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

KasakcmaH 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.



bBacpenakTtoph
3. F. 1., mpodeccop, KP ¥FA akanemuri

HN.K. BeiicemoeToB

Bac penakTopbIHBIH OpsIHOACApPEI

Kouaraes I'.2K. ipod., reon.-MuH. ¥. JOKTOPHI

Pegaxuus agkacsbl

AdaxanoB T./I. mpod. (Kazakcran)

Aoumena 3.C. npod., akagemuk (Kazakcran)
AdcaabixoB B.H. npod., xopp.-myuieci (Kazakcran)
AraoekoB B.E. akanemuk (bemapycs)

Auues T. npod., akagemuxk (O3ipOaiixaH)
Bakupos A.B. npod., (KelpreizcTan)
Bykrykos H.C. nipod., akanemuk (Kazakcram)
Byaar A.®. npod., akanemuk (YkpauHa)
I'anuner U.H. npoo., akanemuk (ToxikcTan)
I'pasuc P.M. nipod. (AKIL)

KapmenoB A.A. nipod., akagemuk (Kazakcran)
KonTopoBuu A.J. ipod., akagemuk (Peceii)
KypckeeB A.K. npod., akagemuk (Kazakcran)
KypuasoB A.M. nipod., (Peceit)

Meney A.P. ipod., akagemuk (Kazakctan)
MyxamemxanoB ML.A. ipod., kopp.-myureci (KazakcTtan)
O310eB C.M. mpod., akagemuk (Kazakcran)
MocTtoaaruii B. mpog., akanemux (MomnmoBa)
Crenanen B.I'. mpod., (I'epmanmst)

Xamoepu k.. tpod. (AKIL)

ITeiinep M. npod. (I'epmanwmst)

«KP ¥T'A Xa6apaapsbl. I'eosiorust skoHe TeXHUKAJIBIK FHIIBIMAAP CEPUACHD.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmrikrenyiri: «Kasakctan PecryOnukachiHblH ¥ ITTBIK FeUIbIM akaaemusicb» PKB (AmMmater K. ).

Kazakcran PecnyOnukacelHBIH AKmapaT »>KoHE KOFAaMABIK JlaMy MHHHCTPIITiHIH AKmapaT KOMHTETiHIE
29.07.2020 . 6epinren Ne KZ39VPY00025420 mep3imaik 6acbUIbIM TipKeyiHe KOWBLIY Typalibl KydJliK.

TaKbIPBINTBIK OAFBITBI: 2€0102UsL HCIHE MEXHUKANBIK bITLIMOAD OOULIHWA MAKANANAD HCAPUALAY.

Mep3iMaimiri: )XeiIeIHa 6 peT.
Tupaxsr: 300 mana.

Penaknusaaeig Mekemxkaiiel: 050010, Anmarte K., IlleBuenko keomr., 28, 219 6eom., 220, Ten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOimKkachIHBIH ¥IJITTHIK FEUTBIM akageMusicel, 2020

Penakuusaery ~ Kazakcran, 050010, Anmars! k., Kabanbaii 6ateip kerr., 69a.
MEKEH)KaNbI: K. 1. CorbaeB aThIHAAFbl T€OJOT S FRUTBIMIAP HHCTUTYTHI, 334 Oenme. Ten.: 291-59-38.

Tunorpadustasia Mekemkaiisl: «NurNaz GRACE», Anmartsl K., PeickyioB kemr., 103.

— 3 —


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

I'maBHBIH pengakToOp
1. 3. H., poeccop, akanemuk HAH PK

H. K. Beiicem0eToB

3aMeCTHTEIb IJIaBHOTO peaakTopa

Koaraes I'.7K. mpod., TOKTOp reon.-MHUH. HAyK

PengakxnmuoHnHas KOJNJETr U :

AdaxanoB T./I. nmpod. (Kazaxcran)

Aoumena 3.C. npod., akagemuk (Kazaxcran)
Abcagbikos B.H. npod., un.-kopp. (Ka3axcran)
AraoekoB B.E. akanemuk (bemapycs)

Auues T. npod., akagemuxk (AzepOaiipkan)
Bakupos A.B. npo¢., (Keipreizcran)
BykrykoB H.C. nmpod., akanemuk (Kazaxcran)
Byaar A.®. npod., akanemuk (YkpauHa)
I'anuner U.H. npoo., akanemux (Tamxukucran)
I'pasuc P.M. nipod. (CILA)

KapmenoB A.A. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. pod., akagemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
KypuasoB A.M. nipod., (Poccus)

Meney A.P. npod., akagemuk (Kazaxcran)
MyxamenxanoB ML.A. ipod., wi.-kopp. (Kazaxcran)
0O3n0eB C.M. npoc., akagemux (Kazaxcran)
MocTtoaaruii B. mpog., akanemux (MomnmoBa)
Crenanen B.I'. mpod., (I'epmanmst)

Xamoepu k.. npod. (CILIA)

ITeiinep M. npod. (I'epmanwmst)

«H3Bectuss HAH PK. Cepust reo1oruu 4 TeXHMYECKMX HAYK.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOctBenHuk: PecnyOnukaHnckoe oOiiecTBeHHOe oObenuHeHne «HarmonanpHas akajeMusi Hayk PecryOuuku
Kazaxcran (r. AnMaTsl).

CBUIETENHCTBO O TIOCTAHOBKE HAa Yy4YeT I[EepPHOJUYEcKOro medarHoro wusganus B Komurere uHbopmanuu
MunucrepcrBa uHbOpManuu u obuiecTBeHHOro pasButus PecnyOnuku Kazaxcran Ne KZ39VPY00025420,
BeIganHoe 29.07.2020 r.

TemaTtudeckas HalpaBJICHHOCTb!: ny6ﬂui<auuﬂ cmameil no 2e0J102UU U MEXHUYECKUX Haykam.

[TeprognaHOCTH: 6 pa3 B rOI.
Tupax: 300 3K3eMIUTIPOB.

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

© HauumonanbHas akajemust Hayk Pecriyonuku Kazaxcran, 2020

Anpec penaknun: Kazaxcran, 050010, r. Anmartsl, yi. Kaban6aii 6ateipa, 69a.
Wucruryt reonorndeckux Hayk um. K. . CarnaeBa, komHara 334. Ten.: 291-59-38.

Anpec tunorpadun: «NurNaz GRACE», r. Anmartsl, yi. Peickysosa, 103.

— 4 —


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

Editorinchief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov

Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.

Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Absadykov B.N. prof., corr. member. (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)
Bakirov A.B. prof., (Kyrgyzstan)

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

Ganiyev L.N. prof., academician (Tadjikistan)
Gravis R.M. prof. (USA)

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

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

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

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

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

The certificate of registration of a periodical printed publication in the Committee of information of the Ministry of
Information and Social Development of the Republic of Kazakhstan No. KZ39VPY00025420, issued 29.07.2020.

Thematic scope: publication of papers on geology and technical sciences.

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

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

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

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

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

—— § —


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

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

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

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 6, Number 444 (2020), 6 — 13 https://doi.org/10.32014/2020.2518-170X.124

UDC 665.637.7+547.21+541.11
IRSTI: 67.15.55

I. O. Aimbetova', U. S. Suleimenov?, O. A. Kostikov® R. A. Ristavletov?

'Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan;
M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan;
*Institute of Mechanical Engineering Problems named after A.N. Podgorny of the NAS, Ukraine.
E-mail: sccience@ayu.edu.kz

DEVELOPMENT OF HEAT STORAGE MATERIALS BASED
ON COMMODITY PARAFFINS

Abstract. Heat storage materials on the basis of liquid paraffins and their narrow fractions with the set
temperature of phase transition and the increased heat capacity for enclosing the structures of buildings are received.
A method of formulating compositions heat-storage materials with melting temperatures below 25°C and increased
heat capacity from a mixture of narrow fractions of commodity paraffins is proposed. The technique of obtaining
heat-storage materials on the basis of commodity paraffin by mixing components, in obtaining HSM with specified
thermal characteristics, the research of component composition, physico-chemical and thermophysical properties, in
the research of their operational properties. The technical conditions for the obtained heat- storage materials on the
basis of commodity paraffins are developed and the possibility of their application in the enclosing structures of
buildings is substantiated. The developed heat-storage material with the set operational properties provides energy
saving due to increase of heat capacity and intensity of heat exchange of enclosing designs of buildings.

Key words: heat-storage materials, thermal properties, phase transition, paraffin, fraction.

Introduction. One of the solutions of regulating the dynamics of cooling of buildings is the use of
heat accumulators in enclosing structures. Heat accumulators allow to smooth out daily unevenness and to
save energy consumption for heating.

Currently, batteries apply with the using heat- storage materials (HSM) phase transition to maintain a
constant temperature in the building. In this case, there is a need to obtain heat- storage materials with a
melting point close to 25°C, for their use in the enclosing structures of buildings to regulate the heat in
their rooms.

One of the key points of reducing energy consumption in construction is the use of the achievements
of scientific and technological progress in the production of energy-saving building materials, structures
and equipment, as well as improving the heat-shielding qualities of building envelopes [1]. The
development of such a scientific and experimental direction in construction as the creation of buildings
with efficient use of energy is associated with the accumulation of heat in the enclosing structures of
buildings, which leads to the formation of a new direction in the production of energy-saving building
materials, such as heat storage materials [2-4].

A promising and economically feasible direction in the production of heat storage materials is the
development of new energy-saving materials with a hidden form of energy storage, which include phase-
transfer heat storage materials [5-8]. In the transition from solid state to liquid heat storage materials
behave like traditional storage materials, their temperature rises when they absorb heat [9]. In contrast to
the known heat-accumulating materials in phase-transition heat-storage materials, heat transfer occurs due
to the creation of a crystalline structure, and accumulation occurs due to the destruction of the structure
during melting. Our analysis of the thermophysical properties of thermal storage materials showed that the

—— § ——
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most accessible, widely produced by industry in the process of oil refining material are solid and liquid
commodity paraffins and their narrow fractions. They can be used to obtain heat storage materials with a
melting point up to 250 C.

Materials and methods. Two methods of obtaining heat-storage material that is given
thermophysical properties were used in the studies.

- obtaining a material with a melting point of 250C by mixing liquid and solid commercial paraffin in
various ratios;

- obtaining by mixing several individual n-alkanes of a material with the required melting
temperatures and high enthalpy of melting and phase transition (200-225j/g).

The developed heat storage material based on commercial paraffin was obtained by mixing the initial
liquid and solid paraffin in various mass fractions. Determination of the mass fraction of mixing the initial
liquid and solid paraffin was made in accordance with the recommendations of the work [10]. Mixing of
commercial liquid and solid paraffin and their fractions were performed at a temperature of 40-500C and
thorough mixing of the composition with a mixer in the laboratory in accordance with figure 1-2.

Figure 2 — Non-standard equipment for producing paraffin compositions

Table 1 presents data on samples of heat-storage materials prepared for laboratory research, obtained
by mixing in different mass fractions of commercial liquid and solid paraffin.
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Table 1 — the Composition and properties of heat storage materials obtained by mixing liquid and solid paraffin.

Temperature
HSM Components Content % mass - —
Melting Beginning The end

Cy4Hzp - C7H 55,5

HSM -35 e 35 47 30
CigHzg — Cy1Hay 44,5
Cy4Hzo - C7H 99,4

HSM -25 430 AT 25 44 21
CigHsg — CorHyy 10,6
Cy4Hzp - C7H 25,9

HSM -20 e 20 42 12
CigHzg — Cy1Hay 74,1
Cy4Hzp - C7H 16,7

HSM 15 %0 AT 15 35 7
CigHzg — Co1Hag 83,3

As shown from data in table 1.2 by mixing commaodity liquid and solid paraffin in various ratios, it is
possible to obtain heat-storage materials with the required melting points.

Results and discussion. As indicated, heat-storage materials of a given thermal properties can be
obtained by mixing in different ratios of individual n-alkanes. To allocate fusible fractions from the
composition of commercial paraffin, a method based on sequential extraction of fractions with solvents or
their mixtures differing in solubility parameters was used [11-13].

According to the method, the paraffin suspension was placed in a two-headed flask with a nozzle, in
one throat of which a Schott filter was soldered. The nozzle is a glass tube length from 15 to 20 mm and
with an outer diameter of 6-8 mm, internal — 4-6 mm.

Paraffin melts in a flask with a nozzle. And then it cools. In this case, the nozzle in the flask is
constantly shaken in order to obtain thin paraffin on the nozzle. Next, a certain amount of methyl ethyl
ketone is poured into the flask. After careful mixing and holding for 6 hours, the solvent is poured through
a Schott filter into a preliminary weighted porcelain cup. The solvent from the porcelain cup is distilled
off, and the fraction is weighed. A mixture of methyl ethyl ketone and toluene in a ratio of 75:25 is poured
into the flask [14]. Similarly, the first is allocated the second fraction, the third, etc. The melted
temperature was determined by the selected paraffin fractions.

Using the developed method, the product commodity paraffin was fractionated and the fraction with a
low melting point was isolated.

It was noted that for individual n-alkanes and their mixtures, the melting enthalpy includes both the
enthalpy of the actual melting and the enthalpy of the phase transition to the crystal state.

For individual n-alkanes, the temperature limit in which heat is absorbed or released is 5-70 °C for
even n-alkanes and 8-110 °C for odd n-alkanes.

By mixing several individual n-alkanes, it is also possible to obtain heat-storage materials with the
required melting temperatures and with the enthalpy of melting and phase transition at the level of
180-220 j/g.

The following requirements are applied on heat-storage materials with a melting — crystallization
phase transition:

- the required melting point;

- the maximum enthalpy of melting and phase transition in the crystal state during the transition of
the heat-storage material from the solid state to the liquid state and vice versa;

- a small difference in melting and crystallization temperatures, as well as high stability of these
temperatures.

Based on these requirements (melting point and high enthalpy of melting and phase transition), heat-
storage materials HSM-25-1 and HSM -25-2 were made by mixing individual n-alkanes, as well as HSM -
25-3 by mixing commercial liquid and solid paraffin.

From the literature it is known that to obtain the smallest difference of temperatures of melting and
phase transition mix of the neighboring n-alkanes, however, in this case the melting temperature and phase
transition enthalpy of melting of mixtures of n-alkanes are not averages of the individual components.
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It is also noted that the use of a large number of components to obtain a heat-storage material with the
required properties reduces the enthalpy of melting and phase transition in the crystal state, and,
consequently, the total enthalpy.

When using solid paraffin as a heat-storage material, the heat of crystallization and phase transition in
the crystal state is usually used. In work [15-20] it is shown that solid paraffin has two phase transitions: in
the crystalline state with the release and absorption of heat, as well as the release and absorption of heat
during melting and evaporation. When a solid paraffin is heated, it undergoes phase transformations in the
crystalline state, resulting in an increase in heat capacity, and when a higher temperature is reached, the
paraffin melts, and its heat capacity again sharply increases.

In the crystal state before the phase transition and in the liquid molten state, the heat capacity of
paraffin monotonically increases with rising temperature.

It should be borne in mind that the influence of the melting temperature of paraffin has little effect on
their heat capacity, and the heat capacity of paraffin in the solid state is close to the heat capacity in the
liquid state.

The melting temperatures and enthalpy values of the melting and phase transition, j / g, developed by
HSM-25-1, HSM -25-2 and HSM -25-3 are presented in table 2.

Table 2 — Enthalpy of melting and phase transition developed HSM

Characteristic HSM-25-1 HSM-25-2 HSM-25-3
The melting temperature according to Zhukov, °C 23-25 24-25 22-29
Molecular mass 247,76 247,79 242.3
Enthalpy of melting AHmefting, J/0 168,7 171,2 161,3
Phase transition enthalpy AHpghase, /0 35,7 34,8 20,03

As shown from data in table 2 HSM-25-1 and HSM-25-2 have rather high amounts of heat of fusion
and phase transition (from 204.4 to 206.0 J / g). The mixing of solid and liquid paraffins in the production
of heat-storage material (HSM-25-3), as shown from the table 2, leads to a decrease in the melting
enthalpy, the phase transition in the crystal state and the total enthalpy (their sum). The expansion of the
components in the mixture HSM leads to a decrease in the amount of enthalpy.

Therefore, the wider the fractional composition HSM, the lower the enthalpy of melting and in a
wider range of temperatures melting occurs.

Graphs of changes in the heat capacity of HSM -25-1 and HSM-25-2 obtained by mixing individual
n-alkanes are shown in accordance with figure 3.
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Figure 3 — Dependences of heat capacity HSM-25-1 and HSM-25-2 on temperature

Graphs of changes in the heat capacity of HSM-25-1 and HSM-25-2 from the temperature of figure 3
shows that the heat capacity HSM changes according to the melting and phase transformations at different
temperatures, as well as melting HSM occurs in a certain temperature range.

The gas chromatographic composition of HSM-25-3, obtained by mixing liquid and solid paraffins, is
a relatively narrow fraction containing more than 6 individual n-alkanes with an admixture of
hydrocarbons.

Conclusion. In this regard, heat-storage materials obtained by mixing liquid and commercial solid
paraffin have lower melting enthalpy compared to HSM-25-1 and HSM-25-2 obtained by mixing
individual n-alkanes. Heat-storage materials obtained by mixing liquid and commercial paraffins, with an
average molecular weight of 240.0 to 242.0 have a melting enthalpy of 158.0 to 162.0 j / g and a phase
transition enthalpy in the crystal state of 19.3 to 20.03 j / g, respectively. The decrease in the enthalpy of
melting and phase transition in HSM-25-3 is explained by the lower content of n-alkanes (90.4 - % by
weight) and the content of impurities not related to n-alkanes (7.8 - % by weight). The content of
hydrocarbons that do not belong to h-alkanes and hydrocarbons that do not crystallize in conditions HSM,
as well as the wide fractional composition of the mixture of commercial liquid and solid paraffins
significantly reduce the amount of the enthalpy of melting and phase transition of the heat-storage
material.

Funding. The work was performed in accordance with the contract for the implementation of
research works in the framework of the state order Ne 212-5 dated March 19, 2018 on the topic
AR05130618 «Development and research of heat storage materials based on commodity paraffins with
specified thermal properties for building envelope structures.

H. O. AiimGerosa’, V. C. Cyaeiivenos’, O. A. Kochcona, P. A. PucrapJieTon’
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TAYAPJIbI HAPA®OWUHAEP HET'T3IHAE KbIJTY AKKYMYJIAIUAJAYIIbBI
MATEPUAJIJAPIBI 93IPJIEY

Annoranusi. CyibIK apaiH MEH OHBIH Tap (pakIusiIapbl Heri3iHae (azanbiK eTy TeMIepaTypachbiMeH jKoHe
FUMapaTTapAblH KOpIay KOHCTPYKLMSICHIHA JKOFAphl XKbUTYy CHIMBIMIBUIBIFBIMEH JKBbUTYy JKHHAWTBIH Marepuasiap
amsiazel. banky temmeparypacst 25°C TemeH xoHe Tayapisl mapadUHIEPIH Tap GPAKIHATAPBIHBIH KOCIACHIHAH
KOFapbl JKbUTYy CHIMBIMJIBUIBIFBI Oap JKbUIY JKHHAHTBIH Marephajd KOMIIO3MLMSUIApBIH KYpy OAici YCBHIHBUIFaH.
KomroneHTTEepIi apajacThlpy apKbUIBI Tayapiibl napauHAEp HETi3iHAe JKbLIy XMHAMTBIH MaTepuUasIAapsl aiy,
OepiireH >KbUTy TEXHUKAIBIK cuniartamaiapbl 6ap TAM aiy, KOMIOHEHT KYpaMblH, (PH3UKO-XUMHUSUIIBIK )KOHE JKBLTY
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(U3HMKAJIBIK KAaCHETTEPiH 3epTTey, OJIapAbIH NalaasaHy KacHeTTepiH 3epTrey oici a3ipnenai. Tayapibik napaduH-
Jiep Heri3iHJIe JKbUTYy JKUHAKTAaHTBIH MaTepuajiapFa TeXHUKAIBIK IIapTTap ajbIHIbI KSHE OJap/bl FUMapaTTapIblH
KOpIlIay KOHCTPYKLMsUIApBIH/IA KOJIJaHy MYMKIH/IT Heri3aenreH. bepiiren maiinanany xacuerrepi Oap a3ipiieHreH
KBUTY JKUHAKTaFBIII MaTepHaj FUMapaTTaplIblH KOpIIAy KOHCTPYKIMSIAPBIHBIH JKbUTY CBHIMBIMIBUIBIFBI MEH JKBLTY
aIMacybIHBIH KapKbIHIBUIBIFBIH apTTHIPY €ceOiHeH dHeprus YHeMJeyAi KaMTaMachl3 erelli. bacTarkel CyHbIK KoHE
KaTThl MapaduHAlI apayacTRIpy MAacCaJBIK YJIECiH aHBIKTAy >KYMBIC YCHIHBIMIAPBIHA COHKec XKyprizinmi. Tayapisik
CYHMBIK XOHE KAaTThl mapapuH MeH (pakmsuapbiH apamacteipy 40-500 ¢ TemmepaTrypazma XoHE 3epTXaHAIbIK
XKarJaiaa KypaMbl MYKHAT apainacThIPBUIIBL.

Bepinren xputy KacHeTTepi HETi3iHIEe KBUTY )KHHANTHIH MaTeprangap xekerereH H-ankangapabiH Typii KaTel-
HACBhIHJIA apalacThIpy apKblIbl albIHYbl MYMKiH. TayapibslK mapaduH KypaMbIHIA KblIAaM OaIKUTBHIH (paknusiap-
JIbl 06Ty YILIH OHBIH €pITKIII HeMece epirilTik napamerpiepi OOMbIHIIA epeKIIeIeHeTiH KocaaapbIMeH OipTiHaen
alyFa HETI3NeNIeH JJIiC KOJMaHBUINbL. O3ipJICHIeH o/licTeMe OOWBIHIIA OHIMHIH Tayapisl mapaduHiH (pakiusian,
Oanky temmepaTypachl ToMeH (pakuusHbl Oemin anabl. JKekenereH H-amkannmap MeH ojlapAblH KOCHajdaphbl YIIiH
OaJKbITy DHTAJIBIMACH HAKTHl OalKy DHTAJIBIMACHIH JAa, (a3ajblKk ©TYy DHTAIBIMSACHIH A3 KPUCTAJABI JKariaiira
kocazpl. JKeke H-ankanaap yUIiH KbUTy )KYTBUIATBIH HemMece OeIiHETiH MIeKTI TeMIieparypa xyn H-ankanaap yurix
5-70 ° C xone Tak H-ankangap yuin 8-110 © C kypaiinel. Ockl Tanantap/bl ecKkepe OThIpbIN (0aIKy TeMIeparypachl
XKoHE 0anKy MeH (a3aiblK OTYy.IiH KOFaphl PHTANBINACH) XXeke H-ankanmapasl apamacTeipy xoiabiMer HKOKM-25-1
xone JKOKM-25-2, conpmaii-aK TayapIblK CYHWBIK jKOHE KAaTTHI MapaduHIl apanacTelpy apKbuibl KOKM-25-3 sKputeiT-
KbIIII MaTepHaniap JavbHAanasl. KarTel mapaduHIl KbI3ABIpFaHIa PU KPUCTAIABIK KyHOeri (azanblk TypiaeHyre
YIIBIPANABL, XKbITY CHIHBIMIBIIBIFEIH YIIFAlTa/lbl, all )KOFaphl TEMIIEpaTypara )KeTKeH Ke3Jie mapaduH OamKuIbl XKoHE
JKBUTY CBIMBIMIBLIBIFBI KAWTaaH KYPT Oce/i. 2-KecTeie KOpCeTIreH IeH, Kbty ®UHAUThIH Matepuanabl (JKKM-25-3)
eHIIpYy OapbICBIHIA KATTHI KoHE CYHBIK MapaduHISpAl apanacTblpy 0alKy HTaIbINSACHIHBIH, KPUCTAIIBIK XKaFnaiFa
(azanbIK ayblcy MEH JKalIlbl SHTAJIBIUSHBI (0JapIblH KOCHIHBUIAPKI) a3aiitanabl. HSM KocnachiHIarsl KOMIOHEHT -
Tep KeHEHIeH e SHTAIBIIHS MOJIILIEP] a3asi/ibl.

Hemexk, XKAKM ¢dpakuusiblk Kypambl KEHEWTeH CailblH, epiTy SHTAJBIUACH COFYPJIBIM TOMEHJCI, YJIFairaH
TemIiepaTypa quana3oHbiHaa oankuael. Temneparypagan XOKM-25-1 xone OKM-25-2 bty ChIBIMABUIBIFBIHBIH
o3repy rpadukrepi XOKM-1blH KbUTy CBHIMBIMIBUIBIFBI TYPJ TeMmeparypana 0anky MeH (asaliblk e3repicrepre
OailylaHbICTBl ©3repeTiHiH, coHpaii-ak JKXXM-apiH OGankybl Oenrini Oip TemmepaTypaiblk WHTEpBalJa >KYPETiHIH
kepcereni. CyHbIK *oHe KaTThl napaduHaepi apanacTelpy apKbutbl anbsiHFaH XK)KM-25-3 razoxpomarorpadusiibik
KYpaMBbI KeMipCyTeKTep KOocIackl Oap 6-IaH acTaM keke H-aikaH Ke3feceTiH caapICTRIpMabl Tap GppaKIusHbI OLIi-
peni. OcbIFan OaiIaHBICTHI CYHBIK JKOHE TayapJibl KaTThl HapaduHi apanacTeIpy apKbUIBI alIbIHFAH KbUTY )KUHAWTHIH
MaTepuangap xeke H-ankannmapnsiH apanacysl Herizinae amsiaFaH HSM-25-1 sxone HSM-25-2 canpicThipranma
OaNKpITy SHTAIBNUACH ToMeHaei 1. CyHbIK XoHe Tayapisl napaduHaepAl apaaacThIpy JKOJIBIMEH allbIHFaH, OpTaIla
MoJteKyanbik Maccachl 240,0-men 242,0-re meifin jKbUTy KUHAWTBIH MaTepuanaapabie 158,0-gen 162,0 Ik / r-ra
JICUIH epiTy SHTAIBIMACHI )KOHE KPUCTAJBI KYieri dasansik aysicy sHTanbnuschl Tuicinme 19,3-ten 20,03 Ik / r-ra
neitinri apansikra Oosaabl. banky sHTamsnusichiHbiH koHe JKOKM-25-3 (dasasneik aysicynsiH TemMenaeyi H-ankan-
napaeig (90,4 Mac.% ) xone H - ankanmapra sxatnaiiTelH KocnaiapasiH (7,8 mac.%) H-ankanmapra kaTmaii-ThIH
keMipcytektepaiy jxoHe HCM sxarnaiibiana KpucTanIaHOANThIH KOMIPCYTEKTEPIiH KypaMbl, COHIaH-aK TayapJibiK
CYHBIK KoHE KaTThl MapaduHaep KOCHAChIHBIH (PaKIMsIIBIK KYpaMbl OAIKY SHTAJBIHUSICHIHBIH )KOHE KbUTYy aKKyMOJI-
JTAWTBIH MaTepHaANIbIH (a3alblK 6Ty IIaMachlH aUTapIIbIKTal TOMEHASTE .

Tyiiin ce3mep: >XbUly aKKyMISIIMSUIAYIIBI MaTepHaiiap, XXbUTy TEXHHMKAa KacHeTTepi, ¢as3aiblK Ty,
napaduHaep, QpaKius.

H. O. AiimGerosa’, V. C. Cyaeiivenos’, O. A. Kochcona, P. A. PucrapJieTon’

1Me>1<z1yHapo;1HLH71 Ka3aXCKO-TypelKuid yHUBEpCUTET UM. X0Kku Axmena Scasu, Typkecran, Kazaxcran;
?JOxn0-Kasaxcranckuit rocynapcTBEHHBIN yHUBEepcHTeT NM. M.Ay330Ba, llIsiMkenT, Ka3axcras;
*WnctuTyT npobiem MammHOcTpoeHus uM. A. H. TToaropuoro, HAH Vkpanss:

PABPABOTKA TEIIJIOAKKYMYJIMPYIOIIUX MATEPUAJIOB
HA OCHOBE TOBAPHBIX TAPA®UHOB

Annotanusi. [TonydeHbl TEIUIOAKKYMYJIMPYIOUIME MaTepUalibl Ha OCHOBE JKHUAKHX Mapa(uHOB M MX Y3KHX
¢dpakuy ¢ 337aHHOM TemmnepaTypodl (a30BOro mepexoia M MOBBINIEHHOH TEIIOEMKOCTBIO JUIS OTpakAaIoIInX
KOHCTpYKIuH 37aHui. IlpeanoxeH MeToJ COCTaBIEHHsS KOMIO3MLHUN TEMIOAKKyMYIHPYIOIIUX MAaTepUanoB C
Temneparypamy Tiasierus Hmke 25°C M MOBBIIICHHON TEIIOEMKOCTBIO M3 CMECH Y3KHX (DPAaKIii TOBApHBIX
mapapuHoB. Pazpaborana MeToanKa MOTYYCHUS TEIUIOAKKYMYIHPYIOIINX MaTepHaIOB HA OCHOBE TOBAapHBIX Mapa-
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(DMHOB IyTeM CMEIICHUS] KOMIOHEHTOB, B 1oJlydeHur TAM ¢ 3a1aHHBIMU TETUIOTEXHUYECKUMH XapaKTePUCTHKAMHU,
UCCIIeJOBAaHUN KOMIIOHEHTHOTO COCTaBa, (PU3NKO-XMMHUUECKHUX U TEIUIOPHU3NIECKUX X CBOICTB, B MCCIIEIOBAHUU UX
9KCIUTyaTaI[MOHHBIX CBOUCTB. [loydeHbl TeXHUYECKHE YCIOBHS Ha TEIUIOAKKYMYIUPYIOIUE MaTepualbl HA OCHOBE
TOBapHBIX NapaMHOB M OOOCHOBaHA BO3MOXKHOCTH WX IPHMEHEHHUS B OTPAXIAIONIMX KOHCTPYKIMAX 3JaHHH.
Pa3paboTaHHbIH TEINIOAKKyMYJIHPYIOMINI MaTepral ¢ 3alaHHbIMU 3KCILUTyaTallMOHHBIMH CBOWCTBaMH 00ecriednBaeT
9HEProcOepeKeHNE 3a CUET MOBBIMICHUS TEINIOEMKOCTH ¥ HHTCHCUBHOCTH TEINIOOOMEHA Orpa)kAAI0IINX KOHCTPYK-
i 3gaHuil. OnpeneneHne MacCoOBOH JOJIM CMEIIUBAHUS MCXOIHOTO JKHUAKOTO M TBEPAOTO HapaduHa Mpou3BOAU-
JIOCh B COOTBETCTBHM C PEKOMEHAAIMAMHU paboTel.CMENIMBAHUE TOBAPHOTO XHUIKOTO M TBEPAOTO MapaduHa M HX
¢pakuuit ocymectBisua mpu Temieparype 40-500C u TmaTenTsHOM IEepeMEeINBaHNN COCTaBa CMECHTEIEeM B J1abo-
PaTOPHBIX YCIOBHUSIX.

Kak ykazaHo, TeII0aKKyMyJIHPYIOIINE MaTEPHAIIBI C 3aJaHHBIMH TETUIOBBIMH CBOHCTBAMH MOTYT OBITh IOJTy4e-
HBI IyTEM CMELIMBaHUs B Pa3JIMYHBIX COOTHOMICHHUAX OTHAeNbHBIX H-ankanoB. s BblAENEHHS JIETKOIUIaBKUX (hpak-
LM U3 coCTaBa TOBApHOTO IapaduHa ObLI MCIOJIb30BaH METOJ, OCHOBAHHBIM Ha IOCIIEN0OBATEIbHOM H3BJICYECHUH
(dpakuii pacTBOPUTEISAMH MM UX CMECSMH, Pa3IMYalolIUMUCS 0 IapaMeTpaM pacTBopumocTtu. [lo paspadoran-
HOW METOJMKE TOBAPHBINA MapaduH NpoaykTa (HpakIUOHUPOBAIM M BBLACIIM (PpPakmuIo ¢ HU3KOH TeMIeparypoi
IUaBieHusd. beulo oTMedeHo, uTo AN OTAENbHBIX H-amkaHOB M MX cMecel 3HTanblus IIaBJICHHUS BKIIOYACT Kak
SHTAIBIHIO (HAaKTUUECKOTO IUIABICHHUS, TAK W SHTAJIBIHNIO ()a30BOTO MEpexoa B KPUCTAIMIECKOE COCTOsIHUE. J[s
oTAenbHBIX H-ankaHOB IpeaenbHas TeMIepaTypa, IIpH KOTOPOH TEIUIO MOTJIOMACTCS MM BBIAEISIETCS, COCTABIACT
5-70 ° C nns werneix H-amkanoB u 8-110°C mns HedetHsrx H-ankanoB. Mcxons u3 atux TpeboBaHuil (TeMiepaTypa
IUIABJICHHS M BBICOKAsl SHTAJBIUS IUIABICHHUS M ()a30BOTO Mepexoja), ObUIM M3rOTOBJIECHBI TEINIOAKKyMYIIHPYIOIINE
Matepuansl [[CM-25-1 u [CM-25-2 myTem cMemmBaHuS WHANBUAYyaIsHBIX H-ankanos, a Taxke ['CM-25-3 mytem
CMEUIMBaHMS TOBapHOTO XHIKOTO M TBEPAOTO MapaduHa. pU HATPEBaHWH TBEPAOTO NapaduHa OH IpEeTepreBacT
(a3oBble MpEBpalICHUs] B KPUCTAIMYECKOM COCTOSIHUH, TPHBOJASIINE K YBEJIMYCHHUIO TEIJIOEMKOCTH, a IpH
JIOCTHXKEeHUH OoJjiee BBICOKOI Temmeparypbl napaduH IUIaBUTCS, M €ro TEIUIOEMKOCTh CHOBA PE3KO BO3pacTaeT.
CMellieHre TBEPIBIX U JKUAKHMX MapadHHOB MPH MPOM3BOJACTBE TEIIOAKKyMYyJupyromero matepuana (ICM-25-3),
Kak BupHOo u3 Tabnuipl 2, UPUBOAWUT K YMEHBIICHHIO DSHTAIBINM IUIaBiIeHHs, (a3oBOro Imnepexoja B
KpPHUCTaJTNUECKOE COCTOSHUE U 00IIeH FHTaNbINH (UX CyMMBbI). Pacimpennue komnoHeHToB B cmec HSM npusout
K YMEHBIIICHHUIO BEJINYHUHBI YHTAIBIINH.

CrenoBarensHoO, yeM mupe ppaxkunonusli coctas 'CM, TeM HMXe SHTAIBNNSA TUIABJICHHUS U B 00Jiee INPOKOM
JUara3oHe TeMIIepaTyp MPOUCXOMUT IuaBieHue. ['padhukn m3meHeHus Terwioemkoctd ['CM-25-1 u 'CM-25-2 or
TEMIIEpaTyphl MTOKA3bIBAIOT, YTO TerioeMkocTh ['CM n3MeHseTcs: B 3aBUCHMOCTH OT TUIaBJICHHS U ()a30BBIX IpeBpa-
IIEHUH NPH pa3NIMYHBIX TEeMIIEpaTypax, a Tarke IaBineHne ['CM mpoucxoauT B ONpPENEIeHHOM TeMIlepaTypHOM
uHTepBaie. ['azoxpomarorpaduyeckuii cocraB [ CM-25-3, mody4eHHBI CMEIIEHHEM XUIKHX M TBEPAbIX mapadu-
HOB, TPEJICTABJIAET COOOH OTHOCHUTENHLHO Y3KYyIO (hpakiivio, cojepxailyio 0ojee 6 MHAMBUAYyaIbHBIX H-ankaHoB ¢
MIPUMECHIO YTIIEBOJIOPOJIOB. B CBSI3M € 3THUM TEIUIOAKKyMYNIHUPYIOIINE MaTepHalIbl, HOTYYCHHBIE CMEIICHHEM KHJIKO-
ro ¥ TOBAPHOI'O TBEPAOTo mapaduHa, UMEIOT 0oJiee HU3KYIO SHTAJBINIO TUIABJCHUS 10 cpaBHeHuto ¢ HSM-25-1 u
HSM-25-2, nonyueHHbIMH CMENICHUEM MHIMBUAYaIbHBIX H-anmkaHoB. TeruioakkyMynupyole MaTepuaibl, Hoy-
YeHHBIE IIyTEeM CMEIINBAHU XKHUIKUX U TOBAPHBIX Mapa(uHOB, cO cpeaHel MoJeKysipHOi Maccoit ot 240,0 no 242,0
HMEIOT HTANBNUIO iaBieHus oT 158,0 1o 162,0 [k / r 1 3HTanbOui0 (Ha3oBOro mepexoja B KPUCTAUIMISCKOM
cocrostand ot 19,3 mo 20,03 [k / T coorBeTcTBeHHO. CHIKCHHE DHTANBIINU TUTaBICHUSA W (pa3oBOro mepexoja B
I'CM-25-3 o0Osbsacusercs Oonee HHM3KMM coxaepxanueM H-ankxanos (90,4 Mac.%) u conepikaHueM npumecei, He
otHOcsmmxcs K H - ankanawm (7,8 mac.%). CoxepkaHue yrieBoIOpOIOB, HE OTHOCAIINXCS K H-ankaHam, U yrieBo-
JIOPO/IOB, HE KpucTaumsylomuxcs B ycnosusix HCM, a taxke mmpokuil GppakuMOHHBIA cOCTaB CMECH TOBAPHBIX
KHUIKUX U TBEPAbIX MapaMHOB CYIIECTBEHHO CHIKAIOT BEJIWYMHY SHTAIBIINM IUIABJICHHS M (azoBoro mnepexona
TEIUI0AKKYMYJIUPYIOIIEro MaTepyania.

KiroueBble ci10Ba: TEIUIOAKKYMYIHPYIOIINE MAaTEpHaNbl, TEIJIOTEXHHYECKHE CBOWMCTBA, (ha30BOW TMepexof,
napaduHsl, Gppaxius.
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PE3YJIBTATBI I/ICCJII‘?I[O]%AHI/II‘/JI YCOB}EPHIEHCTBOBAHHOFI
I'mAPOCTPYNHOU HACOCHOHU YCTAHOBKHA

AHnHoTanus. J[aHo 000ocHOBaHME KiIacCH(MKAIMU THAPOCTPYHHBIX HACOCHBIX YCTaHOBOK, pa3paboTKa 3KcIe-
pPUMEHTANBFHOTO 00paslia yCOBEPIIEHCTBOBAHHOW THIPOCTPYHHOW HACOCHOW YCTaHOBKH, OOOCHOBAHO IPOBEACHHE
9KCIIEPUMEHTAIILHBIX HCCIICOBAHUI — ONpelelieHNe 10/1auu 1MoJie3Hoi Q; B 3aBHCHMOCTH OT IOJAa4y¥l HCIIOJIb3ye-
MOTO IEHTPOOekKHOro Hacoca Qy /I ABYX BapHMaHTOB HACOCHOI YCTaHOBKH, paOOTAalOIIMX IO TPAaAMLIUOHHOW U
aIbTEPHATHBHONW TEXHOJIOTMH BOJAONOIBEMA , ONpEJeNeHne MmoTeps Hamopa hg, n xoaddumueHToB TtpeHus &, B
CTPYHHBIX Hacocax, MOBBICHNE Ko duireHTa »keknun K, oT mapameTpa 3akpyTKH S Mo1Boa BOJIBI B IPHEMHYIO
Kamepy CTpYHHOro Hacoca M Ha JJaDOpaTOpHbIC UCIIBITAaHUS THAPOCTPYIHOW HACOCHOW YCTaHOBKH JUIS CEIBCKOXO-
3SUCTBEHHOTO BOJOCHAOXeHUsI U 00BoHEeHUs nacTOuil. [IpuBeeHbI pe3ybTaThl SKCIIEPUMEHTANBHBIX HCCIIEI0Ba-
HUI 1 Ta00PATOPHBIX UCIBITAHUN YKCIICPUMEHTATIBHOTO 00pa3iia YCOBEPIICHCTBOBAHHOMN THAPOCTPYIHON HACOCHOM
ycraHOBKH, pa3pabotanHoil B HAO KasHAY. [lan aHanu3 pe3ynbTaToB CPaBHUTEIBHBIX MCIBITAHUN THAPOCTPYH-
HOW HACOCHOM yCTaHOBKH JUISl JBYX BApUAHTOB TEXHOJIOTMYECKOTO MPOIIEecca: albTEPHATUBHOTO U TPAJULIMOHHOIO C
MIOBBILIIEHUEM IT0JIC3HOH 1oJjauy aIbTEPHATHBHOTO BapHaHTa B 2-4 pa3a, CHIDKCHHEM NoTpeOHoro Hamnopa B 1,5-2 pa-
3a u nossimieHust KITJ B 1,1-2 paza.

