Iloxazarens Cra"mapt

CT PK 1226-2003 Butymbl He(TsIHBIC U BSDKYIHE MaTepUaIbl HA OCHOBE OUTYMa.

[
Tenetpaus, 25 °C, 100 T, 5 ¢ (0,1 v) Mertoz onpeneneHust TITyONHBI IPOHUKAHHS UIJIBI

CT PK 1374-2005 Butymsl 1 OUTYMHBIE BsDKyIHEe. MeTox OIpeIeNIeHUst

PactsxumocTs, 25 °C (cm)
PaCTSKUMOCTH

CT PK 1227-2003 Butymsl u 6utymHbIe BsDkyue. OnpeseneHne TOUKH

Temnepatypa pazmsaryenus, °C
pa3sMArdeHust METOZOM KOJIbIIA | Iapa

CT PK 1229-2003 Butymst HedTsiHbIE U OUTYMHbIC BsDKYIIHE. MeTo onpeaeneHus

]
Tewmeparypa xpymroctu, °C TeMIepaTypsl XpynkocTu no dpaacy

3. Pe3yabTaThl M 00CYKIEHHE

3.1. Ilenerpanusi. Ha pucynke 1 mpencraBieHbl 3HAUCHUS TEHETPALMHA HCIBITAHHBIX YHUCTHIX U
Moau(UIIMPOBaHHBIX OUTYMOB mpu Temrieparype 25 °C. Buano, yTo MoguduKaius moIuMepamMu Cylie-
CTBEHHO MOHW)KAET MEHEeTPalnio OuTyMoB. Tak Kak 1Mo SToMy NOKa3aTelto OnpeesnseTcs Mapka OUTYMOB,
MOJKHO CKa3aTbh, YTO MOAU(DUKAIMS MMOJTUMEPaMU U3MEHSIET MapKy OuTymoB. Tak, mociie MoauduKaiumn
HHU OJMH OMTYM HE MMEeT HAadaIbHYI0 MapKy: 9 M3 HUX MEepexosiT Ha CIEAYIOUIyI0 Mapky, eme 9 cra-
HOBSATCS O0JIee BI3KMMH Ha JIBE MapKH, a 3 U3 HUX MTOKA3bIBAIOT IEHETPALIMIO HIDKE Ha 3 MapKH.
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Pucynoxk 1 — Ilenerparusa 6utymoB npu temneparype 25 °C
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3.2. Temneparypa pasmsardyenusi. Kak cienoBano oxunath, MOJU(PHUKAIUS TTOJTUMEPAMH TOBBIIIACT
TEMIIEpaTypy pa3MsArdeHusi OUTYyMOB (PHCYHOK 2). BOJBIIMHCTBO MONMMEPOB MOBHIIIAET TEMIIEPATYPy
pasmsardenus B cpemnem Ha 18-20 °C, a Hexotopeie m3 Hux (Kraton, Calprene 501, SBS, KUMHO,
Calprene 501+PPA) — mnoutu aBa pasza. Oka3anock, 9T0 j00aBKa B MOJUMEpOUTYMBI moiudochopHOit
KHCIIOTHI, KaK IMPaBWJIO, HECKOJBKO CHIDKACT WX TEMIIEpaTypy pa3MsardeHus. Tak Kak TemmepaTrypa
pa3MsArdeHus: KOCBEHHO XapaKTePU3yeT YCTOHYHMBOCTh OMTYMOB INPHU BBICOKHX TeMIIepaTypax, MOJy-
YCHHBIC PE3YJIbTAaThl MOKA3bIBAIOT BO3MOXKHOCTH CYIIECTBEHHOTO IOBBIIICHUS BBICOKOTEMITEPATYPHBIX
XapaKTePUCTUK JOPOKHBIX OUTYMOB IyTeM MOJU(PHKANNN HX Pa3IHYHBIMH TMOJMMEpaMu. OTO JaeT
OCHOBaHUE CYHTaTh, YTO ac(aabTOOETOHBI, MPHUIOTOBJICHHBIC C HCIOJB30BAaHHEM IOJUMEPOUTYMOB,
MOTYT OBITh PEKOMEHIOBAHBI JUIS IPUMEHEHUS B )KAPKUX KINMATHYCCKUX YCIOBHUSX.
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Pucynok 2 — Temneparypa pa3msrdeHust ONTyMOB

3.3. Temnepatypa XpynkocTu. B HacTosmiee Bpemsl 0 TeMIEpaType XpPYHKOCTH OIEHUBAIOT
YCTOWMYMBOCTh OUTYMOB TIPY HU3KUX TeMIieparypax. EcTecTBeHHO cuutath OUTYM ¢ OoJiee HU3KOM TemIie-
patypoil XpynkocTd Oosiee mpHeMIIEMBIM (IIPEANOYTUTEIbHBIM) B PETHOHAX C XOJIOIHBIM KIMMATOM.
PesynpTaTtel ucnbITaHUE TOKa3amu (PUCYHOK 3), 4YTO OOJBIIMHCTBO MNOJIMMEPOB U mosmdochopHas
KHCJIOTa TOBBIIAIOT TEMIIEPaTypy XPYNKOCTH (YXyALIal0T HU3KOTEMIIEPAaTYpHYIO YCTOHYMBOCTH)
ourymoB. Jlobaska mommmepoB Elvaloy 4170, Kraton B 6utym mapku BH/I 100-130 1 no6aBka nosimume-
poe Kraton, Calprene 501 B 6urym mapku BHJI 130-200 nmpakTuyecku HE U3MEHHIIA TEMIIEPATYPy XPYII-
kocTH. [ToHmKeHne TeMIepaTypbl XpYIKOCTH OBLIO JIOCTUTHYTO TOJBKO B JIBYX CIy4asx — MPH J00aBKe
nonumepoB Elvaloy 4170 (ua 3,9 °C) u Butonal NS 198 (na 1,9 °C) B 6utym mapku BH/[ 130-200. Otr
Pe3yIbTaThl OKA3BIBAIOT, YTO JJIS TIOHIKEHHUS TEMIIEPAaTyphl XPYIKOCTH OMTYMOB IPH UX MOJU(PHUKALINT
MoJMMepaMy HEOOXOANMO YUUTHIBATEH KaK BA3KOCTb (MapKy) OMTyMa U BHJ TIOJIUMEpA.
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3.4. Pacrszkumocts. M3 pucyHka 4 BUAHO, YTO OOJIBIIMHCTBO MOJMMEPOB U monudochopHas
KHCJIOTa YMEHBIIAIOT pacTsHKuMocTh OuTymoB. Tak, mpu moaudukanuu O6utyma mapku BHJI 100-130
Tonbko monmMep SBS moBeicmn pacTsbkuMocte Ha 11 %. OcranpHble 9 MOMTUMEPOB yMEHBIIMIIN
pactshkuMocTh Ha 47-86 %. B cmyyae momudukanum Outyma mapku BHJI 130-200 ycranoBmneHo, 4To:
umerorcs nonumepsl (Elvaloy 4170, Elvaloy AM, Elvaloy + PPA, Calprene 501+ PPA), npu no6aBke
KOTOPBIX PacTSHDKUMOCTh OMTyMa OCTaeTcs MpakTHYecKHW Hem3MeHHOH; noimmepsl Kraton, Calprene 501,
SBS, Kraton+PPA u nonmudochopHas kucaora yMEeHbIIAIOT pacTskuMocTb Ha 47 %, 35 %, 26 %, 44 % un
42 % cOOTBETCTBEHHO; TOJBbKO J0OaBKa B OMTyM monumepa Butonal u monmumepa Butonal coBmecTHO C
onrocGOpHON KUCIOTON MOBBIMIAET PACTSHKUMOCTD Ha 76 %.

3akiiroyeHue. AHalu3 pe3yabTaTOB ONPEAETICHUS] OCHOBHBIX CTAaHIAPTHBIX IOKa3aTelel OMTyMoB
mapok BH/I 100-130 u BH/I 130-200, mogudumpoBaHHbIX NOAMMEpaMu U TOnMM(pocHOpHON KHCIOTOH,
BBITIOJIHEHHBIH B HacTOAIIEeH paboTe, ToKasal Cleaylolee.

1. Ilpn moGaBke K OMTyMaMm BCe MPHMEHEHHBIE MOJMMEPHI U Mo ocopHas KUCIOTa TTOHMKAIOT
MEHETPALUI0, TEM CaMbIM H3MEHSIOT MapKy OMTYMOB. YCTaHOBIEHO, yTO mocie Monuduxaunu 43 %
MOJIMMEPOUTYMOB NEPEXOAAT Ha CIEAYIOIIYI0 Mapky, 43 % H3MEHAI0T MapKy Ha 2 eauHuusl U 14 %
HUMEIOT MapKy 0oJjiee BA3KYIO Ha 3 €AMHULIBL.

2. Bce paccMoTpeHHbIE mosiuMepsl U nonudochopHas KUCIOTa MOBBIIIAIOT TEMIEpaTypy pasmsr-
YEHHUS, TEM CaMbIM YIIyUIIAIOT BHICOKOTEMIIEPATYPHYIO YCTOMYMBOCTH OMTYMOB. OmnpezeneHo, 4To MpH
Moaudukamuu 6utymo mMapok BHJ] 100-130 u BH/I 130-200 moBbliieHHe TemmepaTypbl XpyIKOCTH
coctasisieT 32-45 % u 28-93 % cooTBETCTBEHHO.

3. BompmmucTBo (71 %) monmmepoB u monudochopHas KHCIOTa IMOBBILAIOT TeMIepaTypy
XPYIKOCTH (TIOHIKAIOT HU3KOTEMIIEPATYPHYIO YCTOMUMBOCTh). B 4eThipex ciyuasix W3 IBaAlaTH OAHOTO
(19 %) mMomudukauus MpakTUYECKU HE U3MEHSAET TEeMIIEPaTypy XPYNKOCTH. TOJbKO B IBYX Cllydasx
(10 %) momuduxaunu 6uryma mapku BHJ] 130-200 momydeH monoxuTenbHbIH 3QGEKT — MOHMKEHHUE
TeMIepaTypbl XPYIMKOCTH.

4. Tonpko B Tpex ciyyasx (14 %) mMonudukanuym OTMEUEHO MOBBILICHUE PACTSHKUMOCTH OHUTYMOB.
B uetnipex caydasx (19 %) ucxomHas pacTsSHKHMOCTb OCTaeTCsi HEM3MEHHOW. B ocTaibHBIX ciydasx
(67 %) pacTsUMOCTh OUTYMOB yMeHbIaeTcst ot 26 % 1o 86 %.

M. K. Kypsios’, B. B. Tearaes’, C. O. Pocen®, E. JI. Omipbaes’, A. O. Emmi6aen

1 o N
«/1. B. Coxonbckuii ateingarsl JKaHnapmaii, KaTanus xoHe 3J1eKTpoxuMus HHCTUTYTh» AK, Anmartel, Kazakcrah;
2
«KazakcraH 01 FpUIbIMU-3epTTeY HHCTUTYThI» AK, Anmatel, Kazakcran;
3 .
Kanabpus yruBepcureri, Penne, Utamms

MOINPUKALOUAJAHTAH BUTYMJAP/JABIH CTAHIAPTTBIK KOPCETKIIITEPI

Annoranus. XXymeicra MXKB 100-130 >xore M2KB 130-200 mapkainsl Taza OuTymMIapasiH xoHe 21 Moanguka-
LUsUIaHFaH OUTYMHBIH HETi3Ti CTaHIapTThIK KepceTkimTepi (25°C-tarbl neneTpauusicsl, 25°C-Tarbl CO3bUIFBIIITHIFBI,
KyYMcapy TeMIIepaTypachl, MOPTTBIK TeMIeparypachl) asblkransi, Ttanganasl. MOXKB 100-130 >xone MXbB
130-200 ta3a 6utymuaps! [laBnonap myHaii-xumus 3aysiTeiHga bateic CiOipain (Peceit) MyHalbIHAH TiKe TOTBIK-
TEIpY omicimeH eHmipinmi xoHe KazakcramueiH KP CT 1373-2013 «butymaap >koHe OMTYMIBIK TYTKBIPFBIIITAp.
MyHaii 5k0J1 TYTKBIp OuTyMaapbl. TeXHUKaIBIK IapTTap» CTaHAAPTHIHBIH TalanTapblH KaHAFaTTaHbIPaIbl.

Momudukaropnap peringe Elvoloy 4170, Elvoloy AM, Kraton, Calprene 501, Butonal NS 198, SBS (430-01A),
KUMHO mnonumepnepi, pe3eHKe YHTaFrbl jkoHE Moim(ochop KhIIKBUIB KaOBIIIaHAbL. butymumapasl mMoanguka-
musutay KasakcTaH Jkoil FRUIBIMH-3epTTey HMHCTHTYTHIHBIH (KaszxonF3M) 3eprxaHachiHma Kypri3iiani. AJbIHFaH
Monudukanmsnanran outymaap Kazakcranaein KP CT «butymaap xoHe OMTYMIBIK TYTKBIpFBIITAp. Moauduka-
LUSUTAaHFaH MYHAaH Ko OuTymaapsl. TeXHUKaIBIK MapTTapy CTaHAAPTHIHBIH TaJaNTapblH KaHAFATTAHIBIPA B

Tasza sxoHe MoaudUKaIMsIIaHFaH ONTyMAAp.IBIH CTaHAAPTTHIK KepceTkimTepi KazxonF3U 3eprxanaceaga Kazaxk-
CTaHHBIH KeJleci cTaHmapTTapbl OoibiHIIA aHBIKTANALL: 25 °C-tarel neHeTpanusicel — KP CT 1226-2003 «MyHaii
OuTyMIaphl )KoHE OMTYM HEri3iHJEr] TYTKBIPFBIII MaTepuanaap. MIHeHiH eHy TepeHIIriH aHbIKTay afici»; 25 °C-Tarbl
co3suFRITEIK — KP CT 1374-2005 «burymumap xoHe OUTYMIBIK TYTKBIPFRIITAP. CO3BUIFBIITHIKTE AHBIKTAY
anici»; xxymcapy temreparypacsl — KP CT 1227-2003 «butymaap xaHe OMTYMABIK TYTKbIpFbIITap. CakiHa jKoHE
map o/iCiMeH >KyMcapy HYKTECIH aHBIKTay»; MOPTTHIK Temneparypa - KP CT 1229-2003 «MyHaii Ourympaap »xoHe
OUTYMIBIK TYTKBIpFBIITap. Dpaac HeriziHAe MOPTTHIK TEMIIEPATYPaHbl aHBIKTAY 9JIICI».
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Butymra Kockanaa 6apIiblK mojuMep MeH Honnugpochop KbIMIKBUIE IEHETPAUSHBI a3alTabl, SFHH OUTYM Map-
KayapsIH e3repreai. Moandukanusaaad keifin momuMepoutyMaapasie 43 %-bl Keneci MapKara eTefi, Tarbl 43 %-bIHbIH
MapKackl eKi caTbiFa, 14%-bIHBIH MapKachl YIII CaThIFa TOMEHACHTI.

KapacTeipputran Oapiiblk mMoguMep MeH MoiU(ocdop KHIIIKBUIEI OUTYMIApAbIH KyMcapy TeMIeparypachlH
JKOFApBLIATaAbl, SIFHU JKOFapbl TEMIEPaTypablK OPTBHIKTBUIBIFBIH  kakcapTagsl. MJKB 100-130 >xome MXKb
130-200 mapkanel OuTyMaapslH MoAnbHUKaIUsIIaFaHIa )KYMcapy TeMIepaTypachHbIH 32-45 %-ra xone 28-93 %-ra
THICIHIIIE )KOFaPBUIANTHIHBI aHBIKTAJIIBI.

IMomamepnepain kebici (71%) »xoHe mnomudocdop KBIMIKBIIEI OUTyMIApABIH MOPTTHI TEMIEpaTypachlH
JKOFapblIaTaasl (TOMEHTT TeMIlepaTypaiiblKk OPHBIKTBUIBIFBIH TeMeHzeTeni). JKubipma Oip skarmaiiibIH TepTeyiHe
(19 %) momudurarms MOpTTHIK Temmeparypansl e3reproeiini. MXKB 130-200 mapkasnsr GuTyMasl MOTHGbHKALIAS-
Jaynsry exi xarmaieraga (10 %) FaHa OH HOTH)KE allbIHIBI — MOPTTHI TEMIIepaTypa TOMEHIE].

MomndukanusanayasH TeK yi xarnaiisiana (14 %) rana OMTYM CO3BUIFBIIITHIFBIHBIH apTAaTHIHBI aHBIKTAIIIBL.
Tept xarmarina (19 %) OGacTanksl CO3BUIFHINTHIK e3repmeiini. Kanran xarmaitnmapaa (67 %) OUTyMAapIslH CO3BLI-
FBIIITHIFBL 26 %-naH 86 %-ra neiin ToMeHaen 1.

Tyiiin ce3mep: OuTympmap, TmonUMepiep, pPE3EHKE YHTarbl, NOJU(GOCHOp KBINIKBUIBI, I[EHETPAIHs,
CO3BLIFBILITHIK, )KYMcapy TEMIIEPATypackl, MOPTTHI TEMIIEPATYPA.

M. Zh. Zhurinov?, B. B. Teltayev?, C. O. Rossi®, E. D. Amirbayev?, A. O. Elshibayev?

!D. V. Sokolskiy Fuel, Catalysis and Electrochemistry Institute, Almaty, Kazakhstan;
’Kazakhstan Highway Research Institute, Almaty, Kazakhstan;
3University of Calabria, Rende, Italy

STANDARD INDICATORS OF MODIFIED BITUMENS

Abstract. The main standard indicators (penetration at 25 °C, ductility at 25 °C, softening point, Fraas point)
have been determined and analyzed in this work for bitumens of the grades BND 100-130, BND 130-200 and
21 modified bitumens. The neat bitumens of the grades BND 100-130 and BND 130-200 have been produced at
Pavlodar petrochemical plant from the oil of Western Siberia (Russia) by method of direct oxidation and they satisfy
the requirements of the standard of Kazakhstan ST RK 1373-2013 “Bitumens and bituminous binders. Oil road
viscous bitumens. Technical specifications”.

The polymers Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS 198, SBS (L30-01A), KUMHO,
crumb rubber and polyphosphoric acid have been accepted as modifiers. The modification of the bitumens has been
performed in the laboratory of Kazakhstan Highway Research Institute (KazdorNIl). The manufactured modified
bitumens satisfy the requirements of the standard of Kazakhstan ST RK 2534-2014 “Bitumens and bituminous
binders. Oil modified road bitumens. Technical specifications”.

The standard indicators of the neat and modified bitumens have been determined in the laboratory of KazdorNI|
according to the following standards of Kazakhstan; penetration at 25 °C - ST RK 1226-2003 “Oil bitumens and
binder materials based on bitumen. Method for determination of needle penetration depth”; ductility at 25 °C -
ST RK 1374-2005 “Bitumens and bituminous binders. Method for determination of ductility”; softening point -
ST RK 1227-2003 ‘Bitumens and bituminous binders. Determination of softening point by ring and ball method”;
Fraas point - ST RK 1229-2003 “Oil bitumens and bituminous binders. Method for determination of Fraas point™.

It is found out that all the applied polymers and polyphosphoric acid when adding them to the bitumens
decrease the penetration thereby changing the grade of the bitumens. After modification 43 % of the polymer
bitumens convert to the next grade, 43 % change their grade for 2 units and 14 % have the grade more viscous for
3 units.

All the considered polymers and polyphosphoric acid increase the softening point thereby improving the high
temperature resistance of the bitumens. It is determined that at modification of the bitumens of the grades BND
100-130 and BND 130-200 the increase of the Fraas point is 32-45 % and 28-93 % respectively.

Most (71 %) of the polymers and polyphosphoric acid increase the Fraas point (decrease the low temperature
resistance). In four cases out of twenty-one (19 %) the modification does not practically vary the Fraas point. The
positive effect has been obtained only in two cases (10 %) for the modification of the bitumen of the grade BND
130-200 - the decrease of the Fraas point.

The increase of the ductility for the bitumens has been recorded only in three cases (14 %) for their
modification. In four cases (19 %) the initial ductility remains constant. In other cases (67 %) the ductility of the
bitumens is decreased from 26 % to 86 %.

Key words: bitumens, polymers, crumb rubber, polyphosphoric acid, penetration, ductility, softening point,
Fraas point.

——194——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

Information about authors:

Zhurinov M.Zh., Doctor of Chemical Sciences, Professor, Academician, President of NAS RK, Almaty,
Kazakhstan; nanrk.mzh@mail.ru; https://orcid.org/ 0000-0001-5314-1219

Teltayev B.B., Doctor of Technical Sciences, Professor, Corresponding member of NAS RK, President of JSC
“Kazakhstan Highway Research Institute”, Almaty, Kazakhstan; bagdatbt@yahoo.com; https://orcid.org/0000-0002-
8463-9965

Rossi C.O., Professor of Physical Chemistry, President of the spin-off “Chemical” at University of Calabria,
Department of Chemistry and Chemical Technologies of University of Calabria, Rende, Italy;
cesare.oliviero@unical.it; https://orcid.otg/0000-0003-4406-7824

Amirbayev Ye.D., Chief of Road Construction Materials Division of JSC “Kazakhstan Highway Research
Institute”, Almaty, Kazakhstan; https://orcid.otg/0000-0001-8508-8803

Elshibayev A0, Chief of Road Structures and New Technologies
Divisionof JSC “Kazakhstan Highway Research Institute”, Almaty, Kazakhstan; ao_kazdornii@mail.ru;
https://orcid.otg/0000-0002-6197-8905

REFERENCES

[1] Teltayev B.B., Kaganovich E.V. Bitumen and asphalt concrete requirements improvement for the climatic conditions of
the Republic of Kazakhstan // Proceedings of 24™ World Road Congress. Mexico, 2011 (in Eng.).

[2] Teltayev B., Kaganovich E. Thermal resistance of blown bitumens to the conditions of sharp-continental climate //
Journal of Applied Sciences. 2012. Vol. 12, N 12. P. 1297-1302 (in Eng.).

[3] Teltayev B., Izmailova G., Amirbayev Ye. Rheological properties of oxidized bitumen with polymer additive // Journal
of Applied Sciences. 2015. VVol. 15, N 1. P. 129-137 (in Eng.).

[4] Radovskiy B.S., Teltayev B.B. Viscoelastic properties of asphalt based on penetration and softening point. Almaty:
“Bilim” baspasy, 2013. 152 p. (in Russ.).

[5] Radovskiy B.S., Teltayev B.B. Viscoelastic properties of asphalt based on penetration and softening point // Cham:
Springer International Publishing AG, 2018. 115 p. (in Eng.).

[6] Rossi C.O., Spadafora A., Teltayev B., Izmailova G., Amirbayev Ye., Bortolotti V. Polymer modified bitumen:
Rheological properties and structural characterization // Colloids and Surfaces A: Physicochemical and Engineering Aspects.
2015. 480. P. 390-397 (in Eng.).

[7] Teltayev B., Rossi C.O., lzmailova G., Amirbayev Ye., Elschibayev A. Evaluating the effect of asphalt binder
modification on the low-temperature cracking resistance of hot mix asphalt // Case Studies in Construction Materials. 2019. N 11.
P. 1-13 (in Eng.).

[8] Porto M., Caputo P., Loise V., Eskandarsefat S., Teltayev B., Rossi C.O. Bitumen and bitumen modification: A review
on latest advances // Applied Sciences. 2019. 9. P. 1-35 (in Eng.).

[9] Teltayev B.B., Rossi C.O., Izmailova G.G., Amirbayev E.D. Effect of freeze-thaw cycles on mechanical characteristics
of bitumens and stone mastic asphalts // Applied Sciences. 2019. 9. P. 1-18 (in Eng.).

[10] Teltayev B.B., Kalybai A.A., Izmailova G.G., Rossi C.O., Amirbayev E.D., Sivokhina E.S. Nanostructured bitumen
with nanocarbon // Eurasian Chemico-Technological Journal. 2019. 21. P. 303-310 (in Eng.).

[11] Zhurinov M.Zh., Teltayev B.B., Kalybai A.A. Characteristics of road bitumen modified with nanocarbon nanopowder
/I News of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. 2019.
5 (437). P. 223-228 (in Eng.).

[12] Zhurinov M.Zh., Teltayev B.B., Kalybai A.A. Effect of road bitumen modification with nanocarbon powder // Reports
of the National Academy of Sciences of the Republic of Kazakhstan. 2020. 1 (329). P. 134-138 (in Eng.).

[13] Kalybai A.A., Teltayev B.B., Abzhali A.K. Nanoenergetic materials and low carbon energetic: regularities,
technology and raw materials // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and
Technical Sciences. 2019. 3 (435). P. 189-202 (in Eng.).

[14] Zhurinov M.zZh., Kalybai A.A., Teltayev B.B., Characteristics and properties of physical and quantum fields of
nanocarbon and their applications // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology
and Technical Sciences. 2019. 5 (437). P. 229-236 (in Eng.).

[15] Zhurinov M.Zh., Teltayev B.B., Kalybai A.A., Amirbayev E.D. Asphalt concrete with nanocarbon bitumen // News of
the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. 2020. 3 (441).
P. 186-191 (in Eng.).

—— 195 ——


mailto:nanrk.mzh@mail.ru
https://orcid.org/0000-0001-5314-1219
mailto:bagdatbt@yahoo.com
https://orcid.org/0000-0002-8463-9965
https://orcid.org/0000-0002-8463-9965
https://e.mail.ru/compose/?mailto=mailto%3acesare.oliviero@unical.it
https://orcid.otg/0000-0003-4406-7824
https://orcid.otg/0000-0001-8508-8803
mailto:ao_kazdornii@mail.ru
https://orcid.otg/0000-0002-6197-8905

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 5, Number 443 (2020), 196 — 203 https://doi.org/10.32014/2020.2518-170X.121

UDC 637.334; 579.61

V. K. Bishimbayev', A. U. Issayeva?, I. Nowak?,
G. Serzhanov*, A. Ye. Tleukeyeva® B. Lesca’

l“Adely-mining—consulting” LLP, Astana, Kazakhstan;
2Shymkent University, Shymkent, Kazakhstan;
*A. Mickiewicz Poznan State University, Poznan, Poland;
* Joint stock company “Aralsoda”, Almaty, Kazakhstan.
E-mail: bishimbayev@mail.ru, akmaral.issayeva@bk.ru, nowakiza@amu.edu.pl,
serzhanovg@bk.ru, aseltleukeyeva@mail.ru, bogunial@amu.edu.pl

PROSPECTS FOR RATIONAL USE OF MINERAL RESOURCES
OF THE DZHAKSY-KLYCH DEPOSIT, THE ARAL REGION

Abstract. Rational use of mineral resources is becoming an important task for the development and economic
growth of Kazakhstan. The purpose of the research was to study the state of salt-containing raw materials to
determine the prospects for rational use of mineral resources of the Dzhaksy-Klych Deposit, one of the salty halite
lakes of the Aral region. Exploration studies have shown that the Deposit is layered, where the halite layer is
underlain by a sulfate layer: astrakhanite, mirabilite, tenardite, located on a layer of silt, the bed of salt deposits is
dark brown clays, less often - clay Sands. Mineralogically, the halite formation is represented by, %: halite —
90-96, epsomite -1,2-2,6, mirabilite -0,2-1,9, gypsum-0,2-1,4. The production of table salt results in waste containing
65.5% chlorides, 24.5% sulfates, 6.5% sodium carbonates, and 3.5% sodium silicates, which can be used for
pharmaceutical and medical purposes. Bottom silty mud by its origin and chemical composition belongs to the
mainland silt-sulfide type and can be used for Spa and balneological treatment. The reserves of sulphate salts in the
field are significant, with the average thickness of the sulphate reservoir in the southern basin being 0.87 m, and in
the Northern basin 0.91 m. Intergranular and surface brine containing sodium and magnesium chloride-sulfate salts is
of particular interest. Analysis of the state of mineral resources of the Dzhaksy-Klych Deposit revealed prerequisites
for expanding the range of opportunities for using salt-containing raw materials. A promising direction for the
development of the mineral resource base is the production of soda based on sodium chloride, as well as the
production of a commercial product based on sodium sulfate and magnesium chloride. Microbiological examination
showed the presence of non-pathogenic forms of halophilic bacteria in the salt-containing raw materials, which
indicates safety for use in pharmaceutical and medical practice. In the Aral sea region, there is every reason for the
development of the cosmetology industry, where a wide range of cosmetology and pharmaceutical products can be
produced based on a combination of salt-containing and local vegetable raw materials.

Key words: Dzhaksy-Klych Deposit, salt-containing raw materials, halite salt, sulfate salt, brine, natural
resources.

Introduction. One of the main riches of the Republic of Kazakhstan is the mineral resource base.
Assessment of natural resources, their reserves, extraction and rational use is becoming an important task
for the development and economic growth of our state. It should be noted that the rational use of natural
resources, including the mineral resource base, implies the most complete extraction of all valuable
components with the least change in the resource potential and the state of the environment (Luneva E. V.,
2017). Kazakhstan has a developed mineral resource base, while the Republic ranks sixth in the world in
terms of mineral reserves. According to international experts, the value of the proven balance reserves of
the main types of minerals is 10 trillion us dollars. According to E. G. Karibayev (2014) the Republic of
Kazakhstan has significant forecast resources of oil — 17 billion tons, iron — 148 billion tons, manganese —
4.7 billion tons and chromite ores — about 3 billion tons, copper — 182 million tons, lead — 108 million
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tons, zinc 220 million tons, bauxite — 1.2 billion tons, tungsten — 4.8 million tons, molybdenum —
6.2 million tons, gold — 15 thousand tons, nickel — 4.8 million tons, titanium — 291 million tons, tin —
1.7 million tons, uranium — 600 thousand tons and coal 90 billion tons. Attracting investment in the
development of the mineral resource base of Kazakhstan contributed to the republic's entry into the top ten
countries both in terms of mineral reserves and the development of new deposits.