Llenbro MCClieIOBaHUsL SIBISIETCS TIOJIyYEHUE PE3YJIbTAaTOB M0 OOOCHOBAHHUIO KiaCCH(UKAIMU THAPOCTPYHHBIX
HACOCHBIX YCTaHOBOK, II0 TPOBEACHHIO OKCIIEPUMEHTAJIbHBIX HCCIEIOBAaHUH M J1a0OpaTOPHBIX HCIBITAHUI
YCOBEPIIEHCTBOBAHHOW THUAPOCTPYHHOW HACOCHOW YCTaHOBKH, paboTaromiedl Mo albTepHATHBHOW TEXHOJOTHUH
BOJIOTIOIBEMA, TIO3BOJIIONICH CHHU3WUTH NMOTPEOHBIH HAIOp HACOCHOM YCTAaHOBKH, MOBBICHTH MOJIE3HYIO MOJAYy U
yBennuuTh KI1/] ycoBepiIeHCTBOBAaHHON THAPOCTPYHHON HACOCHOH YCTaHOBKH.

Ha ocHOBaHMM aHanM3a BBHINOJHEHHBIX pabOT M MATEHTHBIX MCCIIEAOBAHUI MO TEXHOJOTHSAM BOJOIOABEMA U3
MIOJI3MHBIX BOJIOMCTOYHHUKOB THAPOCTPYHHBIMI HACOCHBIMH YCTaHOBKAMHM M Pa3paOOTaHHBIX MO HUM KOHCTPYKIUH,
npeasiokeHa 000CHOBaHHas Kiaccu(UKalus THAPOCTPYHHBIX HACOCHBIX YCTAaHOBOK, KOTOpAs MO3BOJISIET, B 3aBHCH -
MOCTH OT ITOCTaBJICHHOM 3a7jaun, IPaBUIHHO BEIOPATh HEOOXOAUMYIO KOHCTPYKTHBHO-TEXHOJIOTHYECKYIO CXEMY, THII
CTPYHHOTO Hacoca M ero UCIIOJIHEHUE NpH pa3paboTke HE0OOXOAMMBIX 3(P()EeKTHBHBIX THIIOPAa3MEPOB THAPOCTPYHHOM
HACOCHOM YCTaHOBKU.

[IpencraBneHa cxeMa HCHBITATENIFHOTO CTEHJIA M JKCIIEPUMEHTAIBHOrO o00paslia yCcOBEPIICHCTBOBAHHON
THIPOCTPYHHONW HACOCHOM yCTAaHOBKH C M3MEPUTENIFHBIM 000pYAOBaHHEM M MPUOOpaMU IS IMPOBEICHHUS KCIIEPH-
MEHTAJBHBIX UCCIIEIOBAHNHN 1 1a00PaTOPHBIX UCIBITAHUN Ha CTEHIOBO CKBa)KHHE.

KiroueBble cioBa: kiaccupUKaIys, THAPOCTPYITHAS HACOCHAS YCTAaHOBKA, SKCIEPHMEHTAIBHOE HCCIIeIOBa-
HHE, pe3yibTar, 1abopaTopHOe UCTIBITAHNE, CPABHUTEIILHBIN aHAIN3 MCIIBITaHus, ofaya, Harop, KI1/.

BBenenne. B cucTeMe CEILCKOXO3SMCTBEHHOrO BOIOCHAOXKEHHMS M OOBOOHEHMS ©AcTOMII B
Kazaxcrane mns mombéMa BOJBI M3 TOJ3EMHBIX BOJOMCTOYHHKOB paHEE IIUPOKO HCIOIh30BAIUCH
THUIPOCTPYHHBIE HACOCHBIE YCTAHOBKH, COCTOAIINE W3 IEHTPOOEKHOr0 HAacoca, yCTAaHOBIEHHOTO Ha
MTOBEPXHOCTH 3€MJIM U HACOCHOM YacTH CO CTPYHHBIM HAaCOCOM, OMYIICHHBIX BO BHYTPh CKBa)KHHBI IO
JUHAMHYECKUH YPOBEHb BOJBI. [IpEeMMYyIECTBOM KOTOPBIX IO CPaBHEHHUIO C JPYTMMH HACOCHBIMH
YCTaHOBKAMH aHAJIOTUYHOTO HA3HAYCHUS SIBIIAETCS BBICOKAS SKCIUTyaTallMOHHAs HAJIEKHOCTh HACOCHOH
4acTH, a OCHOBHBIM HejoctaTkoM — Huskmii oomuii KI1J[ mo 0,18 — 0,44 u3-3a BBICOKOTO MOTPEOHOTO
JIABJICHUS JJIs1 BBIMIOJTHEHUS! TEXHOJIOTHIECKOTO TIPOIIecca BOIOTIOABEMA, KOTOPhIE MOTYT OBITh YCTPaHEHBI
MOCPEACTBOM HCIIOJIB30BAHUS YCOBEPIICHCTBOBAHHOW THIPOCTPYHHONW HACOCHOW yCTaHOBKH, pa0oTaro-
el 10 aJbTePHATHBHON TEXHOJOTHU BOJOTOIBEMA, TTO3BOJISIONICH CHU3UTH MOTPEOHBIH HAMOpP HAcOC-
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HOM ycTaHOBKH B 1,5 — 2 pa3a, MOBBICUTH NMOJE3HYIO Tofaqy B 2-4 pasza u yBenmauth KIIJ[ B 1,1-2 paza
[1-4]. Knaccubpukamnusi rEapOCTPYHHBIX HACOCHBIX YCTAHOBOK HE pa3padarhiBajach, YTO 3aTPYyIHSIIO
BEIOpaTh dPPEKTUBHYIO KOHCTPYKTUBHO-TEXHOJIOTHYECKYIO CXEMY THAPOCTPYWHON HACOCHOW YCTaHOBKH.
OKCIepUMeHTaIbHBIE WCCIEOBAHAA M JaOOpaTOpPHBIE HWCIBITAHUS IO TEXHOJOTHH BOJOMOABEMA W3
CKB&)XHH C HCIIOJIb30BAHUEM YCOBEPUICHCTBOBAHHOW TMAPOCTPYWHOH HAaCOCHOM YCTaHOBKH HE IPOBO-
TITACH, OJTHAKO MPAKTHYECKOEe MPUMEHEHHE Pa3lelbHO KaXKAOTro MPOIlecca UMEN0 MECTO: TIOJICOC BOMBI
WCIIONB30BANICA B CTPYWHBIX Hacocax [1-4], B TexHomornu 6ecTpyOHOTO BOAOMOABEMA [5] M MOTPYKHBIX
AJIEKTPOHACOCOB CO BCACHIBAIOIINMH YCTpOHCTBaMH [6], B 3pIMU(THRIX BOIOMOABEMHUKAX [7], TIpH 3TOM
WCIIONB30BaHME KaXKJOTO IMpoIlecca MMEET TMOJOKHUTEIbHBIA pPEe3ylnbTaT U aKTyaleH B IPHUKIATHBIX
WCCIIETOBAHUSAX.

Henp uccjenoBaHus: MOTyYEeHUE PEIYIBTATOB 0 0OOCHOBAHUIO KJIacCU()UKAINN THAPO-CTPYHHBIX
HACOCHBIX YCTaHOBOK, IT0 TIPOBEICHUIO SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUN U JTA0OPATOPHBIX UCITBITAHUI
YCOBEPIIEHCTBOBAHHOHN THIPOCTPYHHONH HACOCHOH yCTAaHOBKH, pabOTAIOMIEH 1O aJbTepHA-TUBHOM TEXHO-
JIOTUU BOJOINOABEMA, TMO3BOJSIONIEH CHU3WTH MOTPEOHBIM HANOpP HACOCHOW ycTaHOBKHM B 1,5-2 pasa,
MOBBICUTH MOJIE3HYIO Moaavy B 2-4 pa3a u ysennuuts KIIJ B 1,1-2 pa3za.

Mertoa. B paboTe HCToNb30BaIrCh MATEHTHBIE HCCIIEOBAHNS C 0030pOM pabOT, KOTOPHIE BBITIOMHSIS-
JIUCH TIO CYIIECTBYIOIIAM METOIUKAM: BBISBJICHHEM OJIM3KUX aHAJOrOB, aHAITM30M CYIIECTBYIOIIUX padoT
¥ WCIIONB30BaHUEM HX B pazpaborke [8,9]. DkcreprMeHTalbHBIE WCCISIOBAHUS IPOBOIWINCH II0
M3YYEHHUIO TEXHOJOTHYECKOTO MPOIecca BOJOMOABEMA U3 CKBAXKHH, MTPOTEKAIOIIHIX MTPOLIECCOB B UCIIOIb-
3yEMBIX CTPYWHBIX HACOCaX — OMpeeNieHe IMOauH TOJIe3HON B 3aBUCHUMOCTH OT ITOAAaYH IIEHTPOOSKHOTO
Hacoca, ompefielieHue MoTeph Hamopa W Kod(h(UIIMEHTOB TPeHHsS B CTPYHHBIX Hacocax, KoddQuimenra
MKEKINH U IPOBEPKE TOCTOBEPHOCTH MOMYUSHHBIX TEOPETHYECKUX Mpeanochutok [10].

Pe3yabTaTsel u o6cyxnenne. Ha ocHOBaHMM aHanmM3a BBIMTOJHEHHBIX pa0OT M MATEHTHBIX HCCIENO-
BaHUH O TEXHOJOTHAM BOAOMOIBEMA M3 TOJ3EMHBIX BOJOWCTOYHUKOB THAPOCTPYWHBIMH HAaCOCHBIMHU
YCTaHOBKaMH W pa3pabOTaHHBIX MO HUM KOHCTPYKIIMH, Tpeasio’keHa OOOCHOBaHHAsI KiacCH(UKAIUs
THUAPOCTPYHHBIX HACOCHBIX YCTAaHOBOK (PUCYHOK 1), KOTOpasi O3BOJISET, B 3aBUCHMOCTH OT TIOCTaBJICH-
HOW 3aja4d, MPaBWIIBHO BEIOpaTh HEOOXOAMMYIO KOHCTPYKTHBHO-TEXHOJIOTHUYECKYH) CXEMY, THI
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Pucynok 1 — Knaccuduxarys ruapocTpyiHbIX HACOCHBIX YCTaHOBOK
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CTPYWHOTO HAacoca W €ro HCIONHEHHWE TpHU pa3padoTKe HEOOXOMUMBIX I(PPEKTUBHBIX THIIOPA3MEPOB
THAPOCTPYHHOM HacoCHO# ycTanoBku [1-4,10].

CormacHO 00OCHOBaHHOHW KiIaccH()UKANWK, THAPOCTPYHHBIE HACOCHBIE YCTAHOBKH Pa3IENEeHBI 110
TEXHOJOTHH BOJONOAbEMAa W KOHCTPYKTHBHO-TEXHOJIOTMYECKHM CXEMaM WX HWCIIONHEHUS, OTINYH-
TEIEHBIM TEXHUICCKUM U TEXHOJIOTHIECKUM CIIOCO00aM BOJIOTIOIBEMA Ha THITH M ToATHIE [ 10].

Ha ocnoBannn o6ocHOBaHHOW Kiaccupukammu pazpaboTaH yCOBEPIIEHCTBOBAHHBIN SKCIIEPHMEH-
TaJbHBIA O00pa3zen THIPOCTPYHHOH HACOCHOW YCTAaHOBKH [UISI TPOBEAEHHS OSKCIIEPHMEHTATBHBIX
HCCIICAOBAHUMA U 1a00PaTOPHBIX UCTIBITAHUH.

WcnpiTaTenbHBIA CTEHI M SKCIIEPUMEHTAJIBHBIN 00pa3eln] yCOBEPIIEHCTBOBAHHON THAPOCTPYHHOM
HAaCOCHOHM YCTaHOBKHM OBLIM pa3paboTaHbl i TPOBEACHUS OKCIEPUMEHTAIFHBIX HUCCIEHOBAaHUHN II0
TPaAUIINOHHON W aTbTePHATHBHON TEXHOJIOTHH BOIOMOAbEMA M3 CKBOXKHUH C UCTIOIB30BAHUEM CTPYWHBIX
HAacOCOB /ISl TOACOCa BOABI W aTMOC(EPHOTO BO3IyXa, W MPOBEACHHUS JTaOOpaTOPHBIX HCIIBITAHUN
TUAPOCTPYHHOM HACOCHOM YCTaHOBKHU.

DKCTepUMeHTaIbHbIE HCCIEeIOBAaHUS W J1a00paTOPHBIE HCIBITAHUS JIKCIEPUMEHTAIHLHOrO 00pasiia
YCOBEPILEHCTBOBAHHON THAPOCTPYHHOM HACOCHOM YCTAHOBKM IPOBEIEHBI Ha CHELUUATBHO MHOArOTOB-
JIEHHOM HUCTIBITATEIFHOM CTEH/IE C M3MEPHUTEIHHBIM 000pyToBaHHeM U iprudopamu (pucyHok 2) [10].

PucyHok 2 — CxeMa UCIBITATeIbHOI0 CTeHA M KCIIEPUMEHTANIBLHOT0 00pasiia yCOBEPIICHCTBOBAHHOM
TUAPOCTPYHHON HACOCHOH YCTAaHOBKU C H3MEPUTEIbHBIM 000PYIOBaHUEM U TPUOOPAMHU

UcnbiTarenbHplii cTeH (CM. PUCYHOK 2) COCTOMT M3 LIEHTPOOEKHOro Hacoca 1, BCachbIBaroIIero
natpyOxa 2, éMKOCTH NpUEMHON 3, HAMOPHOTO MaTpyOKa HEeHTPOOEKHOro Hacoca 4, MaHOMETpa LEHTPO-
0eXHOro Hacoca 5, 3aBHKKH Hacoca 6, TpyObl OTBOJAHOHM 7, MaHOMETpa OTBOAHOM TpYObI 8, 3a/IBMKKH
oTBOIHON 9, TpyOompoBoxa Haraeraemoro 10, crpyiiHOro Hacoca Juia moxacoca Boxawl 11, crpyitHOro
Hacoca sl Tococa aTMOC(EpHOTro BO3AyXa, BOJOMOIBEMHOIO TpybonpoBoaa 13, CTeHA0BON CKBaXKHHBI
14, TpyOb1 oTBO#a BOABI M3 €MKOCTH 15, 3aABMKKHM EMKOCTH NpUEMHOM 16, MEepHO eMKOCTH 3amepa
MOJIE3HOH MoAa4u i BapuaHTa 2 17, oTBonHON TpyOBl MepHOH EMKOCTH 18, 3aBIKKHM MEPHOH EMKOCTH
i BapuanTa 2 19, otBogHoro narpyoka 20, MepHOi eMKocTH 115 BapuaHTa 1 21, oTBoagHOM TpyOKu 22,
3aJBIDKKA MEpHOW EMKOCTH AJis BapuaHTta 1 23, 06pa3noBoro MaHOMeTpa CTPYHHOTO Hacoca ¢ OACOCOM
BOJBI 24, 00pa3loBOr0 MaHOMETpa CTPYHHOTO HAcoca ¢ TOACOCOM BO3ayXa 25, BaKyyMMeETpa CTPYHHOTO
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Hacoca ¢ MOACOCOM BO3Iyxa 26, BaKyyMMeTpa CTPYWHOTO Hacoca € IOJCOCOM BO3Ayxa 27 W COelNuHU-
TEJIHHBIX THAPOIIAHTOB MAHOMETPOB M BaKyyMMeTpoB 28,29,30,31.

OKclepUMEHTaNbHBIE MCCIEAOBAaHMS TPOBEJCHBI Ha AKCIIEPHUMEHTAIBHOM 00paslie THIPOCTPYHHOM
HACOCHOI! YCTAHOBKH C LEHTPobexkHbIM HacocoM CP 220 B ¢ mapamerpamu: mogaua Q, = 3-27 M*/4 mpu
Hanope H,= 37,5- 25 M, norpebdmsiemas momuocts N, = 1,7 — 3,2 kBt n KIIJ I], = 0,18 — 0,60 n
CTpYHHBIMH HAacOCaMH C ONTHUMAJbHBIMH MapaMeTpaMy aKTHBHBIX M MAaCCHBHBIX comell: Dg,; =35 MM,
D¢ni=56 MM, D¢, =56 MM, D¢, » = 26,5MM.

Pe3ynbraThl AKCHEPUMEHTAIBHBIX HCCIENOBAHUN TEXHOJIOTMYECKOro Ipolecca TUAPOCTPYHHOMN
HACOCHOHM YCTaHOBKH MPEICTaBlIeHbI TpadukaMu (PUCYHOK 3) - 3aBHCHMOCTH: TOJIE3HOW MOAAYH THIPO-
CTpyHHON HacoCHO# ycraHoBku Q, or momaun Q, ueHTpobOexkHoro Hacoca CP 220 B: Q. - mo
TPaJAMLIMOHHON TexXHOjoruu Bomomombéma (a) BapuadHT 1) u Qg - IO aJbTEPHATHBHON TEXHOJIOIHH
BogonoabEma (a) BapuasT 1) ; Qypy - 10 TPAAMIIMOHHON TEXHOJIOIHH BoxonoabEMa (0) BapuaHT 2) v Qyyy, -
O ANBTEPHATUBHOM TEXHOJIOTUH BOJONIOAbEMA (0) BapHaHT 2).

B pesynpraTe ucCCnenoBaHUN YCTAaHOBJIEHO, 4YTO II0Jada TUAPOCTPYMHOM HACOCHOM YCTaHOBKH
TMIOJIE3HAsT COCTABIISACT: JUIS TPAAUIIMOHHON TEXHOJIOTUN BOAOMOIBEMA (CM. pUCYHOK 3 a) Qjryy = 6-9 M/a
(BapuanT 1) u (cMm. pucyrok 3 6) Qo = 16,2-24,3 Mg (BapuaHT2) ¥ AJIS abTEPHATHBHON TEXHOJIOTHH
BOZIONOABEMA (CM. prc.3a u puc.36) Qi = 24-36 M*/u (Bapuantl) u Q,, = 34,2-51,3 m°/u (Bapuant 2)
MIpY W3MEHEHUH Moavyu [eHTpoOeKHOTro Hacoca oT 18 M¥/a 0 27 m3/a pu BeIcOTax Bojgonoabéma H =
20 — 30 M m ko3 duUIMEeHTe IKEKIUN CTPYWHOTO Hacoca C IMOACOCOM BOABL: s BapwaHTa | Ky =
0,5, nnst Bapuanta 2 K5, = 0,9 [9,10,11,12].
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Qi1 - IO TPAAUIIMOHHOM TEXHOJIOTHU BOJOTOABEMA (a) BapHaHT 1) U Q |,y - 10 aNBTEpPHATHBHOMN TEXHOIOTHH
BoZonoasEMa () BapuadT 1) ; Qypyq - IO TPAIUIIMOHHON TEXHOJIOTHHU BoonoabEéMa (0) BapuaHT 2) U
Qory - TIO AJIBTEPHATUBHOM TEXHOJIOTHH BoponoabéMa (0) BapraHT 2)

PucyHok 3 — 3aBHCHMOCTH NOJIE3HOH MOJa4X THAPOCTPYHHON HACOCHON YCTaHOBKU
Q. ot momauu Q, nenTpobexHoro Hacoca CP 220 B

JloCTOBEPHOCTh TEOPETHYECKUX (OpMyII, NPUBEAESHHBIX Ha rpadukax 3aBucumocteir Q. = f(Q,),
MOATBEP>KICHBI AKCIIEPUMEHTANIBHO ( pacxokaeHue He npesbimaeT 3-5%). U3 rpadukos (cMm. puc. 3 a) u
0) SIBHO MPOCJIC)KUBACTCS IPEUMYIIIECTBO aIbTEPHATUBHON TEXHOJIOTUH BOJIONOIbEMA C HCIIOIb30BAHUEM
YCOBEPIIIEHCTBOBAHHONW THUJIPOCTPYWHOM HACOCHOM YCTAHOBKM 110 CpPAaBHEHUIO C TPaJAMIIMOHHOUN
TEXHOJIOTHH BOJIOTIONbEMA.

Pe3ysnbraThl McclieoOBaHMA MO ONPEIESNICHUIO OTeph Hanopa Ng, U KOIPPHUIUECHTOB TpeHUS i B
CTPYHHBIX Hacocax THJIPOCTPYHHON HACOCHOW YCTaHOBKH MpPEJCTaBICHBI TpadukaMu 3aBUCUMOCTEN hyi,
Ewi =f(Qruyi) 474 IBYX BapHaHTOB HACOCHBIX YCTAHOBOK: CEJIbCKOXO3AHCTBEHHOTO BOJOCHAOXKEHUS
(BapuaHT1) TpU NPOEKTHOM Mojaye HACOCHOH ycTaHOBKM Q, = 25 M°/u (puCyHOK 4) M 0OBOJHEHHS
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nacTéum (BapuaHT 2) NP MPOEKTHOM Iojaue HACOCHOM ycTaHOBKH Q. = 3,6 M°/u (pucyHOK 5), u3
KOTOPBIX CJIEYET, YTO MOTEPU Hamopa h.,i B CTPYHHBIX HACOCaX C YBEIUYCHUEM IOJaY THIPOCTPYHHON
HACOCHOW yCTAaHOBKH Qi YBEIMYUBAIOTCSA HPH IOCTOSHHOM 3HAYCHHHM UX OCHOBHBIX IIapaMeTPOB —
BHYTPEHHUX JUAMETPOB aKTHBHBIX coren D.,j =const, KOTOpbIE COCTABWIIH sl TUAPOCTPYHHOM HACOCHOM
YCTAHOBKHU CEIIbCKOXO3SHCTBEHHOTO BOJOCHAOKEHHS (BapHAHT 1) MPH M3MEHEHHH TOa4H 0T 25 M°/4 10
61,3 M3/a hg= 1,2m - 6,ImM u &,,=3,4-3,6, a Ui TUAPOCTPYHHOW HACOCHOW YCTaHOBKH OOBOJHECHUS
nacTOuII (BapraHT 2) Ipy U3MEHEHHUH I10ja41 OT 3,6 M/a 10 10,3 M/ahy,=02 M- 1,6 M1 &en=3,4-3,6.

PacxoxneHus SKCIIePUMEHTANBHBIX 3HaUCHUH h.y U &y OT TEOpPETUYECKUX HE MpeBbImarT 2-3 %.
DKCIIEPUMEHTAIBHO OTPEJIeNICHbl BAKYYMHBIC HATIOPHI B CTPYWHBIX HACOCAX C MOJCOCOM BOJABI Hyy W C
moicocoM atMocdepHoro Bo3nyxa Hy,o , KoTopbie cocraBuiu oT 1,38 M 10 7,5 M ipu CpeTHIX 3HAYCHHUIX
COOTBETCTBEHHO 1,9 M 1 5,8 M. Jl0oCTOBEpHOCTh TEOPETHUECKUX (POPMYJ MO ONPEACICHUIO BAKYYMHOTO
Harnopa Hyyq ¥ Hyo , TOATBEPIKACHO DKCIIEPUMEHTATIBHO (PACXOXKICHHUE COCTABIAET 10 3-5%).
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TEOPETHYECKUE ------- - 9KCTIepHMEHTAIIbHBIE
Pucynok 4 — 3aBucumocty moTeps Haropa h,; 1 k03¢ GuIHeHTOB TpeHuUs i B CTPYHHBIX HAcOCax
OT o191 Qi THAPOCTPYHHON HACOCHON YCTAHOBKH CENBCKOXO3IUCTBEHHOTO BOTOCHA0KEHUS (BapuaHT 1)
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TEOPETHIECKHE ------- - 9KCTICpIMEHTAIbHBIE
PucyHok 5 — 3aBucumocTty mmoteppb Hamopa h, 1 k03¢ dureHToB TpeHus &.,; B CTpyHHBIX Hacocax
OT noAa4u Qi THAPOCTPYHHON HACOCHOH YCTaHOBKM OOBOJHEHHs MACTOMII (BapHaHT 2)

HccnenoBanus MO3BOJIMIM BBISBUTH, YTO JIOCTHTAEMbBIH TOJOKUTEIBHBIA 3((EKT B KOHCTPYKIHH C
BHUXPEBEIM IOJIBOJIOM BCACBIBAEMOH KHUJIKOCTH 3HAYUTEIBHO OOJBIIE, YeM IS KOHCTPYKIIUU C OOBIYHBIM
MIPSIMOTOYHBIM TIOJTBOZIOM, Ha OCHOBAaHWHM YEeT0 MOXKHO IOJIaraTh O MPEAMOYTHTEIHFHOCTH TMPUMEHEHUS
JAHHON KOHCTPYKIIMHU B CITydasix, KOT/Ia TpeOyeTcs YBEIUYUTh [T01ady CTPYHHOTO Hacoca.
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[Tonarasi, yTo KO03((GUIMEHT PKEKIUU 3aBHUCUT OT MHTEHCHBHOCTH TEpeNadyd dHEPruH aKTUBHOTO
MOTOKA MMACCHUBHOMY, 3aKJIIOUWIIM, YTO 4eM OOJIbIlle aKTUBHBIH MOTOK NEPENACT KHHETHYECKYIO SHEPTHIO
MACCUBHOMY, TeM 3((EeKTHBHEE HCIONb3YETCSI MOBEPXHOCTh AKTUBHOW CTPYH, KOTOpas SBISIETCS
paboueii, TeM Oomblie 3HaueHUe Kodhpunnenrta »xekuuu [11,12].

OKcliepuMeHTaNbHBIE TaHHBIE TTOKA3alH, YTO 3aKpYTKa BCACBIBAEMOTO MOTOKA OKAa3bIBAET CHIIBHOE
BIIMSHHE HA paboyne XapaKTePUCTUKU CTPYHHBIX HACOCOB.

[Ipn yBenuueHnn CTENEHN 3aKPYTKH YBEIMYMBACTCS MHTEHCUBHOCTH CMEUICHHS ITIOTOKA, BO3HUKAIOT
OosblLIMe TpaJUEHTHl AaBJICHUS B PaJidaIbHOM W OCEBOM HAIPABJICHHUSAX, YTO MPUBOIUT K YBEIHMUYCHHIO
KO3 pHUITEHTA IIKEKITHH.

Kpome Toro, kpurepuem OIEHKH MOBBIIIEHHS Kodddummenta »»keknnu K s 3aKkpydrBaromiero
(BuxpeBOro) crmocoda MoABoAa BOJBI B MPUEMHYIO KaMepy MAaCCUBHOTO COILIA CTPYHHOTO Hacoca SIBIISETCS
napameTp 3aKpyTKU S (PHUCYHOK 0).

[Tapametp 3akpyTku S mpencTaBisieT co00i Oe3pa3MepHOe OTHOIIEHUE 0CEBOM KOMIIOHEHTHI TIOTOKA
MOMEHTA KOJIMYECTBA JBIDKCHUS K MPOU3BEJICHUIO OCEBOH KOMITOHEHTHI MOTOKA KOJIMYECTBA JIBIKCHUS U
SKBHUBAJICHTHOTO pazauyca comuia [9]. [lapamerp 3akpyTKM TakKe MOXKET OBITh NPEACTABICH B BHUJE:

G/2
_1-(G/2y _ . .
S= , e G = U, /U, - oTHOIIEHHE OKPY)KHOH KOMITIOHEHTBI CKOPOCTH K OCEBOIA .
qa
0,8
0’7 0-A/=0
®-A/=10
0.6 ®-A/=20
0.5 [-A/=30
5
0.4
0,3
0,2
THI 2.
0,1 ;74 T
A |
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Pucynok 6 — 3aBucumocTs ko3¢ ¢unmeHTa xekunu K, ot mapamerpa 3aKpyTKe S IS 3aKpYYIHBAIOIIETO
(BuxpeBoro) crocoba 1o1Bo/1a BO/bI B IPUEMHYI0 KaMepy ITaCCHBHOTO COILIa CTPYIHOro Hacoca

Ha rpadukax (cMm. puc.6) naHbl 3KCIIEPUMEHTAIbHBIC 3aBUCUMOCTH Koddduiuenta »xekiuu K, ot
napaMmerpa 3aKpyTKH S /ISl 3aKpYYHBAOIIEro (BUXPEBOT0) Crocoda Mo B0Ia BOAI B MPUEMHYIO KaMepy
MACCHBHOTO COIUIa CTPYWHOTO HAacoca MPU Pa3HBIX 3HAYCHUSX PACCTOSHUS OT aKTHBHOTO COIUIA JIO
cmecutenbHOM Kamepsl AL = 0;10 mm; 20MM 1 30 MM , U3 KOTOPBIX CIEIyeT , 4TO Kod(QHImeHTa
a»kekuu K, moBwimaercs mpu Bcex 3HaueHUsX Al mpu yBenmuveHuW napamerpa 3akpytku S go S=0,20
(KpUTHYECKOTO 3HAYEHHs), TOCIEe Yero AallbHEeHIlee yBEIMYCHHE MapaMeTpa 3aKpyTKH HE BIHSIET Ha
yBenuueHne Kodpduimenrta 3KeKIun, MaKCUMaTbHBIN KodpduireHT »kekunu K, mamensercs or 0,52 1o
0,76, ontumanbHOE 3HaueHne AL = 20 Mm.

JlaHbl pe3ynbTaThl 1a0OPaTOPHBIX CPABHUTEILHBIX UCIIBITAHUN THIPOCTPYHHONH HACOCHOW YCTaHOBKHU
C MCIIOJIb30BaHKEM HEHTpoOekHOro Hacoca CP 220B st 1ByX BapHaHTOB TEXHOJIOTHUECKOTO IMpoliecca
(TpaIUIIMOHHOTO M aJFTEPHATHBHOTO) /ISl CENbCKOXO3SICTBEHHOTO 1 MacTONIIIHOTO BotocHab)eHus [15].

JlaboparopHble UCTBITAaHHUS TOKA3aJIM, YTO THAPOCTPYHHAS HACOCHAs YCTaHOBKA JUIS CEIIbCKOXO-
3SIMICTBEHHOTO BOJIOCHA0KEHHUS 10 aJIhTEPHATHBHON TEXHOJIOTUU BOJOMNOIBEMA MPEBOCXOAHUT IO BCEM
napameTpaM THIPOCTPYHHYIO HACOCHYIO YCTaHOBKY, paOOTamoled Mo TPaJAuIMOHHONH TEXHOIOTHH
BOJONMOABEMA: Mofavya onTHMalibHas Qlra =24-36 M>/4 BBIIIE Qlrul =6-9 M/a B 4 pa3za, moTpeOHbIi
Harnop Hy, =12,5-18,75m mmxe Hyy =25-37,5 M B 2 paza; ontumansroe 3Hauenue KI1J] I] 1ra=0,38-0,40
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Boime 1]5,,;=0,19-0,20 B 2 pasa. B pesynbTare CpaBHUTEIBHOTO aHanu3a JokazaHa 3(QeKTHBHOCTH
WCTIONB30BaHMs THAPOCTPYHHOH HACOCHOM YCTaHOBKHM, Pa0OTaloLIe MO albTepHATHBHOW TEXHOJOTHH
BomomnoasEma [10].

JlabopaTopHble UCTIBITAHUS TMOKA3ald, YTO TUAPOCTPYHHAs HACOCHAs yCTAHOBKA Ul MACTOMIHOTO
BOJIOCHAOKEHHS MO ANbTEPHATUBHOW TEXHOJIOTUH BOJOMOABEMA TAaKXKe MPEBOCXOJUT MO BCEM MapaMeT-
paM THAPOCTPYHHYIO HACOCHYIO YCTaHOBKY, pabOoTaromiel 1Mo TpaJguIMOHHON TEXHOJIOTHH BOIOTIOAbEMA!
nogada onTuManbHas Q.. =34,2 -51,3 M>/4 BBIIIE Q, 1 =16,2-24,3 M/a B 2,1 pasa, noTpeOHBII HaIOP
Hyy =12,5-18,5m ke Hyy =25-37,5 M B 2 paza; ontumanshoe 3HaueHue KII/ ] »4,=0,55-0,57 Bbime
N2r1=0,52-0,54 B 1,1 pasza. B pe3ynbraTe CpaBHUTEIBHOTO aHamu3a Joka3aHa 3(QdeKkTUHBHOCTD
WCTIONF30BAHMS THUAPOCTPYHHOW HACOCHOW YCTaHOBKH Ui OOBOAHEHWs macTOumi, padoTaromieil 1mo
aIbTEPHATUBHON TEXHOJIOTHH BogonoasEMa [10].

BuiBoasl. 1. B pesynbrate npoBeAEHHBIX SKCIIEPUMEHTAIBHBIX HCCIIEAOBAHUN YCOBEPIICHCTBOBAH-
HOTO 00pasma TuAPOCTPYHHONH HACOCHOW YCTaHOBKHM OIPEAETICHBl 3aBUCUMOCTH TOJa4d THIPOCTPYHHON
HACOCHOM yCTaHOBKH ToJie3HOU Q. oT momaum Q, meHTpobdexHoro Hacoca CP 220 B mnsa Bapmanrta 1 u
BapHaHTa 2 TEXHOJOTHMYECKOro Mpolecca Mpu UCMOIb30BaHUM CTPYWHOTO HAacoca ¢ MOJCOCOM BOJBI U OT
COBMECTHOTO HCITIOJIb30BaHMsI CTPYHHBIX HACOCOB C IOJCOCOM BOIBI M aTMOC(HEPHOTO BO3/IyXa, KOTOpPHIE
MOKa3ajdl TPEUMYIECTBO THAPOCTPYHHOW HACOCHOM YCTaHOBKH, pa0OTaromied 1o ajlbTepHATHBHOU
TEXHOJIOTHH BOJONOIbEMA B yBearueHUM mnosiesHod momauu u KIIJ| u cHMkeHuM MOTpeOHOro Hamopa
HAacoCHOU ycTtaHOBKH Hray.

2. Ha ocHOBaHuM 1a00paTOPHBIX CPABHUTENBHBIX HCIBITAHUN THAPOCTPYHHOW HACOCHOW YCTaHOBKH
C HCIOJIb30BaHUEM IIeHTpoOekHOTro Hacoca CP 220B s 1ByX BapHaHTOB TEXHOJOTMYECKOTO MpoIecca:
TPAAULIMOHHOTO U AJIbTCPHATUBHOI'O JJIA CEJILCKOXO3SIHCTBEHHOTO BOI[OCH36)KGHI/ISI u O6BOILHCHI/I$I nact-
omi nokazaHa 3(PPEeKTHBHOCTh €€ WCIOJIB30BAHMA 0 ANBTEPHATHBHON TEXHOJOTHH BOJOMOABEMA IO
CPaBHEHHUIO C TPATUIMIOHHOW B CHW)KEHHH TOTpeOHOro Hamopa B 1,5-2 pasa, TOBBIIICHWH IOJIE3HOM
nonayu B 2-4 paza u yBenanuenuu KIIJ[ B 1,1-2 paza.

II. A. Adapemios, A. E. Anausposa, E. T. Kaiin6aes
«Kazak ynTThIK arpapisik 3eptrey yHuBepcuteTi» KEAK, Anmatsl, Kazakctan
KETUILAIPUITEH THAPOAFBIH/AbI COPAII KOHABIPFBICBIH 3EPTTEY HOTHUXEJIEPI

AnHoTanusi. FputbIME Makana THIpOarbIHIBI COpall KOHIBIPFBUIAPBIH XKIKTEYIi HETi3feyre, >KeTLLIipiireH
THAPOAFBIHBI COpar KOHIBIPFBUIAPBIHBIH TOKIPUOEIIK YITiCiH *KacayFa OarbITTalFaH, SKCIEPHUMEHTTIK 3epTTeyIIep
KYPrisy — ASCTYpi koHe OallaMa cy KeTepy TEXHOJOTHSCBIMEH MXYMBIC ICTEHTIH COPFbI KOHJBIPFBICHIHBIH €Ki
HYCKAcChl YIIIiH MaifanaHpuIaThiH Q,, OPTAIBIKTAH TENKIII COPFBIHBIH OepiyiHe OaiyaHbICThl Maiaaisl Q,,, aHBIKTAY,
aFbIH/IBI COPFBLIAFI hy KBICHIM IIBIFBIHBIH JKoHE &y yiikenic koa(pduiuenTrepin aikpinaay, K, akexuus kodd-
(UIMEHTIH aFblHABI COPFBIHBIH KaObUIIAy KaMepachlHa Cy OepymiH S Oypbuly mapaMeTpiHeH JKOHE aybulmapya-
LIBUTBIFBI CYBIMEH JKaOJbIKTayFa KOHE KaWbUIBIM/bI CyJaHJbIPyFa apHalFaH T'MAPOAFbIHABI COpan KOHIBIPFBICHIH
3epTxaHaibIK chiHaKTaH oTKizy. «Kaz¥YAVY» KEAK-ma a3ipieHreH KeTinIipiiireH THAPOAaFsIHABI COPaIl KOHIBIPFBICHI
SKCIEPUMEHTTIK 3epTTeyjiepi MEH 3epTXaHa ChIHAKTAPBIHBIH 3KCIIEPUMEHTTIK YITICIHIH HOTIDKENepi KenTipiiareH.
TexXHOMOTHSAIIBIK MPOIECTIH €Ki HYCKAchl: OalaMa HYCKAaHBIH Maiinansl OepinyiH 2-4 ece apTTHIPY, KAKETTi KBICBIMIBI
1,5-2 ece Temenzery xaHe [1OK 1,1-2 ece apTThIpy HeriziHzae O6anama >koHE ASCTYPIIi TMAPOAFBIHIBI COparl KOHJIBIP-
FBIHBIH CaJIBICTBIPMaJIbl CHIHAKTAPBIHBIH HOTIDKEIIEPiHe TalIay sKacajbl.

3epTTeyniH MakcaThl — THJPOAFbIHJBI COpall KOHJBIPFBICHIH KIKTEYJl HEri3zey, COPFbl KOHIBIPFBICHIHBIH
KaQXETTi KBICBIMBIH TOMEHIETYTE, Maialibl OCPUIICTI apTTHIPyFa XKOHE XKETUIIPUITeH THAPOAFBIHIIBI COpaIl KOHIBIP-
FBICBIHBIH THIMJIUIITIH apTThIpyFa MYMKIHAIK OepeTiH OajlaMa Cy KeTepy TEXHOJOTHACBIMEH KYMBIC ICTEHTIH XKeTi-
JUpLITeH TUAPOAFBIH/IBI COpal KOHJIBIPFBICHIHA TIXIPHOEITiK, 3epTXaHalIBIK 3€PTTEYJIEp XKYPTizy.

JKyMbICcTa KOJIAHBICTaFbl djlicTeMe OOWBIHINA OpPBIHJAJIFAH KYMbICTApFa IIONY jKacay apKbUIbl MATEHTTIK
3epTTeyliep NaijaJaHbUIIbl: KaKbIH aHAJOTTap/bl aHBIKTAY, KOJJAHBICTaFbl )KYMBICTApAbl TANJAy JKOHE OJiapbl
a3ipreyze naiganany.

Toxipubenik 3epTTeyiep YHFBIMaaH Cy KOTepyIiH TeXHOJOTHSUIBIK IPOIECiH, MaiifanaHblIFaH aFbIHIBI COP-
FBIAAFBI IIpOIecTepi 3epTTey OOMBIHIIA KYPTi3iIli, SFHA OpTa TETKIII COPFBIHBIH OepiTyiHe OaiIaHbICTHI Al allbl
OepiicTi aHBIKTAy, aFbIHIBI COPFBIAAFbl KBICBIM MEH YHKemic Kod()PUIMEeHTTEpiHIH KOFATybIH, dKeKIusd K03 pu-
LMEHTIH aHBIKTAY JKOHE aJIbIHFaH TEOPUSUIBIK AYPBICTHIFBIH TEKCEDPY.

20
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I'mapoarblHABI cOpan KOHABIPFBIIAPHIMEH JKOHE COHBIH HETI3iHIe jKacalFaH KOHCTPYKLMSMEH >KEpacTbl Cy
KO31HEH Cy TapTy TEXHOJIOTHsJIapbl OOMBIHIIA OPBIHAANFAaH XKYMBICTAp MEH IaTCHTTIK 3epTTeyJIepli Tajlaay HeriziH-
Jie TUAPOAFBIHABI COpal KOHIBIPFBUIAPBIHBIH HET13/IeNTeH XKIKTeMeCi YCHIHBUIFaH, aTajliFaH MiHJIETKe OaiIaHbICTHI
KaXKETTI KYPBUIBIM/IBIK-TEXHOJIOTHSJIBIK CXEMaHBbl, aFbIH/BI COPFBI TYPIH JKOHE TMAPOAFBIHIBI COpal KOHABIPFHICHI-
HBIH K2XXETT] THIMI1 OJIIIEMIH 93ipJiey e OHBIH OPBIHAATYBIH JYPbIC TaHAAyFa MYMKIHAIK Oepeni.

ChIHAK CTEHIIIHIH CXeMachl KoHE CTCHATIK YHFBIMaJa SKCIICPUMEHTTIK 3epTTeyJIep MEH 3ePTXaHaJbIK CHIHAKTAP
KYpriyre apHailfaH eimey JKaOOBIKTapsl MEH acmanTapsl  Oap OKETUINIPUITeH THUAPOAFBIHIBI  COpall
KOHIBIPFBICHIHBIH SKCIIEPUMEHTTIK YITiCi YCHIHBUTFaH.

Tyilin ce3mep: XikTey, THAPOAFBIHABI COpAll KOHABIPFBICH, TKIPHOENIK 3epTTey, HOTIDKE, 3EepPTXaHAJBIK
CBIHAK, CaJIbICTHIPMAJIbl CHIHAK TaJAAyhl, KbICHIM, [IOK.

Sh. A. Abdreshov, A. E. Aldiyarova, E. T. Kaypbaev
Non-profit joint stock company Kazakh National Agrarian Research University, Almaty, Kazakhstan
RESEARCH RESULTS OF THE IMPROVED HYDRAULIC JET PUMPING UNIT

Abstract. The scientific article is aimed at substantiating the classification of hydraulic jet pumping units,
developing an experimental model of an improved hydraulic jet pumping unit, conducting experimental studies -
determining the useful flow Qra depending on the flow rate of the centrifugal pump used Qu for two variants of the
pumping unit operating according to the traditional and alternative technology of water lifting, determination of the
head losses hchi and friction coefficients EcHi in jet pumps, increasing the ejection coefficient Ke from the swirl
parameter S of water supply to the intake chamber of the jet pump and laboratory tests of the hydraulic jet pumping
unit for agricultural water supply and irrigation of pastures. The results of experimental studies and laboratory tests
of an experimental model of an improved water-jet pumping unit, developed at NAO KazNAU, are presented. An
analysis is given of the results of comparative tests of a hydraulic jet pumping unit for two variants of the
technological process: an alternative and a traditional one with an increase in the effective supply of an alternative
option by 2-4 times, a decrease in the required pressure by 1.5-2 times and an increase in efficiency by 1.1-2 times.

The aim of the study is to obtain results to substantiate the classification of hydraulic jet pumping units, to carry
out experimental studies and laboratory tests of an improved hydraulic jet pumping unit operating according to an
alternative water lifting technology, which allows to reduce the required head of the pumping unit, increase the
useful flow and increase the efficiency of the improved hydraulic jet pumping unit.

The work used patent research with a review of works that were carried out according to existing methods:
identifying close analogues, analyzing existing works and using them in development. Experimental studies were
carried out to study the technological process of water rise from wells, the processes occurring in the used jet pumps
- determining the useful flow depending on the flow of a centrifugal pump, determining the pressure losses and
friction coefficients in jet pumps, the ejection coefficient and checking the reliability of the theoretical assumptions
obtained.

Based on the analysis of the work performed and patent research on technologies for lifting water from
underground water sources by hydraulic jet pumping units and designs developed for them, a substantiated
classification of hydraulic jet pumping units is proposed, which allows, depending on the task at hand, to correctly
choose the necessary structural and technological scheme, type of jet pump and its implementation in the
development of the required effective standard sizes of the hydraulic jet pumping unit.

The scheme of the test bench and the experimental model of the improved hydraulic jet pumping unit with
measuring equipment and instruments for conducting experimental research and laboratory tests on a bench well is
presented.

Key words: classification, hydraulic jet pumping unit, experimental study, result, laboratory test, comparative
analysis of the test, flow rate, head, efficiency.
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HYDROLYTIC REGULATION OF COMPONENT PROPERTIES

Abstract. The article provides an assessment of the dairy farming need in the Russian Federation and the
Republic of Belarus in calves feed. The main global trends aimed at providing young animals with high-quality food
means are considered.

Various variants of directed hydrolysis of calf milk replacer (CMR) protein components intended for feeding
young animals in the first months of life are analyzed.

The possibilities of reducing the soy proteins antigenic activity, which are widely used at present in the CMR
formulations for feeding young farm animals, are discussed.

The results of experimental work and patents are presented, which describe the most widely used approaches to
the production of enzymatic hydrolysates of proteins with desired properties, as well as the assessment of their
biological activity and immunochemical properties. The issues of using various enzyme preparations of bacterial,
fungal and animal origin for hydrolysis of colostrum proteins and plant sources of protein raw materials for the CMR
production are considered.

Key words: CMR, soy proteins, hydrolysis methods, anti-nutritional substances, antigenicity, immunoglobu-
lins, bacterial proteases.

Introduction. Optimization of the dairy herd development is largely determined by the cow’s
lactation duration, the availability of a forage base that provides balanced nutrition for animals of different
age categories. In particular, in order to increase the commercial milk production, an annual replenishment
of young animals in a dairy herd is required at the level of about 40 heads per 100 cows, and one calf
needs to be fed balanced nutritional components equivalent to 300-350 liters of milk. Based on this and
taking into account the total number of cows, the milk needs for feeding calves in the Russian Federation
is 1.3 million tons, and in the Republic of Belarus - 0.4 million tons [1,2].

The determining factors for effective calves rearing are their health state, as well as the weight and
age of the first calving, which largely depends on the colostrum and feeds quality in the first three months
of life [3].

Soy proteins characteristics for calf milk replacer (CMR). In order to increase the milk
marketability and the economy of agricultural production, calf milk replacers (CMR) are used for feeding
young animals. Their release is carried out using a variety of technologies [4], which have their own
advantages and disadvantages. The desire to improve the balance and nutritional value of CMR is the
subject of ongoing research in this area, especially in the search for new sources of raw materials and
biotechnological methods of their directed transformation. The development of research and theoretical
generalizations in the field of new competitive feed types for young agricultural animals is relevant,
including by obtaining products of higher quality, as well as the selection and implementation of optimal
for this dehydration technology methods, resource and energy conservation [5,6].
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In particular, to achieve the above goals and expand the range of functional properties, a promising
direction is the use of specially treated soybean seeds. When creating and optimizing the composition of
such specialized products, certain advantages can be achieved due to biotechnological transformation of
components based on their fermentation [7]. This is due to the fact that this process, as is known [8,9],
causes the proteins degradation with the formation of peptides with different molecular weights. This
approach can be rather effective method for modifying the CMR protein components in the desired
direction.

In addition, it should be borne in mind that a significant factor affecting the CMR protein components
guality are their antigenic properties, the level of which can also be regulated by enzymatic treatment [10].

Soybean antigenic proteins include glycinin and B-conglycinin. When feeding young agricultural
animals with diets containing soy protein, a small part of it is not digested and through the gaps between
the terminal epithelial cells falls into the lymph and blood. These molecules, possessing significant
antigenic activity, stimulate the immune system, leading to the occurrence of specific antigen-antibody
reactions and delayed hypersensitivity mediated by T-lymphoid cells. Therefore, at present, the goal of
research is to develop methods for reducing the soy proteins immunoreactivity. Several strategies have
been developed to prevent food allergies, including feed handling and plant breeding. These researches
indicate, inter alia, that certain types of immunomodulators, such as vitamin C and linoleic acid, can
specifically block the IgE-mediated anaphylaxis, which may provide new insights into effective soy
allergy prevention, and possibly other many food allergies [10].

In work [11], the antigenic soybean seeds activity subjected to heat treatment by boiling for 30 and
60 minutes was studied. It has been shown that heat treatment reduces the soy proteins ability to bind IgE,
which contributes to an increase in the end products safety.

In work [12], the content of glycine protein in industrial soy products, which is an immunodominant
soy allergen, was studied. Soy flour gave the highest protein antigenicity (32 mg/g of extracted protein),
and soy protein isolate and concentrate, respectively, 29 mg/g of extracted protein and 24 mg/g of
extracted protein. Among soybean consumer products, soy milk showed the greatest antigenicity, varying
from 7 to 23 mg/g of extracted protein, followed by pace (8 mg/g of extracted protein), soy infant formula
(3.4 mg/g of extracted protein) and soy "cheese products” (0.50 mg/g of extracted protein). In consumer
products such as Korean miso, soy sauce, soy nuts, "soy meat" hamburgers, textured soy protein,
antigenicity (detection limit = 0.45 ng) was not found [12].

It is significant that soy products subjected to severe heat treatment under high pressure (texturates)
and fermented soy products (soy sauce) show a minimum level of antigenicity.

In connection with the above, these studies confirm that the use of protein hydrolysis technologies is
of significant interest in the creation of new CMR types.

In general, the destruction of biopolymers by enzymes is one of the fundamental phenomena in
nature, freeing structural elements for the new biopolymer molecules synthesis. Hydrolysates are widely
used in food production, including as biologically active food additives, special food and feed products
and ingredients. Hydrolysis technologies make it possible to more efficiently use of waste products that
process agricultural raw materials.

In the patent literature for the soybean enzymatic hydrolysates production, various enzymes and
technological methods are proposed that provide products with the specified properties.

There is a known method for intensifying mass transfer processes for obtaining a protein hydrolyzate
from soy flour, which consists in preparing a suspension with a dry matter content of 6-12%, suspension
hydrolysis with a mushroom protease to a hydrolysis degree of 20-40% and subsequent hydrolysis with
papain to hydrolysis degree of 30- 45%. The total duration of the hydrolysis is 2.5-4 hours. The resulting
hydrolyzate is separated and dried to a moisture content of 9.4%, the product contains 65-68% crude
protein [13].

To obtain a protein hydrolyzate from soy flour, a method is proposed [14], processing flour from
cereals, legumes and oilseeds, or a mixture thereof for enzymatic treatment when obtaining protein
hydrolysates, including grinding the specified flour to a particle size of at least one dimension less than
50 microns, with provided that at least 50% of these particles are less than 25 microns in size.

The known method [15] of soy product obtaining, based on the hydrolysis of soybean raw materials
suspension by pectinase and cellulase for 5 hours. The resulting product contains 22% of sugars, while
their content in the starting material is 0,77%.

—— 94 ——
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The patent [16] describes the preparation of a milk replacer from vegetable protein and carbohydrate
sources using an enzyme having multiple carbohydrase activities.

To obtain protein-carbohydrate solutions, mixtures of enzyme preparations with both proteolytic and
cellulase or amylase activities are also used. Thus, the patent [17] proposes a method for obtaining soluble
(not forming colloidal masses) proteins fractions and carbohydrates by sequential hydrolysis of proteins
and carbohydrates.

According to the method [18], the components are extracted from a pre-barothermally treated raw
material with a developed surface area, which facilitates the enzyme's access to the attack sites. In the
described process, the initial substrate concentration during enzymatic hydrolysis can reach 25-30%,
which leads to the formation of more concentrated protein and carbohydrate nature products.

The characteristic methods described above, naturally, have their advantages and disadvantages. At
the same time, the variety of approaches in order to ensure effective soybean components
biotransformation by fermentation indicates that the achievement of truly optimal solutions in this area is
still ahead and requires further research.

In the literature, the regularities and properties of soy protein hydrolysates are investigated, aimed in
particular at reducing the soy proteins antigenic activity.

In a review article [8], the physicochemical, organoleptic, immunochemical (residual antigenicity)
characteristics of proteins enzymatic hydrolysates from various sources are given. It is argued that the
necessary decrease in the hydrolysate’s antigenicity used in the hypoallergenic food products composition
for medicinal purposes is achieved at values not higher than 10 relative to the original protein
antigenicity, which requires a membrane ultrafiltration stage.

In the work [19], enzymatic hydrolysis of defatted soy flour was carried out with three different
proteases (Flavourzyme 1000 L, Novozym FM 2.0 L, and Alcalase 2.4 L FG). The highest hydrolysis
degree (DH 39.5) was observed with the Flavourzyme enzyme. Soy flour hydrolysates have been used to
study the functional proteins properties (foaming and gel formation). Hydrolysis with Flavourzyme
enzyme showed the best foaming and gelling properties of soy proteins. It was also found that the
enzymes used degraded both conglycinin and soybean glycinin. During fermentation with Alcalase and
Novozym proteases, the highest concentration of the following free amino acids was observed in the
hydrolyzate - histidine (30%), leucine (24%) and tyrosine (19%), and during Flavourzyme hydrolysis -
arginine (22,1%), leucine (10,6%) and phenylalanine (12,9%) [20].

Of interest are studies aimed at studying the immunomodulatory protein hydrolysates properties.

In particular, in the study of soy protein hydrolysates with a degree of hydrolysis from 42% to 87%,
obtained using such enzymes as Alcalase, Flavourzyme, Trypsin, Papain, Protease A and Peptidase R, it
was shown that the maximum immunomodulatory activity is positively charged peptides [21]. Such
peptide mixtures are promising for use in specialized products with high immunomodulatory activity.

The research carried out in this direction is complemented by the joint work of specialists of the
Federal Research Center for Nutrition and Biotechnology and All-Russian Scientific Research Institute of
Dairy Industry on the soy protein isolate hydrolysis by the pancreatin enzyme in a protein/enzyme ratio of
50:1 and 20:1 (by mass proportion of dry matter). Fermentation was carried out at a temperature of
(50+1 °C) with constant stirring, the pH of the reaction medium was maintained in the range of 7,4-7,6 by
potassium and sodium hydroxide solutions titration in a ratio of 2:1 for 5 hours, and sampling for
chromatographic analysis was carried out after 1,3 and 5 hours. The enzyme was inactivated by heating
the mixture to 75 °C for 15 minutes. Then the mixture was centrifuged for clarification [21].

The obtained results served as the basis for the development of a soy protein hydrolysate pilot batch
in order to develop technological modes in semi-industrial conditions.

For hydrolysis, as well as in laboratory studies, a 5% solution of soy protein isolate was used. The
hydrolysis was carried out in a circulating mode using a setup equipped with a reservoir with a stirrer and
a thermal shirt, as well as a dispersant with a built-in centrifugal pump. The process was carried out by
dissolving soy protein isolate in water to obtain a solution of 5% concentration. The enzyme pancreatin
was added to the soy protein isolate solution in a protein/enzyme ratio of 50:1. Hydrolysis was carried out
at a temperature of (51+1 °C) for 3 hours, after which the enzyme was inactivated at a temperature of
(75£1 °C) in 20 minutes. The hydrolyzate was dried on a spray dryer Niro-Atomizer (Denmark) with a
capacity of 20 kg of evaporated moisture per hour at temperatures of incoming air in the range of
160-165 °C, leaving 80-85 °C.
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The resulting product is a finely dispersed powder of light cream color, with a mass fraction of
moisture of 9.5%, readily soluble in water, with a slight bitter-salty taste and a characteristic odor. The
osmolality of the reduced 1% hydrolysate solution was 32 mol/kg. In laboratory conditions, experiments
were carried out to reduce the bitterness and osmolality of the obtained hydrolyzate using a nanofiltration
unit, which made it possible to reduce the hydrolyzate osmolality to 26 mmol/kg and practically eliminate
the bitterness. The obtained results are confirmed by the data of exclusion chromatograms of the produced
hydrolyzate before and after nanofiltration (figure).
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Soy protein hydrolyzate size exclusion chromatography
Size exclusion chromatography of soy protein enzymatic hydrolyzate before and after nanofiltration:
a -Enzymatic hydrolyzate of soy protein isolate-Supro (EHSPI-Supro) before nanofiltration;
b - Enzymatic hydrolyzate of soy protein isolate-Supro (EHSPI-Supro) after nanofiltration

Conclusion and deductions. It can be noted that the above review materials and the obtained
experimental data indicate the prospects for further technologies development and improvement for the
biotransformation of plant protein-containing raw materials based on their hydrolysis by enzymes and
bacterial starters in order to obtain products with improved functional properties, including those aimed at
reducing anti-nutritional factors. At the same time, for a specific application, it is required to expand the
range of use of protein-containing sources of plant raw materials, further search for the most effective
types of enzyme preparations and bacterial starters, development and optimization of resource-saving
technological parameters of raw material processing, as well as improving the objective finished products
testing depending on their final destination.
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TUJIPOJIATUYECKOE PET'YJIMPOBAHUE CBOMCTB KOMIIOHEHTOB

AnHoTanus. B craThe npuBeneHa oneHka MOTPEOHOCTH MOJIOYHOTO JKHBOTHOBOACTBa Poccuiickoit denepariin
n PecnyOmuku benapyce B Kopmax Iiisl TeNsIT. PaccMOTpeHBI OCHOBHBIE MHPOBBIC TEHIICHILIMH, HAIPABICHHBIC Ha
oOecrieueHne MOJIOAHSKA KaueCTBEHHBIMU KOPMOBBIMH CPEIICTBAMH.

AHammBupyOTCs pa3NUdYHbIC BapHAaHTHl HAIIPABICHHOTO TI'HAPOJIHN3a OEIKOBBIX KOMIIOHEHTOB 3aMCHUTEICH
nenbHoro Mosioka (31IM), mpeaHa3HaYeHHbIX IS BHIIOHKH MOJIOIHSKA B IEPBBIC MECAIIBI KU3HH.

OmnucaHbl XapakTepHbIE cIIOcOoO0Bb (hepMEHTaMH KOMIIOHECHTOB COHM, KOTOPBIE MMEIOT CBOM NMPEUMYINECTBA U
HenocTaTku. B To ke Bpems pazHooOpasue MoAxXoJoB B Lessix obecreueHus: 3(dexTuBHONH OHOTpaHchopManiu
KOMITOHEHTOB COU IIyTeM MX ()epMEHTAIMH CBUJETEIBCTBYET O TOM, YTO JOCTHKEHHE ICHCTBUTEIHHO ONTHMAIIBHBIX
peLIeHuit B 3TOI 00JIacTH ellle Briepean U TpeOyeT NanbHEHIINX HCCIleI0BaHUM.

OO6cyXIeHbl BO3MOXHOCTH CHI)KEHHUSI AaHTUT€HHON aKTMBHOCTH COEBBIX OEJIKOB, IIMPOKO HCHONB3YIOIIHUXCS B
HacTosee Bpems B perentypax 3LIM ams nutaHus MOJIOAHSAKA CEIbCKOXO3SICTBEHHBIX )KUBOTHBIX.

[MpuBenens! pe3ynabraThl coBMecTHBIX pador crnennanuctoB ®I'BYH «®UIL nutanus u GHOTEXHOJIOTUH» U
OT'AHY «BHUMUM» 1o mpoBeNeHUIO TUAPOII3a M30JATa COSBBIX OCIKOB (PepMEHTOM MAaHKPEATHH, HMOJTYYCHHBIC
PE3yNbTaThl MOCIYXHIM OCHOBAaHMEM JUIA BBIPAOOTKH OINBITHON MapTHHM THAPOIHM3aTa COEBOTO Oelka B IEJSIX
OTPaOOTKH TEXHOJIOTHYECKHUX PEKHUMOB B ITOJIYIPOMBIIIICHHBIX YCIOBHAX.

[TpuBeneHs! pe3ynbTaThl 3KCIEPHIMEHTOB B JJAOOPATOPHBIX YCIOBHUAX IO CHIKEHHUIO TOPEYX U OCMOJIUTBHOCTH
THAPONN3aTa U3 COEBBIX OENKOB C HCIONB30BAHHEM HAHO(DMIBTPAIMOHHON YCTaHOBKH, YTO TTO3BOJIMJIO CHH3HTH
OCMOJAIBHOCTh THAPONN3aTa M NPAaKTHYECKH JIMKBUAMPOBAaTh TIopedb. Pe3ynpTaTel MOATBEPkKACHBI JaHHBIMH
9KCKITIO3MOHHBIX XpOMaTOrpaMM BBIPaOOTaHHOTO THUIPOJIU3aTa JI0 M MOociIe HaHO(UIIBTPALIUH.

IIpuBeneHbI pe3ynbTaThl HKCHEPUMEHTAIBHBIX Pa0OT M MAaTEHTOB, B KOTOPHIX ONMHCAHBI HauOojiee IIHPOKO
UCIIOJIb3yEMbIE MOJXO0/IbI K MOJYYEHUI0 (DepMEHTATHBHBIX THAPOJIN3ATOB OSJIKOB C 33/IaHHBIMU CBOMCTBAMHU, a TAKXKe
OIIEHKHA WX OMOJIOTHYECKOW aKTHBHOCTH M MMMYHOXMMHYECKHX CBOWCTB. I MOJy4eHHs OEITKOBO-YIJIEBOIHBIX
pacTBOPOB MPUMEHEHBI PAa3JIMYHbIe CMECH (EPMEHTHBIX IMperapaToB, 00NafatoIe KaK MPOTEOJIMTHIECKON, TaK U
LEJUTIONa3HOH WJIM aMWJIA3HOW AaKTUBHOCTSAMH M IIOJyYeHHE pPacTBOPHMBIX (HEe 0Opa30BBIBAIOIIMX KOJIOMIHBIX
Macc) (paknuii 6eIKOB U yIIIEBOAOB ITyTEM MOCIEA0BATEILHOTO THAPOIIN3a OEIKOB U YIIIEBOIOB.

[Ipennoxensl pa3nuyHbIE CIIOCOOBI TNPHUTOTOBJICHHS 3aMEHHTENS MOJOKa M3 PACTHTENBHOTO Oeska u
YTJIEBOJHBIX HICTOYHUKOB C HCIIOJIb30BAaHNEM (pepPMEHTa, NMEIOIIETO MHOKECTBEHHBIE KapOOTHIpa3Hble aKTUBHOCTH.

[TpuBeneHs! pe3yabTaThl HCCIIEIOBAHUM, KOTOPBIE MOATBEPXKAAIOT, YTO CTaaANs MeMOpaHHOH yinbTpaduibTpa-
IIMM  CIIOCOOCTBYET CHIKEHHIO OTHOCHTENBHOM aHTHUTE€HHOCTH THIPOJIM3aTOB J0 MHHUMAJIBHBIX 3HA4YCHUH,
HCTIONB3YEMBIX B JalbHEHIIIEM B COCTaBe THITOAJUIEPTEHHBIX MTUIEBBIX MPOAYKTOB JIeUeOHOT0 Ha3HAUCHHS

PaccMoTpeHbl BONPOCHI HCIOJIb30BaHHS PA3IMYHBIX (DEPMEHTHBIX MPEnapaToB OaKTepHaIbHOr0, IPUOKOBOTO U
KUBOTHOTO MPOUCXOXKACHUS AJISI THAPOIN3a OEIKOB MOJIO3MBA M PACTUTEIHHBIX UCTOYHHKOB OEIIKOBOTO CBIPBS IS
mpousBozcTea 3L[M.

YCTaHOBJIEHO, YTO PACIIMPEHHE CIEKTPa MCIIONB30BAHUS OEIOKCOAEPIKAINX HCTOYHIKOB PACTHTEIFHOTO CHIPbHS
TpeOyeT manpbHEeHHH monck Hanboinee 3¢hpekTHBHBIX BUIOB (PepMEHTHBIX IPENapaToB U OaKTEepHAIbHBIX 3aKBACOK,
0TpabOTKa N ONTUMH3ALMS PeCypcoCOeperaloX TEXHOJIOIMIECKNX ITapaMeTpoB 00pabOTKH CHIPbsI, @ TAKXKE COBEP-
HIEHCTBOBAHUSI 00BEKTUBHOI'O TECTUPOBAHMS TOTOBBIX MPOAYKTOB B 3aBUCHMOCTH OT MX KOHEYHOTO Ha3HAYCHHMSI.

KaioueBble ciioBa: coeBble O€NKH; CIOCOOBI TMIPOJM3a; aHTHAIMMEHTApHBIC BELIECTBA; AHTUTCHHOCTB;
UMMYHOIIOOY/TMHBI; (DepMEHTHI; OaKTepHaIbHbIE 3aKBACKH.
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OCOBEHHOCTU M IIYTHU JEKAPBOHU3AIIUAN
IKOHOMMUKHU KAZAXCTAHA

AHHoTanusi. B crartee momdepkuBaeTcs Hem30exHOCTH oOpazoBanusi CO, mpH NPOM3BOACTBE TEILUIOBOH H
3J'IeKTpPI‘IeCKOﬁ OHEPIUuu CO CKUTAHUEM OPTAaHUYCCKOI'O TOIJIMBA U aHAJIM3UPYIOTCA UCTOUYHUKHN I'CHCPAllUU YTJICKHUC-
JIOTO Ta3a Ha 3Heprerudeckux oObekTax Kazaxcrana. OOCyxmaloTcsl peanusyeMble B KOPOTKUE CPOKU TEXHOJIOTUH
MPOM3BOJICTBA JNEKTPUUECKON U TEIUIOBOM JHEPIUU CO CHIKEHHOH reHepanuei yriekucioro rasa. Ilokaszan Bos-
MOJKHBIH METO/ KOJIMYEeCTBEHHOH OLIEHKH YpoBHA BeIOpocoB CO, mis ycioBuit Kazaxcrana uepes3 MCHOIb30BaHUE
yIETIBbHOTO Pacxoja yCIOBHOTO (YIJIEPOAHOT0) TOIUIMB Ha IPOU3BOJACTBE KaK €AMHMIIBI TEIIOBOH W/MIM 3IEKTpU-
4ecKOH »Hepruu. [IpuBeaeHs! Al JOCTYIHBIX M OTHOCHTENIFHO ACIIEBBIX TEXHOJIOTHUECKHUX PEIICHUH, KOTOPBIE IPH
peanm3aniyi MOTYT 3aMETHO CHHU3UTH BBIOPOCH! YIJIIEKHCIIOro raza. OTMEYEHO, YTO 3TH TEXHOJIOTHH MOTYT OBITh
peaan30BaHbl AJMUHHCTPATHBHBIM M SKOHOMHUYECKHM ITyTE€M M HPHUBEICHBI (POPMYIHPOBKH TPEOyEeMBIX pEIICHUI
[MpaBurenscTBa. s KaXkaoi U3 mpeiaraeMoi TEXHOJIOTHH TPHBEJCHA OLICHKA BO3MOXHBIX OOBEMOB CHMKEHHS
BBIOpOCA YTIIEKUCIIOTO Ta3a U YKa3aHbl TPYIHOCTH, KOTOPbIE MOTYT BCTPETHUTHCS ITPU peali3alliH.

PaccmoTpeHna cxema onpeenieHus CTETIeHH y4acTHs KOHKPETHOHM CTpaHbl B INI00aIbHON KapOOHHU3AIMH U TTOKa-
3aHO, YTO B 3aBHCHUMOCTH OT METOJ]d «Pa3HECEHUs» 00IIero oobeMa BbIOPOCOB KOHKPETHOH CTpaHBbI, O/HA U Ta ke
CTpaHa MOJET OKa3aThCid KakKk B dUHCJe OJAaromOydHBIX CTpaH, TaK M B PAAY CTpaH, K KOTOPBIM HEOO0XOIMMO
MIPUMEHSTH CTPOTHE «yTIepoaHbIey Hanoru. OTMedaeTcs, YTO ONpeesieHHe JOJIN KOHKPETHON CTpaHbI B BUZE 00be-
MOB BBIOPOCOB C €IMHMIIBI MJIOMIATN TEPPUTOPUU CTPAHBI MPEICTABIIETCS 00Jee «CIpaBeIMBOI» C yIETOM TJI0-
0aNbHOTO XapaKkTepa 3arps3HeHHU .

KiroueBble c10Ba: sHepreTHka, SKOHOMIKA, KapOOHMU3aLUs, TEXHOJIOTHH, TEHEePaIHs 0, CHIDKEHHE.

C MOMeHTa OCBOSHUS YeJIOBEKOM OTHS 00pa30BaHUE YIIIEKUCIIOTO T'a3a CTAN0 HEOThEMIIEMON YacThIO
NP TIPOU3BOJICTBE M TMOTPEOJICHUUHN DPA3UYHBIX BHJIPOB JHEPTUU. B CBS3M ¢ 3THM JekapOOHM3aIMS
SKOHOMHKH CTajla OJHOW U3 BOCTPEOOBAHHBIX HANpaBICHHH B OOJACTH OXpaHbl OKPYXKAIOIIe Cpeibl,
0COOEHHO TI0 TII00ATBPHOMY M3MEHEeHHI0 Kiaumara. Bo Bcem mupe, B ToM uncie u B Ka3zaxcrane, ypoBeHb
«KapOOHM3AIMOHHOT0» BO3JIEHCTBUS Ha aTMOC(Eepy OTHOCUTEIHHO 0OBEKTHBHO M JIOCTOYHO JOCTOBEPHO
onpexaensieTcss B 001acTu 3HepreTuku. Harmpumep, uis skcnepTHOM oneHkn oObema BbIOpocoB CO; oT
MPOM3BOJCTBA TEIUIOBOM W/WIIM 3JIEKTPHUYECKOH SHEPTUM MOKHO HCIOJIb30BaTh YIEJIBHBIA pacxof
YCIIOBHOTO TOIUIMBA Ha TPOU3BOJCTBO EAMHMLBI 3THX BUAOB 3HEpruu. [Ipy mnpuMeHeHHH 3TOro
rokazatens (Ha ypoBHe 0,3 KT y.T.) MOKHO ONIPEIENIUTh, YTO MIPH MPOou3BoIcTBe 1 KBT uac anexTpudecTsa
B Kazaxcrane reHepupyetcst mpuMepHO | Kr yIIEKUCIIOTO ra3a W MpHUEeMIIEMbIM JIOMYIIEHNEM TaKylo e
BEIIMYMHY MOKHO NPHUHATH U IPY MPOU3BOJACTBE 1 KKaJl TEMJIOBON SHEPTHUU.

B pesynprare, mns Kaszaxcrana, npomsBosimiero 100 Miapa 3JeKTpUYECKON SHEPTUHA B TOM U TIPH-
MEpHO TaKoe K€ KOJIMYECTBO TEIUIOBOW SHEPTuH, exxerognsie BEIOpockl CO, moryT coctaBuTh 200 MIH
TOHH WK 0Koso 80 TOHH B TOJ C Ka)J0Tro KBaJpaTHOro KuioMeTpa TeppuTopuu. IIpum Takom ompene-
JICHUW YYacTHsl CTpaHbl B IJI00aIbHOM 3arpsi3HeHnH KazaxcTaH BIIOJTHE OTHOCUTCSA K OJIaromoyryqyHbIM
CTpaHaMm.

[Ipu sTom Kazaxcran umeer Oonpline TEXHOJIOIMYECKHE BPO3MOXKHOCTH JIJIsl CHHIKEHHUS! BHIOPOCOB
CO, B uacTHOCTH, B O0OJAcTH DJHEPreTUKU. 3aMETHOE CHIKEHHE BBIOPOCOB TIO3BOJIMT pa3BUBATH
SKOHOMHKY CTPIIaHbl 0€3 OrpaHHUYCHHS TI0 TIOTPEOICHUIO TPEOYEeMOTO BUa SHEPTUHL.
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DKCIEpTHO MOXKHO MPEANOJIO0KHTh, YTO MO 00BeMY MPUMEHEHHUS! KOTeHEpally MPH MPOU3BOACTBE
JJIEKTPUYECKONM M TEMJOBOM JHEPIHH, IPHU KOTOPOW HMeeT MecTo yMeHblleHHas reHepamuu CO,,
Kazaxcran Bxogut B 4ncio nepBeix 5 crpad B mupe. C npyroit ctoponbl, Kazaxcran mo cTpykrype cBoeit
SHEPTEeTHKH UMEET BO3MOXXHOCTh Pa3padO0TKU U pean3alry MpOorpaMMBbl 110 CYIIECTBEHHOMY CHUKEHHIO
ypoBHs1 BEIOpocoB CO, MpH «TpaJulIMOHHOI» TEXHOJIOTUHM TPOW3BOJICTBA IJIEKTPUUECKON M TEIUIOBOI
sHepruu. O4eBUIHO, YTO IIPU 3TOM, B IIEPBYIO OUEpPEb CICAyeT pacCMaTPUBATh TEXHOJIOTHH, PeaIn3aliys
KOTOPBIX BO3MOXXHO B OYEHb KOPOTKHE CPOKHM IO BIOJHE NpUEMIIeMOHl crommocTH. B mx uumcno
HECOMHEHHO MOTYT OBITh BKIIIOUCHBI:

- IIepeBOJ] BCEX KOTENbHBIX, PabOTAOLIMX HA MPUPOIHOM TIa3e Ha COBMECTHOE IIPOH3BOJACTBO
JIEKTPUIECKON M TEIUIOBOW SHEPTUHU Yepe3 YCTAHOBKY ra3oTypOHMHHBIX YCTaHOBOK W/WIIM Ta3oIOpIIHE-
BbIX arperatoB [1}- cBoero poma muHHTOLl. DTO pemeHne MOXKeT OBITh OBICTPO PEATU30BAHO YUCTO
aJIMUHHUCTPATUBHBIM ITyTE€M, HapuMep, MPUHATHEM penieHus [IpaBurenbcTBa 00 OrpaHMUEHUN TOCTABOK
raza KOTEJIbHBIM, MPOU3BOISAIIMX TOJBKO TEIUIOBYIO 3HEpruto, HauuHas ¢ 2022 roma. Takoe perieHue
MIPUCYTCTBYET B HEKOTOPHIX EBpomneiickux ctpanax ([lanus u npyrue). OMHOBPEMEHHO MOXHO TPHUHATH
pelieHne, KoTopoe OyIeT SKOHOMHUECKH CTUMYJIMPOBATh ATOT PEKUM, HAIPUMED, B BU/I€ TIOCTAHOBIICHUS
[IpaButenscTBa Kazaxctana o0 00s3aTenbHOM NPHOOPETEHUHM 3TOTO BJICKTPUYECTBA IO IOBBIICHHOM
LIEHE TI0 aHAJOTUH C MPHOOPETEHNEM 3JIEKTPHUUECTBAa OT UCTOYHUKOB Ha BO300HOBIsIEMO 3Hepruu. [lpu
TakOM MOJXOJIE CPOK OKYIAeMOCTH YCTAHOBKHM T'a30BbIX arperaroB Majod MOIIHOCTH AJIsi KOTEJIbHBIX
OKaXeTCs Ha ypoBHE 3 JieT. MOXHO Takke OOBABUTH, YTO ATO MPABWIO (MPUOPUTETHOE MPUOOPETEHUE
AJIEKTPUYECTBA OT KOTENbHBIX) Oymer neiictBoBarh m0 2025 toma. MokHO OyIeT yBEepeHHBIM, HYTO
COUYETaHME TAKOTO aIMUHUCTPATUBHOI'O U 3KOHOMHYECKOTO PEIIEHUH CYIIIECTBEHHO YCKOPUT peann3aluio
3TO# TexHonoruu. CHIKEHNE BHIOPOCOB TOJIBKO B TOpoJie AJMaThI - cBbIlie 200 THICSY TOHH B TO/I.

- IPUHYXIeHNE BceX MapoTypOuHHBIX TOC, CoKUTarommX MPUPOIHBINA ra3 Ha nepexon B pexxuM [1I'Y
[2]. DT0 penieHre MOKET OBITH PEATH30BAHO MPAKTHYCCKH TEMH XK€ MYTSAMH, KOTOPbIE MPEAIarainuch s
ra30BbIX KOTENIBHBIX. BO3MOXKHBINH 00beM CHHUKEHHUS! BEIOPOCOB MPU MPOU3BOACTBE IO STOH TEXHOJIOTHH
MOJKET COCTaBUTh OKOJIO | MJIH TOHH B TOAI.

- YCTaHOBKY TypOOJEeTaHAEPOB (MMEIOIIMX BBICOYAMIITYI0 MaHEBPEHHOCTb — Ha ypOBHE T'HAPaBIIH-
YecKHX TypOWH) Ha BCeX y3Jax ra3oBOd CeTH B MeCTax Iepexoia C 0ojee BBHICOKOTO JaBJICHHs Ha
MOHWKEHHOE JaBjeHre. JTa TeXHoJIoTus npumensercs B Poccun u B Y36ekucrane, u B Kazaxcrane
MOJKET OBITh PEaTM30BaHO YIIOMAHYTHIMU aJIMUHUCTPATUBHBIMUA U SKOHOMHUYECKUMHU MeToaMu. Bozmox-
Hoe cHMkeHne BeIopocoB CO, - HECKOJIBKO COTEH TOHH B T'O/I.

MO>KHO OTMETHUTBH, UTO BCE MEPEUUCIIEHHBIE TEXHOIOTUH 1aBHO U3BECTHBI M PEAIM30BAaHbI HA MHOTHX
sHepreTruueckux obwvekTax crpaH mupa U CHI, B Kasaxcrane moka orcyrctByroT. [pyrummu, MeHee
W3BECTHBIMHU, HO BIIOJIHE PEaIM3yEeMbIMH TEXHOJIOTHAMH CHxeHus renepaunu CO, MOTYT OBbITh:

- MakCHUMAaJIbHBIM NEePEeBO/ OTOMJICHUS] MHOTOKBAPTHUPHBIX JOMOB M NPOMBIIUIEHHBIX MPEANPUITHN
Ha KOMOWHHMPOBAHHOE BOJSHOE/BO3aylIHOEe oToruieHue [1]. IlpuBiiekaTtenbHOCTh 3TO TEXHOJIOTUHU
COCTOMT B BO3MOXHOCTH pEalM3alldl Be3Jle, I/€ NPUCYTCTBYET BOISHOE OTOIUIEHHE (KOTOpOe
npeBanupyeT B Kazaxcrane). OgHAKO 3TO TEXHOJIOTHYECKOE PEIICHHE B OTIMYUE OT IPEIIICCTBYIOIINX
[IOKa MUMEEeT OYeHb OrpaHHYEHHOE MpUMEHeHHe, naxe B mupe. B Kazaxcrane yxe mmeeTcss HECKOIBKO
MPOMBIIIJICHHBIX TPEANIPUATHH, KOTOPBIE Peai30BalIl 3TO pelleHHe (CHIKEHHE MOTPeOICHUs TETIOBOM
sHeprun Ha 10-15 mponeHToB OT 0011Iero 00beMa «OTOMUTEILHOM TEILUTOBON YHEPTHH). JTa TEXHOJIOTHS,
B OMNpeZeNieHHON CTeleHHu, pa3padoTaHa B AJMATHHCKOM YHHUBEPCHTETE JHEPTeTHKH W CBA3H WMEHHU
I'ymapbexa [aykeeBa, akagemukom AmuspoBbiM b.K. OueBnano, uto o0bem cHukeHus Oyner Ooiee
1 MITH TOHH 3a OTONUTENBHBIN EPUOI.

- pasBUTHE «THOPHIHOTO OOINECTBEHHOTO TPAHCIIOPTa» — AHAIOT THOPWIHBIX JIETKOBBIX aBTOMO-
OuJieil co CHIKEHHEM MoTpeOieHus OeH3nHa OoJiee 4eM B TPH pa3a — COTHU TOHH CHIDKCHHUSI BHIOPOCOB
CO; B cyTku, TonbKko B Ajmatel. [y peanu3anuy 3TOH TEXHOJOTMH TpeOyeTcs COBCEM HEMHOTO —
MIPUHATH pelieHne 00 opraHu3aly WX MPOU3BOJCTBA B CTpaHe. BromHe MOXXHO OXXHMIaTh Hayalla 3TOrO
MPOM3BOJICTBA MPUMEPHO dYepe3 6 MecsieB OT Hadana (uUHAHCUpOBaHMs npoekra. OmpelneneHHbIe
HapaOOTKH B TOM HaIlpaBJeHUHU yxe npoBoaarcs B KaszaxcraHe, M Takoe MpeioKeHHE HAIPaBICHO B
akuMarT r. Anmatsl akageMukoMm AnusposbiM b.K.

- pa3BUTHE LIEHTPAIN30BaHHOIO KOHIUIIMOHUPOBAHUS BO3yXa Yepe3 T'€HEePaIHIO X0JI0/la Ha OCHOBE
WCTIONB30BaHMs Telja JBIMOBBIX Ta30B W aJCOPOLMOHHBIX HW/WIM KOMIIPECCHOHHBIX MAaIIHH YXKe
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npuMeHseTcss B psjae crpaH. OpHako ero mpuMeHeHue B Kazaxcrane BCTpETUTCS MPUMEPHO TEMH Ke
TPYAHOCTSIMH, KOTOpBIE YKa3bIBaJIHCh NMPH OOCYKICHUM KOMOWHUpPOBAHHOTO oTomuieHHs. CHIDKEHHUe
BBEIOpOCcOB CO, (TONBKO B AJMAaTBI) MOXKET COCTaBHTH CBBIMIC 100 THICSY TOHH 3a TEpHOI PabOTHI
KOHIWIMOHEPOB. J[OMONMHUTENBHBIM BBIUTPHILIEM 3TOW TEXHOJOTMU IJisi MOTpeOuTesnell MOoXKeT OBbITh
BO3MO>KHOCTh MOCTYIJICHUSI OXJaKIEHHOTO BO3AyXa BO BCE KOMHATBI M €ro BKJIIOYEHHS TOJIBKO B
HCIIOJIb3YeMOM ITOMELICHUH.