In the future, the forecast reserves of minerals, which can include deposits of various salts, are of
great importance. The Aral sea and the system of lakes located around it represent a mineral resource base
of various salt-containing raw materials, ranging from various types of salts to types of brine, silt and,
importantly, waste after processing of the initial salts. Of particular interest is the Dzhaksy-Klych salt lake,
which has become a salt deposit as a result of drying up. Despite the long history of studying lake systems
and the Aral sea itself, a number of established parameters of the chemical, mineralogical and
microbiological composition of the Dzhaksy-Klych Deposit require additional research. This need is
dictated by the search for rational use of the entire potential of the mineral resource base.

In this regard, the purpose of the research was to study the state of salt-containing raw materials to
determine the prospects for rational use of mineral resources of the Dzhaksy-Klych Deposit.

Objects and methods of research. The object of the study was the Dzhaksy-Klych Deposit, located
in the North-Eastern Aral sea region, northeast of the Sary-Chaganak Bay of the Aral sea, 15-20 km from
the railway station and occupies the Dzhaksy-Klych hollow (figure). In addition, the research uses salt-
containing raw materials of the deposit: halite, sulfate, magnesium, mixed salts, brine, silt.

S, AT

YCIOBHBIE OBO3HAYEHH A

KOHTYP FOpHOIO OTBO1A i €10 TOuKH

Map location of the deposits Dzhaksy -Klych

The area of the Northern basin with islands is 19,21km?, without islands — 18,97 km?. The area of the
Southern basin is more than 35 km? (without islands). The area of the deposit belongs to the zone of
deserts and semi-deserts, where the average annual precipitation is 126-182 mm, falling in dry years to
64-70 mm.

Exploration work was carried out by “Onyx-R” LLP on the order of “Araltuz” JSC. In 2017-2019,
an exploration network of 300x400m (Northern basin) and 400x400m (Southern basin) was used for field
exploration, with maximum overlap with the workings of the predecessors. The field was studied to a
depth of by drilling wells. The drilling depth is determined by the peculiarities of the geological structure
and was 0.3-6.1 m. Exploration drilling volumes totaled 392 wells (847.5 m), including 252 wells
(494.5 m) in the Southern basin and 140 wells (352.5 m) in the Northern basin. The core yield from
exploration wells was 100%.
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Drilling was carried out by UKB-12/25 "Pombur" and "Strong Hydro 21PU" drilling rigs using the
core method with graphite crowns without flushing. The drilling diameter of ordinary wells is 93mm. The
representativeness of the main core testing for exploration wells with a drilling diameter of 93mm is
controlled by sampling core samples from control wells with a larger diameter of 151mm.

The volumetric weight was determined from the surface by excavating the salt pillars by clogging a
pipe with a diameter of 219mm with an internal diameter of 201mm, a length of 400mm and a massive
square head. A total of 126 volume mass determinations were made during the exploration period,
including 72 determinations in the Southern basin and 54 in the Northern basin.

Methods of differential thermal analysis and differential scanning calorimetry were used to study the
chemical, mineral, and mineralogical compositions of salt-containing raw materials. The analyses were
carried out at the A. Mickiewicz state University of Poznan (Poland).

Microbiological examination was carried out according to the methods accepted in Microbiology
with isolation of microorganisms on the nutrient media with a content of 1.0% NaCL.: heterotrophs —on
MPA, enterobacteria —on Endo-Ploskirev medium, micromycetes-on Chapek medium.

Statistical processing. Experiments were carried out five times in repetition, calculate the standard
deviation at 0.95> P> 0.80. Statistical processing was performed using the statistical software package
Microsoft Excel on a PC «Pentium-IV». By the number of measurements and in general diagnostic group
determined the arithmetic mean (Schabenberger O. and Pierce F.J., 2002). In some cases, statistical
processing of results to represent averaged data does not show the entire range of primary data obtained,
so the data series is shown in the "from" and "to" variants.

Research results. The Dzhaksy-Klych Deposit is confined to modern lake deposits. All salt lakes of
the Deposit are divided into three main types according to their regime, composition of salt deposits and
genesis features: mirabilite, tenardite and halite. The Southern and Northern basins of the Dzhaksy-Klych
Deposit are considered to be halite lakes. The salt deposit has a plast-like shape and is surrounded by a silt
"pillow"on all sides. The top layer is always represented by halite. The halite layer is mainly underlain by
a sulfate layer: astrakhanite, mirabilite, tenardite, and less often others, which is underlain by a layer of silt
below. The bed of salt deposits is dark brown clay, less often- clay sands. Measurements and calculations
showed that the volume weight of halite is 1.28+0.10 t/m*. Averaged data on the component composition
of the Northern/Southern basins are as follows, %: NaCl - 92.23/92.27; Ca -0.46/0.74; Mg - 0.64/0.40;
SO, -2.4/2.4. mineralogical characteristics of the halite formation are presented, %: halite —
90-96, epsomite -1.2-2.6, mirabilite -0.2-1.9, gypsum-0.2-1.4.

Using differential thermal analysis and differential scanning calorimetry, it was found that the initial
salt-containing raw materials of the Dzhaksy-Klych Deposit contain NaCl , Na,CO;, CaSO4x2H,0,
Na,SO,4, Na,SiO,. Some samples contain minerals of a more complex structure such as astrakhanite
(Na;Mg(S0O,), x4H,0). Some salt samples are a mixture of halite (NaCl), astrahanite, magnesium sulfate
hexahydride (MgSO, x6H,0), gypsum (CaSO,x2H,0), and sodium sulfate (Na,SO,4), presumably in the
form of mirabilite (Na,SO, x4H,0).

Microbiological examination showed the presence of mobile halophilic heterotrophic rod-shaped and
coccoid bacteria in samples of halite salts taken from depths of 0-10 cm. The largest number of bacteria
(103 CFU/g) was found in samples taken along the coastline, and a pattern was observed for reducing the
number of bacteria to 10-10? CFU/g as the distance from the coast to 10-12 m.

Of interest are the waste products of table salt production from this deposit, which contain 65.5%
chlorides (NaCl), 24.5% sulfates (CaSO4x2H,0 and Na,SO,), 6.5% sodium carbonates (Na,CO3), and
3.5% sodium silicates (Na,SiOy).

In addition, the deposit has a large reserve of bottom silty mud, which by origin and chemical
composition belongs to the continental silt-sulfide type, which includes sand, clay, iron sulfurous
compounds, colloidal substances of mineral and organic origin. The amount of water varies between
37.5+3.5%. The ionic composition of the mud liquid phase solution is: sodium — from 1.99 to 18.12%;
sulfate - ion from 25.7 to 44.23%.; calcium - from 1.11 to 2.16%.; magnesium — from 3.89 to 4.24%.;
potassium — from 0.78 to 1.11%.; carbonate-ion— from 0.22 to 0.57%.; chlorine— from 1.89 to 3.11%. In
addition, it contains a large number of trace elements.

The average thickness of the sulphate reservoir in the Southern basin is 0.87+0.05 m, and in the
Northern basin 0.91+0.06 m. The mineralogical composition is represented by,%: halite (from 0.7 to 70),
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astrakhanite (from 10 to 50), epsomite (from 1 to 30), kizerite(from 0.9 to 30), mirabilite (from 0.2 to 30),
tenardite (from 0.3 to 65) and gypsum (from 0.2 to 10). The ionic composition is represented by chlorides,
sulfates, bicarbonates, potassium, sodium, magnesium and calcium with a predominance in the
Southern/In the Northern basin, sulfate ions 36.58/37.21 %; chloride ions -20.95/19.09%; sodium -
19.38/18.49%. In the mineral composition of a sulfate formation consisting of Ca(HCO3),, KCI, NaCl,
MgCl,, CaSQO,;, MgS0,, K,SO, Na,SO, dominate, respectively, Southern/Northern basins - NaCl
(34.19/30.89 %), MgSQ, (25.28/25.49%); Na,SO, (19.35/18.8%). Of particular interest is brine, a
concentrated salt solution that permeates salt deposits. Brine density: 1.15-1.40 g/cm® at temperatures
from +7°C to -16°C. Hydrogen indicator (pH) — of 6.79 and 7.33. The salinity of the brine — 299,29-428,18
g/dm?®. To study the amount of brine evaporation, two evaporators for brine and fresh water were installed
in each of the pools (Northern and Southern). Measurements and calculations showed that in the Northern
basin , the volume of brine evaporation per day is 3.343 I/m?, in the Southern basin - 4.020 I/m?, while the
annual volume of brine evaporation in the basins is, min.m? Northern basin — 20.26; Southern basin -
53.41 (table).

Chemical composition of intercrystal brine of the Dzhaksy-Klych Deposit

Content
Neo Components Southern basin Northern basin
from to average from to average
lons, mg/dm?

1 Na* 57000 81250 54446 49500 79700 61176
2 K* 668 8830 6695 2680 13060 49500
3 ca** <2 <2 <2 <2 <2 <2

4 Mg2+ 23104 52288 42020 11552 51072 37088
5 CO,%" <8 <8 <8 <8 <8 <8

6 HCO3 439 1025 787 275 1495 859,8
7 CI 163102 207423 184598 161329 187922 172897
8 S0,> 3787 80097 37613 13994 67914 45208

The mineral composition of both types of brine differs only in the magnesium component and is
represented by the following characteristics of intercrystal/surface brine in the Southern basin, %: KCI -
1.28/0.8; NaCl - 13.92/18.61; MgCl, - 12.3/7.48; MgSO, - 5.26/2.99. In the Northern basin,%: KCI -
1.49/0.99; NaCl - 15.51/18.97; MgCl, - 10.85/6.97; MgSO, - 4.65/3.0. The absence of Ca(HCOs),,
K, SO4, Na,S0O,, and CaSQ, in all samples. In the brine selected from the halite formation from a depth of
0.3 m, bacterial microflora was observed, represented by small halophilic coccoid and rod-shaped mobile
bacteria.

Halite reserves were calculated for the Northern basin in categories B+C; — 17520. 87 thousand tons
(NaCl-92.19%), for the Southern basin these indicators are higher — 30239. 75 thousand tons (NaCl-
92.26%). In the Northern basin, the bottom layer halite reserves are classified as off — balance sheet in
categories C;-3 687.17 thousand tons (NaCl-83.44%). Established reserves for brine: for the Northern
basin in categories C; — 11,822,0 thousand m3 with a NaCl content of 15.51% and for the southern basin
in categories C, - 21,899,1 thousand m® with a NaCl content of 13.92%. Stocks taken as off-balance - it
supplies the mixed sulfate salts - the Northern pool C; — 17 520.87 thousand tons, for the Southern pool
C, — 39567.88 thousand tons. Revealed that the reserves of halite resume number: for the Northern basin —
343.4430.3 thousand tons per year, for the Southern basin - 393.59+35.3 thousand tons per year.

Discussion. Currently, only halite salt is widely used, while “Araltuz” JSC produces a wide range of
products of more than 39 names that meet regulatory requirements (SanPiN 2.3.2.560-96 (4.01.047-97),
ST RK GOST R 51574-2003, Iskakov T. U. et al., 2020). However, rational use of the mineral resource
base of the Dzhaksy-Klych Deposit implies expanding the range of possibilities for using salt-containing
raw materials in addition to obtaining an assortment of sodium chloride products. A promising direction
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for the development of the mineral resource base is the production of soda based on sodium and
magnesium sulfates, chloride and mixed salts (Yuan F., et al., 2020). Unfortunately, such a resource as
salt-containing raw materials: salt, silt, brine is not used by any of the Kazakh companies that produce
cosmetology products. Despite the well-known antiseptic and bleaching properties of salt, saturation of the
skin with minerals, macro and microelements, acceleration of regeneration of damaged integuments and
stimulation of the autonomic nervous system, this component is undeservedly overlooked (Panova O.,
2012). The use of salts and mud from the Dead sea, lakes in France and Gabon for cosmetic purposes is
known (Portugal-Cohen, M. et al., 2009, Eba, F et al., 2010), studies have been conducted related to the
use of Dead sea mineral water to protect the skin from air-polluting ingredients (Portugal-Cohen, M., et
al.,2017). Laboratory experiments have shown that the salts, brine, and clay of lake Dzhaksy-Klych have a
detrimental effect on hydrobiont organisms, including pathogenic microflora (Issayeva et al., 2018).
According to the results of microbiological studies conducted on various salt-containing sources, the
microflora is characterized by a wide variety of halophilic forms of viruses(Emerson J. B. et al., 2013),
bacteria (Jioang H. et al., 2007; Lee and Lee, 2014, Kemp B. L. et al., 2018), micromycetes and protozoa
(Haner G. and Rogerson A., 2005).

Despite the revealed heterotrophic microflora in salt-containing raw materials, according to numerous
studies (Litshfield, 2011; Canfora L. et al, 2017). Research is continuing on the effect of salt-containing
raw materials on various parameters of age-related skin. The interfacial distribution of boric acid between
aqueous solutions and modified cellulose was studied (Sarsenov et al., 2018). For rational use of the entire
potential of the mineral resource base, it is necessary to take into account the plant resources of the region.
Currently, 342 species of vascular plants belonging to 43 families and 170 genera have been registered in
the Aralkum desert in Kazakhstan. The leading families are: Chenopodiaceae (83 species), Asteraceae
(45), Brassicaceae (32), Fabaceae (22), Roaceae (19), Boraginaceae (13), Suregaseae (5), Ariaceae (5).
Among the life forms, annuals (41.5%), herbaceous perennials (31.9%) and shrubs (16.7%) predominate.
Studies by L. A. Dimeeva and I. Pankratova (2011) showed that the flora of the Aral sea coast includes
414 species belonging to 43 families and 192 genera. We have compiled a summary of the flora of
medicinal plants of the Aral sea region, represented by 56 plant species of which 25% belong to the
families Asteraceae, Poaceae 32%, Amaranthaceae 22%, Tamaricaceae 21%. The complete composition
of phenolic compounds of a number of medicinal plants, including a list of about 200 compounds, was
studied. More than 10 prototypes of cosmetic products have been developed, including bath salts, scrubs,
masks, soaps, etc., and their effect on the condition of different skin types has been studied. The
preliminary results show the prospects of using domestic salt-containing and plant raw materials and the
need for further research in the rational use of the entire potential of the mineral resource base of the
Dzhaksy-Klych Deposit and the surrounding area. The combination of plant and salt resources will allow
you to develop a wide range of cosmetic products for baths, lotions and rinses. The obtained information
provides a basis for predicting the prospects for the use of salt-containing and plant resources in Spa and
balneological treatment and the creation of cosmetology production for the innovative and industrial
development of the Aral sea region.