- pa3BUTHE TEIUIMYHBIX XO3SHCTB W/WJIM >KUBOTHOBOAYECKHUX ()epM Ha OCHOBE COPOCHOTO, MPaKTH-
YEeCKH «JapMOBOT0» TEIUIa OT KOHAEHCAIHOHHBIX TOC — TpyIHO NpOrHO3UPOBaTh 00beM cHIKeHus CO; -
HO $ICHO, YTO MHOTO.

HmeroTes erie HECKOIBKO TEXHOJIOTHI, TpeOyYIOIINX MIpoBeieH s 0ojiee IITyOOKHX UCCIeI0BaHUM, 10
KOTOPBIM UMEIOTCSI TAK)KE HEKOTOpPhIe HapaOOTKH.

OueBUAHO, YTO peaM3alys YKa3aHHOH mporpamMmbl mo3BoiuT KaszaxcrtaHy OBICTPO YMEHBIIUTD
00BeM BeIOpocoB CO, M COOTBETCTBEHHO YTIIEPOAHBIE HAJOTH OyIyT CHHXKEHBI, 9TO OyJEeT CIIOCOOCTBO-
BaTh MOBBIIICHUIO KOHKYPEHTOW BO3MOKHOCTH Ka3aXCTAHCKOM HKCIOPTHON MPOILYKLHUH C OTHOCHUTEIHHO
OONBIIMM TOTPEOJICHUEM JIEKTPUYECKOH OSHEPrHMM — MPOM3BOJACTBO ILBETHBIX W PEAKO3EMENBHBIX
METaIJIOB U (eppPOCIIIIABOB.

Buanmo, MupoBoMy cooOLIecTBy HEOOXOOUMO IMPHHATH ONPEeNCHHbIE PEIICHHUS IO «CIpaBelIn-
BOMY» YCTaHOBJICHHIO CTENECHU Y4YacTHsl KOHKPETHOW CTpaHbl B INIOOAIBHOM 3arpsi3HEHWH BBIOpOCAMH
CO,. Hanpumep, ecnu onpenessTh BHIOPOCH HAa OJTHOTO JKUTENS CTPAHbI, TO 0 MUHUMAJILHOMY 00beMy
BBIOPOCOB Ha MEPBOM MECTE OKaXKETCsI, HECCOMHEHHO, banrnazen, 3a HuM pacnonoxarcs Munus u apyrue
CTpaHbl — C OONBIIMM HaceleHHWEM NpPU MajloM MOTPEOJICHUU OSIEKTPHUUYECKON W TEIJIOBOW DHEPTHUH.
HaBepHoe, B 4HCIO «ONMaromoylydyHbIX» CTpaH MOMagyT W Hekoropwle EBpomeiickue crpanbl (Yexwus,
Hunepnaunne! u npyrue).

OpHako Hpu mepecyeTe 3arpsA3HEHHs] Ha BBIOPOCHI ¢ €OUHMLBI IJIOIAny, Ta ke banrmamem (maxe
MIPY HBIHEIIHEM MHUHHMAaTBHOM MOTPEOJICHNUH AIIEKTPUYECTBA U TeIla) YHAET U3 MEepBOro MecTa B palioH
mepBeix 20 ctpaH. Ha «Onaromonydnble» MecTa BBHIMIYT CTpaHbl ¢ Oonbmioi Tepputopuei: Poccus,
Agctpanus, Kanaga u npyrue.

B.K. A.]II/[ﬂ[JOBl, M.K. )K;zpbmonz

1 o .
AJMaTBI PHEpTeTHKA JXKoHe OaiiaHbic yHuBepcuTeTi, KazakcraH;
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Kazakcran Pecmy0OnukachiHbIH Y ATTHIK FRUTBIM aKaneMusichl, AnMatsl, KazakcTan

KA3AKCTAH 9KOHOMMUKACBIH JEKAPBOHU3ALIMAJIAY IbIH
EPEKHIEJIKTEPI MEH KOJIJJIAPBI

AHHoTanusi. Makanana KbUly >KOHE AJIEKTP SHEPrUsIChIH OPraHMKaJbIK OTHIH JKary »OJIIMEH OHIIPreHze
MmiHzerti Typae CO, rassiHbIH maiina Oomysl xaliblHZa Oaca alWTBUIFaH jkoHE MbIcan peTiHae KazakcTaHmarsl
SHEPreTUKAIIBIK HBICAHJap/a a3 MIbIFapy KeJIeMiH aHbIKTay >KoJJapbl KapacTelpbuiraH. JKbITy MEH 3MeKTpAiH Oip
eJILIeM] HIBIFApbIIFaH/a >KYMCaJIaThIH IAPTThl OTHIH (KOMIPTEKTIK) KeJIeMi apKbUIBI Maia 00JaThiH KOMip KBIIIKBLT
ra3 KeJIeMiH aHbIKTayFa OOJIaTBIHEI KepceTinreH. JKblTy MeH ai1ekTp eHaiprene naiaa 6onatein CO; Kenemi a3bipak
OONIaTBIH >KOHE JKBUIZAM YaKbITTa SHIIpyre jXapaMibl TEXHOJTHSIAP KENTIPUIreH XoHE KEeMYAIH HaKThl KeJieMi
anpIKTaaFad. CoHIal-aK, OChl TEXHOJIOTHSIIAP/Ibl €HAIPYIET] SKIMIILIIK KOHE SKOHOMHKAJIBIK BIHTAIAHABIPY KOJI1a-
PBI Ja aTayiFaH opi OCBIFAH KaKETTI YKIMET ImemiMaepi Ae KenTipinreH. ¥ CHIHBUIATHIH TEXHOJIOTHATIAP KOJIAAaHBII-
raaga CO, Ta3bIHBIH KEMY KeJIeMi Je €CeNTeNTreH, BIKTUMAaJl KUBIHABIKTap 2 aTajiFaH.

Makanaga Oenrimi Oip enmiH oleMIIi JlacTay YJECiH aHBIKTAYABIH «SiI» JKOJBIH aHBIKTAy KaKETTIr Kepce-
tinren. EcenTey >konbiHa Kapait, Oenriii 6ip HaKTHI €1 0ipece «IyphIC» el KaTapbhlHa «Kipill» HeMece «IYPhIC EMeC)
e artaHybl MYMKiH. MpIcall peTiHAe ajfaHjAa, erep JIACTAHFaH 3aT IIBIFAPBIHIBICHIHBIH KENTIPUITeH KOJEeMiH el
TYPFBIHIAPBIHBIH CaHbIHA Kapail ColKecTeHAIpe ecemnTereHAe oJeMIli JIACTAHABIPY YJeci a3 eijep KaTapbIHAAFbl
anFanikel opbiHFa banrnaznen, keneci opbiHAa YHAICTaH CUSKTHI XKep KeJIeMi a3, XaJbIK CaHbl KOII eJJIep MIbIFaTHIHbI
ce3ci3. JlactanraH 3aT IIBIFAPBIHIBICEIHBIH KEJITIPUITEH KeJieMi jKep KeJIeMiHe Kapai ecernTelice, OH/A aJiFallKbl
opsiara Peceit, Kanana, ABctpanust mbiraael. OcklFaH colikec JlacTaHy yJIECiH jkep KeJieMiHiH Oip enmemiHe calikec-
TEHJIpEe KapacThIPYIbIH «JILD» OOJIATHIHEI AN THIIFaH.

Tyiiin ce3nep: sHepreTHKa, 9KOHOMHKa, KapOOHAAY, TEXHOJIOTHs, YJIeC TeHepaLusChl, TOMEHIETY.
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FEATURES AND WAYS OF DECARBONIZATION
ECONOMY OF KAZAKHSTAN

Abstract. The article emphasizes the inevitability of the formation of CO2 in the production of thermal and
electric energy with the combustion of fossil fuel and analyzes the sources of carbon dioxide generation at power
facilities in Kazakhstan. Technologies for the production of electrical and thermal energy with reduced generation of
carbon dioxide, which are being implemented in a short time, are discussed. A possible method for quantifying the
level of CO2 emissions for the conditions of Kazakhstan is shown, through the use of the specific consumption of
conventional (carbon) fuels for production as a unit of thermal energy and / or electricity. A number of available and
relatively cheap technological solutions are presented, which, when implemented, can significantly reduce carbon
dioxide emissions. It is noted that these technologies can be implemented administratively and economically, and the
formulations of the required decisions of the Government are given. For each of the proposed technologies, an
assessment of possible volumes of reduction of carbon dioxide emissions is given and difficulties that may be
encountered during implementation are indicated.

A scheme for determining the degree of participation of a particular country in global carbonation is considered
and it is shown that, depending on the method of "spreading” the total volume of emissions of a particular country,
one and the same country can be both among prosperous countries and among a number of countries to which it is
necessary to apply strict "carbon" taxes. It is noted that the determination of the share of a particular country in the
form of emissions per unit area of the country's territory seems to be more "fair" taking into account the global nature
of pollution.

Key words: energy, economics, carbonation, technology, generation, share, decline.
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ACCEPTANCE TESTS OF THE SOFTWARE AND TECHNICAL
COMPLEX OF THE HIGH-PRECISION SATELLITE POSITIONING
SYSTEM IN THE KACHARSKY MINE

Abstract. The world development of science and technology prompts many countries to use their own modern
coordinate systems, determined on the basis of satellite measurements. Moreover, the modern system must be
characterized by its openness and unity for the entire territory of the country. One of the main problems arising
during the creation and operation of our own high-precision positioning satellite systems in the Republic of
Kazakhstan are: the lack of domestic satellite equipment, specialized software and test methods for the software and
hardware complex.

A unique opportunity appeared in the development and testing of the software and hardware complex of the
high-precision satellite positioning system at the Kacharsky open pit thanks to the funding of the Science Committee
of the Ministry of Education and Science of the Republic of Kazakhstan through grants for scientific and technical
projects for 2018-2020 (grant No. AP05136083) and co-financing of the private partner JSC «SSGPO».

The article presents the results of technical solutions for the implementation of a high-precision satellite
positioning system, in particular, the creation of a permanent base station (BS) of global navigation satellite systems
(GNSS) at operating open pit. The primary purpose of the work is to provide high-precision positioning of an open
field in order to determine geodetic coordinates using modern satellite navigation technologies in real-time and post-
processing. This development continues the path of introducing the elements of Industry 4.0, which is currently
being carried out at the Kacharsky open pit.

Key words: GNSS, satellite high-precision positioning system, mine, base station of differential correction
(BSDC), acceptance tests, center of differential correction (DCC).

Introduction. This article presents the results executed during acceptance tests for the introduction of
a high-precision satellite positioning system into commercial operation at the Kacharsky open pit. The
tests were carried out in joint cooperation with the project co-executor (Institute of space technique and
technology) and a private partner (JSC «SSGPO»).

In particular, the following works were implemented in the tasks of solving the problems of
commissioning:

— installation and adjustment works of the base station of differential correction (BSDC);

— preliminary tests of differential correction center (DCC);

— preliminary tests of the high-precision satellite positioning system;

— trial operation of a high-precision satellite positioning system;

— acceptance tests of a high-precision satellite positioning system for commercial operation.

Installation and adjustment works of the base station of differential correction. A permanent
geodetic point with the name "Base" was installed on the roof of the administrative building (AB) during
the installation process. At this geodetic point, a GNSS antenna was mounted along with the
corresponding cables, which is part of the BSDC.
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The following locations were checked in the process of testing: a geodetic point on the parapet of the
AB; navigation and transmitting complexes of BSDK on the buildings of the AB, the Control room, as
well as on the antenna mast near the Control room (see figure 1). The compliance of the location of the
geodetic point and the complexes of the BSDC were checked in accordance with the requirements of
technical, industrial safety and working-design documentation of the SVSN (high-precision satellite
navigation system) [1,2].

The possibilities of functioning, operability, and technical characteristics of the three complexes of
the BSDC were tested separately and in general when the BSDC was operating as one system. The tests
were accomplished on the BSDC complexes, which are considered to have passed the tests: after turning
on the equipment as part of the BSDC, they operate in a normal mode and do not give false information in
any operating modes. The parameters correspond to the established operating modes of the equipment as
part of the BSDC, the characteristics correspond to the data specified in the operational documentation for
these products.

Based on the results of checking the functional purpose of the BSDC and checking the operability
and technical characteristics of the BSDC, the following was revealed:

— the obtained technical characteristics of the tested complexes of the BSDC correspond (do not
exceed) the declared by BSDC developer;

— operability and compliance with the specified technical characteristics of the BSDC are confirmed
by the Protocol of installation and adjustment works;

— fabrication and installation of a geodetic point in accordance with the requirements of SSGPO is
confirmed by the Protocol of installation and adjustment works.

Installation and adjustment works of this stage were successfully carried out in the fall of 2019.

Pilot and industrial tests of the system were performed in August 2020 and are presented below.

Figure 1 — VHF antennas of the BSDC transmitting complex on the Control's room antenna mast

Preliminary tests of the center for differential correction. The Center for Differential Correction
(DCC) is a software and hardware complex for controlling and monitoring the state of the base station of
differential correction (BSDC), which in turn refers to systems for receiving and processing navigation
signals, as well as issuing correcting satellite navigation information. The DCC is also used to receive,
process, and transmit satellite navigation parameters via the Internet.

Preliminary tests of the DCC were carried out in connection with the completion of work on the
creation of a differential correction center (DCC) for the base station of differential correction (BSDC).

The purpose of the tests was a comprehensive check of the operability of the hardware and software
of the DCC, as well as checking the functionality during its interaction and joint performance of tasks with
the BSDC.

Preliminary tests were performed according to the following list of testing the functions of the DCC,
presented in figure 2.

—— 34 ——
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«External examination and mechanical integrity of equipment as part of the DCC and BSDC
«Wireless connection to the navigation complex BSDC through the DCC

*Wireless connection of DCC and BSDC via GSM network to the Internet

*Recording and storage of satellite navigation observations of the BSDC

Preliminary tests

Of Differential Correction
Center (DCC)

= Conversion of satellite navigation observations of BSDC to RINEX format

=Setting the rate of reception, processing and registration of navigation data

(LLLLLL

&LL<

[ 1<

«Input of BSDC coordinates and setting of modes of local transmission of UI using a VHF
radio channel in RTCM SC-104 (v.2.x, v.3.x) and CMR formats

»Updating information transmission to the VHF modem

*Reception and registration of updating information (UI) at the DCC from the BSDC

«UI transmission via the Internet in NTRIP format

Figure 2 — List of testing the functions of the DCC

Failures, failures and emergencies in the work of the DCC were not revealed during the tests.

Results and conclusions on preliminary tests of the DCC:

— hardware and software of the DCC effectively interact with the BSDC and allow the BSDC to
perform the functions assigned to it;

— the functionality of the DCC fully covers the functionality of the software (S) described in the
project documentation "Specification of the BSDC", "Manual for the operation of the BSDC" and
"Operator's manual for the processing of satellite measurement data".

Preliminary tests of the high-precision satellite positioning system. The purpose of the
preliminary tests was a comprehensive check of the operability of the hardware and software of the high-
precision positioning system (HPPS), which consists of three parts, namely the base station of differential
correction (BSDC), the center of differential correction (DCC) and the geodetic point "Base" on the roof
of the Mine Administration.

During the preliminary tests, systematic discrepancies in the measurements of the GNSS rover were
revealed when using corrections from the BSDC and the “basa kachar” base station, previously installed at
the Kacharsky mining complex. The reason for the discrepancy was the binding of the “basa kachar” base
station to the local coordinate system (LCS) of the Kacharsky mine, while the installed BSDC was linked
to the international coordinate system ITRF-2014. On the recommendation of the representatives of JSC
«SSGPO», the coordinate values entered in the BSDC were changed by binding to the local frame of
reference of the Kacharsky open pit in order to eliminate the discrepancies.

Arbitrary points have been measured by a rover in the study area to compare coordinates and
elevations in the LCS when receiving corrections through VHF channels from the “basa kachar” and
BSDC base. The results of calculating the discrepancies in the measurement values at 12 randomly
selected points and the analysis of these discrepancies are presented in table 1.

As can be seen from Table 1, the discrepancies were systematic. On average, the differences were
1.996 meters north, 2.281 meters east and 1.293 meters in height, with a variation coefficient of 0.85%
north, 1% east, and 7% in height. Therefore, it was assumed that the reason for the discrepancies was the
displacement of the centers of the coordinate systems relative to which the rover coordinates were
measured using corrections from two different base stations. The reason for the discrepancy was the
definition and assignment of coordinates of the base "basa kachar" and BSDC in different coordinate
systems. The coordinates "basa kachar" were determined in the LCS of the Kacharsky open-pit mine,
while the coordinates of the BSDC, according to the previously made draft and technical design, were
determined in the international coordinate system ITRF-2014 [3,4].

The coordinates of the BSDC were redefined and set this time in the LCS of the Kacharsky open pit
to eliminate the discrepancy. Particularly, it was decided to determine and set the coordinates of the phase
center of the GNSS antenna of the BSDC using the differential correction operation relative to the base
station "basa kachar". This operation included joint processing of satellite navigation measurements in the
RINEX format, made simultaneously for 6 hours on the basis of "basa kachar" and BSDC. New
coordinates for the BSDC were determined and set as a result of the operation.
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Table 1 — Analysis of discrepancies between measurements at corresponding points

North (X, meters) East (Y, meters) Height (meters)

1,974 2319 1,008

2 2,003 2279 1317

3 1,997 2287 1,341

4 1,993 2288 1326

5 1,987 2,304 1333

6 1975 2207 1331

7 1,984 2297 1,320

3 2,000 2255 1312

9 1,991 2288 1311

10 2,037 2244 1,302

1 2,010 2270 1,304

12 2,002 2248 1313
Expectad value 1,9960833 228133 1293167
Dispersion 0,0002875 0,000534 0,008205
Standard deviation 0,0169569 0,023114 0,090581
The coefficient of variation 0,0085 0,01013 0,070046

The discrepancies in the measurements of the GNSS rover when using corrections from the BSDC
and the base station "basa kachar" were minimized and constitute an acceptable error within the normal
range after setting the new coordinates.

Trial operation of a high-precision satellite positioning system. The purpose of the trial operation
was to determine the actual values of the quantitative and qualitative characteristics of the high-precision
positioning system and the readiness of the mine surveyor service to work in the conditions of its
functioning, to determine the actual efficiency of the hovercraft, as well as to correct the corresponding
working design documentation.

During the trial operation the following components were checked: technical; software and
information support for HPPS; according to the lists presented in figure 3.

« All components of the BSDC (Navigation, Transmitting and Mobile
complexes of the BSDC)
List of technical support
for HPPS M | Construction of the geodetic point "Base" ]

+ Technical support of the DCC (laptop HP 15-rb034ur) ]

|- Proprietary software ]
Trial operation of a X
; isi i B List of HPPS software

high-precision satellite

itioni components installed in
positioning system P DCC « Software application that comes with the receiver you install ]
* Software application "airOS" supplied by the manufacturer of the
PowerBeam PBE-M2-400 radio bridge

|- Record files of recerver satellite navigation measurements ]
List of components of
information support for
HPPS M |- Recording files of satellite navigation measurements in RINEX format ]

Figure 3 — List of tests during trial operation
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The following verification results were obtained: the trial operation program was completed in full;
the mine surveying service of the Kacharsky mining complex has high competence when performing work
using the functionality of the HPPS; HPPS and its technical documentation are ready for commissioning.

Acceptance tests of the high-precision satellite positioning system into commercial operation.
BSDC and DCC were developed as a result of the creation of a high-precision satellite positioning system
(see figure 4). BSDC is a ground-based fixed station for receiving and processing
GLONASS/GPS/BeiDou signals. The base station of differential correction is intended for the automated
reception of navigation signals, processing, storage, and provision of navigation data to consumers in the
served area, as well as for transmission of navigation data and service information to the DCC. The
satellite navigation antenna of the BSDC was fixed in the geodetic point "Base" on the roof of the mine
administration. The "Base" point is included in the geodetic reference network of the Kacharsky field of
JSC SSGPO, the coordinates of which were in SC WGS-84 and consequently recalculated in SC ITRF-
2014 in order to link to the international geodetic network IGS and to the local coordinate system.

(i)

o ll/?/radin oridge
14 G‘féx
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/Nawgat\un complex BSDC and CDC (located in the Ore Adm\nistraliun)\ N AL
radio brid The transmitting complex BSDC (located in
Control reom and antenna mast by the building)

=7
sm\\ Navigation module /énsmlmrr module (inside the enc\osﬁ /,’y/
\) o
—

(i)

(inside the server cabinet)

Lightning amrester -
GMNSS-antenna Q:J - Directiongl YHF antenn

Ngvigation receiver 55| =_

VHF modem
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—~T =

Design
geodetic peint

Serial server
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\ . El Repeater mast f]
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SP5 - Serial Inlerface Server
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AWIFT)
2z

=7
AWLAN (

CDC operator

2]

Active repeater

Operator of the moDlIeyd#plex of the BSDC
Operator of the mobile complex BSDC

Figure 4 — Location of the BSDC complexes

The scientific and technical level of the development of this system corresponds to the world level of
development of permanent GNSS base stations. The developed system and its technical documentation
were taken into commercial operation.

Conclusion. The significance of this project is to ensure high-precision positioning of mining
allotments and will allow solving two main problems of open-pit mining in the near future: increasing
labor productivity through the introduction of digital technologies and significantly increasing the
industrial and environmental safety of mining operations [5]. The experience of implementing a high-
precision positioning system at the Kacharsky field makes it possible to use it at other mining enterprises
in Kazakhstan.

It should be noted that there is an increased interest abroad in solving engineering-geodetic and
cadastral problems based on the technology of Continuously Operating Reference Station (CORS). CORS
was implemented in the United States by the National Geodetic Service (NGS) in 1995. In 2008, CORS
united more than 1500 stations of various organizations throughout the country and continues to expand
rapidly [6,7]. These stations are independently operated. Each owner provides his data to the NGS service,
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which analyzes, processes, and distributes them free of charge for post-processing [8,9]. The authors see
the same development prospects when creating a unified coordinate, time, and navigation support system
for our country. Considering the scale of the use of satellite technologies when performing engineering-
geodetic and cadastral works, equalizing the coordinates of single base stations and creating permanent
reference networks in the territory of the Republic of Kazakhstan is an urgent task [1].

A. A. Ba.]ITI/leBal, A.C. PacKaJmeBZ, JL. C. lllamranosa’, X. (I)aﬂg, I.b. Bﬁz[ilcepiMOBal

l«Z[. A. Konaes atsingarsl Tay-keH HHCTUTYThD «KP MIIKKO ¥O» PMK, Anmartsl, Kazakcran;
*FapBIITHIK TeXHHKA XKOHE TEXHOIOTHsIAp HHCTHTYTHI, Avartsl, KasakcTan;
3Kop0m>z[i1< TEXHOJIOTHSUTBIK HHCTUTYT, CToKTONbM, [1IBertis

KAIIIAP KAPBEPIHJIE JIQJIJIITT J)KOFAPBI CITYTHUKTIK )KAUFACTBIPY )KYHUECIHIH,
BATJAPJTAMAJIBIK-TEXHUKAJIBIK KEHIEHIH KABBIUIJIAY CBIHAKTAPDI

AHHOTanusl. FBUIBIM MEH TEXHUKaHBIH JIEMIIK 1aMy JKaFIaibl KOIITEreH eIl KEPCEPIKTIK eIeyep Herisin-
Jle aHBIKTAJFaH ©3epPiHIH 3aMaHayd KOOPAMHATTAp JKYHeciH KonmaHyra urepmereiai. COHbBIMEH Kartap, Kasipri
3aMaH¥bl XKyile OYKLUI e YIIiH ©3iHiH allbIKTBIFBl MEH OipIIiri apKbUIbl cHIlaTTalybl Kepek. Kazakcran PecryOnunka-
CBIH/IAa THECLII JKOFaphl JQJIKTI KEPCEPIKTIK KaWFacThIPy JKYHelepiH Kypy jKoHe maiianany Ke3iH/Ae TYbIHAaWThIH
Heri3ri MaceseHiH Oipi — OTaHIBIK )KEPCEPIKTIK ammapaTypaHblH, MaMaHJaH/bIPbUIFAH OaFnapiaMaiblK KaMThIIBIM
MeH OarapiiaMalbIK-TeXHUKAIBIK KEIeH I ChIHAY 9liCTeMEeCiHiH 00IMayBbl.

KP BfM Freueiv xomutetinig 2018-2020 xpuimapra apHaiFaH FRUIBIMH-TEXHUKAIBIK K0Oajlapra TpaHTTap
(NeAP05136083 rpanr) xemici OoifpHIma KapkeutaHaepy koHe «CCKOBy» AK xeke opinTecid Koca Kap KbUIAH/bI-
PYBIHBIH apkackiHIa Kamap kapbepiHIme ToNmiri >KOFaphl JKEPCEpIKTIK JKaWFacThIpy KyHeCciHIH OargapiaMalrbik-
TEXHUKAJBIK KeIICHIH 93ipiey MeH anpodanusuiayaa oipereit MyMKIHAIK maimxa O0JIbL.

OsipneHreH auddepeHnnanapl Ty3eTyniH Oa3alblK CTaHIMSICH HABUTAIMSUIBIK CHIHAIJApAbl aBTOMATThI
KaObl11ayFa, KbI3MET KOPCETIETIH ayMaKTarbl HABUTAMSUIBIK JEPEKTEPIi OHJIeYTe, CAKTayFa jKoHe TYThIHYIIbUIApFa
YCBIHYFa, COH/Iali-aK HaBHIALMSUIBIK JIEPEKTEp MEH KbI3METTIK akKIapaTThl capallaHFaH TY3eTy OpTalblFbiHa Oepyre
apranrad. Jubdepennuanapl Ty3eryaiH 06a3ansik cTaHuusAChHbIH (JITHBC) CyTHUKTIK HaBUTalUsAJIBIK aHTCHHACHI
KeH OackapMmachIHbIH Tebecineri «baza» reomesusuiblk nmyHkTiHe Oekitinmi. «bazay» nmynkti «CCK-84 koopauHat-
Tapbl IGS xanbpIKapaliblK Te0IC3USUIBIK JKEITICIHE HKOHE KEPruUTKTI KOOPIUHATTAp XKYHeciHe OaiIaHbICTRIPy MaKca-
teiaga ITRF-2014 CK kaiita ecentenred «CCKOB» AK Kaiap keH OpHBIHBIH TIPEK MeOAC3HUIBIK KEITICiHe Kipe.

Makanajna Kamiap kapbepinie eHepKaciNTiK naigananyra >Korapbl JJIIIKTI )KEPCEPIKTIK jKaHFacThIpy KYHeCciH
€Hri3y YIIIH KaObuigay CBIHAKTAPbIH JKYPTi3ylle OpBIHIAIFAH HOTWXKeNep YChIHbUIFaH. ChIHAKTap >0OaHBIH
GiprieckeH OpbIHIAYIIBICBIMEH (FaphIIThIK TEXHMKa JKOHE TEXHOJOTHSUIAp WHCTUTYTHI) XKOHE JKEKe CEepiKTecIHeH
(«CCKOb» AK) Oipnecim xyprizingi. Aran aiitkanna, nuddepeHnuanipl Ty3eTy 0a3aiblK CTAaHIHSICHIHBIH MOHTaX-
Jlay JKoHE ICKe KOCY-’KOHAEeY >KyMbIcTaphl; nuddepeHnanapl Ty3eTy OpTaabIFbIHBIH aJJIbIH ala ChIHAKTaphl; Kyle-
HiH aJ/IBIH aJa )KoHe TOXIPUOETIK CBIHAKTaPHI XKYPri3iii.

Juddepennunanapl Ty3ery optaibirbiablH (ATO) dyHkumsapeiH TecTiney »oHe TXipHOenik mnaijaiany
Ke3iH/Ie TeKcepy JKypri3iireH Tiz0enep kenripinareH. JKypriziireH cblHaKTapIblH Heri3ri Minaerrepi MpiHazait: ITO-
HBIH TEXHUKAJIBIK JKoHE OaFaapiiaMalblKk KAMTaMachl3 eTyiHiH )KYMBICKA KaOIJIETTUTIrH KEeIeHIi TeKCepy, COHa-aK
JITO-HBIH 63apa ekikakThl KaTbiHAChl MeH MiHneTTepin JJTHC-men Gipiecin opblHAay Ke3iHIe OHBIH (YHKITMOHAN-
JIBIFBIH TEKCepy; KOFaphl JONAIKTI nosumumsuiay xyrecinig (OKIDK) TexHUKaIBIK KoHE OarmapiaMaliblK KaMTaMachl3
eTyJepiHiH >KyMBICKa KaOINeTTUIIriH KemeHAlI TeKcepy; JKOFaphl AIAIKTI MO3WINUIAY JKYWECiHIH CaHJIBIK >KOHE
caraiblK CHIIaTTaMaJIapbIHBIH HAKTBI MOHIH JKOHE MapKIIEHAEPIIK KbI3METTIH JKYMBIC icTey JKaFJaibIHAAFbl )KYMBIC-
Ka JalbIHABIFBIH alikpiHAay, JKIDK HakThl THIMALIIrIH aHBIKTay, COHAANH-aK THICTI )KYMBIC KOHCTPYKTODPJIBIK KY’KaT-
TaMachIH TY3€TY.

Ocpl KkyleHi a3ipneyaiH FeUTbIMUA-TeXHUKAIBIK aeHrerdi FHCXK TypakThl sKyMbIC iCTEHTIH 0a3alblK CTAaHIUS-
JIapbIH J3IpJeyAiH JEeMIIK JIeHreliHe coiikec Keneli. O3IpJIeHIeH )KYHe JKOHE OHBIH TEXHUKAJBIK KY’KaTTaMachl
OHEPKACINTIK Maiiiananyra KaObLUTaHIbL.

JKanmer »KyMBICTBIH HETi3r1 MakcaThl — HaKTHl yaKbIT JKOHE OHJICYICH KEeHIHT1 PeKUME 3aMaHayH CEepiKTiK
HABHUTALMSIIBIK TEXHOJIOTHSIIAP apKbUIbI T'€0/Ie3HUsIIBIK KOOPIMHATAIAP bl aHBIKTAY YIIIH AlllbIK KEH OPHBIH KOFaphI
JIOJIIKTI sKalFacThIpyMeH KamTamachi3 ery. Kaszipri yakeiTta Kamap xapbepiHze jky3ere achIpbUIBIN JKaTKaH d3ip-
nered xyie (OKIDK) Manyctpus 4.0 37eMeHTTepiH eHri3y JKOJIBIH JKaJIFacThIpy/a.

Tyiiin ce3mep: FHCX, xorapsl TonmmikTi MO3MIMSUIIAYABIH CITyTHUKTIK JXyHeci, Kapwep, auddepeHnnanast
Ty3etymiH 6a3anbik craniusckl (ITBC), kabbuinay cerHakTapsl, auddepenimanisl Ty3eTy opTaibirsl (JITO).
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IMPUEMOYHBIE UCIIBITAHUSI TIPOTPAMMHO-TEXHHYECKOTI'O KOMIIVIEKCA
CHUCTEMBI BBICOKOTOYHOI'O CIYTHHUKOBOTI' O TIO3NIIMOHUPOBAHMUS
HA KAYAPCKOM KAPBEPE

AHHOTanusi. MHUpOBO€ pa3BUTHE HayKH M TEXHUKU HOOYXIAaeT MHOTHE CTpaHbl HPUMEHSTH COOCTBEHHBIE
COBpPEMEHHBIE CUCTEMBI KOOPAMHAT, ONpe/eJICHHbIE HA OCHOBE CIIyTHMKOBBIX M3MepeHui. IIpu 3Tom coBpeMeHHas
cucTeMa JI0JKHA XapaKTepU30BAThCS CBOEH OTKPBITOCTBIO U €AUHCTBOM AT BCeHl TeppuTopuu cTpaHbl. OJHUMU U3
OCHOBHBIX Ip00JIeM, BO3HUKAIOLIUX TPH CO3/IaHUU U KCIUTyaTallud COOCTBEHHBIX CITyTHHKOBBIX CHCTEM BBICOKO-
TOYHOTO NMO3UIMOHNpOoBaHuA B PecrryOnuke Ka3axcras, sBISIOTCS: OTCYTCTBHE OTCUECTBCHHOM CITyTHMKOBOM amra-
paTyphbl, CHeNHATU3UPOBAHHOTO IPOTPAMMHOTO 00ECIIeYeHHUs U METOJUKH HCIBITAaHUHM MPOrpaMMHO-TEXHHUYECKOTO
KOMILIEKCA.

Brnaronapst punancupoBanuto Komurera Hayku MOH PK 1o niHUYM TpaHTOB HA HAYIHO-TEXHUYECKHUE POCKTHI
(rparT Ne AP05136083) na 2018-2020 rr. 1 codpurancupoBanmio yacTHoro maptaepa AO «CCI'TIO», nosBunack
YHHKaJIbHasi BO3MOXHOCTb B Pa3padOTKe M anpOoOMPOBAHUN MPOTPAMMHO-TEXHHIECKOTO KOMIUIEKCa CHCTEMBI BBICO-
KOTOYHOTO CILyTHHKOBOTO MO3HIIMOHNpOBaHus Ha Kagapckom kapbepe.

PazpaboranHas 6a3zoBast craHnus nuppepeHnnanTbHON KOPPEKINK TTpeJHa3HaueHa s aBTOMAaTH3HPOBAaHHOTO
npuéMa HaBUTAlIMOHHBIX CUTHAJIOB, 0OPa0OTKH, XpaHEHHUS U MPEJIOCTABIICHUS TOTPEOUTENSIM HABUTALIMOHHBIX JJaH-
HBIX Ha 00CITY)KMBAaEMOW TEPPUTOPHH, & TAKXKE IS IIepeiaul HABUTAIIMOHHBIX JaHHBIX M CIIyKeOHOI nHdopmanny B
ueHtp nuddepenuansHoil koppekuun. CIyTHUKOBas HaBUTAIlMOHHAs aHTEeHHa 0Oa30BoW craHuuu nuddepeH-
uuanpHoi koppekiuu (BC/K) Obuia 3akpemnieHa Ha reoje3udeckoM MyHKTe «baszay Ha Kpbllie pyJoynpaBieHUsI.
[Tyt «baza» BXoAUT B oNMOpHYIO reose3ndeckyio cetb Kauapckoro mecropoxkaenuss AO «CCI'TIO», koopauHaTel
kotopoit B CK WGS-84 6butn mepecuntansl B CK ITRF-2014 ¢ nenpio mpuBsS3KH K MEXTyHAPOIHOM reo1e3uuecKon
cetu IGS 1 B MeCTHYI0 cUCTEMY KOOPJIMHAT.

B crarbe npencraBieHs! pe3yabTaThl, BEITOJHEHHBIE TIPH MTPOBEICHUH MPUEMOYHBIX MCIIBITAHUH IS BBEICHUS
CHCTEMbI BBICOKOTOYHOTO CITyTHMKOBOTO TO3MIIMOHHUPOBAHMS B IPOMBIIUICHHYIO 3KCIuTyaTanuio Ha Kadapckom
Kapbepe. VcrblTaHust TPOBOAMINCH COBMECTHO C COHMCIIONHMTENEM mpoekTa (MHCTHUTYT KOCMHYECKOW TEXHUKH U
TexHonoruii) u yactHeiM mapTHepoM (AO «CCITIO»). B wactHOCTH, OBUTH MPOBEACHBI: MOHTaXHBIE M ITYyCKO-
HanaoyHble paboTel 0a30Boi craHuMKM AnGepeHInaTIbHON KOPPEKINH; TpeIBapUTEIbHbIE WCIBITAHUS LIEHTPa
nmuddepeHmansHON KOPPEKLIUK; IPeIBAPUTEIbHbIC U OIIBITHBIC UCTIBITAHUSI CUCTEMBI.

[IpuBeneHbl NEpevYHH, 10 KOTOPHIM HPOBOAWIOCH TeCTHpoBaHHME (GYHKLMHA LeHTpa auddepeHmanbHon
koppekimu (LIJIK) m mpoBepku mpu OMBITHOW SKcrutyatanud. OCHOBHBIE 3a/ladydl TPOBEJCHHBIX HCTBITAHUI
3aKIII0YAIOTCA B CICAYIOIIEM: KOMIUIEKCHas MpOBEpKa pPabOTOCIOCOOHOCTHM TEXHMYECKOTO M IMPOrpaMMHOTO
obecrieuennii L/IK, a taxxe npoepka (ynkumoHanbHoctd LIJIK npu ero B3auMoJeliCTBUM U COBMECTHOM BBIIOJI -
nennu 3ana4 ¢ BCJIK; xoMrurekcHast mpoBepka paboTOCIOCOOHOCTH TEXHUYECKOTO M IPOrPaMMHOTO obOecrieueHui
CHCTEMbI BBICOKOTOYHOTO Tosunnonuposanust (CBII); ompenenenune (akTHUeCKMX 3HAUYCHHUH KOJIWYECTBEHHBIX H
Ka4eCTBEHHBIX XapaKTEPUCTHK CHCTEMBI BBICOKOTOYHOTO MO3WIIMOHMPOBAHUS W TOTOBHOCTH MapKIIEHIEepCKOH
CIry>KOBI K paboTe B yCIOBHSIX ero pyHKIMOHUpPOBaHUS, onpezenenue akruueckoit adppextusnoctu CBII, a Takke
KOPPEKTHPOBKA COOTBETCTBYIOIIEH paboueii KOHCTPYKTOPCKOM JOKyMEHTAIHH.

Hay4Ho-TexHnYecKuii ypoBeHb pa3paboTKu JaHHOHW CHCTEMBI COOTBETCTBYET MHPOBOMY YPOBHIO pa3paboTOK
moctostHHO neficTByromux 6a3zoBeix craHimii [HCC. Pa3paboranHas cucremMa M ee TEXHHYECKas JOKYMEHTAITH
MIPUHATHI B TIPOMBIIUIEHHYIO KCILTyaTaIHIo.

OCHOBHOW IeNpI0 BCe paboThl sABIsIeTCS OOEcIedeHHe BBHICOKOTOYHBIM ITO3WIIHOHHMPOBAHUEM OTKPBITOTO
MECTOPOXKICHHUS, IS ONpPEIeNICHHs Te0Ie3NIeCKUX KOOPANHAT C MOMOIIBI0 COBPEMEHHBIX CITyTHHKOBBIX HAaBUTa-
IIHOHHBIX TEXHOJOTHH B PEXMMax PeajbHOTO BpeMEHH U moctoOpaborku. JlaHHas pa3paboTKa MpOAOIDKAaeT IMyTh
BHeIpeHUs eMeHToB MHaycTpun 4.0, KOTOpsIi B HacTosIIee BpeMs ocyliecTBisercs Ha KauapckoM kapbepe.

KatoueBnbie cinosa: THCC, crnyTHHKOBas cucTeMa BBICOKOTOYHOTO IO3MIMOHMPOBAHMSA, Kapbep, Oa3oBas
cranims quddepennmansHoit koppekiun (BCIK), npuemounsie ncnbitanus, HeHTp auddepeHnnantsHoil Koppek-

tu (LK)
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EXPERIMENTAL SUBSTANTIATION OF SOIL SELECTION
IN RECONSTRUCTION OF A MAIN GAS PIPELINE

Abstract. The results of complex geotechnical studies aimed at creating a temporary soil dam for the
reconstruction of the main gas pipeline are conducted. Based on the study of the properties of the three types of soils
that are in the vicinity, the technical-economical efficiency and prediction of the compaction of the recommended
soil are substantiated. The choice of soil laid in the dam should be carried out on the basis of the study of the
properties of soils and feasibility study. Technical-economical assessment is impossible without knowledge of the
characteristics of the soil, which were obtained in laboratory conditions. Three series of experiments were performed
for this: determination of soil density; determination of the angle of repose; determination of soil filtration
coefficient. The parameters were investigated in the course of the experiments, on which the quality of the soil dam
depends to the greatest extent: density; angle of repose during dumping; filtration properties (filtration coefficient).
Based on an analysis of the current situation, proceeding on environmental requirements and considerations of
economic feasibility, it was proposed to fill in a temporary embankment to allow the piles to be loaded by driving,
and to make it out of medium-sized sand composing the surface thickness in a given area. On the assumption of the
technological requirements of the reconstruction, the dam should be 5 m high and 36 m high on the top and 51 m
high on the bottom. Based on experimental-analytical researches, a motivated choice of soil is substantiated, which
made it possible to obtain an economic effect confirmed by the act.