Conclusion. As a result of geological exploration studies, it was revealed that the halite layer in the
Northern and southern basins of the field is underlain by a sulfate layer: astrakhanite, mirabilite, tenardite,
and less often others, which is underlain by a layer of silt below. The bed of salt deposits is dark brown
clay, less often- clay sands. Mineralogical characteristics of the halite formation are represented by halite,
epsomite, mirabilite, and gypsum. Waste from the production of table salt contains 65.5% chlorides,
24.5% sulfates, 6.5% sodium carbonates, 3.5% sodium silicates, which can be used for pharmaceutical and
medical purposes. The Deposit has a large reserve of bottom silty mud, which by origin and chemical
composition belongs to the mainland silt-sulfide type and is applicable for Spa and balneological use. The
Dzhaksy-Klych Deposit has significant reserves of sulfate salts, intercrystal and surface brine. The
analysis of the state of the mineral resource base of the Dzhaksy-Klych Deposit showed a wide range of
possibilities for using salt-containing raw materials. A promising direction for the development of the
mineral resource base is the production of soda based on sodium chloride, as well as the production of a
commercial product based on sodium sulfate and magnesium chloride. Microbiological examination
showed the presence of non-pathogenic forms of halophilic bacteria in the salt-containing raw materials,
which indicates safety for use in pharmaceutical and medical practice.
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In the Aral sea region, there are all prerequisites for the development of the cosmetology industry,
where a wide range of cosmetology products can be produced on the basis of salt-containing and local
plant raw materials, which will not only make rational use of the mineral resource base of the Dzhaksy-
Klych Deposit, but will also help reduce social tension in the region by creating additional jobs.
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APAJT OHIPIHAETT KAKCBI KbL/IbIIII KEH OPHBIHBIH MUHEPAJI/IbI HIUKI3AT
PECYPCTAPBIH ¥YThIM/bI HAUJAJIAHY ITEPCIIEKTUBAJIAPBI

AHHOTanmsi. MuHepanapl LIMKI3aT pPeCcypcTapblH YThIMIBI Naiaanany KaszakCcTaHHBIH JaMmybl MEH
9KOHOMUKAJIBIK ©CYi YIIIH MaHbI3/Ibl MiHIETKE aiiHay/a. 3epTTey/iH MaKcaThl — Apaj eHipiHIeri Ty3/bl FauT Kell
— JKakchl KpUIBIII KEH OPHBIHBIH MHUHEPAJJIbl HIMKI3aT PEeCcypCTapblH YTHIMIBI MaijJanaHy MepCreKTHBAIaPbIH
aHBIKTAy YIIIH KypaMblHAa TY3bl Oap HIMKI3aTThIH Kal-KyiiH 3epTrey. ['eoorusiblk Oapiay 3eprreyiepi KeH
OPHBIHBIH Ka0aTThl OOJBIN KENETIHIH KOPCEeTTi, OHAA TaduT KadaThl Cynb(paTr KaOaThIHBIH: aCTpaXaHUT, MAPAOWIIHT,
TyHOa KabaThlHIA OpHalacKaH TEHAapAWT, Kapa KOHBIp ca3, CHPEK ca3/bl KyM TY3[bl IIeTiHIUICpAiH acThIHAA
xKatagpl. MUHEPATOTHAIBIK TYPFBINAH ranuT Kadatel, %: ramut 90-96, sncomut 1,2-2,6, mupadumur 0,2-1,9, rurc
0,2-1,4. Ac Ty3bIH OHAIpPY HATIKeciHAE KypambIHaa 65,5% xmopun, 24,5% cynbdat, 6,5% HaTpuii KapOoHATTAPEI,
3,5% mHaTpuil cmimkaTTapel 0ap KaJaAbIKTap maiina Oomaabl, onapipl (apMaleBTHKAIBIK KOHE MEIUIMHAIIBIK
MakcarTap/ia mnaijnamanyra Oomanbl. TeMmeHri ca3iusl OaNIIBIK IIBIFY TErli MEH XHUMISUIBIK KypaMmbl OOWBIHINIA
MaTepUKTIK TyHOa — Cynb(GUI TYpiHE KAaTalbl JKOHE OHbI KYPOPTTHIK-OaJbHEOJIOTHSUIBIK eMCY YIIIH KOJIJaHa bl.
KeHn opHbIHAaFBI Cylb(ar TY3bIHBIH KOpPbI €adyip ke3zmeceni, Oyi perre OHTycTiK OacceliHi OoliblHIIA Cynbgar
KabaTeiHbIH opTama Kyatsl 0,87 M, anm Conrtyctik Oacceitn Ooiibrama 0,91 M Kypaiinsl. Hatpwii MeH MarHMHIiH
XJIOPUATI-CYyIbPATTBl TY3bl 0ap KpHcTalmapaiblK JKoHE OCTTIK parc epeKine KbI3BIFYIIBUIBIK TYABIpambl. JKakchl
KBUIBIII K€H OPHBIHBIH MUHEPAJIbI IUKI3aT PeCypCTapbIHbIH JKai-KYHiH Tajnay KypaMblHAa Ty3bl 0ap LIMKi3aTThI
nmaiianany MYMKIHAITIHIH ayKbIMBIH KEHEHTy YIIIH aiNfblmapTTapAbl aHBIKTaAbl. MuHEpaasl MIMKi3aT 0a3achH
JIaMBITY IbIH MEPCTIEKTHUBAJIBI OaFbIThl — HATPUH XJIOPHJI HETi3iHAE colla eHJIpy, COHIal-aK HaTpUi cyab(arsl MEH
MarHui XJOpWaAl HeTi3iHjae TayapiblK eHIM aimy. MHUKpOOHMOJOTHSIIBIK TEKCepy KypamblHIa Ty3bl Oap mmKizaTTa
ranmouipi OakTepUsUIApIBIH MATOTCHII eMeC TYPJEPIiHIH Ke3AeCeTiHIH aWKbIHAAIBl opi Oy (hapMaleBTHKAIBIK,
KOHE MEIMIMHAIBIK MPAKTUKa/Aa KOJIAHYABIH Kayinci3airin Ouaipeni. Apan eHipiHJe KOCMETOIOTHSUIBIK CallaHbl
JaMBITy YIIiH OapiblK Heriz 0ap, OHJa KypaMblHAA TY3[bl JKOHE JXEPriuliKTi ©CIMIIK IMIMKI3aTBIHBIH Yyiiaecimi
HET131H/Ie KOCMETOJIOTHSIIBIK JKoHE (hapMaIleBTUKAIBIK OHIMIEP IiH aCCOPTUMEHTIH OHIIpyTe 00Ia IbI.

Tyiiin ce3nep: JKakchl KpUIBII K€H OPHBI, KYpaMbIHIAa TY3BlI 0ap INMKi3aT, TAJIUT TY3bl, Cyab(at TY3bI, pamna,
MUHEPAJIIBI IMKi3aT PecypCTaphl.
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HEPCHEKTHUBbI PAIUOHAJIbHOI'O UCITIOJIb30BAHUA MUHEPAJIbHO-CBIPBEBbBIX
PECYPCOB MECTOPOXKJIEHUS 1’ KAKCBI-KJIbIY, APAJIbCKUH PETHOH

PanyionanpHOE UCNIONIB30BaHNE MUHEPAIbHO-CBIPHEBBIX PECYPCOB CTAHOBUTCS BaXKHOM 3aadyel I pa3BUTHUS U
sKOoHOMHUecKoro pocra Kazaxcrana. Ilenbio nccnenoBanus ObLIO M3y4EHHE COCTOSIHUS COJIECOAEPIKAILIETO CHIPhS
JUIS ONpeAeieHUs] MePCHeKTHB PalMOHAIIBHOIO HCIOJIb30BAHUS MUHEPAIbHO-CBIPHEBBIX PECYPCOB MECTOPOKACHUS
JlxakchI-KiibId, 0THOrO M3 COJICHBIX TAJIMTOBBIX 03ep ApanbCcKOro perroHa. I'eosoropa3BefodHble HCCIEIOBAHUSL
MOKa3alu, YTO MECTOPOXKICHUE CJIO0XKEHO MOCIOWHO, TJe IUIACT TaluTa IMOJCTUNIACTCS CYJIb(aTHBIM ILIACTOM:
acTpaxaHUTOM, MUPAOHUINTOM, TEHApAUTOM, PACIIOJIIOKEHHOM HA CJIOE WJIA, JIOKEM COJISTHBIX OTJIOXKEHWH SBIISIFOTCS
TEMHO-KOPUYHEBBIE TJIMHBI, PE)XXe — IIMHNUCTHIE NECKH. MUHEPATOTHUECKH TaJIMTOBBINA TUIACT MPEACTABICH, %: ralu-
toM — 90-96, snicomurom — 1,2-2,6, mupadbunurom — 0,2-1,9, runcom-0,2-1,4. B pe3ynpraTe Mpon3BoACTBA TIOBAPEH-
HOH coim 00pa3yroTcst OTXOMBI, coaeprkarue 65,5% xmopunos, 24,5% cynedaros, 6,5% kapOboHaToB HaTpus, 3,5%
CHIIMKAaTOB HATPHs, KOTOPBIE BO3MOKHO MCIIONB30BaTh B (DapMarieBTHUECKUX M MEANIMHCKUX Helsx. JloHHas ninc-
Tasi TPsI3b 10 IMPOUCXOXKICHUIO U XUMUIECKOMY COCTAaBY OTHOCHTCSI K MAaTEpHKOBOMY HJIOBO-CYJIb(HUIHOMY THITY U
MOXET OBITh HCIOJIB30BaHA ISl KYpOPTHO-0AJbHEOJIOTHUECKOTO JICUeHHs. 3anachl Cyib(aTHBIX COJEH Ha MECTO-
POXIICHUHM 3HAYMTENBHBI, TIPH 3TOM CpPEAHsS MOIIHOCTH cyib(arHoro miacra no KOxHoMy OacceiiHy cocTaBiser
0,87m, a o CeepHomy Oacceiiny — 0,91m. OcoOblii MHTEpeC MpPEACTaBIsIET MEXKPHCTAIbHAS M ITOBEPXHOCTHAS
pama, coaepiauias XJIOPHIHO-CYJIb(aTHBIC COJIM HATPUS W MarHus. AHaJIM3 COCTOSIHUS MHHEPaJIbHO-CHIPhEBBIX
pecypcoB MecTtopokaeHus Jxaxchl-Kiblu BBIIBIIJI NPENNOCBUIKM U PACcIIMPEHHUs Hana3oHa BO3MOXKHOCTEH
UCIIONIb30BaHUS COJIECOAEPIKAIIETO ChIpbs. IlepCrieKTHBHBIM HalpaBJIeHUEM Pa3BUTHSI MUHEPAIbHO-CHIPbEBOW 0a3bl
SIBISIETCSI TIPOMU3BOJICTBO COJIBI HA OCHOBE XJIOPWAA HATPHs, a TaKKe MOJTyYeHHWE TOBAPHOTO NPOAYKTAa HA OCHOBE
cynbhaTa HATPHA U XJIOpHAA MarHus. Mukpoouoornaeckoe o0ciieIoBaHNe MTOKA3aI0 HATUYUE B COJIECOIEPKAIIEM
CBIPbE HEMAaTOTeHHBIX (OPM rajo(MIbLHBIX OaKTepHi, YTO yKa3bIBaeT Ha 0GE30IacHOCTh JUId IPHMEHEHUs B papma-
LEBTUYECKON U MEeIUIMHCKOM npakTuke. B IIpnapanbckom pernoHe MMEIOTCsl BCe OCHOBAHMS ISl Pa3BUTHS KOCMeE-
TOJIOTHYECKON OTpaciH, IZle Ha OCHOBE COUYCTAHHS COJICCOAEPXKAIIET0 W MECTHOTO PACTHUTEIHFHOTO CBHIPbS MOXKHO
MIPOU3BOIUTH NIUPOKHI aCCOPTUMEHT KOCMETOJIOTHYESCKON 1 (DapMaIleBTHUSCKON TPOTYKIIHH.

KiroueBble cnoBa: mectopokaeHue Jlxaxcel-Kierd, conmecomeprkariee Chpbe, TajUTHAas COJb, Cyib(aTHas
COITb, parna, MUHEPaIbHO-CHIPhEBBIE PECYPCHI.
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ELECTROPHYSICAL CHARACTERISTICS
OF THE COAL ASH OF THE MAYKUBEN BASIN

Abstract. In this work, the temperature dependences of the electrophysical characteristics (electrical
capacitance, electrical resistance, dielectric permittivity) were investigated in the range of 293-483 K for coal ash of
the Maikuben basin (Kazakhstan) in its initial form, after electromagnetic (EM) and electrical discharge (ED)
treatments. The temperature ranges in which the material exhibits both semiconductor properties and metallic
conductivity are established. The band gap width (AE) was calculated for the studied samples. The measurement
results showed that in comparison with the initial ash and ash after the EM treatment, the ash after the ED treatment
has the highest values of electrical capacitance and dielectric permittivity and the lowest electrical resistance.
Analysis of the research results showed that coal ash after ED treatment seems promising as a prepared raw material
for its further thermochemical processing with the extraction of such valuable components as rare metals, silica,
alumina, as well as a capacitive material (capacitor) and semiconductor.

Key words: coal ash, electrical resistance, electric capacity, dielectric permittivity, electric discharge treatment,
semiconductor conductivity, metallic conductivity, band gap.

Introduction. When coal is burned, mineral components are converted into ash and slag, which are
stored as waste products of energy production in ash and slag dumps. Despite the fact that ash dumps are
classified as waste of the fifth hazard class (practically safe), they negatively affect the environment.

In Kazakhstan, the concept of transition to a "green" economy was approved. In accordance with it,
all sectoral and regional development programs should be analyzed for compliance with the principles of a
"green" economy. Strengthening control over compliance with environmental standards by industrial
enterprises and the introduction of stringent requirements for including ash and slag waste disposal (ASW)
projects into TPP projects determines the relevance of ash processing facilities.

Coal-fired power plants are suitable for cost-effective use in various industries by extracting many
valuable components from ASW: aluminosilicate and magnetic microspheres [1], silica [2], alumina [3-5],
rare metals [6-11] and using the remaining mass of ash as a raw material for the production of building
materials [1,12,13].

Traditionally, fossil coals are attributed to semiconductors, since their electrical conductivity at
constant current and room temperature is in the range of 10°-10° Q m™. In a sufficiently large
temperature range up to 200° C, the electrical conductivity increases with increasing temperature, which is
characteristic of semiconductors [14-16]. Therefore, the study of these properties of the mineral part of
coal, taking into account the widespread use of ash and slag waste, is of definite scientific and practical
interest.