Key words: dam, embankment, soil density, angle of slope, filtration coefficient, artificial sandy foundations,
laying of sandy foundations, compacted bulk soils, quality control, monitoring of the formed foundation,
geotechnical indicators driven pile.

Introduction. The need to reconstruct the passage of the main gas pipeline through the Syr-Darya
river is associated with the destruction of the support of the metal trestle No. 19 and the roll of six more
supports No. 13, 16, 17, 18, 20 and 21, caused by the movement of ice in 2008.

The impossibility of exploitation the gas pipeline after its damage is confirmed by a technical
examination of the condition of the supports of LLP «Constructor Sapa» and an act of inspection of the
gas pipe itself by specialists of the exploitation organization.

Each support, according to the initial project, is made of 4 metal driven piles from a pipe with a
diameter of 426 x 10 mm, loaded to the depth of 17 m, with support in a paleogene-neogene layer.

The grillage of pile supports is 3.5 x 1.5m in size of design and 0.95m in height, made of welded
metal structures, is located above the water level in height of 5 m. Each pile is a sheath, reinforced and
concreted after driving. Piles are interconnected by metal bonds.

The overpass has been in trouble-free exploitation for about 25 years, right up to the above damage
caused by ice drift. Only those supports located in the deep water of the river bed were destroyed.

According to the justifications of the construction organization carrying out the reconstruction of the
overpass, the structure of the restored supports (the amount of piles, the dimensions of the foundations, the
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material, the type of piles and the grillage) and the local experience in the construction of piles are
proposed to leave the former, adopted in accordance with the original version and confirmed its
operational suitability for a number of years [1]. To make an additionally protective structures
(icebreakers) in the most dangerous places to prevent repeated damage to the pier supports during the
flood and ice drift.

However, it seemed problematic to choose a method of piling, because there is no necessary surfacing
means, and, in addition, creation of a structure is required with a 5 m exit of piles above the water level
(with a high grillage).

Based on an analysis of the situation, proceeding on environmental requirements and considerations
of economic feasibility [2-12], it was proposed to fill in a temporary embankment to allow the piles to be
immersed by driving, and to make it out of local soil. On the assumption of the technological requirements
of the reconstruction, the dam should be 5 m high and 36 m high on the top. The size of the base of the
embankment will depend on the type of soil being poured. The required dimensions of the embankment
mainly depend on the angle of repose and the strength characteristics of the soil to be filled [13-18]. Based
on local conditions, the following can be used: sand of medium size (SMS), medium density (EGE-3),
which forms the channel of the Syr-Darya river; fine sand (FS), loose (EGE-2; 2a), located in the
immediate vicinity of the river; loams lying 30 km away from the dam.

Methods. In the first series of experiments, the determination of soil density was carried out
according to the standard method. All experiments in this series tests were repeated five times and were
carried out on medium sand and fine sand initially in a dry state. . In this case, four states of each of the
sands were artificially created: minimal compaction (by simply pouring soil into the cutting ring); weak
compaction; strong compaction; possible maximum compaction. Moreover, knowing the mass of soil to
create the minimum and maximum compaction, a weak and strong compaction with equidistant
intermediate values was modeled.

In the second series of tests, the angle of repose of SMS and FS was also determined by the standard
method. For dry and water-saturated loose sands, the value of the angle of repose practically coincides
with the angle of internal friction. In the air-dry state ¢ = 30 ... 40, under water ¢ =24 ... 33.

The third series of experiments was devoted to the determination of the coefficient of soil filtration.
At this point, due to the information obtained in experiments on determining the density and angle of
repose of SMS and FS, is already set a definite opinion about the preference for using SMS for dumping
the dam. However, the question of the filtration coefficient, its dependence on the density of soil laying,
the possibility of water penetrating through the body of the dam, etc., remained unclarified. Therefore, in
this series of experiments, the main attention is paid to the study of the filtration coefficient of SMS. At
the same time the value was determined depending on the density of SMS laying, which was created
similarly to the experiments in the first series, that is, with: minimal, weak, strong and maximum
compaction. Laboratory tests to determine the filtration coefficient for SMS and FS were carried out
according to standard methods. The experiments were carried out with triplicate determination at various
values of the hydraulic gradient J and the average value was found. In each test the measurements were
carried out at 7-8 different positions of the water level in ballon and the obtained data were averaged.

Results. In accordance with the report on engineering-geological conditions in this area, fine and
medium-sized sandy soils dominate from the surface without distinct facial borders (EGE No. 1,2,3),
which are lined with clays from a depth of 16 m. On the left bank sandy soils are covered by a layer of up
to 1.5 m macroporous loam of solid consistency.

According to the nomenclature and physical-mechanical properties of soils, four engineering-
geological elements (EGE) were identified within the transition area: EGE-1 — macroporous loam,
subsiding (the subsidence of the loam from its own weight when soaking is 0.0 cm, the type of soil
conditions of the site within the left bank by subsidence is the first); EGE-2 - fine sand, loose; EGE-2* -
fine sand, medium density; EGE-3- sand of medium fineness, medium density; EGE-4 —not swelling clay.

According to the results of the first series of tests was obtained the dependence of soil density on the
degree of created compaction (figure 1).
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Figure 1 — The dependence of soil density (p) on the degree of compaction being created:
1 - for sand of medium size; 2 - for fine sand

Comparing the density values of SMS and FS simulated in laboratory conditions with the
corresponding data obtained by LLP «Inzhenernyye izyskaniya» from samples of a natural undisturbed
structure, can mention the natural state for SMS the density is 1.58 g/cm®, and for FS- 1.52-1.54 g/cm’,
which corresponds to the state under laboratory conditions between strong and maximum compaction.

Therefore, we can make an intermediate conclusion that when laying in a dry state SMS is preferable
for laying it in a dam in comparison with FS, in that this soil surpasses FS in almost all stages of its
compaction. From the data it is also seen that the addition of the same soil masses to the same volume
gives an uneven increment (in %) of the density. So, for SMS, the maximum increment p was for strong
compaction, and for FS, for weak compaction it continued to fall from 10.7% to 9.5% (figure 2).
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Figure 2 — The dependence of the increment of soil density on the degree of compaction:
1 - for sand of medium density; 2 - for fine sand
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Interesting data were obtained when working with soils (SMS and FS), in conditions of their full
saturation with water. By preliminary experiments, when soil samples of a disturbed structure were
saturated with water so that it protruded to the surface and completely covered the soil, and then merged.

The density was reached so high that it is not possible to immerse the cutting ring with the efforts of a
person’s hands (without hammering). Experimentally obtained: p, = 1.53 glcm®; p, = 1.89 g/cm”.

As a result of the second series of experiments, it was found that the angle of repose of the FS was
greater than that of SMS a3¥5 = 27,99° < af5=31,34 ° (A = 12,6 %).

This ratio is observed for the averaged values of SMS and FS in the dry state az)'3,, =
3150°< agg_dry = 31,34 (A = 11,3 %).

And in a water-saturated state 50> . = 24,48° < afS .. =27,61° (A = 12,8 %).

The obtained average value of the angle of repose o SMS turned out to be less than the angle of
internal friction of the soil ¢ determined by LLP «Inzhenernyye izyskaniya» a3XS = 27,99° < ¢5MS =
32-35° (A = 20%).

And the average value of the angle of repose a FS is greater than the angle of internal friction
¢ determined by LLP «Inzhenernyye izyskaniya» @fs = 31,34° > pfS =26 - 29° (A = 14 %).

Although it is noted in the technical literature that a. and ¢ can be fairly close to each other, these
experiments have established the above-mentioned difference.

Based on the analysis of the experiments, the following results were obtained.

Determination of the angle of repose in the instrument “Box of Coulomb” can be determined quite
unambiguously for dry loose soils and for clean sands in a soaked state .In the case of soaking loose soils,
which along with the friction forces have some proportion of the adhesion forces between the particles, it
is not possible to accurately determine the angle of repose due to the curvature of the inclined plane of the
caving prism.

Comparison of the slope angles of medium-sized sand and fine sand showed that medium-sized sand
is more preferable for dumping dams with the given sizes of top, bottom and height from the point of view
of technical-economic feasibility.

Conclusion. The data obtained during the study indicate that SMS has a more predictable behavior
when laying it in a dam, compared with FS. It was expressed in the fact that the FS unevenly mixes in
water (spreading out over fractions), flows worse into the form, having viscosity, holds water for a longer
time, it is necessary to exert more efforts when mixing it with water, etc. These experiments allowed us to
make an important conclusion - about the possibility of creating a dam by washing the soil with a dredger.
Moreover, the decisive argument in favor of SMS is that it can be taken directly from the bottom of the
river, while deepening the channel, which contributes to a greater flow of water. That is, the probability of
preserving the dumped body of the dam is more likely. While FS should be transported from the shore, a
dam should be created, which due to the above reasons, will have less stable construction properties than
with soaked SSM. With the obvious economic advantages of the first method, the factor of the time of the
production of work, which is advantageous in the case of using the SMS plays an important role.

A comparative analysis of the behavior of the two types of soil allows us to conclude that in the case
of medium density sand, the forces that keep the slope are friction forces, and in the case of fine sand, the
friction and adhesion forces. Due to the presence of adhesion forces the prism from fine sand does not
immediately settle in the water, but remains for some time until the bonds that cause the adhesion forces
between the particles are destroyed by the water penetrating into the ground. The presence of adhesion
forces should also explain the curvilinear character of the collapse prism, which was observed in all five-
fold repeated experiments.

This once again raises the question of the number and places of sampling the required number of
samples in the case of testing heterogeneous soils, the presence of which is explained by the absence of
clear facies boundaries between individual layers of the base as a result of annual changes in the regimes
of the water sources of the Syr-Darya river.

The results of studies of the filtration properties of soils were obtained in laboratory conditions on
samples of broken structure at a previously selected packing density. The results are presented in figure 3,
from which it is seen that with an increase in the compaction of SMS, the value of the filtration coefficient
became smaller, especially this strongly affected the first stage of compaction during the transition from
minimal compaction to weak.

—— ) ——
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The obtained curve (figure 4) indicates that, as the SMS is condensed filter coefficient decreases. This
is most pronounced in the first interval (b = 1.3772 to p = 1.454), A; = 42%.

coefficient
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Figure 3 — The dependence of the filtration coefficient on the hydraulic gradient at:
1 - maximum SMS compaction; 2 - strong compaction of SMS; 3- weak compaction of SMS;
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Figure 4 — The dependence of the filtration coefficient on the density of SMS

In the second interval (p = 1.454 to p = 1.53), Ks decreases slows down, A, = 16%, and in the third
interval (p = 1.53 to p = 1.60) it increases, Az = 23%.

The value of the filtration coefficient obtained by LLP «Inzhenernyye izyskaniya» is K¢ = 10y 44y for
SMS in its natural state. Referring this value to the conditions of the tests performed, it can be seen that
this value will be between weak and strong soil compaction. Based on this, it can be stated that the data of
LLP «Inzhenernyye izyskaniya» are in good agreement with laboratory determination of the filtration
coefficient made in the third series of experiments.
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The data obtained from three series of experiments made it possible to carry out a comparative
analysis and make a conclusion about the construction properties of SSM and FS.

When laying in a dry state, SMS is preferable for laying it in a dam as compared with FS, since this
soil in almost all stages of its compaction surpasses FS.

SMS has a more predictable behavior when laying it in a dam, in comparison with FS, which makes it
possible to create a dam by washing the soil with a dredger. Moreover, the decisive argument in favor of
SMS is that it can be taken directly from the bottom of the river, while deepening the channel, which
contributes to a greater flow of water. That is, the probability of preservation of the dump body of the dam
is more likely. At the same time, FS should be transported from the shore by dump trucks and with
additional compaction, either by rolling or tamping, which, when water gets from the river bed, makes this
operation practically impossible and leads to large material costs.

Comparison of the slope angles of SMS and FS showed that sand of medium size is more preferable
for dumping the dam with the given sizes of top, bottom and height from the point of view of technical-
economic feasibility.

Sand of medium size, composing the riverbed, has a more homogeneous structure, and the fine sand
located in the floodplain of the river is heterogeneous. It requires the processing of more samples in
laboratory conditions and its construction properties are more difficult to predict.

Comparison in experiments on determining the filtration coefficient showed that SMS, regardless of
the degree of compaction, will pass water, which when forming a dam, on the one hand, will have a
negative effect - the removal of small particles (the phenomenon of suffusion), and on the other hand -
positive: for due to the passage of water through the body of the dam, the pressure of the water mass on
the embankment structure will be slightly reduced as a whole (the probability of its destruction is
reduced).

The FS has a lower filtration coefficient, and therefore, when a dam is formed from it, the water
consumption in the remaining part of the river, which is not blocked by the dam, will significantly
increase. In view of this, should expect an increase in the water level to the dam and, accordingly, erosion
of the edge of the dam with the supposed destruction of the edge of the dam.

Considering the above, it should be counted possible to use local soil for filling temporary
embankments for the purpose of production of piling, subject to the following conditions:

- must be laid with a density of at least 1.65 g / cm® the soil of the embankment;

- must be confirmed by preliminary laboratory tests the possibility of compacting the UCS to the
required density;

- a layer-by-layer check of the actual density of its laying is required during the filling of the
embankment;

- to use preferably a copra with minimal dynamic effects to reduce its impact on the artificial base for
the production of piling works;

- should be carried out pile driving by installing the coper on a wooden platform to reduce the
specific pressure on the ground and distribute the effort over a larger area;

- should be carried out work at the lowest water level in the river;

- comply strictly with the requirements of current regulations for the production of construction and
installation works and safety regulations.

The recommendations were transmitted to the construction organization that carried out the
reconstruction of the gas pipeline. Taking them into account, work on the construction of a temporary dam
was optimized: the choice of the type of soil for the body of the dam; the method of laying it; the achieved
density and the angle of the natural slope. As a result of the introduction of scientific research into the
practice of construction, an economic effect was obtained, which was confirmed by the implementation
act. The gas pipeline is currently in exploitation.

—— 4 ——
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MATHUCTPAJIBJBI T'A3 KYBBIPBIH KAWTA )KAHAPTY BAPBICBIH/IA TONBIPAK
CYPBINTAYIbIH SKNEPUMEHTAJIb/IbI HET'T3JIEMECI

AHHoOTanus. Makanana MarucTpajibAbl Ta3 KYOBIPEIH KaiiTa Kypy YIIiH YakbITIIa TONBIPAK OOTreTiH KYpyFa
OarbITTalIFaH SKCIIEPUMEHTTIK-TAJIAAMAIIBIK 3€PTTEY HOTHKENEPi KeNTIpiIesi.

I'a3 xyOwIpeiHBIH Tiperi ChIpaapus e3eHIHAEri MY3BbIH COrity OapbhIChIHAA 3aKpIMaanFaH. Kama TipekrepiH
KaJIlbIHA KENTIPY YIIiH yaKbITIIA YHIHII Tocey YChIHBULIBI. KOMKeTiMAl jKaKblH OpHAIACKaH TOMBIPAKTHIH YII TYPi-
HiH KacHeTiH 3epTTey HETi3IHJe YCBIHBUIFAaH TOMBIPAKTHIH TEXHHUKAJBIK-YKOHOMHUKAIBIK THIMIUIITI MEH THIFBI3-
IBIFBIHBIH OOJDKaMBbl HETI3AENE.

BereTke canbIHATBIH TOMBIPAKTHI TAHAAY TOIBIPAK KACHETTEPIH 3€PTXAHAJIBIK 3€PTTEY JKOHE TEXHHKAIBIK-
9KOHOMHUKAJIBIK HETi37IeMe HETI31He KYy3ere achlpbliaabl. bererTi Kaita skaHapTy KOHIHACT] )KYMBICTAPIbI KYPTi3y-
JIIH TEXHOJIOTUSUIBIK TaJlaNTapblHa CYHEHE OTBIPHII, OUIKTIT 5 M jkoHe OUIKTIr: 36 M 00sysI THiC. Y HIHIIHIH KaXKETTI
radapurTepi eH ajabIMeH TaOuFu eHic OypBIIIBIHAH JKOHE TOTIETIH TONBIPAKTHIH OEpIKTIK cHmaTrTaMaliapblHaH
KaOBUIIaHysl THiC. JKeprimikTi skarmaiifa OalmaHBICTBI OpTAaIIa ipiliri, TEIFBRI3ABIFEI Oap, CeIpaapus ©3c¢HiHIH apHa-
CBIH IIEKTEHTIH KYM; ©3€HIre TiKeJIed XaKblH OpHAlacKaH ycak, Oopmbuinak KyM; OererteH 30 KM KaIIBIKTBIKTA
KATKaH ca3/laK Iai1alaHbuTybl MYMKIH.

ToxipuOeHiH OipiHII CEpHACHIHAA THIFBI3IBIKTH aHBIKTAY JKYMBICTaphl XKyprizinai. byn perre KyMHBIH TOpT
JKarIaibl KKacaHIbpl TypAe Maiga OOJIbl: a3 HBIFBI3AAY; SJICI3 HBIFBI3NAY; KYLITI HBIFBI3NAY; €H YKOFapbl MYMKiH
HBIFBI3Ay. ToXIpUOEHIH eKiHII CepusChIHIA KYpPFaK JKOHE CyFa KaHBIKKAH TOIBIPaKKa apHajFfaH TaOWFU eHic
OYpBIIIBl aHBIKTANABL. OKCHCPUMEHTTIH YIIIHINI CepHACH 06reT apKbUIBI CYIBI aFbI3y MOCENECiH 3epTTey VIIiH
TOIBIPAKTHI CY3y KO3()(UINECHTIH aHBIKTaYFa apHAIIBI.

OKcHepuMeHTaNIbI-aHATMTHKAIIBIK 3€PTTEy HOTIKEJIEpl HETi3iH/e SKOJIOTHAJIBIK CHIAaTTaFbl TajanTapFa JKoHe
HKOHOMHKAJIBIK MaKCATTBUIBIK YFBIMJAPbIHA CYHEHE OTBHIPBIN, KaJa Kary >KYMBICTAPBIH XKYPri3y MakcaTblHJa ©3¢H
KYMbIHaH yakpITIIa YiliHIi ceOy yChIHBUIIBL. Y HiHAlI OWIKTIri S M, TOMeHri xarbl OoMbIHIIA 51 M, YCTIHII *Karbl
6oitprHIIa 14 M 60ITyBI KaXKeT.

Cy3y ko3 HUIHEHTIH aHBIKTay OOWBIHIIA TOKIPUOCHI CANBICTHIPY OpTAaIla ipLTIKTEri KYM THIFBI3AAY opexke-
ciHe KapaMacTaH CyIbl O©TKi3eTiHiH kepcerTi. byn Oererti dopmupanmsanay kesinme Oip KarblHaH Tepic acepre —
ycak Oemmexrepai meirapyra (cyddosns KyOBUIBICH), all KiHIIi jKaFbIHAH OH ocepre — 0ereT IeHeci apKbUIBI CY
OTKI3y eceOiHeH JKallbl YHiH/AI KOHCTPYKIHSCHIHA CY MAacCAChIHBIH KbICBIMBI JKOHE OHBIH OY3bUTy BIKTUMAJIJIBIFbI
Oipmama TeMeHzenal. ¥ cak Kymaa cy3y ko3 GUIMeHTi a3, COHIBIKTaH 0OreTTi KaJBINTACTHIPY Ke3iHAe oJlaH OereT-
ci3 ©@3eHHIH KaJIFaH OeliriHeri Cy/IbIH HIBIFbIHBI e9yip apTajbl. OcblFaH opai, cy AeHreiliniH Oererke JeiiH KkeTepi-
JIyiH X9He THiCiHIIe OereTTiH MIETIH ajIbIH ajla KUpaTa OTBIPHIIL, IEeTiH MIaiblll KETKEHIH KYTY KEepeK.

JKorapbiia alTBUTFaH/IBI €CKEPE OTBIPHIIL, )KEPTUTIKTI TONBIPAKTHI KaJla Kary >KYMBICTApbIH )KYPIi3y MakcaTbIHAa
yakpITIIa YiHiHAI OepTreci ymiH mnaiiganmanran »xeH. O yIIiH yakpITIIa OereT OpHaTy OOMBIHINA >KYMBICTAp
OHTAWJAHABIPBULIIBI, SFHU OOTeT JIeHECiHe apHaJFaH TOMBIPAK TYPiH TaHJAy, OHbI TOCEY dAicTeMeci, KOJ JKeTKi3ie-
TiH THIFBI3/BIK XKOHE TAOUFU €HiC OYPBIIIHI.

Frutbivu 3eprTeynepai KyphiIblc TOXXKipHOeciHe eHri3y HOTHKECiHIe SKOHOMHUKANBIK HOTIKE aimblHAbl. Kazipri
yaKbITTa ra3 KyObIpbl TaOBICTHI MaiilallaHblUTy 1A,

Tyiiin ce3mep: Oerer, yHiHAI, TONBIPAK THIFBI3BIFEI, TAOWFU €HIC OYpPHIMBI, CY3y KO3(D(GUIMEHTI, KyMIIbl
KacaHJbl HEri3liep, KYMJIbl HETi3/i Tecey, THIFbI3JalaThlH YHIHII TONBIpAaKTap, camaHbl OakKblIay, KalbITacaThIH
HeTi3/11 6aKpUIay, Kaaajsl ipreTacThlH Fe0TeXHUKAIBIK KOPCETKIMITepi.
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IKCHHEPUMEHTAJBHOE OBOCHOBAHMUE IIOJBOPA TPYHTA
IMTPU PEKOHCTPYKIIMU MATUCTPAJIBHOT' O I'A3OIIPOBOJIA

AnHoranus. [IpuBOIATCS pe3ynbTaThl SKCIEPUMEHTAIBHO-AHAIUTHIECKUX HCCIEJOBAaHUI, HAlPaBIEHHBIX Ha
CO3/]aHUE BPEMEHHOW IPyHTOBOU 1aMOBI ISl PEKOHCTPYKIIMK MarucTpajibHOTO ra3onpoBo/ia.

Omnopsl ra30npoBoja ObUTH MOBPEKAEHBI IpH Jenoxone pexu Coip-Jlapes. [ BOcCTaHOBIEHUs CBAHHBIX OIOP
OBbUIO MPEIOKEHO MPOU3BECTH OTCHINKY BpeMEHHOW Hachli. Ha OCHOBe M3ydeHHs] CBOWCTB TPEX BUJIIOB I'PYHTOB,
HaXOJSIIUXCS B JOCTYITHOH OJM30CTH, OOOCHOBBIBAETCS TEXHUKO-dKOHOMHYECKash 3()(EKTUBHOCTh W TIPOTHO3
YIUIOTHSEMOCTH PEKOMEHAYEMOI0o IPpyHTa.

Beibop rpyHTa, yKIaablBAEMOTo B JaMOy, OCYHICCTBISICTCS HAa OCHOBAaHUH JIA0OPATOPHBIX HCCIICAOBAHHN
CBOHMCTB TPYHTOB UM TEXHHKO-3KOHOMHYECKOTO 000CHOBaHUs. McXons M3 TEXHONOTHYECKHX TPeOOBaHMII MPOW3BOA-
cTBa paboT MO PEKOHCTPYKINH, famba IOIKHA OBITH BBICOTOH 5 M M pazMepoM 1o Bepxy 36 M. Pazmep ocHOBaHUA
HACBINK 3aBHCUT OT BHJA OTCHIIIAEMOTO TpyHTa. HeoOxoauMele rabapuThl HACKITN TOKHBI OBITh IPUHATHI TJIABHBIM
00pa3oM OT yIyia €CTECTBEHHOTO OTKOCA W MPOYHOCTHBIX XapaKTEPUCTHK OTCHIIIaeMOro rpyHTa. Mcxons u3 MecTHBIX
YCIIOBUI MOTYT OBITH HCIIOJIB30BAHBL: MECOK CpPeJHEH KPYMHOCTH, CPeJHEH IIOTHOCTH, CJIATaloIldil pyclo peKd
Ceip-/lapby; IIECOK MENIKUH, PHIXJIbIN, HAXOISIIMNACS B HETIOCPEICTBEHHONW ONM30CTH OT PEKH; CYITIMHKH, 3aJIeraro-
nue Ha yaaneHud 30 KM oT 1aMOBbl.

B mepBoii cepuu OIBITOB NPOBOAMIOCH OIpENeNeHHe IIOTHOCTH. [IpH 3TOM HCKYCCTBEHHO CO34aBajoch
YeThIpe COCTOSHMSA KaXJOTo W3 IEeCKOB: MHHHMMAaJbHOE YIUIOTHEHME; cllaboe YIUIOTHEHHE; CHIBHOE YIUIOTHEHHE;
MaKCHMaJbHO BO3MOXKHOE YIJIOTHEHHE. BO BTOpPOH cepHM OIBITOB ONpPENENsICs Yrojl €CTECTBEHHOTO OTKOCa JUIS
CYXHX U BOJOHACHIIIEHHBIX TPYHTOB. TpeThst cepusi SKCIEPHUMEHTOB OblIa TOCBSIICHA ONPEICICHHIO KO PHIIeHTa
(bUIBTpalMK TPYHTOB JUIS U3YYEHHs BOIIPOCa MPOCAYMBaHUs BOJbI yepe3 1amoy.

Ha ocHOBaHMM pe3ynbTaToB 3KCHEPHUMEHTAIbHO-aHATUTHYECKUX HCCIEAOBAHUM, HCXOAS W3 TpeOoBaHWN
9KOJIOTHYECKOTO XapakTepa M COOOpa)KeHHH 3KOHOMHYECKOH Ieneco00pa3HOCTH, OBUIO IMPEATIOKEHO MPOU3BECTH
OTCBINIKY BPEMEHHOM HACBIITM W3 PEYHOTo IecKa IyTeM €ro HaMblBa C IIeJbI0 MPOM3BOJCTBA CBA€OOIMHBIX padoT.
Hacpinb pekoMeH10BaHO BBITOJHUTH BBICOTOHM 5 M, pazMepoM 1o Hu3y — 51 M, 1o Bepxy — 14 M.

CormocTaBiieHHE OITBITOB II0 OIpPEACICHUIO KO PHIeHTa GUIbTpanny I0Ka3aio, 4To MEeCOK CpeJHeH KpyT-
HOCTH HE3aBHCHUMO OT CTEIeHH YIUIOTHEHHUs! OyAeT MPOIyCKaTh BOAY. DTO MOXET NMPHUBECTH IPH (HOPMUPOBAHHU
J1aMOBl, ¢ OIHOM CTOPOHBI, K OTPHIIATEILHOMY BO3JIEHCTBUIO — BBIHOCY MENKHX 4acTHll (siBieHue cyddosum), a ¢
JIpyToi CTOPOHBI — K TOJIOKUTEIHHOMY BO3AECHCTBHIO: 3a CUET MPOIYyCKa BOABI Yepe3 TeJo AaMObI OyaeT HeCKOJIBKO
CHIDKEHO B II€JIOM JaBJICHHE MAacChl BOJBI Ha KOHCTPYKIIMIO HACHIIM M CHHU3MTCS BEPOSTHOCTH €€ pa3pyIIeHus. Y
MecKa MEJIKOro MeHblIe KOA(GOHUIMEHT GHIbTpalMy U MO3TOMY NpH (GopMHUpOBaHUM NamMObl U3 HEro 3HAUYUTEIBHO
YBEITMUUTCS PACXO BOJBI B OCTABIIEHCS YaCTH PEKH, HE NIEPETOPOKEHHOM nam0Oo0ii. BBuay aT0TO, ClieayeT oXuaarh
TIOBBIIIEHUsT YPOBHS BOJBI NO JaMOBI M COOTBETCTBEHHO Pa3MBIBAHUIO Kpas AaMOBI C MPEANONIOXKHTEIBHBIM
paspylIeHHeM Kpast JaMOBbI.

Y4uuThIBas BBILIEU3I0KEHHOE, CIEAYET CUMTAaTh BO3MOXKHBIM HCIONB30BaHHE MECTHOIO IPYHTa ISl OTCBINKH
BPEMEHHOW HAChIU C IEJbI0 MPOU3BOACTBA CBacOOWHBIX paboT. [l yero ObUIM ONTHMHU3UPOBAHBI PAOOTHI IO
YCTpOMCTBY BpeMEHHOH NaMObl — BBIOOp THIA TpyHTa /I Tena JaMObl, METOAMKa €ro YKJIAJKH{, JOCTUTraeMas
IUIOTHOCTb U YTOJI ECTECTBEHHOI'O OTKOCA.

B pesynbrare BHeApPeHMS HAayYHBIX MCCIIEOBAaHUI B MPAKTHUKY CTPOMTEIHCTBA OBLT IMOIYYEH IKOHOMHYECKUI
a¢dexT. B HacTosmee BpeMs ra30poBO YCIIEIIHO YKCIUTyaTHPYETC.

KiroueBble cioBa: gamba, Hachlllb, IUIOTHOCTH TPYyHTa, YTOJl €CTECTBEHHOTO OTKOCa, KO3(PQHUIMEHT
¢wIpTpanyy, TNecyaHble HCKYCCTBEHHBIE OCHOBAHHMSA, YKJIAJAKA I1€CYAHOTO OCHOBAHHWSA, YIUIOTHSIEMBIC HACHIITHBIE
TPYHTHI, KOHTPOJIb Ka4e€CTBa, KOHTPOJIb (POPMHUPYEMOT0 OCHOBAHHSI, TEOTEXHUIECKHE MTOKa3aTen, 3a0NBHAas CBasl.
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POLYMER WASTES’ FLOTATION
SEPARATION RESEARCH RESULTS

Abstract. For separation of plastic wastes (polyamide (PA), acrylonitrile butadiene styrene (ABS) and
polystyrene (PS), a flotation method is proposed. Using this method, the effect of concentration of surface-active
substances (surfactants), which were used as polidocanol, sulphanole and a mixture of surfactants containing sodium
laureth sulfate and diethanolamide, was studied.

The research results analysis of the flotation separation of a mixture of crushed plastic wastes was carried out
according to the calculated values of the extraction of a floated component ¢ and the purity of a concentrate . It was
noted that the maximum extraction of the floated component depends on the polymer and surfactant type. A mixture
of surfactants at lower concentrations allows to achieve greater extraction of the floated component with less
foaming ability.

The research results on the extraction of polystyrene from the air flow rate at various concentrations of
surfactants’ mixture show that the extraction has a maximum at a certain air flow rate. At low air flow rates, the
working volume of liquid is not saturated enough with gas bubbles. If the optimal value of air flow rates is exceeded,
many gas bubbles are formed that are not involved in the flotation process.

The research results on the extraction of polystyrene from the aerated liquid layer height at various
concentrations of surfactants’ mixture show that, at a low height of the aerated liquid layer, the probability of
collision of a plastic particle with an air bubble is low and some potentially floated particles seek the bottom of an
apparatus without having time to collide with an air bubble.

When assessing the influence of liquid temperature on the flotation process, it was found that increasing the
liquid temperature above 20°C leads to a sharp decrease in ABS and PS extraction. This is explained by the fact that
the dependence of the surfactants’ foaming ability on the temperature is characterized by solubility curves and for
most surfactants they have an extremum.

Key words: flotation, plastic wastes, surface-active substances, concentration, air flow rate, liquid layer height,
temperature.

Introduction. In the world there is a constant increase in the consumption of polymer materials (PM)
[1,2], which occupy a leading position in terms of production of raw materials.

The accelerated growth in the production of polymer materials and the expansion of their applications
in various industries is explained by their manufacturability, ease, convenience, cost-effectiveness, safety,
a set of valuable operational properties and high aesthetics. Plastics are serious competitors to glass,
ceramics and metal [3].

At the same time, the use of products from polymer materials certainly causes waste formation. The
increase in PM production and consumption inevitably entails an increase in the amount of their wastes.

In recent years, the problem of processing plastic wastes has taken an important place in the world,
since the bulk of wastes is destroyed by inefficient methods [4-8].

Promising processes for the separation of PM are flotation based on various wettability, since they are
quite simple in hardware and reliable. This requires the presence of surface-active substances and gas
bubbles in the working volume of an apparatus [9,10].
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Experimental plant and research methodology. A diagram of the laboratory-scale plant of a
column flotation apparatus with pneumatic aeration of liquid to study the effect of the main process
parameters on the flotation separation of a mixture of crushed plastics is shown in figure 1.

The plant includes the reservoir 1 for carrying out the flotation process, which is filled with water
from the line 1¢ using the valve Bul. Inside the reservoir 1, at its bottom, the aerator 2 is fixed for
introducing air into the working volume of the apparatus in the form of bubbles. The working volume of
the apparatus is the volume of liquid between the aerator and the foam layer (liquid surface). The aerator
is installed in the lower part of the apparatus with the ability to adjust the plant’s depth to determine the
optimal aerated liquid height. The air flow rate supplied from the compressor to the reservoir 1 is
regulated by the valve Bu2 and is controlled by a rotameter.

A 4

v

Bu4d

-2z

1 —reservoir; 2 — aerator; 3 — bladed batcher; 4 — feeder; 5, 6 — separators; Bul-Bu4 — valves;
T1 — thermometer. Flows: 1¢ — water to fill the reservoir; 2¢ — water drain
Figure 1 — A diagram of the laboratory-scale plant of a column flotation apparatus with pneumatic aeration of liquid

The feeding of crushed plastics is regulated by the bladed batcher 3, in the body of which a rotor with
radial blades made of elastic material is installed, which prevents its jamming. The feeding is organized
through the feeder 4 in the middle part of the column with the ability to control the depth of feeding to
study its effect on the flotation process. For a better independent outflow of the resulting foam product
(concentrate) from the liquid surface and its overflow from the column for further processing, the
laboratory plant provides for a constant circulation of circulating liquid. The circulating liquid is fed to the
column through the feeder 4, which prevents particles of crushed plastics from getting stuck in it. To
separate solid and liquid phases of the foam product, the separator 5 is used, and for tails, the separator
6 is used when opening the valve Bu3. The separators 5 and 6 also serve to accumulate a buffer volume of
the circulating liquid, necessary for its constant circulation using pumps. The liquid, if necessary, is
drained from the plant through the line 2¢ with the help of the valve Bu4 valve. The liquid temperature in
the reservoir 1 is measured by the thermometer T1.

The experimental research technique consists in the following sequence of actions.

1. Prepare in advance a sample of the studied crushed plastics with the mass m,,. Due to the
complexity of further manual sorting of the concentrate in a multilateral study of the flotation process, it is
recommended to apply a sample of a mixture of crushed plastics weighing about 10 g. In the laboratory
plant, it is possible to study the dependences of the extraction of certain types of plastics on physical and
operational factors, while the flotation is fed with the sample m,., containing one type of crushed plastic.
It is also possible to study the separation of a mixture of several types of crushed plastics. In the second

case, the sample m,., should contain particles of crushed hydrophobic plastic with the mass ml‘f;and
particles of crushed hydrophilic plastic with the mass m* . When studying the separation of plastics, it is

recommended to feed for the flotation a mixture of plastics in a ratio of 1:1, since the literature cites the
fact that the most complex mass ratio for separating the components of a mixture is generally 1:1.
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2. At the beginning of work with the laboratory plant, shown in figure 3.1, it is necessary to open the
valve Bul and fill it with water from the line 16, while separators 5 and 6 are also filled with the buffer
volume of the circulating liquid.

3. When filling the plant with water, introduce the required amount of surfactants, which are mixed in
the liquid flow during its feeding and subsequent circulation.

4. Using adjustable pumps, install the required circulation of the circulating liquid.

5. Turn on the compressor and, opening the valve Bu2, feed air to the working volume of the
apparatus through the perforated aerator 2, which is installed to the required depth. Due to the aerator, the
air will be evenly distributed over the cross section of the apparatus in the form of small bubbles.

6. Using the valve Bu2, establish the air flow rate necessary for the experimental study, controlling its
value with the rotameter.

7. In the mechanical bladed batcher 3, pour the pre-prepared sample of crushed plastics with the
mass Micx.

8. Turn on the mechanical bladed batcher 3 and feed the material. In this case, the particles enter the
feeder, washed by the circulating liquid, and then into the working volume of the apparatus. As a result of
the flotation, a part of the crushed particles falls into the foam product, and the other part — in the
sediment. The three-phase foam product due to the constant circulation of the circulating liquid by gravity
pours over the upper edge of the column and enters the separator 5 to separate the solid phase — the
concentrate.

9. After the flotation process is over (when there will be no material particles in the working volume
of the apparatus), close the valve Bu2 and stop the circulation of the circulating liquid by the adjustable
pumps, turning them off.

10. Select the concentrate from the separator 5 and dry it.

11. After drying the concentrate, determine its mass M. When studying the separation of the
mixture of several types of crushed plastics from the dried concentrate with the mass m,,., it is necessary
to select the floated component (particles of hydrophobic plastic) and also determine its mass m®”

KOHI[

12. The accumulated sediment, as necessary, is discharged from the bottom of the column to the
separator 6 using the valve Bu3, and it is manually removed from the separator 6.

Thus, to study the influence of a certain parameter on the flotation process, a series of experiments is
carried out in which only the studied parameter changes, and the remaining conditions are maintained
constant. After the series of experiments with one parameter, the next series is carried out, in which the
influence of another parameter on the flotation process is studied.

Since the geometric characteristics of the experimental plant are not universal, it is customary to
reduce the air flow rate fed to the apparatus and measured by the rotameter to a unit of cross-sectional area
of the apparatus.

Research results. To analyze the research results of the flotation separation of the mixture of crushed
polymer materials, the extraction of the floated component ¢ and the concentrate purity g were calculated
using the formulas presented below in [11]:

o
£ =2 100% (1)
M @

B — KOHIL 100% '

where ml‘});‘ﬁu — the mass of the floated component (particles of crushed hydrophobic plastic) in the

concentrate, kg; m** — the mass of the floated component (particles of crushed hydrophobic plastic) in the
initial sample, kg; My — the mass of the concentrate, kg.

The experimental research results were processed in the form of graphical dependences of the
flotation indices on the concentration of various types of surfactants, shown in figures 2-5.

As can be seen from Figures 2-5, the extraction has a maximum at a certain concentration of
surfactants, namely: about 10 * kg/m® for ABS using sulphanole and polidocanol; less than 3 - 10°° kg/m®
for ABS using the surfactants’ mixture; 5.41 - 10~ kg/m? for PS using the surfactants’ mixture.
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The presence of the maximum extraction of the floated component ¢ in figures 2-5 suggests the
regularity of the effect of the surfactants’ concentration on the extraction of the floated component. This
can be explained by the same nature of the dependence of foaming ability on the surfactants’
concentration. At a concentration higher than the maximum, the foam formation decreases due to the
difficulty of the surfactants’ diffusion into the surface layer [12]. However, the foaming ability of the
surfactants is not determinative in this case, since, as can be seen from Figures, the value of the
surfactants’ concentration at which the maximum extraction of the floated component is achieved depends
on the polymer and surfactant type.

A positive feature is that the maximum polymer extraction is achieved with a rather
low concentration of the surfactants [13,14]. Moreover, the surfactants’ mixture at lower concentrations
allows to achieve greater extraction of the floated component which in the same way affects the foaming
ability [15].

According to the results of calculations of the extraction of the floated component ¢ and the
concentrate purity B from the air flow rate during the flotation separation of the mixture of crushed

polyamide and acrylonitrile butadiene styrene using various surfactants, the dependences shown in Figures
6-8 were obtained.
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Further, according to the research results presented in [16], the dependences of PS extraction
on the air flow rate are presented, obtained at the surfactants’ mixture concentration of 5.41- 10" and
16.22 - 10°° kg/m® (figure 9).

As can be seen from figures 6-9, the extraction has a maximum at a certain air flow rate. The
presence of the maximum extraction of the floated component in these Figures suggests a characteristic
effect of the air flow rate on the polymer flotation process. At low air flow rates, the process is inefficient,
since the working volume of the liquid is not saturated enough with gas bubbles. If the optimal value of air
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flow rate is exceeded, many gas bubbles are formed that are not involved in the flotation process. Such
bubbles moving through the liquid can create turbulent flows that impede the flotation of particles. When
moving in the turbulent liquid flow, the “bubble — particle” complex is prone to destruction, as particles
and bubbles have different inertia (mass) [17].

Also, from the above dependences, it may be concluded that the value of the air flow rate at which the
maximum extraction of the floated component is achieved depends on the polymer and surfactant type.
The nature of the air flow rate effect at different concentrations of surfactants does not change — only the
extraction of the floated component changes.