The purpose of this work is to study the electrophysical characteristics of ash from coal combustion
of the Maikuben basin (the Shoptykol deposit, Kazakhstan).
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Earlier, we conducted similar studies to determine the electrical characteristics of the initial and
activated shale of Kendyrlyk field [17].

Research methodology. Ash and slag wastes from coal combustion of the Maikuben basin
(hereinafter Maikuben coal) were used as feedstock, which were kept in a muffle furnace at 815 °C for
1.5 hours to remove underburning (carbon part of ASW).

The objects of research are samples of ash of Maikuben coal (after removal of underburning) in its
initial form, after processing on an electromagnetic apparatus (hereinafter EM treatment) for fine grinding
of ash, and after electric discharge treatment (hereinafter ED treatment) for weakening and/or breaking
chemical bonds in an aqueous solution of ash.

EM processing of ash samples was carried out on an electromagnetic apparatus EMA-1, consisting of
an inductor, a working chamber and a tripod. Electric parameters of EMA-1: rated current - 8 Amps;
nominal electromagnetic field strength in the center of the inductor (at 220 V) — 40-45 kA/m; active power
—0.15-0.2 kW; The power and capacity of capacitors to compensate for cose is 400 microfarads.

Before EM treatment, the ash was mixed with magnetic granules (2-3 mm in diameter) (mass-to-mass
ratio of magnetic granules — 1:10; magnetic granules occupied 70-80% by volume of the working
chamber) and then poured into the working chamber installed inside the inductor (in the middle). During
processing (3 times for 8 minutes), the ash was thoroughly mixed and crushed due to the strong rotating
and colliding actions of the magnetic granules, which is caused by the induction of the vortex electric field
due to the alternating electromagnetic field. Visually, it was found that the size of the ash particles after
electromagnetic treatment decreased markedly compared with the particles of the original ash.

The ED treatment of coal ash was carried out on a laboratory electrical discharge installation
consisting of a power regulator, a capacitor unit, a step-up transformer (from 220 V to 30 kV), a reactor
(200 ml capacity) with two electrodes. Ash (40 g) and water (80 ml) were thoroughly mixed and the
resulting solution was poured into the reactor. The installation was turned on via a special remote control
and the solution was treated with an electric discharge for 3 minutes and then dried to a dry state.

The elemental composition of the ash of Maikuben coal was studied by energy dispersive X-ray
spectroscopy on a scanning electron scanning microscope SEM (Quanta 3D 200i) with an attachment for
energy dispersive analysis (EDAX). The samples were fixed on a copper holder with conductive adhesive
paper. Previously, a thin conducting layer of carbon was deposited on the surface of the samples in a
special vacuum unit for the best passage of charges. The energy of the exciting electron beam in the
analysis was 15 keV, the working distance was 15 mm.

Measurements of the Maikuben coal ash electrophysical properties were carried out according to the
procedures [18,19]. The study of electrophysical characteristics (permittivity € and electrical resistance R)
was performed by measuring the electrical capacity of samples C on a LCR-800 serial instrument
(Taiwan) at a working frequency of 1 kHz continuously in dry air in a thermostatic mode with a holding
time at each fixed temperature.

Previously, plane-parallel samples were made in the form of disks with a diameter of 10 mm and a
thickness of 5-6 mm with a binding additive (~ 1.5 %). Pressing was performed under a pressure of
20 kglcm?® The resulting disks were fired in a silica oven at 400 °C for 6 hours. Then they were
thoroughly double-sided grinding.

The dielectric permittivity € was determined from the electrical capacity of the sample at known
values of the sample thickness and the surface area of the electrodes. To obtain the relationship between
the electrical induction D and the electric field strength E, the Sawyer-Tower circuit was used. Visual
observation of D (E hysteresis loop) was performed on a C1-83 oscilloscope with a voltage divider
consisting of a resistance of 6 mQ and 700 kQ and a reference capacitor of 0.15 uF. The frequency of the
generator is 300 Hz. In all temperature studies, the samples were placed in a furnace, the temperature was
measured with a chromel-alumel thermocouple connected to a B2-34 voltmeter with an error of £0.1 mV.
The rate of temperature change is ~5 K/min. The magnitude of the dielectric permittivity at each
temperature was determined by the formulaezg, where Cop = €0 S
0

— the capacitance of the

capacitor without the test substance (air).
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The calculation of the width of the forbidden zone (AE) of the test substance was determined by the
formula: AE = (2kT,T,)/(0,43(T, — T;)) - (lgR1 — lgR,) (where k — Boltzmann constant, equal to
8.6173303-10°eV-K*; R, — resistance at T; R, resistance at T).

Results and discussion. The results of elemental energy dispersive analysis of coal ash, shown in
Table 1, show that the main macroelements of ash are acidic and amphoteric oxides of silicon, aluminum
and iron, the total concentration of which is 85.06 %, which is comparable with similar data obtained in
[20] for the ashes of the Maikuben coal (84.31%).

Table 1 — The chemical composition of the mineral part of the Maikuben coal

Content, %

SiO,

A|203

Fe,0O4

CaO

MgO TiO,

SO,

P05

K,0 + Na,O

50.16

26.63

8.27

5.84

2.79 1.05

0.93

0.87

1.16

The results of measurements of the Maikuben coal ash electrophysical characteristics in its initial
state, after the EM and ED treatments in the range of 293-483 K, are given in tables 2-4 and figures 1-3.

Table 2 — Dependence of electrical resistance (R), electrical capacitance (C)
and dielectric permittivity (&) on temperature (coal ash in its initial form)

T,K C,nF R, Q € lge IgR
293 0.02053 7208000 163 221 6.86
303 0.04537 5566000 359 2.56 6.75
313 0.18698 2827000 1480 3.17 6.45
323 0.64511 1509000 5107 3.71 6.18
333 1.5823 946300 12527 4.10 5.98
343 3.7755 567400 29890 4.48 5.75
353 8.5853 346200 67968 4.83 5.54
363 18.691 210100 147973 5.17 5.32
373 37.243 132200 294845 5.47 5.12
383 72.458 84260 573636 5.76 4.93
393 121.55 59750 962287 5.98 4.78
403 152.67 51220 1208658 6.08 4.71
413 124.82 61420 988175 5.99 4.79
423 9.708 362600 76856 4.89 5.56
433 1.4072 1127000 11141 4.05 6.05
443 0.35224 2415000 2789 3.45 6.38
453 0.07079 5306000 560 2.75 6.72
463 0.02075 8575000 164 2.22 6.93
473 0.01138 7107000 90 1.95 6.85
483 0.0096 6003000 76 1.88 6.78
Table 3 — Dependence of electrical resistance (R), electrical capacitance (C)
and dielectric permittivity (¢) on temperature (coal ash after EM treatment)
T,K C,nF R, Q € lge IgR
293 0.11632 3981000 1088 3.04 6.60
303 0.34158 2130000 3196 3.50 6.33
313 1.4915 984100 13955 4.14 5.99
323 6.1317 447800 57370 4.76 5.65
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Continuation of table 3

T,K C,nF R, Q € lge IgR
333 15.199 256000 142205 5.15 5.41
343 30.494 165300 285309 5.46 5.22
353 56.837 108900 531779 5.73 5.04
363 104.7 72710 979596 5.99 4.86
373 101.25 76420 947317 5.98 4.88
383 45.854 125500 429020 5.63 5.10
393 12.499 301400 116943 5.07 5.48
403 0.96776 1499000 9055 3.96 6.18
413 0.02377 9965000 222 2.35 7.00
423 0.00699 8370000 65 1.82 6.92
433 0.0061 4731000 57 1.76 6.67
443 0.00568 2586000 53 1.73 6.41
453 0.00549 1891000 51 1.71 6.28
463 0.00569 828900 53 1.73 5.92
473 0.00527 1498000 49 1.69 6.18
483 0.00565 3416000 53 1.72 6.53
Table 4 — Dependence of electrical resistance (R), electrical capacitance (C)
and dielectric permittivity (g) on temperature (coal ash after ED treatment)
T,K C,nF R, Q € lge IgR
293 89.205 28610 770420 5.89 4.46
303 102.89 26190 888611 5.95 4.42
313 140.56 21370 1213948 6.08 4.33
323 185.14 17820 1598964 6.20 4.25
333 260.53 13610 2250070 6.35 4.13
343 362.6 10160 3131599 6.50 4.01
353 497.02 7641 4292519 6.63 3.88
363 710.51 5586 6136327 6.79 3.75
373 948.76 4405 8193976 6.91 3.64
383 1278.1 3418 11038325 7.04 3.53
393 1602.9 2815 13843463 7.14 3.45
403 18155 2590 15679585 7.20 341
413 1162.9 4156 10043398 7.00 3.62
423 536.08 10650 4629861 6.67 4.03
433 208.62 33220 1801749 6.26 4.52
443 82.004 87670 708228 5.85 4.94
453 23.295 192800 201188 5.30 5.29
463 2.232 808900 19277 4.29 5.91
473 0.17871 3219000 1543 3.19 6.51
483 0.0604 5514000 522 2.72 6.74
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Figure 1 — Temperature dependence of the dielectric permittivity (a)
and electrical resistance (b) of coal ash in its initial form
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Figure 2 — Temperature dependence of the dielectric permittivity (a)
and electrical resistance (b) of coal ash after EM treatment
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Figure 3 — Temperature dependence of the dielectric permittivity (a)
and electrical resistance (b) of coal ash after ED treatment

The results of the obtained data showed that the samples of the initial ash and ash after the
EM treatment in the temperature ranges 293-403 K and 293-363 K, respectively, exhibit semiconductor
properties, in the intervals 403-463 K and 363-413 K, they exhibit metallic conductivity, in the intervals
in the
range of 463-483 K exhibits metallic conductivity again. In contrast to these samples, the ash after the
ED-treatment has only one temperature interval of 293-403 K, where it exhibits semiconductor
conductivity, and the metallic conductivity exhibits in the interval of 403-483 K. Thus, the ED-treatment

463-483 K and 413-463 K — semiconductor properties. In addition, the ash after the EM treatment
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of ash leads to the expansion of the temperature range when heated, in which the metallic conductivity is
manifested.

A comparative analysis of the electrophysical parameters shows that if the initial ash and ash after the
EM treatment are approximately comparable, then after the ED-treatment these parameters differ
significantly, mainly in the range of 293-453 K. Thus, the electrical intensity of the ash after the
ED-treatment varies 89-1800 nF, which is substantially more than in the initial ash (0-153 nF) and the ash
after the EM treatment (0x105 nF). The dielectric permittivity of the ash after the ED treatment (~107) is
an order of magnitude greater, unlike the samples of the initial ash and ash after the EM treatment (~10°).
The ash after the ED treatment is also characterized by lower values of electrical resistance compared to
other test specimens.

It should be noted that the highest values of C and ¢ and the lowest electrical resistance for all
samples are observed at the points of transition from semiconductor to metallic conductivity (up to 403
K). At the same time, the highest values of R are reached at the points of transition from metallic to
semiconductor conductivity (with the exception of ash after ED-treatment, where this transition point is
the final temperature of metallic conductivity of 483 K)

The calculation of the width of band gap (AE) of the investigated substances was carried out on the
basis of the following parameters (based on tables 2-4) given in table 5.

The results of the calculation of AE are:

— for the initial ash 1-1 3082 AE ~0.63 3B;

— for the ahs after EM treatment: 1% zone AE = 0.83 eV, 2™ zone AE =~ 1.81 eV;

— for the ahs after ED treatment: AE = 0.56 eV.

The calculation of AE for the initial ash in a very narrow interval of 463-483 K has no practical
meaning.

Table 5 — Initial data for calculating the width of the band gap (AE)

1st interval of semiconductor conductivity 2nd interval of semiconductor conductivity
A T, K Ty, K IlgRy, Q IgR, Q T, K T,, K IlgR, Q IgR,, Q
Initial 293 403 6.86 4.71 - - - -
After EM treatment 293 363 6,60 4.86 413 463 7.00 5.92
After ED treatment 293 403 4.46 3.41 - - — -

As can be seen from the calculated data, the value of AE for ash after the EM treatment
increases when going from the 1% to the 2™ forbidden zone. The obtained values of the band gap
(AE =0.56-1.81 eV) show that virtually all the ash samples studied are narrow-gap semiconductors.

Findings. The results of the study showed that the high-voltage electric discharge treatment of the
ashes of the Maikuben coal leads to a significant change in its electrophysical characteristics. This can be
practically used in the process of preparing coal ash for the purpose of its further thermochemical
processing with more complete leaching of valuable components (rare metals, silica, alumina) and/or the
possibility of carrying out the process at lower values of technological parameters (temperature,
concentration of reagents, exposure time of solutions etc.), compared with the original ash. Moreover, as
shown by the analysis, coal ash after ED-treatment seems promising as a capacitive material (capacitor)
and semiconductor.

Work funding. This work was carried out as part of the scientific and technical program No. IRN
BR05236359 " Scientific and technological support of coal processing and production of high-conversion
products of carbon chemistry”, funded by the Committee of Science of the MES of the Republic of
Kazakhstan.
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B.T. EpmafaMGeTl, B. K. Kacenos?, H. Y. Hypra.lmeBl, E.E. KyaHbIIIlﬁeKOBZ, 7K. M. Kacenopa®

L«Kemip xnumusice! sxone TexHomorus HHCTHTYTs JKIIIC, Hyp-Cyiran, Kasakcran;
). O6ilIeB aThIHAFB XHMHA-METALTYpris MHCTHTYTHI, Kaparansl, Kazakcran

MAMKYBEH BACCEWHI KOMIP KYJIHIH DJEKTP®U3UKAJBIK CUTIATTAMAJIAPBI

Annoranus. Xymeicta Maiikyoen 6acceitninig (Ka3akcran) kemip kymiae KateicTs 293-483K nHTEpBansHga
ANEKTPMATHUTTIK KOHE JJICKTPOPA3PAATHIK OHICYICH KEeHiHTi OacTamkbl TYpAETi >IeKTPO(PHU3NKAIBIK CHIIATTaMa-
JapAbIH (3JEKTP OTKI3TIMITITI, JEKTP KeAeprici, JUAIEKTPIIK OTKI3TIIITIT) TeMIepaTypablK TOYEIAUIri 3epTTeIi.
KeMip KyJIiH 3JI€KTpPOMarHuTTI ©HAEY HHAYKTOPIAH, )KYMBIC KAMEpachl MEH IITAaTUBTEH TypaTelH OMA-1 anekTtpo-
MarHUTTI anmapaTeiHAa § MUHYTTaH 3 peT yprizingi. OMA-1 anmapaTBIHBIH JIEKTPIIIK MapaMeTpiaepi: HOMUHAIBI
TOK - 8 AMIep; WHAYKTOpP OPTACHIHAAFHl 3JCKTPOMArHUTTIK OPICTiIH HOMHHANIB KepHeymri (220 B kesinme) -
40-45 kA/M; 6Gencenni xyatsl - 0,15-0,2 xBT; COSQ KOMIleHCaIMsACHIHA apHAIFaH KOHIEHCATOpIap KyaTbl MeH
CBIMBIMIBUTBIFEL - 400 MK®D. DIEKTpOMAarHuTTI eHAeyIeH OYphIH Ky TuaMeTpi 2-3 MM MarHUTTI TYHipIIiKTepMeH
apanacTeIpbUIaAbl (YHTAKTaJIaThIH MaTeprall MacCachlHBIH MarHUTTI TYHipImikTep MaccachiHa KaTbiHach! 1:10) xoHe
OJlaH KeiiH MHIYKTOp OpPTACBIH/A OpHATBIIFaH XYMbIC KaMepachklHa Terineni. Kemip KymiH 3J1€KTp 3apsaTel ©HACY
KyaT peTTEeTIIITeH, KOHICHCATOp ONOTBHIHAH, JKOFaphUIaTaThIH TpaHchopMmaroprad (220 B-tam 30 xB-ka neiiin),
keseMi 200 MIJI eKi AMEeKTPOATHI peakTOplaH TYPATHIH 3JCKTP 3apsaTay KOHOBIPFRICHIHAA Xyprizimmi. Kymai (40 1)
xoHe cyabl (80 MII) MYKHST apanacTBIPHIN, albIHFAH CPITIHAIHI peakTopFa KYWObl. ApHabl IyJbT apKbLIBI
KOHIBIPFBIHBI KOCHII, €PITIHAIHI 3 MHHYT AJIEKTP pa3psIbIMEH OHICI, OJaH dpi KYpFak Kyire AeWiH KenTipesmi.
OneKTpopHU3NKANBIK cunarTamManaps! enmey 1K' »KyMbIc XKULTIrT Ke3iHae TepMOCTAaTThl PSXKUMIIE KYPFaK ayaja
Y3AIKCI3 TEPMOCTATTHl PEKMMIE op TIPKEIreH TEMIepaTypaja YCTay yaKbITBIMEH YITUIEpAiH 3JIeKTp KaObuiga-
FBRIUTHIFBIH oMmey apKeutbl LCR-800 (Taiwan) cepusiibIK aciaOBIHAA KYPTi3inmi. JJudIIeKTpIIiK O TKi3TIiINTIri YIriHig
KaJIBIHABIFEI MCH AJIEKTPOATAp O€Ti aymaHBIHBIH OCNTiIi MOHIHJE YITiHIH AJIEKTP CHIMBIMABLIBIFBIHAH aHBIK TAJIBL.
D osnextp mHAYKIWSACH MeH E 3iekTp epiciHiH KepHEyJiri apacelHmarbl Toyenmimikri amy ymin Coitep-Taysp
cxeMachl KOommaHeUAbl. Bmsyanmer Oakpiray 6 MOwm skoHe 700 kOM KeneprimeH TypaThIH KepHEY OeNTimm >KoHe
0,15 mx® »stanonabik koHaeHcatopbl Oap C1-83 ocmmmiorpadsima D (E ructepesuc inmmeri) sxyprisimmi.
I'eneparopapin xuiniri 300 I'n. bapnelk Temneparypaiblk 3epTTeyiepae YAriiep Meke opHalacThIPbIIFaH, TeMIIe-
parypa 0,1 mB karemiriver B2-34 BombTMeTpiHE KOCBUIFAaH XPOM-aIIOMENBIl TepMOOapaMeH OJIICHICH.
Temmneparypanbly e3repy keupnaMabiFbl 5 K/MuH. ThiidbpiM canpiaFaH aiiMak eHiH ecentey (AE) Temmeparypa MeH
ANEKTp KeNepriHiH OacTanKpl )KOHE COHFBI MOHIHE CYWEHE OTBIPHIM JKYPTi3iili. AIBIHFAaH MATIMETTEp HOTIKENepi
OacTamkpl KYJA MEH KYJIiH YITUIepi 3JIEKTPOMAarHUTTIK eHueyneH kediH 293-403K sxome 293-363 K Temmepa-
TypaNBIK apajbIKTapa >KapThUlail ©TKI3TIMTIK KaCHeTTep, OTKI3TIMITIKTiH MeTalll cumaThl coiikecinme 403-463 K
xoHe 363-413 K apamsirsiaaa, an 463-483 K sxone 413-463 K apansirpinaa Kaiita )kapThUIail ©TKI3TIIITIK KaCHETTEP
OalikaaTeIHBIH KepceTTi. bynan 6acka, 463-483 K apanpFbHIa 3JEKTPOMArHUTTIK OHICYICH KSHiHT1 Ky KaiTagan
METaJUT OTKI3TIIITITiH KepceTeai. DIEKTP 3apsAATH OHACYACH KeHiHT1 KYJAiH OCHl YITiIepiHeH alfbIpMaIIbUIBIFB TEK
6ip 293-403 K TemmeparypaiblKk HHTepBaI O00Naabl, OH/AA JKapThiIail OTKI3TIMTIKTIK KACHET KOPCETiIe i, all MeTall
cexinmi eTkisrimTikTi 403-483 k WHTepBaNbIHAAa KepceTemi. byl HoTwkenepni Taimay KyIIi JJIEKTp pa3psaaray
apKBUIBI ©H/ICY METAJIT OTKI3TIIITIK Maiiia 00JaThIH KBI3ABIPY OapbICHIH/IA TEMIIEPATYPANIbIK JHANa30HAbl KEHEHTe .
DIeKTpOPHU3UKANIBIK MapaMeTpiep il CAIBICTHIPMAIIbl Talaybl, €rep JIEKTPMarHuTTIK OHJeyAeH KeHiHrl Kya MeH
OacTamkpl KyJjie mamaMeH Oipaell Oojica, OHAa BJIEKTPOPaspsATHl OHJCYAEH KeiiH OyJl mapaMmeTpliiep Heri3iHeH
293-453 K uHTepBanblHAa adTapibIKTail epekmiencHeni. COHbIMEH, 3JIEKTP pa3psITHIK OHICYIACH KEHIHTI KYIIiH
K TPCHINBIMIBUIBIFBI 89-1800 nF apansirbiHaa e3repeni, Oyt 6acranks! kynre (0-153 nF) sxoHe ayekTpoMarHuTTiK
eHneyneH keiinri kynre (0-105 nF) xaparanna alTapibIKTail Kem. DJIEKTPOPaspsaThl OHACYICH KCHiH KYJIiH
JMBIEKTPIIK OTKI3rinrTiri (~ 107) 371eKTpoMarHUTTiK eHIeyIeH KeifliH GacTaIKbl Kyl MeH Kyl yirilepiHe Kaparania
(~10°% Gipueme ece Korm. DIEKTp 3apAATHl OHIACYICH KEHiHri Ky Gacka 3epTTENETiH YIriIepMeH CambICTHIPFAHIa
JIEKTP KEAEPTiCiHIH a3 MOHIMEH epeKIleNeHeal. DIeKTP OTKI3TIIITIKTIH KoHE AMAIEKTPIIK OTKI3TITIKTIH YIKEH
MOHI JKoHE OapiIbIK YITijiepiHe KaThICTHI a3 JIEKTP KeAepri apThlaid OTKI3TiITeH METAJIBbIK OTKI3TIIITIKKE oTy
umykrenepinae (403 K-re neiiin) Oaiikanmanel. COHBIMEH KaTap, JCKTp KEACPTICIHIH €H YJIKEH MOHI METaJJIBIK
OTKI3TIMITIKTECH KaPThUIall OTKI3TIMITIKKE 6Ty HYKTEJIEPiH/e JKeTeli (6Ty HYKTECI METaNbIK OTKI3TIIITIKTIH COHFBI
temrepatypacsl 483 K Ooubln caHanmaThlH 3J1E€KTp pa3paAray eHiMiHeH KeiiHri Kyl Kocnaranaa). ThIMbIM caibiH-
FaH aiiMax eHiH ecentey HoTHxkeci (AE) Gactanksl Ky yuin AE ~0,63 3B (1-mi aiiMak), 3IeKTpOMarHuTTi OHICYACH
Kelinri kyare kateictel AE = 0,83 5B (1-mi aiimak) sxone AE = 1,81 3B (2-mi aiimMak), 31€KTpopa3psaaThl OHJICYAeH
Kelinri kynre kaTeicThl AE = 0,56 3B. ThiiibiM canbiaFaH aiiMak eHiHiH anbiaFad MoHI (AE = 0,56-1,81 3B) kynaig
OapibIK 3epTTENETIH YAriiepi Tap alMakThl KapThllaidl ©TKI3rill OONbIN caHaNaThIHBIH Kepcereai. Ochuiaiimia,
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KYPTi3iIreH 3epTTey HoTIKenepi MaiikyOeH KeMip KyIiHIH JKOFapbl KepHEYAE JJIEKTP pPa3psOThl eHIEY OHBIH
ANEKTPPI3UKAIBIK CHIIATTaMAJIAPBIHBIH alTapIIbIKTal e3repyiHe oKeNleTiHiH KopceTTi. MyHBI kKeMip KYJIiH TaibiHaay
yaepiciHoe OHBI OFaH opi Kapall TEPMOXUMILUIBIK ©HAEY MaKCaThIHIA, KYHIBl KOMIOHEHTTEPIi (CHpPEK MeTalll,
KpEMHEe3eM, TIIFHO3eM) HEFYPJBIM TONBIK EpITIHIIre OTKi3yMeH j>kKoHe/HeMece OacTamkpl KYJIMEH CaNbICTHIpFaHAa
TEXHOJIOTHSUTBIK TTapaMeTPIIepAiH HEFYpJIBIM TOMEH MOHIEpi (TeMmeparypa, peareHTTep KOHIICHTPALUSCHI, epiTiH-
ITepi ycTay yakbITHI JKoHE T.0.) Ke3iHIe yIepicTi Kyprizyre maimananyra 6omaasl. COHBIMEH KaTap, KYpri3ijareH
Tanjay JKYMBICTAQpBl KOPCETKEHIEH, 3JIeKTp 3apsAAThl OHICYIeH KeiiH KeMip KyJi CHIMBIMABUIBIK MaTepuall
(KOHZEHCATOP) JKOHE YKAPTHIJIal OTKI3TIII PeTiHIe KONJaHy THIMAL OOJIBIT caHaIAIbI.

Tyiiin ce3gep: Kemip Kyi, 2JIEKTp KeIEprici, SJEKTP CHIMBIMIBUIBIFBI, IMAIEKTPII OTKISTIINTIK, 3JCKTP
Ppa3psIITHl OHACY, KAPThUIAH OTKITIIITIK, METAIIBI OTKI3TIIITIK, MIEKTEYJIi aiiMaK eHi.
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JIEKTPO®U3NYECKHUE XAPAKTEPUCTHUKH 30JIbI YIJISI MAMKYBEHCKOI'O BACCEMHA