When using polidocanol, the maximum ABS extraction is 17% higher than when using sulphanole,
and reaches 70.5%. However, the concentrate purity in this case is reduced by 2.5%, namely, to 93.5%
[18]. When using the mixture of surfactants containing sodium laureth sulfate and diethanolamide, the
ABS extraction reaches 95%, and the concentrate purity — 98.7%. And when using the same surfactants’
mixture during the PS flotation, its extraction reaches 99%.

To determine the optimal aerated layer height of the working liquid from the experimental data
presented in [16], the dependences of the PS extraction on the surfactants’ concentration were determined
for different heights of the aerated liquid layer, which are shown in figure 10.
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Figure 9 — Dependences of the PS extraction on the air flow
rate at various surfactants’ mixture concentration

As can be seen from Figure 10, the PS extraction has a maximum at a low surfactants’ concentration,
namely, 5.41 - 10" kg/m®, and reaches 99% with a sufficient height of the aerated liquid layer.

At a low height of the aerated liquid layer, the probability of collision of a plastic particle with an air
bubble is low and some potentially floated particles seek the bottom of the apparatus without having time
to collide with an air bubble. The optimal height of the processed liquid layer H, corresponds to a certain
air flow rate. And when the height of the liquid layer is less than the optimal (H, < H,), the achievement

of the required extraction rate of the dispersed phase is possible, for example, with an increase in the air
flow rate [19].

—— 54 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

In order to more clearly display the effect of the aerated liquid layer height on the PS extraction,
the corresponding dependences were obtained at the surfactants’ concentration of 2.16-10° and
5.41 - 10~ kg/m?, shown in figure 11.

As can be seen from figure 11, a sufficient height of the aerated liquid layer is 0.5-0.6 m; its further
increase does not have a strong effect on the PS extraction. Exceeding the optimal aerated liquid layer
height leads to an increase in the material consumption of the apparatus and an increased consumption of
the working liquid and surfactants, as well as to an extension of the path of movement of the “bubble —
particle” complexes, which can increase the probability of their destruction [19].

The graphical dependences given above were obtained without additional heating of the working
liquid (about 10-15°C). In assessing the effect of the liquid temperature on the flotation process, the
experimental research was carried out, the results of which are reflected in [16]. After processing the
results of these experimental research, the dependences of the ABS and PS flotation indices on the liquid
temperature t were plotted, shown in figures 12, 13.

As can be seen from figures 12 and 13, increasing the liquid temperature above 20°C leads to a sharp
decrease in the ABS and PS extraction. It should be noted that in figures 12 and 13 there is a pattern of the
influence of the liquid temperature on the floated components’ extraction. This is, probably, explained by
the fact that the dependence of the surfactants’ foaming ability on the temperature is characterized by the
solubility curves and for most surfactants they have an extremum [20,21]. It is likely that an increase in
the temperature of the solution leads to the dehydration of the dissolved surfactant molecules. Moreover,
they separate as an individual macrophase, which leads to a decrease in the number of surfactant
molecules involved in the flotation process.
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Conclusions. For separation of plastic wastes (polyamide, acrylonitrile butadiene styrene and
polystyrene, the flotation method is proposed. Using this method, the effect of the surface-active
substances’ concentration, which were used as polidocanol, sulphanole and the mixture of surfactants
containing sodium laureth sulfate and diethanolamide, was studied.

According to the research results, it was noted that the maximum extraction of the floated component
depends on the polymer and surfactant type. A positive feature is that the maximum polymer extraction is
achieved with a rather low concentration of surfactants. The mixture of surfactants at lower concentrations
allows to achieve greater extraction of the floated component with less foaming ability.

The research results on the extraction of the floated component from the air flow show that its
maximum extraction depends on the polymer and surfactant type. The nature of the air flow rate effect at
different concentrations of surfactants does not change — only the extraction of the floated component
changes.

The research results on the extraction of the floated component from the aerated liquid layer height
show that the certain air flow rate corresponds to the optimal height of the processed liquid layer, and
when the liquid layer height is less than the optimal, the required degree of the dispersed phase extraction
is possible, for example, with increasing the air flow rate.

When assessing the influence of the liquid temperature on the flotation process, it was found that
increasing the liquid temperature leads to a sharp decrease in the floated component extraction. This is
explained by the fact that the dependence of the surfactants’ foaming ability on the temperature is
characterized by the solubility curves and for most surfactants they have an extremum.
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MMOJMMEPJIK KAJIABIKTBIH ®JIOTALIUAJIBIK BOJIIHYIH 3EPTTEY HOTH)XXEJIEPI

AnHoranus. [Inactmacca Kanasikrapbia O0eny yirid (moiauamuna (ITA), akpunonutpuioyraguerctupon (ABC)
xone mosuctupoa (IIC) dmoTanusibik daic YCbIHBUIAR. KepceTinren Tociai maiianaHa OTBIPBIN, KypaMbIHIA
HATpUil JayypeTcybhaThl )KOHE TUITAHOJAMHK] 0ap CHHTAHOII, cyiibhaHo xoHe [153 Kocnmackl KoamaHbUIFaH OSTTIK
6encenni 3arrapasiy ([1A3) morsipiany acepi 3epTTemi.

[TmacTMaccaHbIH yCcaKTallFaH KaJIABIK KOCHACBIHBIH (IIOTANMSUIBIK O6NiHYIHIH 3€pTTEy HOTWKEJIEPIH Talaay
(dIIoTanMsTaHATEIH KOMIIOHCHT MIBIFAPYABIH ECENTENTeH MOHI JKOHE Ta3a [} KOHIEHTpaThl OOHBIHINA >KYPTi3isimi.
OnoTanysIaHATEIH KOMIIOHEHT aiy mosmMmep MeH [1B3 Typine OaiimaHbpicTh ekeHairi aran etunai. OH epeKmieniri,
I1b3-HbIH aca TOMEH KOHIEHTPAIMACH OapbIChIHAA TMoIUMepiiep mbiFapbuiaasl. 1163 Kocmack! a3 KOHIEHTpanusia
(IoTanMsITAHATEIH KOMIIOHEHTTI KOOIK MIBIFapyaa KeOipek ayFa MyMKIHIIIK Oepeti.

I163 KoCmachiHBIH TYpii KOHIEHTPaUMSChIHIA TMOJUCTUPOJIABI aya IIBIFBIHBIHAH OeJlin alyJbl 3epTTey
HOTHOKEJIEPl ayaHbIH KOIl LIBIFBIM LIbIFAPAThIHBIH KOpCceTe/di. AyaHbIH a3 INBIFBIMBIHIA CYHBIKTHIK MeJIIepi ra3
KOMIpIIKTepiMeH KETKITIKCI3 TYpAe KaHBIFaabl. Aya IIBIFBIMBIHBIH OHTAIIIBI MOHIHEH acKaHa (IIOTAINs MPOLECiHe
KaTBICIIAMTHIH Ta3 Kemipurikrepi maiga 6omaapl. KemiprmikTep cyHBIKTHIK apKbUIBI Oeimek (IoTamuschbiHa Keaepri
KeNTipeTiH TypOyneHTTi arbIH kacail anmaabl. CyHBIKTBIKTBIH TypOYJNEHTTIK aFbIHBIHIA KO3FalFaHOa «KOIipHIiK —
OemmexTepy KemleHi Kupayra OeifiMm kemeni, ceb6ebi Oemnmiekrep MEH KOMIPIIIKTEp TYpil WHEPIHOHABI (Macca)
6onanel. 1163 Typ:i mwofspiaanysl GapbIChIHAA aya INBIFBIHBIHBIH 9CEp €Ty CHIAThl ©3repMeii, sSiFHu (uioTarms-
JIaHATHIH KOMITOHEHTTI Ay XaF/laibl FaHa e3reperi.

I1b3 KocmachIHBIH TYPJi KOHIEHTPAUUsICH OapbIChIHAA CYHBIKTHIKTHIH a’pUpIICHETIH KaOaThIHBIH OWIKTIriHEH
TOJIMCTUPOJIABI  allyAbl 3€PTTEY HOTHIKENEpl CYHWBIKTBIKTHIH a’3pHUpJeHETIH KabaT OMWIKTITiHAE IUIacTMAacCaHbIH
OeJIIIeKTIH aya KeMipLIiriMeH apanacy bIKTUMAJBIFBI a3 jKoHe KelOip aneyeTTi (uoTranusuiaHaThiH OeuliekTep aya
KeIpIIiriMeH apajiacnai-aK anmnapaTTelH TYOiHe Tycipiieni. OHueneTiH CYWBIKTHIK KaOaThIHBIH OHTANIIBl OUIKTIriHE
ayaHbIH OenTisi O1p MIBIFBIMBI COWKEC KeTeTi.

@noTanus MpoleciHe CyHbIKTHIK TeMIIEpaTypachIiHbIH ocepiH Oaraay Ke3iHJe CYHBIKTHIK TeMIIepaTypachiHbIH
20°C-tan xorapsl ketepimyi ABC sxone KC mmireiMbIH KYpT Temenneteni. bym I1B3 kebikrey KaOinmeTiHiH
TeMIepaTypara TOYeIUTIri epirim KACBIFBIMEH cumnatTanaasl skoHe [1B3 xemminiri ymin onap skctpemymra ue. Epi-
TIHJI TeMIepaTypackIHbIH >koFapbuiaybl 1163 epiTinreH Moliekynanap JeTHAPATAUACHIHA OKET COKTHIPYBI MYMKIiH.




ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

Byn perte onap xeke Makpodas Typinne Oenineni, Oyi1 ¢uorauns npouecine katobicatsiH [163 Monekynanap caHbIH
TOMEHJIETEI].

Tyiiin ce3mep: Quoramus, miacTMacca KaJlIAbIKTaphl, OCTTIK OCJCEHI 3aTTap, KOHICHTPAIWS, aya IIbIFBIHBI,
CYHBIKTBIK KaOaTBIHBIH OUIKTITi, TEeMIIepaTypa.
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PE3YJIbTATBI UCCJEJOBAHUI ®JIOTAIIMOHHOI'O
PA3ZJIEJIEHUS TIOJIMMEPHBIX OTXO40B

AnHotanus. J1yis pasneneHus otxonoB miactMace (nmonmamua (ITA), akpunonurpuidoyraaueHctupona (ABC)
n nonucrupoina (I1C)) npemnoxen ¢uoranuoHHbld croco6. C UCIOIB30BaHUEM YKa3aHHOTO CHOco0a H3y4eHO
BIMSHHE KOHIEHTPAMK IIOBEPXHOCTHO-aKTHBHBIX BemecTB (IIAB), B KadecTBe KOTOPBHIX HCIIOIb30BAINCH
CHHTaHOI, cyibdaHom u cMechk [TAB, coneprkamas naypercyab(ar HaTpusl ¥ TUITaHOJIAMHUI.

AHanu3 pe3yibTaToB MCCIEAOBaHUI (IOTAMOHHOTO Pa3AeieHHs CMECH M3MEIbUCHHBIX OTXOJO0B ILIacCTMAace
MIPOBOAMIICS TI0 PACCUNTAHHBIM 3HAYCHHSIM H3BJICUCHHS (IIOTHPYEMOro KOMIOHEHTa € M YHCTOTHI KOHIEHTpaTa f3.
OTMe4€eHO, YTO MaKCUMAIBHOE U3BJICUCHHE (IIOTHPYEMOT0 KOMIIOHEHTA, 3aBUCHUT OT THma roauMepa u [TAB. [omo-
KHUTEITBHOM OCOOEHHOCTBIO SIBIAETCA TO, YTO MAKCHMAaJIbHOE M3BJICUCHHUE ITOJMMEPOB JAOCTUTACTCS IPH JOBOJIBHO
Hu3kol koHueHTpauuu [TAB. Cmecs ITIAB npy MEHBIINX KOHIEHTPALMIX MO3BOJISAET JOCTHYb OOJbIIEro n3Bjeye-
HUsE QIOTHPYEMOTI0 KOMIIOHEHTA IIPU MEHbLIESH IeHO00pa3yIoliell CHoOCOOHOCTH.

PesynpTaThl McciaenoBaHMN W3BIEUCHMS IOJIMCTHPOJA OT pacxoja BO3JdyXa HpPU Pa3IMYHOM KOHILEHTpaluu
cmecu ITAB mnoka3pIBaloT, 4TO HU3BJIEUCHHE HMEET MAaKCHUMyM IIpH HEKOTOpPOM pacxojie Bo3xyxa. lIpum Mambix
pacxosax Bo3nyxa pabouuii 00beM JKHUIKOCTH HEIOCTAaTOYHO HACHILAETCS My3blpbKamu rasa. [Ipu mpeBbllIeHUH
ONTUMAJIFHOT'O 3HAYEHUS PAcXoa BO3Ayxa oOpa3yeTcsi MHOTO T'a30BBIX Iy3BIPHKOB, HE yYacTBYIOIIMX B IIpoliecce
¢urorannu. I1y3bIpbKH, ABUTasich 4epe3 >KUAKOCTb, MOTYT CO3/aBaTh TypOYyJICHTHBIE IMOTOKH, IPEHSTCTBYIOIIUE
¢urotanuu yactuw. [Ipu nBMKEeHNN B TypOYJIEHTHOM ITOTOKE YKHJIKOCTH KOMIUIEKC ITy3BIPEK — YaCTHIIa» CKIOHEH K
Ppa3pyIIEHHIO, TTOCKOJIBKY YacTHIIBI M ITy3bIPbKH MMEIOT paslIMuHyl0 WHEPIMOHHOCTH (Maccy). XapakTep BIUSHHUSA
pacxoja BO3lyXa IpU pa3IUYHOW KoHIeHTpauun ITAB He wn3MeHseTcs — U3MEHsETCS JHIIb W3BICYECHUE
(ItoTHPYEMOTr0 KOMIIOHEHTA.

Pe3ynpTaTthl HMccienoBaHMN W3BIEUEHHUS IOJHUCTHPOJA OT BBICOTHI A’PUPYEMOTO CJIOS JKUIKOCTH IIpHU
pa3nu4yHOl KoHIEHTparuu cMmecu IIAB moxas3slBaloT, 4TO MpH MaJoON BBICOTE a’3pPHPYEMOTO CIIOS JKUIKOCTH
BEPOATHOCTh CTOJIKHOBEHHMS IIACTMACCOBOM YACTHIIBI C MY3BIPHKOM BO3AyXa HU3Kasg M HEKOTOPbIC IMOTEHIIHAIBHO
¢dytoTUpyemMble YacTHIBI OINMYCKAIOTCsS Ha JHO anmnapara, Tak ¥ He YCIEB CTOJKHYTHCS C Iy3bIPbKOM BO3/yXa.
OnTuManbHON BBICOTE CII0sI 00padaThIBa€MOil )KUIKOCTH COOTBETCTBYET ONPE/IENICHHBIN pacXo Bo3IyXa.

IIpu omeHke BIMSHHUS TEMIEPaTyphl KHUIKOCTH Ha Mporecc (IoTaluy YCTaHOBIEHO, YTO IOBBIIICHHE
TemnepaTypbl kuakoctH Beimie 20°C npuBogut K peskomy cHimkeHuto m3BiedeHuss ABC u TIC. D10 o0bscHsAeTCS
TEeM, YTO 3aBHCHUMOCTh IeHooOpasyromei crnocodnoctu ITAB ot Temmeparypsl XapakTepusyercss KpHBBIMH
pactBOpuMOCTH | Uil 6onbiinHCTBA [TAB OHEM MMeroT 5kcTpeMyM. BeposiTHO, MOBBINIIEHNE TeMIIepaTyphl pacTBopa
IOPUBOAUT K JAerujpaTaluu pacTBOpeHHbIX Mosekyn ITAB. Ilpu 5TOM OHH BBIAEHSIOTCS B BUJAE OTAEIBHON
Makpodasbl, 4TO MPUBOAUT K CHH)KEHHIO KoJimdecTBa Mojiekyl ITAB, ydacTByronmx B mpouecce (uoTanny.

KaloueBble cioBa: ¢uoramus, OTXOJbl IUIACTMAcC, ITOBEPXHOCTHO-aKTHBHBIC BELIECTBA, KOHLECHTPAIMS,
pacxoJ1 BO3Iyxa, BEICOTA CJIOS KUIKOCTH, TEMIIEpaTypa.
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INVESTIGATION AND MANAGEMENT
OF FIRE RISKS AT SITES WITH APPLICATION
OF TRANSLUCENT BUILDING STRUCTURES

Abstract. On the base of analyses on the development of the construction industry as well as fires occurring in
Kazakhstan, the article justifies the areas of fire prevention related to technical regulation that is the certification of
materials, construction structures and engineering systems.

The translucent building structures have increasing application in modern construction technigques. For such
structures, the most vulnerable indicator is the fire resistance limit. A technical solution is offered to increase this
indicator by using water irrigation. On the base of existing international and national regulatory documents, a number
of methods has been developed for experimental determination of the actual fire resistance limit by cooling of
structures with water in case of fire.

Large-scaled fire researches have been carried out to determine the actual limit of fire resistance of the
translucent partition made of tempered glass "Float" with the thickness of 12 mm, M1 grade both in the presence of
water irrigation and in the absence thereof. The tests were carried out under standard and actual fire conditions.
Optimal parameters of water irrigation are determined. On the base of research results, it is proposed to improve the
construction standards in this field as well as methodological documents in the field of certification tests.

Key words: fire safety, translucent structures, fire tests, fire resistance.

Introduction. The objective criterion for the socio-economic development of society is the indicators
of construction industry. Modern Kazakhstan demonstrates clearly this thesis. According to statistical
data, the scope of the performed construction works is growing every year in the country. The growth
rates is shown in the diagram (figure 1) [1].

Moreover, the crucial part of commissioned construction sites refers to the social welfare and
residential facilities. Thus, in 2019 it was completed the construction of 45515 new buildings, where
42739 buildings are residential and 2776 buildings are non-residential, it has commissioned for operation
of 71 comprehensive schools, 69 pre-schools, 35 outpatient clinics and three hospitals [1].

The capacity within the construction industry allows to design and build unique objects, both in terms
of architectural design as in application of new, unique materials, structures and systems. Along with its
indisputable importance for the country, the construction industry has a high risk of dangerous factors.
The extensive application of new modern substances, materials and articles, produced from them having
high fire hazard class, leads to increase the potential ignition sources and increase the risk of exposure of
their dangerous factors to humans, increase in the size of socio-economic and environmental consequences
from them.
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Figure 1 — Statistical data on the scope of construction works performed in the Republic of Kazakhstan from 2004 to 2019

According to the data from the Committee of Emergency Situations of the Ministry of Internal
Affairs of the Republic of Kazakhstan for 2019 there are registered 9 415 fires in the residential sector of
the country which has caused material damage in the amount of more than 1.52 billion tenge. In the case
of fires, 280 people died and 322 were injured, representing 85.8 and 82.5 percentages of total fire victims
respectively. Fires in housing and public buildings account for more than 70% of the total number of fires

in the country [2].

Figure 2 and 3 show the diagrams of fire distribution by the objects occurred in 2018-2019 and the
dynamics of fires in the residential sector over the last 5 years [2]. Despite the downward trend in fires in
recent years, the total number of fires remains quite high. These data force us to look for new ways on

improvement of fire prevention.
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Fire safety issues continue to be sufficiently relevant as evidenced by publications both domestic and
foreign [3-6].

The provision of fire safety of buildings and structures at the design, construction and commissioning
stages is an extremely important task, because the mistakes made are sometimes not reversible.

In the context of solving the challenges of reducing the pressure on business, minimizing the control
and oversight functions of state bodies, including state fire authorities, ensuring the safety of products and
services supplied to the market, the technical regulation system is becoming a technological process. Its
main tasks include ensuring the safety of products and processes for human life and health and the
environment, ensuring the national security, preventing the actions that mislead the consumers about
product safety and quality, etc. [7].

Construction facilities, especially those with mass presence of people, as a rule unique on
architectural solution and use of modern technological materials and constructions, should comply with
requirements of technical regulations on the "General requirements for fire safety " and "Requirements for
the safety of fire-fighting equipment for the protection of objects " [8, 9]. They should be built with
certified construction structures, finishing materials and building engineering equipment, including fire
protection systems to ensure the required level of safety. Requirements to ensure an adequate level of fire
safety also apply to the elements of filling the openings of buildings and partitions.

Methodology. In connection with it, experimental and theoretical researches on fire hazard indicators
and limits of fire resistance of translucent building structures have been carried out (hereinafter - TBS) as
well as the influence on these indicators of irrigation by the fire sprinklers of the automatic extinguishing
system. The object of the research is a translucent building structure made of thermostatic glass.

Fire resistance problems, including glass structures, have been investigated by other authors [10-14]
using different mathematical modelling methods [15-19].

Our earlier analysis of the mathematical models for predicting the behaviour of TBS in fire conditions
for the purpose to determining their limits for fire resistance both in normal condition and in water
irrigation has shown the need for large-scale fire tests [20].

For fire researches, a number of criteria and parameters for the fire resistance of the translucent
partition have been developed including a research of the dynamic effects of water irrigation on TBS, fire
resistance in standard and real fire conditions, real fire conditions, fire resistance during irrigation of the
automatic water-extinguishing system in standard fire conditions.

The basic regulatory document for testing is National Standard of the Republic of Kazakhstan ST RK
2219-2012 "Civil Structures. Constructions for enclosing structures and filling openings with the light-
transmitting elements. Fire resistance test procedure™ [21]. This document sets out in full the methodology
and tools for the fire test. To conduct the tests, the standard methodology has been refined and validated,
and the laboratory installation has been supplemented by system of water irrigation and drainage from the
installation of unused water.

In order to obtain reliable results of experimental researches, the development of methods and direct
tests were carried out together with the laboratory of "RD-Fire Group” LLP which is accredited for
conducting such tests.

In the course of fire tests, it was tested TBS made of tempered glass "Float" with the thickness of
12 mm, M1 grade producer: Russia.

Experimental researches. The first experiment was carried out for the TBS made of tempered glass
"Float" with a thickness of 12 mm, M1 grade, mounted in the opening of the test-stand without using
water irrigation. Figure 4 shows a fragment of full-scale fire tests. Figure 5 shows the temperature
schedule of the kiln during the cellulosic fire test in which it is clear that by 8 minutes the actual
temperature has begun to exceed the design temperature for the standard (hydrocarbon) fire.

It has been established that the maximum average volume temperature of the cellulose fire was
560°C, and at this temperature the glass fracture does not occur. The above-mentioned average fire
temperature occurs at 16 minutes of fire with a fire load corresponding to 50 kg/m?® for public buildings
when converted to wood. It follows from this that the fire resistance limit of E15 glass without irrigation
will guarantee safe evacuation of people through the emergency exit routes without exposure to the
dangerous fire factors associated with the destruction of the partition. However, the limit on the fire
resistance of E15 glass allows to guarantee with great margin of the stability of the glass partition for the
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time required for the supply of water from the automatic fire extinguishing installation which is equal to
180 sec.

Figure 6 shows the dynamics of temperature changes on the non-heated surface of the sample as well
as its average and maximum values. On the graph the horizontal straight lines correspond to the critical
temperatures at which the thermal insulation capacity of TBS made from the tempered glass is lost at the
10th minute.
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Figure 4 — Fragment of test to determine the actual fire resistance limit of glass under the real fire load
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Figure 6 — The results of temperature measurements on the non-heated surface of the sample
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A structural failure was recorded at 16 minutes of the experiment.

Thus, based on the results of the passed tests, the actual limit of fire resistance for TBS was
determined from the tempered glass "Float" without the effect of water irrigation, it was 10 minutes on the
base of heat-insulating capacity and 15 minutes on the base of structure integrity loss.

The next round of experiments was carried out with the water irrigation of TBS. The temperatures set
in the fire chamber of the kiln during this test are shown in figure 7. We would like to note that the
positive effect of irrigation is achieved if the whole structure is included in the irrigation map.

The graph (see figure 7) shows that the actual fire temperature in the fire chamber when using
irrigation is reduced by 2.4 times relative to the temperature of the standard fire. For example, the
maximum average temperature in the fire chamber of the kiln was equal to 369 °C at 46 minutes and the
temperature on the non-combustible surface of the glass being irrigated was equal to 166 °C (see figure 8).
In view of the above we can make the following conclusion:

- irrigation of the glass partition allows to reduce the average volume temperature of the fire by 2.4
times;

- within 46 minutes the temperature of the glass partition does not reach the critical values at which it
is predicted possible collapse. (Ts = 166 °C < Ty, = 560 °C, where T; is the actual temperature, Ty, is the
critical temperature at which the structure breaks down);

- The maximum permissible value of heat flow density W (radiation) for 46 minutes corresponding
(3.5 0.2) kW/m?, is not reached. (see figure 9).
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Figure 7 — Temperature regime in the fire chamber of the test stand when using surface irrigation of the glass partition
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Figure 8 — The results of temperature measurements on the non-heated surface of the sample using irrigation.




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

Yer 1 1 T T [ T T T T [ T [ [ 1
3,4

N 3,2

3 I/
2,8

E 2,6 /

- 2,4

2202 )

2 2

o 1,8

T 16

g 14 —

= 12 ’,)

= 1 [

08 7

T 0,6 / —o— Actual heat flow density, kW/m2 —
8‘21 / Critical heat flow density, kW/m2 ]
0 | | | | | | | | | |

0 1 2 3 4 5 10 15 20 25 30 35 40 45 46
Time, minute

Figure 9 — The results on measurements of the thermal insulation loss (W) due to reaching the achievement
of permissible heat flow density (radiation)

During the hydraulic tests on the effects of water irrigation on the glass structure, it is established that
vibration occurred to its leakproofness is not recorded.

Conclusion. The conducted researches provide us with grounds to propose rationing the fire
resistance limits of translucent building structures to water irrigation provided that the whole structure will
be included in the irrigation map as well as to improve the methods of testing systems of "translucent
building structure — water irrigation” for fire resistance.
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KAPBIK OTKI3I'III K¥YPBIJIBIMJIAPABI KOJIIAHY
HET'T3IHJAE OPT KATEPIH 3EPTTEY )KOHE BACKAPY

AHHoTanusi. Makanazna KypbUIbIC MHIYCTPHSCBIHBIH NaMybl, Kazakcranma OOJBIN TypaThIH ©PT >Kardaibl
OOMbIHIIIA MAJIIMETTEP KENTIPUIreH. ATajfaH MAJIMETTep TallaMachl KYPbUIbIC, COHJal-aK, KOFaMBIK KOHE Typ-
FBIH-)Kall FUMapaT MakKCaTbIHJarbl HbICAaHIapAa ajamra Kayinti (axkropnap/blH Tyy KaTepiH KOFapbl Idpexesey
KOPBITBIH/IBICHIH JKacayFa MyMKIHJIIK Oepei. OpT Kayilnci3airidi KaMTaMachl3 ety macesenepiniy Kasakcranma xoHe
0acka enjepae ©3eKTUIIT alKbIHIATYy 1A,

OpT XargalblH Tajjay HeTi3iHAe OpTTiH aj/iblH aly OarbITHIHBIH Oipi TEXHHKAJBIK perTeyre OailaHbICTHI
OoJbII Kenesli, atan alTKaHaa, MaTepuall, KypbUIbIC KYPBUIBIMBI JKOHE MHXXCHEPIIK KYPBUIFbUIAp MEH KYHenepaiH
KYPBUIBIM CaJachHJa KOJJIAHBUIATBIH MIHAETTI cepTH(UKATTAY KaMThIIabl. OpT Kayinci3iri kepceTkimrepi OOHbIH-
112 ChIHAKTa HETi3AelreH cepTH(UKaTTay KYpbUIbICTA KOJJIAHBIIATEIH O0BEKTIIEp, acipece, agaMaapIblH ayKbIMIbI
KaTBICYBl, TEXHOJIOTHSUIBIK MaTepHajiap MEH KYpPbUIBIMIApPIbIH TEXHUKAIBIK pPEriiaMeHT TajanTapblHa CoHKec
KellyiH KaMTaMachl3 eTe/i. OpT KayilCi3miriH ®KeTKIUTIKTI JeHrele KaMTaMachl3 €Ty OOWBIHINA Tananrtap FuMapar
OMBIFBI MEH KaJIKAHBIH TOJTHIPY 3JIEMEHTTEPIHE KaTa (bl

3amaHaym KyphUIBICTa Oiperei coyneT oObeKTiLIepiH KOJAaHy YIIiH KAPBIKOTKI3TII KYPBUIBICTHIK KYPBUIBIM-
Jlap KeIl KoJIIaHbIaabl. MyHAal KYphUIbIMIAp YIIIiH 9JICi3 KOPCETKIMTep OpTKE TOIIMAUTIK MIeTi OOJIBIT caHaTa Ibl.

JKapbIKOTKI3TIII KYpBUIBIMAAPABIH OPTKE TO3IMIUTIK KOpCEeTKINIiH apTThIpy TOoCUmiHIH Oipi  GoibIn
CyJIaHABIPYAbBI KOJIaHy OOMBIHIIIA TEXHUKAIIBIK IIEIIiM YCHIHBIIA b

Fumaparrars! ©pTTiH XbUTy PEXXKUMIiHIH KOJJIAaHBICTaFbl MaTeMaTHKaJIBIK MOIEIIHIH TaljaMachl, acipece, CyMeH
CaJIKBIH/IATY 9CepiHiH eceOiMeH, ipi ayKbIMAbI SKCIEPUMEHTTIK 3epTTeY XKYPri3y KaKeTTUIriH kepcerTi. bypbiH
OTKI3UIreH SKCHEPUMEHTTEp 3€pTXaHaJIbIK KaTerOpHsFa XaTa/bl KOHE FuMaparTap OOWBIHIIA OpTTIH ajblH alyFa
OaFpITTaIFAaH HOPMATHBTI TAJIANTAP/IbI XKETKUTIKTI KAMTH aJIManIbl.

—— §4 ——
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KypbUiblc KypbUIbIMIApBIHBIH OTKA TO3IMIUIITIHIH HAKTHI IIETiH aHBIKTAy OPTACBIHIA KOJJAHBICTaFbl YIITTBHIK
CTaHAapTTap KOJAaHbUIMAKbl, ce0edi opT Ke3iHae CylaHIplpy YpIICiH KapacTelpMaiinbsl. COHIBIKTaH KOJIJaHBIC-
Tarbl XaJbIKAPAIBIK JKOHE YITTHIK HOPMATUBTIK KY)KaTTap HETi31HAE epT Ke3iHle KYPhUIBIMAAPIbl CYMEH CaJIKbIHAA-
Ty apKbLIbl HAKTHI IET1H AKCIIEPUMEHTTIK aHbIKTay OOMBIHIIA 9/IiCTEep KaTaphl OHIEIII.

3eprTey OapbIChIHA KAPBIKOTKI3TINI KaJKAHBIHBIH ©PTKE TO3IMAUIITIHIH HAKTHI IIETiH aHBIKTay OOMBIHIIA OpT-
TiK ITOJIUTOH/BIK, ipi ayKBIMIBI 3ePTTEyJIep KeNTipiireH, cyaanaslpy O0apeicsiaaa M1 mapkansl, 12 MM KaJBIHIBIKTHL,
«®roar» TepMOIUBIHIANFAaH IIBIHBI apKbUIBI OpbIHainFaH. ChIHAKTap CTAaHIAPTTBI JKOHE HAKTHI OpT Ke3iHae
KYprizinai. 3epTTey Kypri3y Ke3iHIe cTaHAapTTHI KOHE HAKTHI OpT MAPTTaphl MIBIFAPBUIIHL:

3epTTey HOTHXKECIHe aHBIKTAJIBL:

1. [emsr 560 °C memmrono3ansl ©pTTiH OpTalia KeJeM i TeMIleparypa Ke3iHae ChIHOaiapl. AFaliKa caHaFaH-
ma 50 kr/mM? KOFAMJIBIK FUMApaT YIIiH COHKECIHIIe OpTTIiK JKYKTey Ke3iHie OFaphlia KepCeTireH OpTTiH opTalia
KeJIeM/Ii TeMIeparypachiHa KeTyi opTTiH 16 MuUHYThIHAA OpbIH anansl. Cynanaslpy ecebiHci3 E15 mIbIHBIHBIH 6pTke
TO3IMJUTIK IIeTi KaJKaHJapblH OY3bUTybIHA OaiIaHBICTHI OPTTIH KayinTi ()aKTOpIapbIHBIH 9CEPIHCI3 IBaKyalHsiay
JKOoJIIaphl OOMBIHIIA aaM/Ibl KayiIci3 aBaKyarusiayra keninaik oepeni. ConbiMeH Karap E15 oliHeriHiH epTke To31M-
ninmik mweri 180 cex. TeH epT COHIIPYIiH aBTOMATThl KOHABIPFBICBIHAH KAXKETTI CyIbl Oepy YLIIH IIBIHBI KaJKaHHBIH
TYPaKThUIBIFBIH KAMTAMAaChI3 ETE/II.

2. 3eprTeyne KapbIKOTKI3rill KYPBUIBIMIAPEIH CYJIaHABIPY JKYMBICTaphl NEIITIH OT KaMepachlHIa TeMIepaTy-
pajbIK PEXUM CTaHIAPTTHI ©PT PEXKUMIHE colikec Kelmi. By perte cymaHnplpy Ke3iHIe OT KaMepachbIHAAFBl OPTTiH
HaKTBl TEMIIEPaTypachl CTAHAAPTTHI OPT TEMIIepaTypackiHa KaThicThl 2,4 ece TeMeHneini. I1IbIHBI KankaH Temmepa-
Typachkl 46 MHHYTTA OHBIH BIKTUMAJI KyJiay OOJDKaMBbl CBIHH MOHTE XKETIICH .

3epTTeyiep HOTHXeci OOMBIHIIA OHTAWIBI CYTaHABIPY HapaMeTpiepi aHBIKTaIABL 3epTTey HOTHKENIepi Heri-
3iHIe MYHJAH opTajarbl KYPBUIBICTBIK HOpPMalaydblH KETUIIIPY JKOJAAphl, COHAaii-aK cepTHU(UKATTANFaH CHIHAK
OPTACBIH/IAFBI ICTEMENTIK KYXKATTap YChIHBLIAIbI.

Tyiiin ce3nep: opT Kayinci3airi, >kapblK OTKI3TIII KYPBIIBIMAAD, OPT ChIHAFBI, OPTKE TO3IMIUTIK.
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NCCIEJOBAHUSA U YIIPABJIEHUE ITIOKAPHBIMHU PUCKAMMU HA OBFBEKTAX C
HNPUMEHEHUEM CBETOITPO3PAUHBIX KOHCTPYKIUI

AHHoTanus. B cratbe MpuBEICHBI JaHHBIC 110 PA3BUTHIO CTPOUTEIHLHOW HHIYCTPUH, a TAKXKE 10 IMOKapam,
MMPOUCXOJAIUM B Ka3aXCTaHe. AHaJ'II/I3 MPEACTABIICHHBIX JaHHBIX MO3BOJIACT CACIAaThb BBIBOABI BBICOKOH CTEINEeHU
pHCKa BO3HHUKHOBEHHsSI OMACHBIX (DAKTOPOB Ui JIIOJEH Ha 0OBEKTaX CTPOUTENBCTBA, B OCOOCHHOCTH 3/IaHHSIX
0OIIIECTBEHHOTO U JKHJIOTO Ha3HaueHHs. Bonpocsl obecneyeHus moxapHoi 6e30MacHOCTH MPOOIIKAIOT OBITh OCTA-
TOYHO aKTyalbHbIMH Kak B Ka3axcraHe, Tak v B JpyrUX CTPaHax.

Ha ocHOBe aHanm30B M0XapoB OOOCHOBEIBACTCS, YTO OJHUM W3 HAMPABICHUN PabOTHI MO TPOQHIAKTHKE
MOXKapPOB SIBIIICTCS HANIPABJIICHUE, CBSI3aHHOE C TEXHIHUYECKUM PETYIUPOBAHUEM, 2 UMCHHO 00s13aTeIbHOM cepTuduKa-
[UEH MPUMEHSEMBIX B CTPOUTEIFHON OTPACIH MaTEPHUAIOB, CTPOUTEIBHBIX KOHCTPYKIMIA W WHXXEHEPHOTO 000pyI0-
BaHUS U CHCTEM. CepTI/I(I)I/IKaLH/IS[, OCHOBAHHAA Ha UCIBITAHUAX II0 IIOKAa3aTCJIsSIM l'IO)KapHOﬁ OITaCHOCTH, O6CCHG‘II/IT
COOTBETCTBHE MPUMEHSEMBIX IPH CTPOUTEILCTBE OOBEKTOB, B OCOOCHHOCTH C MacCOBBIM IPEOBIBAHHEM JIIOJICH,
TEXHOJIOTHYHBIX MaTepHAJIOB U KOHCTPYKIMHA TpeOOBaHMAM TEXHMUYECKHX periaMeHToB. TpeboBaHus mo obecreue-
HHUIO JOCTAaTOYHOTO YPOBHS IMOKAPHON 0E30MACHOCTH OTHOCSATCS M K DJIEMEHTaM 3allOJIHCHHS MPOCMOB 3IaHHA U
HeperopooK.

B coBpeMeHHOM CTPOUTEIBCTBE, KaK MPABWIIO, /U1 YHUKAJIBHBIX 10 apXUTEKTYPHOMY PEIICHHIO U HCIIONB30-
BaHUIO OOBEKTOB, BCE OOJbIICe MPUMECHEHHE HAXOIST CBETOIPO3PAYHbIE CTPOUTEIbHBIC KOHCTPYKIUH. i1 Takux
KOHCTPYKIUH HanOoJee YSI3BUMBIM [TOKA3aTeIeM SBJISICTCS IPEIET OTHECTONKOCTH.

OpmHUM U3 CIOCOOOB MOBBIMICHUS ITOKA3aTeNs MPe/iesia OTHECTOHKOCTH CBETOMPO3PAYHBIX KOHCTPYKIUH Tpe-
JlaraeTcs TEXHUYECKOE PEHICHHE 110 IIPUMEHEHHUIO BOIASTHOTO OPOIICHUS.

AHau3 CYIIECTBYIONIMX MAaTEMAaTHYECKUX MOJENEH TEIUIOBOTO PEeKUMa ToXkapa B IOMEIICHHH, OCOOCHHO C
ydeToM 3QdeKTa OXJKACHUS BOAOH, MOKa3al HEOOXOIUMOCTh MPOBEICHHUS KPYMHOMACIITAOHBIX IKCIEPUMEH-
TaJIbHBIX MCCIIe0BaHMi. PaHeenpoBOANMBIE IKCIIEPUMEHTBI OTHOCSTCSI K KaTeropuH JabopaTOpHBIX M HE MOTYT B
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JIOCTaTOYHOM O0BeMe OOOCHOBAaTh HOPMATHBHBIC TPEOOBAHMS, HANpPABJICHHbIE Ha MNpPEAOTBpALICHHE I0XKapa I0
3/1aHUIO.

JlelicTByromyie HalMOHAIBHBIE CTAaHAAPTHI B 00NAcTH ompeneieHus (akTHYEeCKOro Ipezena OTHeCTOHKOCTH
CTPOUTEJBHBIX KOHCTPYKLHUH HE MOTYT OBbITh IPHUMEHEHBI, IOTOMY YTO HE IIPEJYCMaTPUBAIOT IPOLECC BOJSHOTO
opomeHus npu noxkape. I103ToMy Ha OCHOBE CYLIECTBYIOIIMX MEXIYHApOAHBIX M HAIMOHAJIBHBIX HOPMATUBHBIX
JIOKyMEHTOB pa3paboTaH psii METOHK IO SKCIIEPUMEHTAILHOMY ONPENEICHHIO (hPaKTHIECKOTO Ipeesia OrHECTOM-
KOCTH IPHU OXJIAXKIEHUH CBETONPO3PAYHON KOHCTPYKIIMK BOJOH IPH TOXKapeE.

B xone uccnenoBannii npoBeeHB! KPYITHOMACIITA0HBIE, OTHEBBIE UCCIIECAOBAHNUS 0 ONPEACICHNI0 (pakTHIec-
KOTO Ipelesla OTHECTOMKOCTH CBETONPO3PAYHOM MEPETOPOJAKH, BBINOJIHEHHOW W3 TEPMO3aKaJIEHHOTO CTEKJIa
«®mnoary, TommuHONW 12 MM, Mapku M1 Kak Tpu HaJUYWUU BOJSHOTO OPOIICHUS, TaK W IMPH €ro OTCYTCTBHH. llpn
MIPOBEJICHUH UCCIIE0BAaHUIH BOCIIPOM3BOAMINCH YCIOBUSI CTAHAAPTHOTO M ()aKTHUECKOTO MosKapa.