B pabote nccnenoBaHbl TeMIIepaTypHbIE 3aBUCHMOCTH 3JIEKTPOGH3MIECKAX XapaKTEPUCTHK (3IEKTPOEMKOCTb,
ANIEKTPOCOIIPOTHBIICHHE, TUAJICKTpUIEcKas IMPOHUIaeMOCTh) B uHTepBane 293—-483 K mms 30mb1 yrias MaiikyOeH-
ckoro Oacceiina (KasaxcraH) B MCXOZHOM BHJE IIOCIE 3JIEKTPOMArHUTHOTO ¥ 3JIEKTPOPA3pPSAHOTO BO3ACHCTBHH.
DIEKTPOMAarHUTHYIO 00pabOTKY 30761 YTIIS IPOBOIMIIHN 3 pa3a Mo 8 MUHYT Ha 3JICKTPOMAarHUTHOM ammapare OMA-1,
COCTOSIIIIEM M3 WHAYKTOpa, pabodeil kKaMephl U MITaTHBA. DIIEKTpHIeckue mapaMeTpbl DMA-1: HOMHHANBHBIA TOK —
8 Awmriep;, HOMUHANBHBIS HAMpPSHKCHHOCTH SJCKTPOMAarHWTHOTO IIONIA B IEeHTpe HHOykTopa (mpm 220 B) —
40-45 kA/m; momHOCTs akTuBHAs — 0,15-0,2 KBT; MOITHOCTh M €MKOCTH KOHJCHCATOPOB JJIs KOMIICHCAITH COS) —
400 mx®. Ilepex >mMeKTpOMarHUTHOH 00pabOTKOM 301y MEpeMEIINBAI C MarHUTHBIMH TPaHYJIaMH THAMETPOM
2-3 MM (COOTHONIEHHE MacChl N3MENbUYAaEMOr0 MaTepHalla K Macce MarHUTHBIX rpaHyl — 1:10) u 3aTeM BICHINIANN B
pabouylo Kamepy, yCTaHOBJIICHHYIO IOCEpEANHE BHYTPH HHAYKTOpPA. DIEKTPOpaspsAHYyI0 00pabOTKy 30JbI yIiIs
MIPOBOAMIIM HA 3JIEKTPOPa3psAAHONW YCTAHOBKE, COCTOSIIEH W3 PerynsTopa MOIIHOCTH, OJI0OKa KOHIEHCATOPOB,
TpaHchopmaTopa, mobimaromero (ot 220 B mo 30 xB) peakropa oobemom 200 M ¢ ABYMS 3JCKTPOIAMH.
[pensaputensHo 301y (40 T) 1 Bomy (80 MII) TIIATENEHO CMEIIUBAII M ITOTYYCHHBIH PacTBOP CIMBAIM B PEAKTOP.
UYepes criennalibHbIA ITyIbT BKIIOYAIN YCTAaHOBKY U 00pabaThIBaI pacTBOP AIIEKTPHUECKAM Pa3psiioM 3 MUHYTHI U
Janee CyHNIMIM J0 CYXOro COCTOSIHUS. V3MepeHmst 3JeKTpodH3MYECKHX XapaKTEPUCTUK HPOBOIMIN ITyTEM
M3MEpEeHHUs DIIEKTPOEMKOCTH 00pa3ioB Ha cepuilHoM npubope LCR-800 (Taiwan) npu paGoueit uactore 1kI'i
HETIPEPHIBHO B CYXOM BO3[yX€ B TEPMOCTATHOM DPEXHME CO BPEMEHEM BBIICPKKH NMPU KaxI0HW (UKCHPOBAHHOM
TemrepaTtype. JM3IeKTpriecKylo NPOHMIAEMOCTh ONPENeNSUIN W3 JJIEKTPOEMKOCTH o0paslia NpH H3BECTHBIX
3HAQUEHMSAX TOJIIMHBI 00pa3la W IJIOMAAN ITOBEPXHOCTH 3JIEKTPOoAoB. sl MOdydeHHWs 3aBUCHUMOCTH MEXIy
JIeKTpUUecKoil nHayknuei D u HanpspkeHHOCTBIO 3nMeKTpuueckoro moist £ ncrons3oBaHa cxema Coitepa-Tayapa.
Busyansnoe mabmonerne D (E mernm rucrepesuca) mpoBomuinock Ha ocmmumiorpade C1-83 ¢ menmrenem Hamps-
JKEHUSI, COCTOSIIIUM u3 conpotuiieHus: 6 MOM u 700 kOm, u 3TanoHHbIM KoHAeHcaTopoM 0,15 mx®. Yactora reHe-
paropa 300 I'u. Bo Bcex TemMnepaTypHBIX HCCIIEIOBaHHAX 00pa3Ibl MOMEIAIHCH B TIe4b, TEMIIEPATypa U3MEPsIIach
XpOMeTb-aTIOMENIEeBOM TepMONapoi, MOAKIIOYEHHOH K BonbTMeTpy B2-34 ¢ morpemmnocteio +0,1 MB. Ckopocth
n3MeHeHus Temrepatypsl ~5 K/mMun. Pacuer mmpunsl 3anpemenHoii 3081 (AE) npoBoamin, UCX0Ast U3 HaYalIbHBIX
U KOHEYHBIX 3HAYEHUU TeMIEpPaTypsl U dIEKTPOCONPOTUBIECHUS. Pe3ynbTaTsl NOTY4YEHHBIX JAaHHBIX MOKa3alld, 4TO
00pasIbl MCXOHOM 3016 M 30161 TI0CTIE 3JIEKTPOMArHUTHOW 00paOOTKH MPOSBISIOT MOJIYIIPOBOIHUKOBEIE CBOMCTBA
COOTBETCTBEHHO B TeMmepaTypHbIX uHTepBanax 293-403K u 293-363 K, meTauindyeckuil Xapakrep NpoBOAUMOCTH
coO0TBETCTBEHHO B MHTepBanax 403-463 K u 363-413 K, a B unrepBanax 463-483 K u 413-463 K — cHoBa nomnymnpo-
BOJIHMKOBBIE cBOiicTBa. Kpome Toro, 3011a mocie ayieKTpoMarHuTHON o0paboTku B unTepBaie 463-483 K npossiser
OIISITh METAJUINYECKYIO MTPOBOANMOCTD B OTJIMYHUE OT JAHHBIX 00pa3IIoB 30JIbI MOCIIE AIIEKTPOPA3psIHOI 00paboTKy,
HUMEeT TONBKO OJUH TeMIepaTypHslil nHTepBan 293-403 K, rae nposBiseT noyynpoBOAHUKOBYIO IPOBOJUMOCTD, &
METAJUIMYECKYI0 HPOBOAUMOCTh MposiBiasieT B uHTepBasne 403-483 K. AHanu3 3TuX pe3ynbTaToB IOKasal, 4To
JIEKTpOpa3psiiHast 0OpaboTKa 30JbI NPUBOAUT K PACIIMPEHUIO TEMIIEpaTypHOTO JWana3oHa IpH HarpeBaHUH, B
KOTOPOM TIPOSIBIISIETCS] METANIMYECKasi TPOBOANMOCTh. CpaBHHUTENbHBIH aHAIN3 3JIEKTPO(PU3NIECKUX MapaMeTpoB
MIOKa3bIBACT, YTO €CIH y UCXOJHOM 30JIbI M 30JIbI IOCIIE DJICKTPOMAarHUTHON 00pabOTKH NPUMEPHO COCHOCTaBUMBI,
TO TIOCJIE HIICKTPOPA3PsAHON 00paOOTKH JAaHHBIE MapaMeTphl CYLIECTBEHHO OTJIMYAIOTCS, B OCHOBHOM B MHTEpBaJe
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293-453 K. Tax, 37€KTpOEeMKOCTb 30JIBI TIOCIIE JIEKTpOpa3psnHon 00paboTku n3MeHsercsa B npenenax §9-1800 nF,
YTO CyIeCTBEHHO Oombime, deM B ucxomHou 3oie (0-153 nF) m 30me mocne 3IeKTpOMarHUTHOW 00paboTKH
(0-105 NnF). JludmekTpudeckasi MPOHMIAEMOCT 30MIBI TOCTE SIEKTPOpaspsiaHoil o6pabotku (~ 107) Ha mopsimok
GOJbIIe, B OTIMYHE OT 0OPA3IOB HCXOIHOM 30IBI M 307IBI TIOCHE HIEKTPOMArHHTHOI 06pabotku (~10%). 3oma mocie
ANIEKTPOPA3PSIIHON 00pabOTKHU TaKoKe OTINYAETCS MEHBIIMMH 3HAYCHUAMH >JIEKTPOCONPOTHBIICHUS 110 CPABHEHUIO C
IOPYTHMH HCclenyeMbIMH oOpasnamu. HanOomnplinme 3HaYeHWs 3JIEKTPOSMKOCTH M IUAJICKTPHYECKOH NpOHHMIIae-
MOCTH U HaMMEHbIIEEe JICKTPOCONPOTUBIICHHE JUIS BCeX 00pasoB HAaOIIOAAIOTCS B TOUKAX IEpexoa M3 IOIyIpo-
BOJIHUKOBOH B MeTaJUTM4ecKyto mpoBoauMocTh (1o 403 K). Bmecte ¢ TeM, HaubOopmme 3HAYCHUS SIIEKTPUIECKOTO
CONPOTHBIICHUS JOCTUIAIOTCA B TOYKax Mepexola M3 METaJUIMYeCKOH B IOJYNPOBOAHMKOBYIO IPOBOAUMOCTH (32
HCKIIFOYEHHEM 30JIbl ITIOCIE 3JIEKTPOpaspsmHOil oOpabOTKH, TAe MAHHOH TOYKOH Iepexola SBISCTCS KOHEYHas
Temneparypa merammmdeckord mposoanmoct 483 K). Pesymprats pacdyera mmpuHBI 3anperieHHoi 3015 (AE) coc-
TaBWJIH U1 HCXOAHOH 30761 AE ~0,63 3B (1-5 30Ha), A1 30161 TIOCIIE AMEKTPOMArHUTHOH 00paboTku AE =~ 0,83 5B
(1-s1 30Ha) 1 AE ~ 1,81 3B (2-s 30Ha), A5 30JIBI TIOCIIE BIIEKTPOpaspsAaHOi 06pabotki: AE ~ 0,56 3B. [TomyueHHbIe
3Ha4YCHUs MHMPHUHEI 3ampenieHHoi 30HBI (AE = 0,56-1,81 5B) moka3piBatoT, 4T0 (haKTHUECKH BCE HCCICIYyEMEIC
o0pasupl 307bl SBISIFOTCS Y3KO30HHBIMH IOJYNPOBOAHMKAMH. TakuM 00pa3oM, pe3ylbTaThl INPOBEICHHOI'O
HCCIICIOBAHUS TIOKA3aJd, YTO JJIEKTpopaspsaHas o0padOTKa BEICOKUM HANpPSHKEHHEM 307161 MaiKyOeHCKOro yris
NPUBOIUT K CYIIECTBEHHOMY H3MCHEHHIO €€ JIICKTPO(PU3MUECKUX XapaKTePUCTUK. IDTO MOXKHO IPAKTHYECKH
HCIIONB30BATh B MPOLECCE MOATOTOBKH YTOJIBHOI 30JIBI € LENBIO €€ JalbHeHIIeld TepMOXHMUYECKOH epepaboTKy ¢
OoJniee TONHBIM BBIIENIAYMBAHAEM LCHHBIX KOMIIOHCHTOB (PEAKMX METaJUIOB, KpeMHe3eMa, IJIMHO3eMa) W/HiIH
BO3MOXKHOCTBIO TIPOBEICHHS Npoliecca Npy 6oiee HU3KUX 3HAUCHHUSIX TEXHOJOTHYECKHUX MapaMeTpoB (TeMIepaTypa,
KOHIICHTPAIMs PEarcHTOB, BPeMsl BBIICP)KKH PacTBOPOB U T.A.), IO CPABHEHUIO ¢ UCXOMAHOIT 3010i. Bonee Toro, kak
NOKa3ajl NPOBENCHHBIA aHaM3, 30J1a YIII HOCTe JIEKTPOpa3psaHOil 00pabOTKU MPEeACTaBISETCS EePCICKTHBHOM B
KauecTBEe eMKOCTHOTO MaTepuaia (KOHASHCATOP) U HOJIYPOBOJHHUKA.

KiioueBble cjioBa: 30J1a YIS, SJICKTPOCONPOTUBICHHE, IEKTPOSMKOCTb, JHAJICKTPUISCKask MPOHULIAEMOCTD,
3NIEKTpopaspsigHas 00paboTKa, MONTYNPOBOJHUKOBAS MPOBOIMMOCTb, METAJUIMYECKas NPOBOIUMOCTh, LIMPUHA
3aIpelIeHHON 30HBL.
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FTIR- SPECTROSCOPIC CHARACTERISTICS
OF THE DZHAKSY-KLYCH DEPOSIT SALTS

Abstract. Kazakhstan is a country with an arid climate, where a number of salt lakes are located, where
industrial production of edible salt is carried out. Due to the increase in the volume of salt production for export
needs and the possibility of expanding the scope of its use for medical and cosmetic purposes, new layers and
deposits of salt are being developed. The purpose of this study was to refine the characteristics of Dzhaksy-Klych
Deposit salts using FTIR spectroscopy. The objects of the study were samples of salt-containing raw materials
selected from different sites of Dzhaksy-Klych Deposit. Based on the conducted research, it can be predicted that
when the Aral sea turns into a chloride salt lake, the main sediment will be sodium chloride, with additional
formation of salt deposits from sodium sulfate, calcium or magnesium. The results obtained provide useful
information about the mineralogical composition of the Aral sea region salts, which complements the knowledge
about the composition of minerals. The results of FTIR analyses show that the samples of salts of lake Dzhaksy -
Klych are represented by the following compositions: halite, astrakhanite, hexahydrate, gypsum, mirabilite, and the
absence of toxic substances in the studied salt samples confirms their suitability for use in food, pharmaceutical and
cosmetic purposes.

Key words: salt, Dzhaksy-Klych deposit, FTIR spectroscopy, chemical composition, compounds.

Introduction. According to Zholtayev G. Zh. et al. (2018) opinion, each field must be subjected to a
comprehensive study to determine its position in the regional and local structures, study the material
composition. Salt is one of the natural components that can accumulate in solid form near natural and
artificial reservoirs. There are known studies related to the negative environmental impact on the
environment, and in particular on the biodiversity of soil and water(Emerson J. B. et al., 2013). A direct
correlation was established between the level of soil salinity and the quantitative and qualitative
characteristics of water microflora (Canfora L. et al., 2017). The influence of various factors on the
indicators of biological activity of saline soils was studied (Yazdanpanah, N. et al., 2016). On the other
hand, salt is an important source of valuable components for the full functioning of human and animal life
(Thompson L. J., 2018).

Weather and climatic conditions of Kazakhstan contribute to the formation of salt deposits almost
throughout the state, so the volume of table salt in the regions of the Republic is distributed as follows,
thousand tons, according to region: Kzyl-Orda -27383.0; Aktyubinsk-8267.0; Atyrau-1069000.0;
Kustanay - 2012.0; Kokchetau -42509. 0; Pavlodar — 163447.0; Semipalatinsk -29728.0; Taldy - Kurgan -
627.0; South-Kazakhstan-3887.0; Dzhambul — 10040.0.

At the same time, due to a number of reasons, the Kzyl-Orda region, in particular the region of the
Avral sea region, was undeservedly excluded from the list of regressive regions. Indeed, it is necessary to
recognize that environmental problems occur in the Aral sea region (Kurbaniyazov et al., 2009). At
present, the level of the Aral sea has decreased in comparison with the level of 1957. (then the absolute
mark was 54 m) by more than 14 m. Its area has decreased from 66.5 thousand km? to about 36 thousand
km?, and its water volume has decreased from 1000 km® to 320 km®. The salinity of the water during this
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time increased from 8 to 14 g/l to a value of 25-50 g/L. The area of the exposed bottom is approximately
3 million ha (Zavyalov et al., 2012). In the Aral sea region, dust and salt storms have become common.
Every year, according to the space monitoring laboratory, about 72 million tons of salt is carried away by
the wind outside the Aral sea region. The content of sulfates exceeds 31% (of the total amount of salts),
and sodium chloride is only 54%. The ionic composition of the salts is as follows: sodium — from 2.83 to
13.73%; sulfate - ion - 7.5 — 30.14; calcium - up to 1.08; magnesium — 3.03; potassium — 0.93; carbonate -
ion— 0.18; chlorine— 2.09; water— up to 55.23%.

Sea salt is extremely important for human nutrition, both for daily internal consumption and for
external influences in the composition of therapeutic baths and cosmetic products. Salt minerals are
actively involved in all the metabolic processes of our body (Lee & Lee, 2014). Therefore, salt is used for
the prevention and treatment of many diseases (Kohlmeier M., 2015).

According to Internet resources, only in one quarter of the year, the volume of iodized salt production
in Kazakhstan reaches 68.7 thousand tons. Every year, only the Kyzylorda region produces 66.9 thousand
tons. The production of iodized salt is being increased by producers of the Zhambyl region: in the three
months of 2019, 1.4 thousand tons were produced, despite the fact that in the same period of 2018, there
was no salt production in the region at all. In the Turkestan region, salt production amounted to
0.4 thousand tons. Kazakhstan practically does not need to import salt: in January—February 2019,
deliveries from abroad amounted to only 6.4% of resources (3 thousand tons). Kazakhstan's salt exports to
foreign markets amounted to 35.9 thousand tons, an increase of 33.4% over the year. Salt is used mainly
for food purposes, but such aspects of its use as use for medicinal or cosmetic purposes are not fully in
demand. Despite the fact that the chemical compositions of the salts of most salt deposits in Kazakhstan
are sufficiently studied, new areas and layers are being developed, the composition of which requires
additional research and clarification. In this regard, the purpose of this study was to refine the
characteristics of the Dzhaksy-Klych lake salts using Fourier-infrared spectroscopy.

Objects and methods of research. The objects of the study were samples of gold-containing raw
materials selected from different points of Lake Dzhaksy-Klych.

Lake Dzhaksy-Klych —the biggest salt lake of the Caspian lowlands located in the Aral sea region.
The lake is of marine origin and consists of two parts with an area of 18 and 58 km. The thickness of the
salt deposit is about 2 m. Sampling was carried out in accordance with GOST 33770-2016. Samples were
taken from the Dzhaksy-Klych Deposit by “Onyx-R” LLP and the authors of the article (table).