B pesynbraTe nccienoBaHus ONPEAEIeHO:

1. Paspymenus crexia Ipu MakCUMalbHOM cpeaHeo0BeMHO TemnepaType Lemtono3Horo noxapa 560 °C He
NPOMUCXOUT. JloCcTHXKEHUE BBINIEYKa3aHHOH CpeAHEOOBEMHONW TeMmeparyphl Iokapa BO3HHMKaeT Ha 16 MuHYyTe
noXapa IpH NOXKapHOW Harpyske, COOTBETCTBYIOIIEH il OOIIECTBEHHbIX 31aHuil 50 Kr/m? IIpU IIepepacyere Ha
npesecuny. Ilpenen oruecroiikoctu crtekia E15 6e3 ydera opomieHHsI MO3BOJIUT TapaHTUPOBATh OE30MACHYIO
9BaKyalMIo JIIO/IEH 10 3BaKyallMOHHBIM IyTsM Oe3 BO3ACHCTBHS HAa HUX OINMACHBIX (PaKTOPOB MOXKapa, CBA3aHHBIX C
paspylIeHHeM Ieperopoaku. Bmecte ¢ Tem, npenen orHecroiikocTr crekna E15 mosBomster ¢ GosbmmM 3amacoM
rapaHTHPOBaTh 00ECIEeYCHHE YCTOHUYMBOCTH CTEKJITHHOM IEPEeTOPOAKN HA BpeMs HEOOXOJMMOTO JUI TTOa4l BOJIBI
OT aBTOMAaTHYECKON YCTAaHOBKHU NOXKapoTyleHus: paBHoH 180 cek.

2. Ilpu uccae10BaHUAX ¢ IPUMEHEHUEM BOASHOIO OPOLIEHHS CBETONPO3PAYHBIX KOHCTPYKIUI TEMIIEpaTypHBII
PEKHM B OTHEBOH Kamepe IeYH COOTBETCTBOBAJT PEXXHUMY CTaHAApTHOro nmoxapa. I[Ipu sTom daxrtudeckas remmnepa-
Typa Iokapa B OTHEBOH KaMmepe IIPU HCIOJIb30BAHUN OPOIIEHHs CHUXKaeTcs B 2,4 pa3a [0 OTHOLICHHUIO K TeMIepa-
Type CTaHAapTHOTO Mokapa. TeMieparypa CTEKISTHHOM NMEPErOpoAKH B TEUEHUH 46 MUHYT HE JOCTUTAET KPUTHUHBIX
3Ha4YCHUH, IPU KOTOPOIl IPOTHO3UPYETCS €€ BO3MOXKHOE 0OpYIICHHUE.

o pe3ynbraTaM HUCCIeNOBAaHUN ONIPEIEICHBI ONTUMAJIbHbIE TapaMEeTPhl BOASHOTO OPOLICHHUS.

Ha ocHoBe pe3y/bTaToOB MCCIIEOBAaHUM MpeaaralTcs IyTH COBEPIIEHCTBOBAHUS CTPOUTEIIEHOTO HOPMHUPOBA-
HUSI B IAHHOM cdepe, a TakKe METOANYECKUX JOKYMEHTOB B 00JIaCTH CepTU(PHUKAIMOHHBIX UCIIBITAHHUH.

KnaioueBble cioBa: moxapHas O€30IacHOCTb, CBETONPO3pPAdHbIe KOHCTPYKIMH, OTHEBBIE HCIIBITaHMUA,
OTHECTOMKOCTb.
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DYNAMICS OF HEAVY VIBRATING MACHINES TAKING
INTO ACCOUNT INSTABILITY IN TIME
OF THEIR PARAMETERS

Abstract. Underground mining of uranium ores consists of several technological processes, one of the most
important of which is the release of broken rock from the working excavation zone and loading it into transportation
vehicles. The issue of increasing the intensity of production requires a simultaneous increase in the productivity of all
production processes, including the production of mineral raw materials. At the same time, it is necessary to create
both a high-performance and a safe process. This problem is successfully solved by the use of vibration machines
with elastic links made of elastomeric materials, which, along with an increase in productivity, can reduce energy
consumption and the number of freezes. An integrated approach was used, which includes analytical studies and
results of industrial tests of vibratory feeders for underground mining and delivery of uranium ores and building
materials. On the basis of the developed algorithm and synergistic model of fatigue microfracture of rubber links in
vibratory feeder, mathematical equations were obtained, which made it possible to describe dynamics of feeders with
time-depending parameters; when solving the integro-differential equation of the oscillatory system, the dependence
of the amplitude characteristics of the feeder on the time of its operation is obtained. An original algorithm and
synergistic model were developed, and on their basis, a mathematical apparatus was created, which allowed
determining change of amplitude of vibratory feeder oscillations during its operation. On the basis of analytical
calculations, a method was developed and introduced for predicting changes of parameters change of oscillation
amplitudes of vibratory feeder used for underground mining and feeding of uranium ores.

Key words: vibratory feeder, vibrations, synergetic model, fatigue failure.

Introduction. During the long-term operation of mining machines, the physical and mechanical
properties of elastic links based on elastomeric materials do not remain constant, but change significantly
due to aging of the material from a long cyclic load or the action of an active external environment, for
example, radiation fluxes. This leads to a change in the parameters of the machines themselves and the
disruption of technological processes [1-5].

The presence of experimental data on changes in the basic mechanical properties of elastic links over
time, such as shear modulus G and dissipation coefficient y for given loading conditions, significantly
simplifies the calculation of vibratory machines. However, such experimental information is in most cases
absent since to obtain it requires a variety of and fairly lengthy studies. Below we consider an algorithm
that allows one to determine the mechanical characteristics with a minimum of experimental data, taking
into account the microdestruction that develops in elastic links.



mailto:vita.igtm@gmail.com
mailto:lisitsa.n.i@gmail.com
mailto:lapin_1956@list.ru
mailto:ag.gena@gmail.com
mailto:kalhankov.ye.v@dsau.dp.ua
mailto:info@dsau.dp.ua
mailto:sanek20.1984@gmail.com

ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

The purpose of the work is the development of a synergetic model and algorithm for calculating
vibration feeders taking into account the instability in time of their parameters; confirmation of the
analytical model by the results of industrial tests.

Method. In this paper, we consider the dynamics of heavy mountain vibrating feeders of the VOF
type (vibrating ore feeders) working under the rubble for the production and delivery of uranium ores.
Structurally, VOF vibrating feeders are a single-mass oscillatory system; prismatic rubber elements of the
RMB type (rubber-metal blocks) serve as elastic links. During operation, such elements experience simple
shear deformations; their physical and mechanical parameters are unstable in time: the shear modulus
increases, and the dissipation coefficient decreases. Such a change is mainly associated with aging
processes inherent in all elasto-hereditary materials, which include rubber [6-10].

The calculation algorithm described below uses the Walpole method developed for composite
materials [11,12], which consists in the fact that the characteristics of the material are determined
averaged by the characteristics of the main material, the characteristics of the material of the inclusions
and depending on the concentration of these inclusions.

In our case, the main material is intact rubber, and the inclusion material is the microdestruction that
develops in the main material.

It was previously shown [13] that for cases when instantaneous modulus G of initially homogeneous

material and elastic modulus of inclusions G, do not depend on time, and when inclusions in material are
only of one type, then instantaneous value of effective moduli G, of non-uniform material, i.e. material
with different inclusions, can be represented as:

« -1 -1
Gl =Gl +(- p)(é(;—él'):[h p(@ﬁé{) :(é(;—é;)}  Pa, )

where G, is tensor of inclusion elastic modulus, Pa; 60 is isotropic tensor, which is connected with the
tensor of the moduli G/ of the material basic matrix by the known ratio [14], Pa; p is total concentration
of inclusions in typical volume of material; I is identity tensor.

Hence, value of G, can be obtained after determining G, andG,, and performing appropriate

mathematical operations.

With the help of physical model of rubber fracturing [15] under the action of cyclic loading, we
obtain ratio for effective modulus of the rubber in question, whose mechanical properties change
significantly as a result of structuring processes: shear modulus increases, and dissipation factor decreases.
It should be noted that in this paper, only one macroscopic characteristic of rubber is considered, namely,
effective shear modulus. Despite availability of experimental data, it is impossible to take into account
dependence of dissipative properties on developing fracture directly in the general algorithm because of
absence of well-developed mathematical apparatus.

With taking into account experimental information mentioned above [15], let’s accept the following
synergistic model of fatigue fracture of rubber elements. Sample is a set of material points, each of them
features the same properties as the source material. Process of accumulation and development of
microfractures is interpreted as formation, in the initially homogeneous and isotropic material, of some
areas with inclusions (areas containing fractures) with new properties, though identical in all areas.

When calculating the effective modulus, a number of assumptions is made; rubber in the initial state
is homogeneous and isotropic; the modulus of the resulting inclusions is n times larger than the modulus
of the base material; developing inclusions are mathematically characterized by a matrix of elastic moduli
similar to the matrix of elastic moduli of the base material; the elastic modulus of the material inclusions is
independent of time.

Taking into account the proposals made, and presenting the independent components of stress tensor

in the form of a six-dimensional column matrix [16], matrix of elastic moduli G} can be written in the
following way
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2E/3 0 0 0 0 0
0 2E/3 0 0 0 0
A 0 0 2E/3 O 0 0
G(; = / l Pa1 (2)
0 0 0 2E/3 0 0
0 0 0 0 2E/3 0
0 0 0 0 0 2E/3
matrix of elastic moduli of microdamages can be written as
2En/3 0 0 0 0 0
0 2En/3 0 0 0 0
A 0 0 2En/3 0 0 0
0 0 0 2En/3 0 0
0 0 0 0 2En/3 0
0 0 0 0 0 2En/3

where E is elastic modulus of medium, Pa.
To obtain the values of the moduli G;, by the formula (1), it is necessary to determine all the tensor

guantities included in this expression and perform the corresponding mathematical operations with them.
So, the components of the tensor G, are presented in the form
oijkl = MSHSH +M(&I8ik +8jI8ik)’ Pa, (4)
3\ +8u 2(3)+8u)
and tensor itself has the following form

10E/9 E/9 E/9 0 0 0
E/9 10E/9 E/9 0 0 O
é - E/9 E/9 10E/9 0 0 0f o )
0 0 0O E 0 0
0 0 0 0 E 0
0 0 0 00 E

where A and p are the Lame coefficients for basic medium, s': § are the Kronecker symbols; i, j, k,
1=1,23.

Tensor operations: sum of tensors, inverse tensor and convolution of tensors are performed according
to the known formulas for tensor analysis [16]. Finally, we get the following expression for

A 0O 0 0O

. Pa. (6)
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Here, the following expressions are accepted

A2l oploni ) py g 2E
3 A+ pA(1-A)

A={4(n+§)3_%(n+gj+ﬂ; A1=4(n+§j2—%. (7
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When n =0, i.e. in the absence of any fractures, effective modulus coincides with the modulus of the
source material; when n =1, effective modulus coincides with the modulus of microdamages. These
conclusions are natural as they follow from the very statement of the problem and validate correctness of
the made calculations.

In this way, dependences of stresses and strains on the magnitude of microfractures, which are
developing in the material, can be obtained. And relation between the deformation y and stress t in this
case is expressed as

r=é;f v, Pa, (8)
where

DS Wi o) P ©
(n +2] +p(L-n)

Here, G;, is initial value of the source material modulus, Pa.

Results and discussion. Let’s use the obtained results for calculation of effective modulus of RMB
type elements made of 2959-type rubber (on the basis of natural caoutchouc with filling of 45 mass parts
of black carbon), for which initial value of rubber dynamic is G;, = 1.60 MPa (at an oscillation angular
frequency o = 60-80 rad/s). Let’s use the previously obtained in [6, 8-10] experimental results on time-
dependent change of the shear modulus for elements made of rubber 2959, and let’s assume that n = 1.2,

Let’s consider a concrete example. Let it be necessary to predict a change of oscillation amplitude in
ore vibratory feeder of the VPR-4m type, elastic links of which are made in the form of shift elements of
the RMB type. Parameters of vibratory feeder are as follows: mass of vibrating elements is m = 3770 kg;
oscillation angular frequency is ® = 101.5 rad/s; initial value of instantaneous shear modulus for rubber is
Gin = 1.76 MPa; and dissipation coefficient is v = 0.31.

Equation for the vibrating elements movements in the vibratory feeder is

mx +C,X = Psinwt , (20)

where m is mass of the work member, kg; C; is reduced stiffness of the main elastic links, N/m; P is
exciting power, N; o is loading angular frequency, rad/s; t is time, s.
The solution of equation (10) is expressed as

x = asin(ot — ), (11)

where X is coordinate, m; o is phase, rad.
Express the dependence of the amplitude of the conveyor oscillations as follows

a= Q .
02— A(0)]- 0 + B o)

Here a is amplitude of oscillations, m; Q is the force of inertia, N; o is natural vibration angular
frequency of an ideally elastic system, rad/s; Ai(®w) and B;(w) are rheological characteristics of rubber
(cosine and sine Fourier transform of a fractional exponential function) [6].

Values for effective modulus were determined from the dependence G ~ p/pir by the formula (9),
rate of critical fracture py, = 5,6 was taken according to the experimental data obtained in [6], and kinetic
curve p(t) was also obtained experimentally on model samples with long-term cyclic loading.

Time dependence of vibratory feeder amplitude calculated in this way is shown in figure and, as it is
seen, satisfactorily coincides with experimental data [6]. This coincidence confirms the suitability of the
proposed method for calculating mechanical characteristics of vibration machines, the elastic links of
which change their parameters over time. As it is seen, oscillation amplitude decreased from 5.2 mm to
3.7 mm after 24,000 hours and led to degradation of vibratory feeder productivity.

It should be noted that in engineering practice, change of oscillation amplitude in vibratory machines
during their long-term operation is quite frequent phenomenon. In practice, this undesirable phenomenon
is usually eliminated by changing frequency of drive oscillations or, in case of excessive stiffness, by
replacing elements in the elastic suspension.

(12)
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Change of oscillation amplitude of the VPR-4m vibratory feeder
at long-term operation: the points is experimental data, the line is calculated curve

Conclusions. 1. A synergistic model and algorithm were developed for calculating vibratory feeders
for drawing and feeding uranium ores with taking into account time-dependent instability of elastic
suspension parameters.

2. When solving the integro-differential equation of the oscillatory system and taking into account the
unstable in time rheological parameters of the rubber elements of the elastic suspension of the feeder, the
dependence of its oscillation amplitude on the operating time is obtained; calculation results satisfactorily
coincide with the data of industrial tests.

B. U. I[blp;:[al, H. . .JIncnual, B. A. .JIammz, T. H. Aram,uonl,
E. B. Kanramc033, A. B. TOHCTeHK03, AL A. IIepﬂm”l3

MonskoB aThiHmarel YKpaHHa YITTHIK FLTEIM aKaAEMUSCHIHBIH
reOTEXHUKAJIBIK MEXaHUKA HHCTUTYTHL, JIHenp, YkpauHa;
2«Kasak KYPBUIBIC )KQHE COYJIET FBUIBIMU-3EPTTEY
xoHe xobanay uHCTUTYThI» AK, Anmarsr, Kaszakcras;
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IHAPAMETPJIEPI YAKBITBIHIATBI TYPAKCBI3/IBIKThI
ECKEPETIH AYBIP JIPIJI MAINNHAJIAPBIHBIH JTUHAMMKACHBI

AHHOTanMsi. YpaH KeHiH XepacTbl eHIipy OipHeIle TeXHOJOTHSUIBIK YIepicTepAeH Typajbl, ONapAblH €H
MAaHBI3IBICBIHBIH Oipl — CHIHFaH Tay JKBIHBICTAPHIH Ta3apTy KEHICTITiHEH IIBIFApy JKOHE OHBI KOJIK KypalgaphlHa
THEy. OHIIpIC KapKbIHIBUIBIFBIH apTTHIPy Maceseci 0apiblK eHAIPICTIK yAepicTepiH, OHbIH IIIiHAE MHHEpPAaNIbI
LIMKI3aT OHIIPICIHIH OHIMALIIrIH Oip yakbITTa apTThIpyabl Tajamn ereni. COHbIMEH Oipre »orapbl THIMALTIKTI e,
Kayirci3 yaepicti e Kypy KaxeT. Bys1 Macese ayiacToMepIiik MaTepraigapAaH skacajiFran cepriMi OaillaHbIChl Oap
JUpLT MalIMHAApbIH KOJJaHy apKbUIbl COTTI IIelniieai, Oy jkaFiail eHIMAUIIKTIH jKoFapbulaybIMeH Oipre sHeprus
LIBIFBIHBIH KOHE KAThII KaJly CaHbIH a3aiiTyra MyMKIHIIK Oepei.

OPTYPIi TEXHOJOTHSUTBIK MaKcaT YIIH TipiJl TEXHOJOTHSICHIH JKacayablH QJIEMIIK TOKIPUOECIH 3epTTey OHBIH
HETi31HeH MUHepaIbl OCTiHIe OHJIEY YIIiH KOJIAHBUIATBIHIBIFBIH KepceTTi. JKepacThl xaraalbIHIa Aipil TEXHOJO-
THSCHIH KOJJIaHy 9JIEMIIIK TOXipuOee ic )Ky3iHAe KOK, COHBIMEH KaTap Oy Macese OOMBIHINA FEUTBIMU 9IcOHeTTEp
Je Ke3/ecner .

JKymbIcTa ypaH KeHiH OHAIpY KoHE jKeTKi3yae Onokanga acTelHIA kyMmblc ictedTiH VPR tunreri aysip mipin
Oepetin ¢unepiep (mipin keHiH Oepy) AMHAMHUKAchlH KapacTblpambl3. KypbeUIBIMIBIK TyprbliaH anranga, VPR
nipingerkimrepi — OipTekTi Maccainsl TepOenic xyheci; BRM tunreri npusMansilk pe3eHKe 3JIeMEHTTep (pe3eHKe-
MeTayul OJIOKTap) cepmiMai OysIH peTiHzae Kbi3MmeT ereni. JKyMbIc Ke3iHae MyHAal 3IeMEeHTTep KapamaibiM BIFBICY
nedopManusiapbiHa YINBIPaiIbl; oapAbH (U3MKANBIK )KOHE MEXaHUKAJIBIK MapamMeTpiiepi yakbIT OOWBIHILA TYpaK-
CBI3: BIFBICY MOJIYJI JKOFapbUIAii/ibl, ayl BIABIpAay Kod(duuueHTi ToeMeHaenai. MyHmait e3repic HeETi3iHEH pe3eHKE
KipeTiH OapJIbIK 37aCTO-TYKBIM KyalalTBIH MaTepuangapra TOH KapTaro yaepiciHe OaillaHBICTBI OOJIBIN Kelei.

AHaNUTUKAIIBIK 3€PTTEYJIepAl JKOHE ypaH KEeHiH, KYPBUIBIC MaTepUalIapbIH KEPACThl Ka3blll LIbIFApy/ia jKOHE
JUpLIIl OHEPKACINTIK ChIHAY HOTIIKEJIepiH KOCKAaHAa KEeUIeHAl TACLI KOJIAaHBUIABL O3IpJICHIeH alllTOPUTMIE JKOHE
TepbenmMeni OeprimiTiH pe3eHke OaiiaHbICTaphl MHUKPOKPEKHHTIHIH CHHEPIeTHUKAJIBIK MOJEINIHE CyHeHe OTBIPHIII,
YaKbITTBl TYPAKChI3 NapaMeTpiepMeH KOPEKTEHIprilTep AMHAMUKACHIH CUIIATTayFa MYMKIHIIK OepeTiH MaTeMaru-
KaJbIK TEHICYJICP AaNbIHIBI; TepOeIMeNi XYWEHIH HHTErpo-mudQepeHINaniblK TCHICYIH MICMKeHAe (QUIepIiH
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aMIUIMTY/a CHIIATTaMallapbIHbIH >KYMBIC YaKbITBIHA TOYEJAUIIr anbiHaabl. TYIHYCKa alropuTM KoHE CHHEpreTHKa-
JIBIK MOJIEJTh KacaJlAbl )KOHE OJIapJIbIH HETi3iH/e MaTeMaTHKaIBIK armapar KYpbULAbL, OJI )KYMBIC Ke3iHae Iipin Oep-
rimTig TepOetic aMIUIMTYIaChIHBIH 63TepyiH aHBIKTayFa MYMKIHIIK Oepe/i. AHaJTUTHUKAJIBIK €CeNTey HEeTi31Hae Aipit
OeprimTiH TepOenic aMIUINTYyAachl MapaMeTpIIepiHiH e3repyiH 0oipkay ofici »acalabl jkeHe eHrisiunmi. byn amic
ypaHZpl IaxTajga KyMeIc icten TypraH VPR-4 M gipin GepriwiHig TepOesic aMIUIMTYJaChIHBIH ©3repyiH ecernTey
YIIiH pyAaHBI TOTy KoHE apOanapra THey Ke3iHae mainaraneuiasl. MyHIai Gunepnepain xKyMbIc Mep3iMi IIaMaMeH
2-3 xpul. Y BUOpaTopisl ¢uuep KYMBICBIHBIH OYKin ke3eHiHAe (mamamen 30 MBIH caraTr) JKYMBIC OpTaHIapHI
TepOenicTepiHiH aMIDIUTYIackl MEH XHLJIITiH eIIey OObIHIIA IKCIEPUMEHTTIK 3epTTeyiep KYPri3iiai. ANbIHFaH
ecernTey HOTIKENepi OHIIPIiCTIK ChIHAK HOTIKeJIepi OOMBIHIIA KaHAFaTTaHAPIBIK ACHTeHIe.
Tyiiin ce3aep: mipin Oeprimi, Aipis, CHHEPTETUKAIBIK MOJEIH, IIapIIay.

B. U. }]blpzlal, H. U. Jlncnual, B. A. .HalII(IHZ, I. H. Aransuos’,
E. B. Kanramcong, A. B. TOJICTeHK03, AL A. ‘-leprmﬁg

"YucturyT reorexnnueckoii Mexannku um. H. C. Tlonsxosa
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’AO «Kasaxcknit Hay4HO-HMCCIIEA0BATENbCKUI U IPOECKTHBINA HHCTUTYT
CTPOUTENBCTBA U apXUTEKTYphI», Anmarsl, Kazaxcran;
3I[HerIpOBCKI/H‘/'I rOCYAApCTBEHHBIN arpapHO-3KOHOMUYECKUI YHUBEpCUTET, JJHemnp, YkpauHa

JTAHAMUKA TSKEJBIX BABPAITMOHHBIX MAIIIUH
C YYETOM HECTABWJIBHOCTH BO BPEMEHU UX TIAPAMETPOB

Annoranus. [TonzemHast pa3paboTka YypaHOBBIX Pyl COCTOUT M3 HECKOJBbKHX TEXHOJIOTHYECKHX IIPOLECCOB,
OJIHUM U3 HamboJsiee BaXKHBIX U3 KOTOPBIX SBISAETCS BBITYCK OTOMTOH FOPHON MAacChl U3 OYMCTHOTO NMPOCTPAHCTBA U
Norpy3ka €€ B Cpe/ICTBa TPaHCIOPTHPOBKU. BONpoc MOBBINIEHHS NHTEHCUBHOCTH JTOOBIYM TPEOYyeT CHHXPOHHOTO
MOBBIIIEHHUS MTPOU3BOIUTEIBFHOCTH BCEX IPOLIECCOB JOOBIYM, B TOM YHCJE U BBIIYCK MHHEPAJIBHOTO ChIpbs. [Ipu
3TOM HEOOXOAMMO CO3/1aBaTh KaK BHICOKONIPOM3BOANTENLHBIN, TAK U O€30IacHbIH Iporecc. JTa npodiaema yCIenHo
pemaercs MpUMEHEHHEeM BHOPAaIMOHHBIX MAIlMH C YIPYTHMMH 3BEHBSIMH M3 3JIACTOMEPHBIX MaTE€pHalIOB, KOTOpHIE
HapsALy C YBEJIMYEHUEM NIPOU3BOAUTENLHOCTH MO3BOJSIOT CHU3UTh SHEPrOEMKOCTh M KOJIMYECTBO 3aBUCAHHH.

W3yueHne MUpPOBOTO OIBITA CO3JaHWS BHOPAIMOHHON TEXHWKH PA3IMYHOTO TEXHOJOTMYECKOr0 Ha3HAuCHHUS
MI0Ka3aJ0, YTO MPEUMYILECTBEHHO OHA HCIOJIb3YeTCs IS epepaboTKi MUHEPAIBLHOTO Ha HoBepxHOCTH. [Ipumene-
HHUe BUOPAMOHHOM TEXHUKH B CTECHEHHBIX MOJ3EMHBIX YCJIOBHSIX B MUPOBOW NMPAKTHKE MPAKTHYECKH OTCYTCTBYET,
a TaK)Ke OTCYTCTBYET U Hay4yHas JINTEPATypa 110 JaHHOMY BOIIPOCY.

B craThe paccmaTpuBaeTcsi AMHAMMKA TSOKEBIX TOPHBIX BUOpaIMOHHBIX nurTaTesneil Tuna BIIP (BubpannonHsie
MUTaTeN PYAHbIE), paOOTAIONINX MO/ 3aBAJIOM Ha BBIMTYCKE M JIOCTABKE YPaHOBBIX pyll. KOHCTpYyKTHBHO BHOpoOMUTa-
tenn BIIP npencraBisiioT co00il 0THOMACCHYIO KOJIeOaTeIbHYIO CHCTEMY; YIIPYTMMH 3BEHbSIMU CIIy)KaT NPU3MAaTH-
YecKue pe3MHOBBbIE 3JeMeHTHl Tuna bPM (6moxu pesnHOoMertammudeckue). Ilpu skcIuryaTtariuu Takue 3JI€MEHTHI
UCTIBITBIBAIOT JepopManuyl MpocTOro CABWTa; MX (PU3MKO-MEXaHWYECKHE IMapaMeTphl BO BPEMEHHM HecTaOMIIbHBIL:
MO/JIyJIb CJIBUT'a YBEIHUMBAETCs, a KO3 uimeHT auccunanny ymeHbiaercs. Takoe n3MeHeHHe CBSI3aHO B OCHOBHOM
C IPOLIECCAMHU CTapPEHHUS, IPUCYIIUMU BCEM YIIPYTrO-HACIEACTBEHHBIM MaTepHralaM, K KOTOPbIM OTHOCUTCS U PE3MHA.

Hcnonp3oBaH KOMIUIEKCHBIM MOAXOM, BKIIOYAMOIIUM aHAIMTUYECKHE HUCCIEAOBAaHHMS M PE3YNbTaThl
MIPOMBIIIJICHHBIX UCTIBITAHUH BUOpONIUTATEINCH TPH MOA3EMHON HOOBIYE U I0CTaBKE YPAHOBBIX PYA U CTPOUTENBHBIX
MarepuasioB. Ha ocHOBe pa3pabOTaHHBIX aJrOpUTMa M CHHEPTETHYECKOW MOJIENH YCTaJIOCTHOIO MUKPOPa3pyIICHHS
PE3MHOBBIX 3BEHBEB BHOPOMHTATENS MOJYYCHHI MAaTeMaTHYECKHE YPAaBHEHHS, MO3BOJIIIONINE ONMUCATh TUHAMUKY
MUTaTeNNel ¢ HeCTaOMIBHBIMU BO BPEMEHH ITapaMeTpaMu; TP PEIIeHNH WHTETPo-An(epeHINaIbHOTO YPaBHEHUS
KoJIe0aTeNnbHOM CHCTEMBI MOJy4eHa 3aBUCHUMOCTh AMIUIMTYJHON XapakTepUCTUKH MHUTATeNs OT BPEMEHH €ro
JKCIUTyaTaruu. Pa3paboTan OpUrHHAIBHBIN aITOPUTM M CHHEPreTHYEeCKas MOJIENb M Ha UX OCHOBE CO3IaH Marte-
MaTHYECKUH ammapar, MO3BOJIIONINNA OMpPENeuTh W3MEHEHHE aMIUINTYIBl KOJIeOaHnil BHOpOIHTATENS B TCUCHUE
ero skcruryaranuu. Ha ocHOBe aHanMTHYECKHX pacuéToB pa3paboTaH M BHEAPEH METO] MPOrHO3MPOBAHUS HU3MEHE-
HUSI TApaMeTPOB aMIUIMTYAbl KoyeOaHuid BHOponuTareis. DTOT METOJ| MCIOJNb30BaH Ul Pacuéra HW3MEHEHHS
aMIUTMTY/bI KoJieOaHuii BuOpanonHoro nurarens tuna BITP-4m, paGoraroniero B ypaHOBOM pyJHHKE TOJ 3aBajOM
IIPU BBIITyCKE PyJbl M HOTPYy3Ke €€ B BarOHETKH. J[JIMTENBHOCTh SKCIUTyaTallMM TaKWX MUTATeJeld NnpuMepHo 2-3
roga. Ha nmpoTsbkeHn Bcero BpeMeHH 9KCIUTyaTaluu Tpéx BUOponmTareneil (okono 30 ThICSY 4acoB) NPOBOIMINCE
SKCIIEPUMEHTANIbHbIE HCCIEJOBAaHUS IO 3aMepy aMIUIMTYAbl M YacTOThl KoleO0aHWH uX pabodmx OpraHoB.
ITomy4yeHHBIE Pe3ynbTaThl pacuy€Ta yAOBIECTBOPUTEIBHO COBIANAIOT C PE3YIbTaTAMH NPOMBIIIJICHHBIX HCIIBITAHHUH.

KaroueBble ci10Ba: BHOpONUTATENb, KOIEOAHNUS, CHHEPI€THUECKAsl MOZIEINb, YCTAIOCTHOE Pa3pyIICHHE.
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FIRE RISKS OF PUBLIC BUILDINGS

Abstract. The complex research method is used in the work, which includes: analysis and generalization of
scientific achievements in the field of fire safety, application and processing of statistical data; application as
analytical methods of research by collecting, generalizing and analyzing the current normative documents of the
State Emergency Service of Ukraine and statistical methods of probability theory, geospatial, mathematical
modeling, methods of system analysis.

Research Object: The risk of death from fire in public buildings and structures.

The purpose of the work is risk evaluation of death from fires in public buildings.

Research methods. The complex method of researches is used in the work, which includes: analysis and
application of statistical methods of data processing, verification of reliability of the obtained results, mathematical
modeling and other analytical methods.

The concept of the risk is described in the article and the main normative documents are outlined that treat
them. The basic methods and methods of risk assessment for public buildings are analyzed.

Fire risk assessment is the calculation of individual fire risk for residents, staff and visitors in a public building.
The numerical expression of an individual fire risk is the frequency of exposure of hazardous fire factors to a person
in a building or structure. The frequency of exposure to hazardous fire factors is determined for fire-hazardous
situations, which are characterized by the greatest danger to the life and health of people in the building.

The CFAST program simulated the occurrence of limit concentrations of hazardous factors during fires for two
typical public buildings. It is also suggested how to evaluate the results on a specific color scale that allows you to
create risk maps for visualization. The draft methodology proposes to consider the follow-up time of fire and rescue
units when determining the evacuation time.

The main methods and methodologies of risk assessment for buildings and public facilities have been analyzed.
For two facilities, the risk of death from fire in buildings and facilities has been estimated. The results of evaluation
have been suggested in a color scale, which allows creating maps to visualize the risks. The simulation of the limit
concentrations of hazardous factors during the fires for two typical public facilities has been done in CFAST
software.

Mapping the risks of death from a fire in the appropriate group in the appropriate colors allows you to build a
map of the risks of death from a fire and fire and rescue workers know the possible risks and dangers of the objects.

The start time of the evacuation, in the absence of warning systems, is determined depending on the time the
fire and rescue units follow to the fire site.

The proposed calculation methodology and visualization tools allow the rescuer, who makes the decision, to
comprehensively assess the situation during the design and to avoid the possible consequences of an emergency,
which will increase the level of security.

Key words: risk, hazardous factors, CFAST, integrated model, public buildings, mapping.

Introduction. According to the annual fire statistics data from the departments of the State
Emergency Service (SNS) of Ukraine, the situation with fires in public buildings in Ukraine is
complicated. More than 60 thousand fires are registered in Ukraine annually. 2-3 thousand people die in
fires. Such significant number of fires and deaths requires application of new approaches to fire hazard
assessment and reduction, particularly risk-oriented ones.



mailto:yemelyanenko@ldubgd.edu.ua
mailto:Ivaaanusa@gmail.com
mailto:yakovchukrs@ukr.net
mailto:andrij_k@yahoo.com

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

At the beginning of the new millennium, a concept of “safety culture” [1] emerged and has been
successfully developing. It grounds on educating responsibility of people for their safety in all spheres of
their activity. Undoubtedly, safety is one of the most important conditions of a human life and the most
important principle of society's existence. In the course of any human activity there is always a danger
factor, so for many years, the European Union members and other advanced countries of the world have
been focusing attention on security issues. In order to increase the level of safety, scientifically based
prognostication methods and principles of risk management in the main areas of human activity have been
developed.

Risk is a probabilistic value that allows evaluation and recognition of unwanted events that may
occur. In [2], risk is a quantitative characteristic of the possibility of a particular hazard occurrence or its
consequences, which is measured in corresponding units of measurement. Each hazard can be
characterized by many different risks that assess the various aspects and parameters of this hazard: for
example, on the one hand, the frequency of its occurrence, on the other, the nature and extent of the
consequences of the danger.

Subject of research: Risks of death from fires in public buildings and facilities.

The purpose of the paper is to assess the risk of death from fires in public buildings and facilities.

Materials and Methods. A complex method of research is used in the paper, which includes:
analysis and application of statistical methods of data processing, verification of the reliability of the
results, mathematical modeling and other analytical methods.

To calculate the risks based on the available methodology [3, 4], the company "Sitis" has designed
software to calculate the value of individual fire risk, namely: "Sitis: FLOUTEK VD", "Sitis: BLOCK",
"Sitis: VIM" and "Sitis: Sprint" [4], "EPOS: Indeline 1.01". They provide an opportunity to identify the
main factors of a fire to assess fire risks in buildings and facilities, in particular, those which are aimed for
public usage.

PyroSim [5] is software with a user-friendly graphical interface to model the dynamics of the
development of hazardous fire factors by field-based method of Fire Dynamics Simulator (FDS).

The FDS (Fire Dynamics Simulator) software [6] implements a calculated hydrodynamic model of
heat and mass transfer during combustion. FDS solves the Navier-Stokes equation for low-velocity
temperature-dependent flows. Particular attention is paid to the spread of smoke and heat transfer during
the fire.

Smokeview [7] is software that reproduces FDS results in the form of animated images. The software
can visually simulate fire and smoke. The three-dimensional representation of the physical model makes it
possible to estimate the visibility within the depicted premises.

The CFAST model [8] is designed to assess the dynamics of fire hazards in residential, public and
industrial buildings and facilities. Also, the model can be used to determine the design parameters of fire
systems — natural or artificial anti-smoke ventilation, fire alarm. The mathematical model of CFAST
grounds on the Cauchy problem for a system of ordinary differential equations. The system includes the
equation of conservation of mass, energy (the first law of thermodynamics), the ideal gas law, the ratio of
density to internal energy [8].

Results and Discussion. Risk assessment includes risk analysis, which in turn consists of the
following steps:

1. identification of hazard (threats, possible undesirable events, sources);

2. vulnerability analysis (causes, consequences);

3. description of the risk by using probabilities and expected values.

When analyzing fire hazards of the facility under protection, it is necessary to identify and analyze all
the fire risks inherent in the object first, then evaluate their current values, determine the permissible
values for all fire risks and adopt the necessary technological solutions for risk management.

After that, it is necessary to select or develop methods and technologies to manage each risk, use
them and thus provide the fire safety of the facility under protection.
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The action plan is developed and the priority of management decisions for risk reduction is
determined.

Different gradations are used for risk assessment: insignificant, acceptable, high, and unacceptable.
Acceptable risk is often used along with the term a reasonable risk. When the system has criteria of
unacceptable risk then measures or technological solutions are introduced to reduce the level of risk to an
acceptable level.

The EN 954-1 regulations define five levels of protection (B, 1, 2, 3, 4) that relate to 5 risk classes
associated with 3 unprotected risk characteristics:

The calculation of fire risks is carried out separately for each group of public buildings.

The Methodology for determining the fire risk in buildings and facilities of various classes of
functional fire hazard [3] is applied to calculate the risk of death from fires. It contains analytical methods
for determining the individual risk of death from fires and verification of compliance with the permissible
values, is used, if:

Qp < Qn, 1)

the statistical value of the individual fire risk of death in a fire, Q,=10° dead people / (people - per year) —
normative value for the facility, and Q, — estimated value of the individual fire risk of death in a fire. In
case there are fire prevention measures in a public building, the individual fire risk Qy is calculated by the
formula

Qp = Qn'Ppr(l_Pe)(l_Pp.z.) 2

Q. — average value of probability of a fire in a public building of a certain class during a year; P, — the
probability presence of people in the building; P, — the probability evacuation of people from the building;
Py.. — coefficient for the compliance with fire protection aimed at ensuring safe evacuation during a fire
with regulatory requirements for fire safety.

The time of occurrence of hazardous fire factors has been calculated by the integrated model
according to the methodology.

According to the integrated model of the methodology, it is believed that a fire occurs in the room
next to the main evacuation exit — in the office of a warden. Fire load — office furniture, paper
documentation and carpet (Article 66 Appendix 7 of Methodology database of typical fire load — Furniture
+ paper (0,8) + carpet (0,2)). Room dimensions: 6x4,2x2,4 m. The room has access from the corridor and
from another room. Doors have access from the corridor by which the evacuation is done through the main
exit. The fire occurs when the children are in their groups in the sleeping quarters, which are located most
distantly from the evacuation exits.

The received results:

- for the t,, O, = 25,37 c;

- for the CO -t CO = 31,35 ¢;

- for the HCL —t,, HCL = 38,44 c.

Since the integral model makes it possible to determine the hazardous factors of a fire only for one
room without spreading it to others, CFAST two-zone model is used to determine the dangerous factors of
a fire in a kindergarten. It simulates fires in buildings more efficiently than an integral one and defines the
maximum time of occurrence of fire hazardous factors, which allows determining the required time of the
fire and rescue units to arrive to the scene of call and the necessary evacuation time to ensure safety of
people [8].

According to the calculation results:

- limited visibility in the cabinet 1 with the seat of the fire and the adjacent room (storeroom 1) will
come within 0,25 min after the start of a fire, and a decrease in the concentration of oxygen limit values in
the storeroom 1 will come in 1,5 min;

- limited visibility on staircase 1 and staircase 2 will occur in 1,7 and 2,5 min respectively;

- hazardous temperature values on the premises of the seat of the fire will come in 1,2 min, and in the
storeroom 1 in 1,5 min.




ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

1188

Figure 3 — Development of fire in the office 1

Therefore, among the hazardous fire factors, limited visibility will occur the most quickly, so
evacuation from the 2nd floor of the kindergarten building through the staircase is impossible already after
1,7 min (staircase 1) and 2,5 min (staircase 2). Limited visibility in corridor 1 and corridor 2 will occur in
1,25 min.

One of the main problems is the state of fire protection of public buildings, in particular, those of
cultural and educational domains. Therefore, we consider in detail the public building aimed at various
leisure activities "Lviv State Palace of Aesthetic Education of Youth".
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Figure 4 — Time layout of dangerous fire factors in the auditorium
of the Lviv State Palace of Aesthetic Education of Youth

Grounding on the results of calculations, the following has been determined:

1. The medium temperature on the stage will be 260 °C, in the auditorium 1 — 209 °C (within 3.8 min
in the upper part of the room and 7 min in the lower part of the room), and in the auditorium 2 — 189 °C
(within 4,2 min in the upper part of the room and 7,7 min in the lower part of it).

2. The lack of oxygen will occur on the stage in 6,5 min, in the auditorium 1 — in 7 min, in the
auditorium 2 —in 7,2 min, in the staircases 4 and 5 —in 9,5 min, and in the corridors 2 and 3 —in 10 min

3. Limited visibility will occur: on the stage in the upper part of it in 15 seconds and in 2,1 min in the
bottom of the room; in the auditorium 1 in its upper part in 16 seconds and in 2,5 min in the bottom of the
room; in the auditorium 2 in its upper part in 17 seconds and in 2,6 min in the bottom of the room; in the
corridors 2 and 3 in the lower part of it will occur in 2,9 min; in the upper part of the staircases 4 and 5 in
2,1 min and in 2,9 min in the lower part of them (see figure 5).

Therefore, limited visibility will occur the most quickly, so it is necessary to evacuate auditorium
1 and 2 in 2,5 min, to pass through staircases 4 and 5 and corridors 2 and 3 is within 2,9 min. The lack of
oxygen in the corridors and staircases will occur in 9,5 and 10 min, respectively.