Description of Lake Dzhaksy-Klych samples

Samoling si samling depth Coordinates
Sample e(l\rpvgulrﬁos;e amp Irr;? epth, (WGS 84) pH t, °C
' n.l. el
1(S1) 3s 0.0-0.5 46°56'3,38" 62°2'32.34" 7,3 25
2(S2) 7s 0.6-1.1 46°55'53,09" 62°3'29.09" 7,2 25
3(S3) 4s 0.6-1.1 46°56'0,81" 62°2'46.49" 7,3 26
4 (S4) 6s 1.2-13 46°55'55,66" 62°3'14.93" 7,1 27
8 (S5) 14s 1.5-2.0 46°56'7,71" 62°3'16.93" 7,2 27

Five different salts from Dzaksy-Klych Lake (sample 1, 2, 3, 4 and 8 denoted later as S1, S2, S3,
S4, S5) were chosen for the further study (figure 1).
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Figure 1 — Dried and milled salt samples
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In the study of salt-containing raw materials, a mass spectrometer with inductively coupled plasma
was used, the elements were determined in accordance with ST RK ISO 17294-2-2006. Chemical analysis
was carried out according to GOST 13685-84. Research conditions: temperature-25°C; humidity -83.0%;
pressure-714 mm Hg.

FTIR spectroscopy: A Fourier transform infrared spectrometer (Cary 630, Agilent) was used to obtain
the IR spectra. Spectra were collected in 4 cm™ resolutions and coadded 100 scans. A 45-degree
reflection-absorption optical accessory was used to perform the measurements. In this optical system, a
gold-coated plate was used as a reflection reference. To remove the spectral interference from water
absorption bands, samples S1, S2, S3, S4 and S5 were dried (100°C, 24 or 72h) before measuring the
reflection-absorption IR spectra. Dried salts were placed on top of the gold-coated plate to obtain the
reflection spectra. FTIR spectra were displayed in an ordinary absorption unit.

Statistical processing of the results was performed by calculating the arithmetic mean and the
standard deviation. All determinations were carried out in 3-and 5-fold repetitions. The data was processed
using an IBM Pentium personal computer based on Excel application software packages.

Results and discussion. FTIR studies of the salts help in the identification of minerals present in the
salts. The coupled vibrations are appreciable due to availability of various constituents. In figure 2, FTIR
spectra of all salts are shown.
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Figure 2 —
FTIR spectra
of all samples studied
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In all samples, there are 3410 and 1635 cm™ peaks. This peaks come from water in structure of
sample. In other regions the following minerals were considered (Miller F.A., Wilkins Ch.H., 1952):

1. Sodium carbonate Na,CO; 700, 705, 855, 878, 1440, 1755, 2500, 2620 cm™ peaks;

2. Calcium sulfate CaSO,. 2H,0 667, 1010 , 1130, 1630, 1670, 2200, 3410 cm™ peaks;

3. Sodium sulfate Na,SO4 645, 1110 cm™ peaks;

4. Sodium silicate 775, 832, 980, 1125, 1165, 1695, 2330, 3280 cm™ peaks.

The sharp peak at ~1100 cm™ was mainly assigned to such associated complexes of alkali and
alkaline earth metals and SO,*.The reference data is presented in figure 3.
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Figure 3 — Comparison of FTIR data for different sulfates (Miller F.A., Wilkins Ch.H., 1952)

Just as with sulfates, most other polyatomic ions exhibit characteristic frequencies. These are
summarized in figure 4. However, it seems that mainly bands from sulfates are present.
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We can assume that with the transformation of the Aral Sea into a chloride salt lake, only NaCl will
be deposited. Thus NaCl will be the main precipitate, whereas other salts will be minor. One can expect
sodium (e.g. Na,SQy), calcium (e.g. CaSO,) or magnesium salts (MgSQ,), and others.

The performed analyses provided useful information about the mineralogical composition of the salts.
This is a fundamental step in gaining knowledge about the constituent of minerals.

Conclusions. The results of these studies give grounds for predicting that only NaCl will be
deposited when the Aral sea turns into a chloride salt lake. Thus, NaCl will be the main precipitate, while
other salts will be secondary. In addition, you can expect the formation of salt layers from sodium (for
example, Na,SOy), calcium (for example, CaSQ,4), magnesium (MgSO,) and others. The analyses
provided useful information about the mineralogical composition of the salts. This is a fundamental step in
gaining knowledge about the composition of minerals. As a result of the conducted FTIR analyses, it was
found that the samples of lake Dzhaksy -Klych salts are represented by the following compositions: halite,
astrakhanite, hexahydrate, gypsum, mirabilite. The absence of toxic substances in the salt samples
confirms their suitability for use in food, pharmaceutical and cosmetic purposes.

The work was carried out under the grant of the Ministry of education and science of the Republic of
Kazakhstan AR05131728: "Development of production technology and obtaining prototypes of new
cosmetic products based on pharmacological studies of domestic salt-containing and vegetable raw
materials" (2018-2020).

B. K. Bunmnmoaes’, M. Hosax?, A. O. Hcaera®, B. Jlecka’, A. E. T‘Heylceelsa3

1 .. . .
«Adely Mining Consulting» JKIIIC, Hyp-Cynran, Kazakcras;
2A. MutikeBuY atbiHgarbl [[03HaHE MEMIICKETTIK YHUBEpcHUTETI, [103Hanb, [Tonkiia;
*[IsivkenT yauBepcuteTi, [lIsiMkenT, Kazakcran

KAKCBI-KJIBIII KEH OPHbBI T¥3bIHBIH NK-®YPBE
CHEKTPOCKOIIUAJBIK CUTTIATTAMACBI

AnHoranus. KasakcTaH apuiaTiK KIMMAaTThl MEMJICKET OOJIBIN KeJeAl, ac TY3blH ©OHEPKICINTEe OHIIpETIH
OipkaTap Ty3[bpl Keiyii 0ap. OKCIOPTTHIK KAKETTUIIKTEPre Ty3 OHIIPICIHIH YJIFAlObl JKOHE OHBI EMJIIK,
KOCMETOJIOTHSJIBIK MakcaTTapFa KOJIIaHy asChlH KEHEWTY MYMKIiHIIriHe OaiylaHbICTBI jkaHa KabaTrap MEH Ty3
HIOFBIPBI  Mrepinyne. KasakcraHHblH aya-pailbl MEH KIMMATTBIK JKaFdaibl eliie Ty3[bl LIeTiHAUIepAiH mnaiina
OoJlyblHA BIKIAJI €TENi, COHABIKTAH pecryOsnKa alMaKTapbIHIarbl ac Ty3bl (MbIH TOHHA) KeJeciaeil OesiHeni:
Kezputopna 27383,0; Akrebe 8267.0; Ateipay 1069000.0; Kocranait 2012.0; Kexmeray 42509. 0; IlaBmomap
163447,0; Cemeii 29728,0; Tanasikopran 627,0; Onrycrik Kazakcran 3887,0; XKamoObur 10 040,0. Bipkarap cebemn
OoiipiHiIa Kpi3butopa aiiMarbl, aran alTkaHga, Apajil TEHi3i perpeccuBTi aiiMax Ti3iMiHeH biFapbulabl. [LIbH
MOHIHJIE IKOJIOTHSUIBIK MpobsieManap Apajl MaHBIHIA TYBIHJAUTBIHBIH MOIBIHAAY KepeK. by 3epTreyaiH mMakcaTsl
UK-®ypbe crextpockonus djicimen JKakchl-Kublll KeH OpBIHAA Ty3 CHIIATTaMAlIapblH HAKThUIAYIbl KaMTHIBI.
3eptrey HbicaHbl peTinae JKaxcel-Kiblmn keH opeIHAAaFB! TYPIi HYKTEAEH TaHOAJNFaH KYKIPTTi MIMKI3aTTBIH 5 yrici
anbpIHABL. bapiblK ChlHaMaja TalWTTIH Oap €KEHJIrT aHBIKTANIbl. AcCTpaxaHUT Tek 2,3 >koHe 4 chlHaMana
aHBIKTaNazpl. 3 jkoHe 4 ChIHaMaza reKcaruapaT >KoHe THIIC OenTijieHreH. 4-chlHaMagaH MUPaOMiIUT TaObbuIABl. AyBIp
MeTanJlap MEeH YJbl 3aTTap TaOBbLIFaH XOK, OYJI OChl KabaT TY3bIH KCHIHEH KOJJIAaHyFa YChIHYFa MYMKIHJIIK Oepei.
3eprTey HOTIXKENepi Apan TeHi31 XJOPUATI TY3AbI Kenre aitHanrad ke3ne Tek NaCl meretiHiH kepcerTi. COHBIMEH,
NaCl Herisri merinmi, ajr KajlFaH TY3Aap eKiHmri peTTik 6omansl. COHBIMEH Katap, HaTpuitneH (Mbicanbl, Na2S04),
kanpimiaer (mbicansl, CaSO4), marnuiinen (MgSO4) xoHe OackaiapiaH Ty3 KabaTel maiima Oojanmbl Jen
6omxkanansl. Tanmay >KyMbBICTapbl TY3IBIH MHHEPAJOTHSIBIK KypaMbl Typaibl Maimaisl akmapaTr Oepai. Bym —
MUHepayngsl Heri3 amyaerH ipremi kKamamsl. FTIR kemin Ttammay sHoTmkeciHme JKakchl-Kputbld ychIHFAH TY3
ChIHAMaJIapbl KeJieci KOMITO3UIIHS apKBUTbI YCHIHBUIATBIHBIFBI aHBIKTAIIBL: TJINT, aCTPAXaHUT, TEKCAXUIPAT, TUIIC,
Mupabmmut. Ty3 chIHaMachlHAA YJIBI 3aTTapABIH OOJIMaybl ONApABIH TaFraMIbIK, (DapMalleBTHKAIBIK >KOHE
KOCMETHKAJIBIK MaKcaTTapAa KOJIJaHyFa KapaMIblIBIFBIH KOPCETE .

Tyiiin ce3nep: Ty3, Kaxcol-Keutsra ken opabl, UK-@ypbe crieKTpOoCKONHACH, XUMISIIBIK KYPaMbl, KOCBUIBICTAP.
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UK-®YPbE CIIEKTPOCKOITMYECKASI XAPAKTEPUCTHUKA COJIEN
MECTOPOXJAEHUSA J/KAKCBI-KJIbIY

AnHoTanus. KazaxcTaH sBISIETCS TOCYIapCTBOM C apUAHBIM KIMMAaTOM, TAE PAacIlONOXKeH PsI COJECHBIX 03€p,
rJie IPOM3BOAUTCS NMPOMBIIUICHHAs NOObYa MUIIEBOH conu. B cBs3u ¢ yBennueHneM oOBEMOB JOOBIYM CONM Ha
9KCIIOPTHBIE HYXIbl ¥ BO3MOXKHOCTBIO PacIIMpeHus: cepbl ee NMPUMEHEHUs B JEeYeOHBIX M KOCMETOJIOTHYECKHX
LIEJISIX OCBAMBAIOTCSl HOBBIE IUIACTHI U 3ajiexku conud. [loronHo-kinumarnueckue yciioBusi Kasaxcrana crocoOCTByIOT
(hOPMHPOBAHUIO COJEBBIX OTIOKEHUH IPAKTUIECKH Ha BCCH TEPPUTOPUH CTPAHBI, IO3TOMY 00BEM MOBAapEHHOM CONN
B PETHOHAaX PECHyOJMKH paclpenersieTcsl CIEeAyIOIUM 00pa3oM, ThIC. TOHH MO permoHam: K3pur-OpauHckas -
27383,0; AkTio0mHCK-8267.0; AThIpay-1069000.0; Kocranaii - 2012,0; Kokmeray - 42509. 0; [TaBmomap - 163447,0;
Cewmeii -29728,0; Tangsikopran -627,0; FOxno-Kazaxcranckas-3887,0; KamoObin - 10040,0. Ilpu sTom mo psgy
npuunH K3pu-OpIuHCKUE pervoH, B 4YacTHOCTH paiioH [lpmapanbst ObUT HE3aclTy)KEHHO HCKIIIOUEH W3 CIIUCKA
perpeccuBHBIX pernoHoB. Heo0XouMo npHu3HaTh, YTO AKOJIOTHUECKHE TPOOJIEeMbl BO3HUKAIOT B paiiloHe ApajibCKOTO
Mopst. Llenbro naHHOTO Mccae0BaHMs ObUIO YTOUHEHHE XapaKTepHUCTHK coiei o3epa Jxakce-Kitera metomamu MK-
®ypse criekTpockonun. OOBEKTaMH HCCIIEIOBAHUS MTOCTYKIIH 5 00pa3IioB COJIECOAEPIKAIIETO ChIPhsI, 0TOOPaHHbBIX
13 pa3HBIX Touek o3epa Jlxakchl-Kibrd. Beito ycTaHOBIEHO, UTO BO BCEX MPOOAX MPHUCYTCTBYET TaNT. ACTpaxaHHUT
BBISIBJICH TOJILKO B mpo0ax 2,3 u 4. B mpobax 3 u 4 oTMe4eHbI rekcaryapar u rumc. B mpobe 4 oOHapykeH mupa-
Oomnmut. Tspkernple MeTalulbl M TOKCHYHBIE BellecTBa OOHAPY)KEHBI HE OBUIH, YTO MO3BOJIIET PEKOMEHIOBATH COJIM
JTAaHHBIX TJIACTOB JUIS IMIMPOKOTO NMPUMEHEHMs. Pe3ylbTaThl 3THX HCCIeIOBaHUM Jal0T OCHOBAHUE IIPOTHO3UPOBATH,
4ro TosbKO NaCl OyzieT OoTKIaapIBaThCs, KOTAa ApalbCKOEe MOPE IPEBPATUTCS B XJIOPHIHOE COJICHOE 03epo. Takum
obpazom, NaCl Oyzer OCHOBHBIM OCaJKOM, a JIpyrH€ COJIM - BTOPHYHBIMH. Kpome TOro, MOXHO OXHJaTh 00Opa-
30BaHMA CJIOEB CONM M3 HaTpus (Hampumep, Na2S04), kameims (Hanpumep, CaS04), maraus (MgSO4) u npyrux.
AHanM3 nmpeaocTaBuil MoJie3Hy o HHGOPMAIHIO 0 MUHEPAIOTHIECKOM cocTaBe cojield. DTo (QyHaMeHTANIbHBIH 1Iar B
MOJIYY€HUHW 3HAHHUMA O cocTaBe MUHEpasioB. B pe3ynbrare npoBeneHHbix FTIR-aHanm30B ycTaHOBIEHO, YTO 00pa3Ilbl
coneit o3zepa Jl>kakchl-KibIu mpeacTaBiIeHbI CIeIyIOIMMH COCTaBaMH: TalIUT, aCTPaXaHUT, TeKCaruIpar, TUIIC, MUpa-
O6mmnt. OTCYTCTBHE TOKCHYHBIX BEIIECTB B 00paslax cojel IMOATBEP)KAAET NX MPHUTOJHOCTH VIS HCIOIB30BAHUS B
MIUIIEBHIX, (PapMaeBTHIECKNX U KOCMETHUYECKHX ETIX.

KuiroueBble cioBa: coib, MecTopoxaenue Jxaxcel-Kibu, UK-®Oypre ciekTpockonusi, XkMUYECKHI cOCTaB,
COCTMHEHUS.
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