The calculation of the value of individual fire risk in a kindergarten building has been carried out for
this scenario according to the Methodology formula [3].
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Figure 5 — Time layout of maximum permissible concentrations of hazardous factors
and limited visibility in case of fire in the Lviv State Palace of Aesthetic Education of Youth

In the case of open doors from the room of the warden Q, = 1-10*, which exceeds the normative
value of risk Quy= 10"°.

Ultimately we get that Q, = 9,09-10° conditions of the closed door from the room of the warden,
which does not exceed the normative value of risk Qy, = 10°°.

Thus, the use of fire doors can reduce the value of fire risk and ensure timely evacuation. The
arrangement of fire alarm systems and anti-smoke protection will allow the timely start of evacuation and
its successful procedure.

The calculation of the value of individual fire risk in the building of the Lviv State Palace of Aesthe-
tic Education of Youth has been carried out for this scenario according to the Methodology formula [3].

Finally, we get that Q, = 9,3-10"°, which exceeds the normative value of risk Q, = 1078,

Consequently, the individual fire risk exceeds the permissible value, therefore there is a need to
develop additional fire prevention measures. For example, it can be equipped with a fire alarm and a fire
curtain to detect a fire and put into operation a fire curtain in the auditorium. Their usage will reduce the
individual fire risk by promptly informing employees about the fire, which will facilitate safe evacuation
and accelerate the arrival of firefighting units to the scene of fire.

Given the closed fire curtain of the stage room, we get that Q, = 9,1-10°, which does not exceed the
normative value of risk Qy, = 10°°. Consequently, the use of a fire curtain can reduce the value of fire risk
and timely evacuation. The arrangement of fire alarm systems and fire curtains will allow the timely start
of evacuation and successfully carry it out.

Scale of individual fire risk assessment for public buildings

Color [12] Proposed actions Level of risk [2, 9-11] Value
Danger. Immediately take security . a
Measures Unacceptable risk >5.10
Very careful. Perform appropriate S .
OIETgE y security measurzs P High risk 5107 +5-10"

Carefully. Prepare for appropriate . 5 . 5
Yellow security measures Acceptable risk 10° +5.10
Security. No action is required Insignificant risk <107

The obtained values of individual fire risk in groups of public buildings are suggested to be evaluated
on the scale [2, 9-11] and the main color codes and levels of severity of risks [12], where the orange color
(High Risk) is added, which allows outlining the risk limits more precisely and adapting to generally
acceptable levels of risk [2, 9-11]. This scale is depicted in the form of table by setting the corresponding
colored denotations.

Conclusions:

1. As a result of the calculations carried out according to the Methodology, it has been established
that the individual fire risk in the Lviv State Palace of Aesthetic Education of Youth exceeds the
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permissible value and makes Q, = 9,3-10"°, therefore there is a need to develop additional fire prevention
measures. For example, the stage should be equipped with a fire curtain to protect the auditorium.

2. By reducing the risk of death from fire to Q, = 9,1.1078, it is possible to reduce the evacuation
time, which is achieved by using a fire curtain and a fire alarm system in the stage premises of the Lviv
State Palace of Aesthetic Education of Youth.

3. The estimated design values of individual fire risk for public buildings are proposed to be
evaluated according to the generally accepted scale of the World Health Organization and the main color
codes and severity levels established by ISO 22324: 2015, IDT Societal security — Emergency
management — Guidelines for colour-coded alerts.

4. The results of the paper are used in the educational process of the Lviv State University of Life
Safety within the course "Fire Risks of Critical Infrastructure”, which is taught to graduate students
majoring in Fire Safety and can be used to prepare normative documents for fire risks assessment.

C. Emenbsinenko, A. UBanyca, P. fIkoBuyk, A. Ky3bIk
JIbBOB MEMJIEKETTIK TipIIUIIK Kayinci3airi ynusepcureri, JIbBoB, Ykpauna

KOFAM/IBIK KbIBMETTEI'I FUMAPAT IIEH K¥PbBIJIBICTAFBI OPT KATEPI

C. Emenbsinenko, A. UBanyca, P. fIkoBuyk, A. Ky3bIk
JIbBOBCKHI rOCyJapCTBEHHBIH YHUBEPCUTET O€30IIaCHOCTH XKU3HEISSTENbHOCTH, JIbBOB, YKpanHa
TMOXKAPHBIE PUCKH 3IAHA U COOPY)KEHHUI OBIIIECTBEHHOI'O HA3SHAYEHUS

AHHoTanus. B paboTe Mcnosnb30BaH KOMIUIEKCHBIN METOJI MCCIEAOBAaHHUM, BKIIOUAIOMMK B ce0s: aHAIU3 |
00001IIeHHe HAYYHBIX TOCTHKCHUH B chepe mokapHO# 0e30MacHOCTH, MPUMEHEHHUE M 00pabOTKH CTATHCTHUECKUX
JTAaHHBIX; IPUMEHEHHE aHAJTUTHYECKUX METOJIOB MCCIIeIOBaHUN ITyTeM cOopa, 0000IIeHNS M aHaI3a AEHCTBYIOIIX
HOPMATHBHBIX TOKyMEHTOB ['ocynapcTBeHHOM ci1yObl YKpauHbI 110 Ype3BBIYAHBIM CUTYAIMSIM U CTATUCTHYECKUE,
METO/IbI TEOPHH BEPOSTHOCTEH, KapTorpaduu, MareMaTHieckoe MOJICIMPOBAHNE, METO/Ibl CHCTEMHOTO aHaJIM3a.

OOBEKT MCCIIeI0BaHUI: PUCKU THOCIH OT H0XKapOB B 37[aHUSAX M COOPYKEHHAX OOIIECTBEHHOTO Ha3HAYEHUSL.

Lemnbio paboTHI ABISIETCS OLIEHKA PUCKOB THOEIH OT M0XKapoB 3AAHNH M COOPYKEHHI 00IIIECTBEHHOTO Ha3HAUYCHUS.

Mertonsl uccienoBanus. B pabore Mcronp30BaH KOMIUIEKCHBIH METO]| MCCIIEIOBaHUH, BKIIOUAIOIINHA B ceOs:
aHaJIW3 W TNPUMEHEHHE CTATUCTUYECKHX METOJI0B OOpabOTKM IaHHBIX, HPOBEPKA JOCTOBEPHOCTH MOIYYCHHBIX
Pe3yNbTaToOB, MATEMAaTHIECKOTO MOZEINPOBAHUS 1 IPYTUX aHAINTHIECKUX METOJIOB.

B paboTe packpbITO MOHATHE PUCKA M yKa3aHbl OCHOBHBIE HOPMAaTHUBHBIC JOKYMEHTHI, KOTOPbIE TPaKTYIOT HX.
[IpoaHanu3upoBaHbl OCHOBHBIE METOMABI M METOAWKH OIICHKHM PHCKOB JUIS 3JAHUN U COOPY)KEHHH OOIECTBEHHOTO
Ha3HAYCHHUS.

Or1ieHKa MOXKapHOTO PUCKA 3aKIII0YAETCS B pacyeTe MHANBUIYATbHOTO MOKaPHOTO PUCKA I KUTEJIeH, mepco-
HaJla U MOCETUTENEeH B 3/IaHUM WM COOPY>KEHHH OOIIECTBEHHOTO Ha3HAYCHHS. UHCIIOBBIM BBIPAXCHHEM WHINBHU-
JTyaJbHOTO TO’KapHOTO PUCKA SIBIISETCS YacTOTa BO3ACHCTBHS OMACHBIX (PaKTOPOB MOXKapa Ha YeJIOBEKa, HaXOAsIIee-
rocst B 3JaHUM WJIM COOpY)XeHHH. YacToTy Bo3/1eHicTBYSI ONacHBIX (PaKTOPOB TI0XKapa ONPEAENIIOT I IT0XKapooiac-
HBIX CUTYaIli{, KOTOPBIE XapaKTepPU3YIOTCsl HANOOJIbIIEH OMAaCHOCTHIO IS KM3HU U 37I0POBbSI JIIOJIEH B 31aHHU.

C nomompro nporpammsl CFAST BBINOTHEHO MOAETHPOBAHUE HACTYMIIEHUS HpPEJENbHBIX KOHLEHTpalui
OTIAaCHBIX (PaKTOPOB MPH TOXKAPaX AJIs ABYX THIOBBIX OOBEKTOB.

[lonmydeHHble 3HaueHHMs WHIMBHAYAJIBHOTO IIOXKAPHOTO pPHCKAa II0 TrpymnaM OOIIECTBEHHBIX 31aHUH
IIpe/UIaraeTcsl OLIEHUBATh MO COOTBETCTBYIOUIEH INKale M MO OCHOBHBIM LBETHBIM KOJaM U YPOBHSIM TSDKECTH
PHUCKOB, T 100aBICH OpaHXEBBII IIBET (BBICOKHH PUCK), YTO MO3BOJSIET 00Jiee TOYHO OUEPTUTH TPAHUIIBI PHUCKA U
aIanTHPOBATh K OOIIe-TIPHEMIIEMBIM YPOBHIM PHCKA.

[Iporao3upoBaHre MOXAPHBIX PHUCKOB PEATM3YETCs] HA OCHOBE NMPEIOKEHHONH METOAWKH pacdeTa MOXKapHBIX
puckoB. I BH3yanM3alMl pacyeTra TOXKApHBIX PHUCKOB IMOTHOHYTH OT TOXapa Uil OOIIECTBEHHBIX 3JaHUI
MIpeUIaraeTcsi NCIOIb30BATh TPaQHUECKIE PEIAKTOPHI.

Hanecenne Ha KapTy pUCKOB MMOTHOHYTH OT IOKapa B COOTBETCTBYIOILICH IPYIIE B COOTBETCTBYIOIIUX IIBETAX
MIO3BOJISIET MTOCTPOUTH KapTy PUCKOB I'MOENHM OT Iokapa M pabOTHHKAaM MOXKapHO-CIIAcaTeNIbHOM CIY)XObI 3HATH
BO3MOJXKHBIE PHCKH M ONTACHOCTH OOBEKTOB.
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Bpemsi Havana sBakyaluu, MpH OTCYTCTBUHM CHCTEM OIOBELICHHs, ONPEACIATh B 3aBUCHMOCTH OT BPEMEHHU
CJIeZIOBaHUS [T0YKapHO-CHAacaTEIbHBIX MOJpa3/IeeHIH K MECTY MosKapa.

[IpennoxkeHHass METOJMKa pacueTa M CPEJICTBAa BH3YaJIM3alMU IMO3BOJIIIOT CHACATENI0, KOTOPBI NMPUHHMAET
pelIeHHe, KOMIUICKCHO OIIGHHTh OOCTaHOBKY IpH IPOEKTHPOBAaHHUM W H30€KaTb BO3MOXKHBIX IOCIEICTBHI
Ype3BBIYAHHON CUTYaIMH, YTO ITO3BOJIUT MOBBICUTH YPOBEHb 0E30MAaCHOCTH.

KaueBble cioBa: puck, omacHble ¢akropsl, CFAST, mHTErpHpoBaHHas MOZENH, OOIIECTBEHHBIC 3[aHMUS,
KapTorpadupoBaHue.
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STORAGE OF THE INDUSTRIAL WASTE
OF THE MINING AND SMELTING INDUSTRY
OF KAZAKHSTAN, LANDFILLS ARRANGEMENT,
EFFICIENCY AND OPERATIONAL FEATURES

Abstract. The possibility of organizing the production of bentonite mats as multifunctional watertight screens
was thoroughly studied on the basis of the Taganskoye deposit in East Kazakhstan that is represented by three
industrial horizons of alkaline, alkaline-earth and pharmaceutical bentonites, by their characteristics being one of the
highest quality not only in Kazakhstan, but outside the country as well. Tagansky bentonite has a wide range of
applications in various industries due to its unique chemical composition, including as a multifunctional material for
the installation of watertight screens in the construction and rehabilitation of waste landfills of various origins. The
article raises the question of the use in current practice of mandatory requirements for the arrangement of artificial
protective screens during the construction of landfills, which should completely eliminate or minimize pollution of
environmental components, the introduction of which could contribute to the development of local production of
innovative materials based on Kazakhstan's bentonite deposits.

Key words: mining and smelting industry, natural resources, industrial waste, gegomembrane, watertight screen,
bentonite mats.

At present, the activity of enterprises of the mining and smelting industry poses a very perceived
threat to both the ecosystem as a whole, and the environment of the regions of Kazakhstan. Progressive
depletion of ores leads to an increase of the man-made mineral formations in the form of waste, tailing,
and slag dumps, and sludge collectors. In this regard, the problems of their safe disposal and storage are of
a great relevance for the regions with developed mining and smelting industries.

The richest natural resources of Kazakhstan define the mining industry as one of the main sectors,
which constitutes a significant economic value of the country [1]. Kazakhstan is the third country in the
world in terms of proven uranium resources localized in six uranium regions: Shu-Sarysu, Syrdarya,
Northern Kazakhstan, the Caspian, and Balkhash. Kazatomprom State Holding Company is a leading
uranium producer in the world. Kazakhstan plays a major role in the world market of copper, uranium,
titanium, ferrous alloys and steel, is a monopolist in the Eurasian subcontinent for chromium. The
competitive environment development has a significant influence on the regional market of iron,
manganese, coal and aluminum [2].

Mining and processing of minerals is accompanied by the formation of industrial wastes, which
include:

— waste and overburden dumps;

— tailing dumps - concentration waste repositories for mineral or coal-containing rocks;
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— slag and ash dumps - wastes of pyrometallurgical processing and burning of coal.

The main sources of industrial waste in Kazakhstan are enterprises for:

— mining and concentration of mineral ores, coal;

— large chemical plants;

— metal manufacturers;

— coke and by-product plants;

— thermal coal power plants.

According to the Ministry of Ecology, Geology and Natural Resources, more than 43 billion tons of
waste has been accumulated in Kazakhstan, about 600 million tons of which are toxic and this number is
increasing by 700 million tons annually, including about 250 million tons of toxic waste [3]. The country
has accumulated significant amounts of persistent organic pollutants, chromium and heavy metals such as
lead, cadmium and zinc [4].

An average of about 1.500 tons of industrial and municipal waste per country's citizen exceeds the
level of waste accumulation by European states. The largest volume weight of wastes are from the mining
and concentration plants of Karaganda - 29.4%, East Kazakhstan - 25.7%, Kostanay - 17% and Pavlodar -
14.6% regions. The enterprises engaged in the mining of coal, ferrous metals, and rock phosphates located
in Kostanay, Karaganda, Aktobe, East Kazakhstan, Pavlodar, Zhambyl, West Kazakhstan and Atyrau
regions have accumulated significant waste dumps from mining and processing industries. According to
the Land Balance, as of November 1, 2018, the Republic of Kazakhstan has 248.42 thousand hectares of
disturbed lands, which house overburden and rock dumps, tailing and ash dumps, coal and mining
guarries, oil fields and pits. The largest number of disturbed lands is in Karaganda, Kostanay, Mangistau,
Akmola, East Kazakhstan, Aktobe, and Pavlodar regions. There are environmentally fragile impact areas
in all industrial regions: spoil heaps, dumps, quarries of territories disturbed by mining [5].

For instance, the development of gold and rare metal deposits in the area of the North Kazakhstan
region causes arsenic and heavy metal pollution of lands. Disposal, neutralization, burial, trans-border
transportation of waste is one of the most urgent issues in the country. Up until this day, toxic waste is
dumped and stored in various storage facilities, often without observing relevant environmental standards
and requirements. Soil, groundwater, and surface waters of many regions are subject to intense
contamination as a result of that.

Currently, industrial waste burial at enterprises occurs in accordance with the hazard class outside the
industrial site of the entity and the territory of inhabited locality, with the exception of ash and slag
dumps/ash dumps of operating power and heating plants, thermal power plants when it is impossible to
place them outside the settlement and production site.

Industrial landfills are usually located in pools - gorges, basins, at a distance of several kilometers
from the enterprise. Natural clay deposits with low filtering properties are used as the landfill foundation;
landfills are fenced off by a dam, which is sluiced from the tails, and additionally strengthened. In the
landfill map, the solid phase of the tailings gradually settles, sometimes with the help of specially added
reagents — coagulants and flocculants [6].

Despite the requirements strengthening in the field of environmental protection associated with the
escalation of land pollution with toxic substances, enterprises strive to cut the cost of arranging landfills,
as this significantly affects their economic performance. At the same time, this sector enterprises are
offered new technologies and materials that are able to mitigate harmful impact on the environment [7,8].
Basic safety requirements for industrial waste landfills are aimed at minimizing the destruction damage,
filtration losses and dusting, as well as the landfills should not obstruct the natural drainage of surface
water from the adjacent territory, the bottom and sides must have the necessary, reliable waterproofing
layer.

Application of new technologies and modern materials provides the opportunity to optimize the
storage of industrial waste, as well as to prevent the penetration of pollutants into the environment when
disposing of high hazard class waste by creating multifunctional watertight screens. Modern technologies
for isolating the bottom and slopes of containers for waste disposal must meet multifunctional
requirements, such as: possess a certain filtration factor throughout the entire period of operation, have
thermal and chemical resistance, mechanical strength and structural homogeneity.

—— 84 ——
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However, still, the general traditional materials for their construction are natural clay formations
(from loam soil to bentonite-like clays), which may be present in sufficient quantities during the deposit
development. Such watertight screens have a number of significant weaknesses: the lack of instrumental
methods for monitoring the screen tightness; high risk of screen cracking; weakening of insulating
properties; labour consuming construction technology; hence their negative impact on the natural
environment.

Recently, the use of geosynthetic membranes has become widespread for the aggressive contents
isolation [9]. Polymer watertight screens have a number of unequivocal advantages, including ease of
arrangement, relatively low price, and this is a more modern solution in comparison with the traditional
construction of landfills for industrial waste, tailing dumps and sludge collectors (figure 1).

Figure 1 — The Use of Geosynthetic Screens in the Development of industrial waste storage

However, the use of geosynthetic membranes does not dismiss the arrangement of combined screens
together with a clay cushion, which serves as an additional insulating foundation, increasing reliability and
watertight properties, and as a result of the susceptibility of membranes to mechanical damage, their
effectiveness significantly increases over the long term.

The best solution for isolating the storage pot technologically is the use of bentonite mats - innovative
in properties, which are a combination of polymer geomembranes with a layer of bentonite, a natural
mineral component. Bentonite mats are a multifunctional composite material in the form of a needle-
punched bracing made of polypropylene fibers, which has inside powder or granules of sodium bentonite -
one of the montmorillonite clay types of natural origin, with mat sizes 4-5 m wide and up to 40-50 m long
(figure 2).

Covering
(non-woven)
e geotextile

G/
Geotextile needle-

punched fiber @

//
Granular bentonite

Carrier (woven)
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Figure 2 — Bentonite mat structure
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The main advantages of liner materials based on sodium bentonite are:

Self-repair - clay closes the damage occurring during the watertight screen installation or operation
due to the swelling property when interacting with water, thereby restoring its water-proof properties

High water-proof properties - the filtration rate of bentonite mats of 10™*-10"? m/s characterizes
extremely low water permeability.

High strength, resistance to tearing and damage - bentonite mats are resistant to dynamic
punctures, shear and soil settlement; they allow the movement of wheeled heavy equipment on them when
bedding.

Low footprint - due to its high cation exchange capacity the bentonite clay exhibits sorption
properties, absorbing heavy metal ions, halogens.

Cost effective and easy matting -

— does not require special preparation of the foundation;

— no need for welding seams;

— matting is not limited by weather conditions, mats remain flexible at temperatures up to -70 C°.

Durability - the operational period of bentonite mats is comparable with the service life of the
structure.

With reference to the long-term functioning of landfills, the impact of which will affect future
generations, the availability of already present technical solutions to minimize their adverse effects on the
environment, there is a need to revise the design requirements for tailing dumps and process waste
landfills.

In modern practice of the construction of landfills, the mandatory requirements for the arrangement of
artificial protective screens must be introduced, which should eliminate or narrow down pollution of
environmental components.

Protection layer «
(sand, soil, gravel 30 cm)

Bentonite mat
Bentizol SAB5

2 / e i : . Fertile soil

3 Protection layer
" (sand, soil, gravel 20 cm)

Bedding (sand 10cm)

y

S <N Drainage layer
Drain pipe ‘! (geocomposite possible)
. B\ Bentonite mat
Gravel prism ) j Bentizol SABL4
Waste of various @ N ' Gas drainage layer (20 cm)
origins

Foundation soil ‘

Figure 3 — Bentlzol Bentonite Mats Application during Construction and Reclamation of the Landfill

The introduction of such requirements could contribute to the development of local innovative
material production based on Kazakhstan's bentonite deposits. For instance, on the basis of the
Taganskoye deposit in East Kazakhstan, which is represented by three industrial horizons of alkaline,
alkaline-earth and pharmaceutical bentonites. They are one of the highest quality according to their
characteristics, both in and out of Kazakhstan. Due to its unique chemical composition, Tagansky
bentonite has a wide range of applications in various industries [10,11]. Bentonit Ltd. (Russian
Federation) is one of the five world producers of bentonite products who owns the rights to develop the
deposit through a subsidiary of Altaiskie Materialy LLP Bentonit Ltd. is considerably experienced in the
bentonite mats production under the Bentlzol brand, which is a new multifunctional material for the
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installation of watertight screens in the construction and reclamation of landfills of various origins. The
most effective compared to traditional and polymer materials (figure 3), the production of which can be
established in Kazakhstan if there is an appropriate market niche.

Thus, bringing the norms for the arrangement of waterproof and watertight screens to world standards
in the construction of industrial waste storage facilities will, on the one hand, solve the problems of their
reliability and reduce environmental footprint over the long term, and on the other hand will also help to
establish a new innovative production with the creation of the additional employment in Kazakhstan.

M.T. EpMeKOBl, 0. B. Pmmconal, C.T. CeﬂniﬁeKOBal,
E. T. Toabic6aes’, A. B. Betioros?, O. A. Typﬁm{3, E. B. Bestenxo*
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KA3AKCTAHHBIH TAY-KEH METAJLTYPT'USI CAJTACBIHIAFbBI
OHEPKOCII KAJABIKTAPBIH CAKTAY, IOJIUT OHJIAPJIbI KKAUFACTBIPY,
TUIMILIITT MEH MANJIAJIAHY EPEKIIEJIKTEPI

Annoranusi. Ka3ipri yakpITTa Tay-KeH >KOHE METAJUIyprusi CajachlHAAFbl KOCIIOPBIHAAP KBI3METI TyTacTau
anranjaa sKoxyHere ae, Kazakcran aiiMakTapbIHBIH 3KOJIOTHSCBIHA Ja alTapibIKTail Kayin TeHaipeni. Kennin npor-
PECCHUBTI KYTaHIAHYBIHBIH OOC JKBIHBIC YHIHIICI, KAJJbIK KOMMACBI, KOXKIbl YHIHIIICP OHE KOKBIPKUHAFBIII
TYpIH/Ie TEXHOTCH/IK KYpaJlbiM KOJIEMiH yJiFaiTaabl okeneni. JKepai yibl 3aTTapMeH JIacTay MPOIECiHIH KYIICIOiHEe
OailylaHbICTBI KOPILIAFaH OPTaHbl KOPFay CajlachlH/IAFbl KaTaH TalanTapFa KapaMacTaH, KoCciopbIHIap ITOJUTOHAAP IbI
yibIMIacCThIpyFa KYMCalaThlH HIBIFBIH/ABI OapblHIIA ap3aHaTyFa ThIPbICA/Ibl, OHTKEHI OJIapAbIH 3KOHOMMKAIBIK
KepCeTKIIITepine aiitapiasikrail ocep eremi. Ocbiran 0alIaHbICThI KAIIBIK KOMMACHIH, KOXK/IbI YHIHIIIEp MEH KOKBIP-
JKMHAFBIIITAp/Abl KayilCi3 OpHAJIACTBIPY JKOHE Cakray MpodieManapbl Tay-KeH MeTalUlyprusi eHepKaciOi JaMblFaH
aifiMakrap/ia eTe ©3eKTi OOJIbII CaHaIaIbl.

Makanana aBropiap KasakcTaHHBIH Tay-KeH KOHE METaJUTyprusl cajialapblHIarbl KOCIMOPBIHAAD LIbIFApaThiH
OHEPKACINTIK KaJABIK KeyieMiHe Tanjay »acaabl. Kasakcran PecryOnmuKachlHBIH Tay-KeH KOCIMOPBIHAAPBIHBIH
MOJIMTOHJIAPBIH/IA KAJIBIK OpHAJIACTHIPY/A KOJJAHBLIATBIH JISCTYPJII JKOHE 3aMaHayd TE€OCHHTETHKAIIBIK CY3rire
Kapchl JKpaH apTHIKUIBUIBIFBI MEH KEeMUIIUTIKTEpl erKei-Terkeilsli KapacTelpbuibll TangaHibl. COHbIMEH Karap,
aBtopiaap Llerbic Kazakcrannarbl «TaraH» KeH OpHbBI HeriziHae, cunarraMara coiikec, Kaszakcranma raHa emec,
OJIaH THIC XKepJiepAe /e JKOFaphl caraibl OOJIBIN KeJIeTiH CUITLIIK, CUITLI Kep jkoHe (apMaleBTUKAIBIK OCHTOHHT-
TEPJiH YII OHEPKICINTIK TOPU30HTHIMEH YCHIHBIIFAH KOl (YHKIMOHAJ/IbI CY3Tire Kapchl 3KpaHiap periHue OeHro-
HHUT TOCEHIIITEPiH OHIIPYII YHBIMAACTBIPY MYMKIHIIT KeTe 3epjeienai. TaraH OEHTOHUTIHIH Oiperel XUMUSIBIK
KypambIHa OaiJIaHBICTBI TYPJIi cajlaja, COHBIH iIIiH/E WBIFY TEerl OPTYPIIi MOJUIOH/IbI KAJIBIHA KENTIPY JKOHE KYPbI-
JIBIC Ke3iHe Cy3rire Kapchl SKpaHFa apHaIFaH KON yHKIUSIIB MaTepual PeTiHIe KeH KOIaHbLIa bl

Maxkamaga Kasipri Toxipubene MoNMTroH KYPBUIBICH Ke3iHAE KOopHIaraH OpTa KOMIIOHEHTTEPiHIH JIaCTaHYBIH
TOJIBIFPIMEH JKOIOFa HEMece a3alTyFa THICTI jKacaH/Ibl KOPFaHBIC IKPaHJapblH OPHAIACTHIPYFa KOWBIIATHIH TaJIanTap
MIHAETTI TYPZAE KOJIJaHBUTYHI TYPaJbl Mocesie KOTepiiai.

Mysnaii Tanantapasl eHrisy Kasakcranmarsl OGHTOHUT KeH OpPBIHAAPHI HETI31HAE KEePTiIiKTI OHAiIpicTe NHHOBA-
LUSUIBIK MaTepHaiapAbl JaAMBITYFa bIKIIAJ €Te alajpbl.

TyiiiH ce31ep: Tay-KeH XKoHEe METALTYPIHsI Canachl, TAOUFAT pecypCcTaphl, OHIIPICTIK KAIIBIKTAap, reoMeMOpa-
Ha, CY3rire Kapchl 9KpaH, OEHTOHUT TOCEHIIITI.
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XPAHEHUE MPOMBIIIJIEHHBIX OTXO/IOB TOPHO-METAJITYPTHUECKOM OTPACJIH
KA3AXCTAHA, YCTPOHCTBO MOJUTOHOB, YXOP®EKTUBHOCTH
N OCOBEHHOCTH 3KCILTYATALIUN

AHHoOTanusi. B Hacrosimee Bpemsl NEATENBPHOCTH MPEANPHATHH T'OPHO-METAUTypTHYecKONH OTpacid HeceT
BEChMa OIYTHMYIO Yrpo3y Kak JUIl 3KOCHCTEMBI B IIEJIOM, TaK M JUIS SKOJIOTHH pernoHoB Kasaxcrana. IIporpeccu-
pytomiee oOeTHEHHE Py BICUET yBEIMUCHHE 00beMOB (pOPMHUPOBAHMS TEXHOTEHHBIX 00pa30BaHUil B BUIE OTBAJIOB
MYCTBIX TIOpPOJ,, XBOCTOXPAHWIMIN, [UIAKOBBIX OTBAJIOB M IUIAMOHAaKomuTened. HecmoTpst Ha yKkecTodeHHe
TpeboBaHNUil B 006JIaCTH OXpaHbl OKPYXKAIOIIEH CPEIIbl, CBSI3aHHOTO C YCHIICHHEM IIpOoLecca 3arpsi3HEHHUS 3eMellb TOK-
CHUYHBIMH BEILECTBAMH, NMPEAIPHATHS CTPEMATCS K MaKCUMAJIFHOMY YZCHIEBICHHIO 00yCTPONHCTBA IOJIMTOHOB, TaK
KaK 3TO CYIIECTBEHHO BJIMSAET HA UX IKOHOMHUYECKHE MOKa3zaTelaH. B 3Toii cBs3H, mpobiiemMbl 6€301macHOro pa3Mere-
HUSI 1 XpaHEHHS XBOCTOXPAHMJIHII, IJIAKOBBIX OTBAJIOB U IIIJTAMOHAKONUTENEH SBISIOTCA BEChbMa aKTyaJIbHBIMH IS
PETHOHOB € Pa3BUTOI TOPHOIOOBIBAIOIIEH U METAJUTYPTUIECKON MPOMBIIUICHHOCTBIO.

B nmaHHOH cTaThe aBTOpaMH IIPOBEICH aHAIW3 OOBEMOB NPOMBIIUICHHBIX OTXOAOB NPENNPHUSITHII TOPHOIO-
ObIBaromieil W MeTainTyprudeckoil orpacieir Kazaxcrana. [TompoOHO paccMmoTpeHsl m mpoaHamusupoBaHbl JJOC-
TOWHCTBA W HEAOCTATKH TPAJWIMOHHBIX M COBPEMEHHBIX I'€OCHHTETHUYECKUX MPOTHUBO(MIBTPAIMOHHBIX 3KPAHOB,
UCTIONB3YEMBIX TIPH PA3MEMICHUH OTXOJOB HA IOJMTOHAX HPENNPHUATHH TOPHOIOOBIBAIOIIECH IMPOMBIIUICHHOCTH
Pecriyommkn Kaszaxcran. Taxoke aBropamm A€TadbHO M3ydeHAa BO3MOXKHOCTH OpPTaHH3aLlMH IPOM3BOACTBA OCHTO-
HHUTOBBIX MaTOB B KaU€CTBE MHOTO(QYHKIIMOHAIBHBIX MPOTHBOGMIHTPAMOHHEIX SKPAHOB, HA 0a3e MECTOPOXKACHHS
«Taranckoe» B Bocrounom Kazaxcrane, KoTopoe peiCcTaBiIeHO TPeMsl MPOMBIIICHHBIMU FOPU30HTAM U [IETIOYHBIX,
IIEIOYHO3EMEBbHBIX U (DapMaleBTHYECKUX OEHTOHHUTOB, MO CBOMM XapaKTEPHUCTHKAM SBIAIONIMXCS OXHUMHU M3
HanOoJee BHICOKOKaYeCTBEHHBIX HE TONIBKO B KasaxcraHe, HO U 3a ero npezaenamu. biaronapst yHUKaIbHOMY XUMH-
YECKOMY COCTaBy, TaraHcKuii OEHTOHUT UMEET MINPOKHH CHEKTP NMPUMEHEHHS B CAMBIX PAa3HBIX OTPACISIX IPOMBIIII-
JICHHOCTH B TOM 4YHCIIE M B KadecTBE MHOTO(YHKIMOHAJIFHOTO MaTepHania Uil YCTPOWCTBa IPOTHBO(PHIBTPA-
IIMOHHBIX 9KPAHOB TIPH CTPOUTENHCTBE U PEKYJIbTHBALIMH TIOJIUTOHOB OTXO/I0B PA3IIMYHOTO MPOUCXOKICHHS.

B craree mogHMMAaeTCsl BONPOC MCIIONIB30BaHMS B COBPEMEHHOH NPAKTHUKE COOPY>KEHHUS ITOJIMTOHOB, B 00s13a-
TEJIFHOM IOpsiIKe TpeOOBaHMI MO 00YCTpOMCTBY HMCKYCCTBEHHBIX 3aIMTHBIX 3KPAHOB, KOTOPBIE JOJDKHBI IOJI-
HOCTBIO UCKITIOUATh WIIM CBOJUTH K MUHIMYMY 3arpsi3HeHHE KOMIIOHEHTOB OKPY KalOIIei Cpebl.

Brecenne Takux TpeGOBaHHMH MOTJIO OBl IOCIIOCOOCTBOBATH PA3BUTHIO JIOKAJIHHOTO ITPOM3BOACTBA WHHOBA-
IIMOHHBIX MaTEepHUaAJIOB Ha 6a3e OEHTOHNTOBBIX MecTOpOXKIeHNH KazaxcTaHa.

KaioueBble c10Ba: ropHO00BIBAIOIIAS M METAJUTyprudecKas OTpacib, IPUPOIHBIE PECYPChI, TPOMBIIICHHBIC
0TXO0/1bl, TeOMeMOpaHa, MPOTHBO(MIBTPALIMOHHBIN 9KpaH, OEHTOHUTOBBIE MATHI.
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GEOLOGICAL-AND-TECTONIC CONDITIONS
OF FORMATION AND FOCAL MECHANISM
OF TORAIGYR-SOGUETY EARTHQUAKE, May 30, 2012

Abstract. The seismic characteristic of Toraigyr-Soguety earthquake is presented. The significant seismic
events of the area are demonstrated including Chilik catastrophic earthquake. Geological-and-tectonic conditions of
the epicentric areas of Chilik and Toraigyr-Soguety earthquakes are described. Kinematics of neotectonic faults is
considered with respect to directions of main stress axes. Two models of focal mechanism of Toraigyr-Soguety
earthquake compare with tectonic deformations of the area.

Key words: earthquake, epicentric area, geological-and-tectonic conditions, neotectonic fault, kinematics of
fault, main stress (deformations) axes, models of earthquake focal mechanism, fault planes.

Introduction. The epicenter of earthquake with energy class K = 13.7+14.2 and hypocentral depth
H = 20 km was fixed by seismographs of the Seismological Experimental and Methodical Expedition
(SEME) of the Ministry of Education and Science of Republic of Kazakhstan at a point on the surface
with the coordinates 43° 23" N and 78° 46" E on May 31, 2012, at 3 o’clock, 20 min., 56.7 sec of the local
time (On May 30, 2012, at 21 o’clock, 20 min., 56.7 sec of GMT). The surface wave magnitude been
measured by a seismograph of the medium-term period amounts to Mg = 5.0, but the longitudinal wave
magnitude been measured by a short-period seismograph amounts to Mpva = 6.0. From the GCMT data
the surface wave magnitude Ms is equal to 5.4, and the hypocentral depth is equal to H = 27 km [1].
Regarding of geological-and-tectonic conditions the epicenter of the earthquake is projected onto the
southern limb of Soguety graben syncline, in 3-5 km to the north from Toraigyr uplift (figure 1).
Therefore we are proposing to name that earthquake Toraigyr-Soguety. In the source [2], this earthquake
is barely named Soguety, so it does not allow distinguishing between it and others, which would occur in
Soguety depression.

It is possible to judge about kinematics of movements along possible planes of ruptures in the focus
of Toraigyr-Soguety earthquake using the interpretations of the earthquake focal mechanism of the SEME
or the GCMT earthquake catalog. It would be interesting to know, what is the link between parameters of
earthquake focal mechanism (EFM), tectonic structure, directions of main stress axes and type of modern
movements along active faults in the area of Toraigyr-Soguety earthquake focus? The investigation of
formation of Toraigyr-Soguety earthquake attracts particular interest also in connection with one more
circumstance. That earthquake is considered to be the strongest in energy (K = 13.7) among all
earthquakes recorded by seismographs of SEME in the territory bounded with the coordinates 43° — 44° N
and 78° — 80° E since 1950 till 2017 (see table 1).
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Table 1 — The earthquakes with energy class 12 and more, which occurred since 1950 till 2017
in the territory bounded with the coordinates 43-44° N and 78-80° E (from the SEME data)

Year Month Day O'clock | minutes Seconds Lat. Long. Kp H, km Mpva
1950 8 8 13 14 0,0 43°12’ 79°12° 12,0 ? ?
1951 2 17 11 46 14,1 43°18’ 78°54° 12,0 ? ?
1957 12 20 11 1 26,0 43°00° 78°30° 12,0 30 ?
1974 3 4 14 3 56,8 43°53° 78°15° 12,2 ? ?
1975 2 12 13 34 52,4 43°10° 78°47 12,6 25 51
1982 8 12 10 39 57,6 43°03° 79°48° 12,1 ? 45
1986 2 14 1 52 1,0 44°00° 78°12° 12,7 20 4,3
1986 5 10 12 47 41,0 43°53° 78°11° 12,4 10 3.8
1986 7 17 8 15 34,2 43°17 78°00° 12,4 13 39
2012 5 30 21 20 56,7 43°23° 78°46° 13,7 20 6,0

Notes: 1 Dates of the earthquakes are of GMT (Greenwich Mean Time) in table 1 and hereunder.

2 The designations of K, H, Mpva parameters are explained in the text.

Figure 1 — Neotectonic zoning and seismicity of the area of the epicenter of Toraigyr-Soguety earthquake.
Compiler: A. R. Zhdanovich

Neotectonic zoning [3]: 1-5 — epiplatform region, subregion of intense Alpine orogenesis:
1 —arched block uplifts (1.1 — 1.4 — uplifts of Dzungar Alatau: 1.1 — Sholak, 1.2 — Katutau, 1.3 u 1.4 —the
western and eastern Ulken Kalkans; the orogens of North Tien Shan: 1.5 — 1.7 — uplifts of Zaili Alatau:
1.5 — Balaboguty, 1.6 — Karachin (ridges: 1.6.1 — Karash, 1.6.2 — Bakaidyntau, 1.6.3 — Soguety,
1.6.4 — Ulken Bogetty), 1.7 — Donzhailau (1.7.1 —Sarytau Mountains, 1.7.2 — Toraigyr Mountains),
1.8 — East Kungei, 1.9 — West Ketmen, 1.10 — El’shyn-Buiryk), 2 — highlands and mountain plateaus:
2.1 — Dalaashyk Highland, 3 — foothill steps and adyrs (3.1 — South Dzungar, 3.2 — Zaili),
4 — intermountain troughs (4.1 — Konurolen Basin, 4.2 — West Ili graben syncline, 4.3 — Panphilovsk
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(East 1li, Dzharkent) graben syncline, 4.4 — Soguety Basin, 4.5 — Zhalanash Basin, 4.6 Karkara (West
Kegen) Basin, 4.7 — East Kegen Basin), 5 — intermontane depressions (5.1 — Asy, 5.2 — Zhinishke);
6-7 — neotectonic faults (1 — Kalkan Shift, faults: 2 — Kalkan, 3 — West Katutau, 4 — Chundzha-Dubun
(Chundzhin), 5 — Karasai, 6 — Bas-Boroldai (Sorkol’), 7 — Karaturuk, 8 — Balaboguty, 9 — Tauturgen,
10 — Kiikbai-Zhumak, 11 — northwestern branch of Chilik-Kemin Zone, 12 — southeastern branch of
Chilik-Kemin Zone, 13 — Boguty, 14 — Ili, 15 — North Dalaashyk, 16 — Boguty-Charyn, 17 — Toraigyr,
18 — Beskaragai, 19 — Karadala-Charyn, 20 — North Kuluktau (Baisorun-Chilik), 21 — North Ketmen,
22 — Zhalanash, 23 — South Kuluktau, 24 — Central Ketmen Zone, 25 — Tuyuk, 26 — South Ketmen,
27 — Chul’adyr Zone): 6 — manifested on the surface, 7 — disguised under the sediment cover;
8-10 — seismic elements: 8 — boundaries of the zones of normative MSK-64 seismic intensity (intensity
8 and 9) ([4], simplified), 9-10 — epicenters of earthquakes: 9 — Chilik (11.07.1889), Ms 8,1, K 17,9,
H 40 km [5], 10 — Toraigyr-Soguety (30.05.2012), Ms 5,0, K 13,7, H 20 km (from the SEME data)

As is clear from table 1, during the last 68 years the maximal energetic class of sampled earthquakes
did not exceed 12.0 over a period of 1950 — 1957 years, 12.6 over a period of 1974 — 1975 vyears,
12.7 over a period of 1982 — 1986 years. Periods of 1958 — 1973 years, 1976 — 1981 years, 1987 —
2011 years, and 2013 — 2017 years are characterized by relative seismic lull.

Examining the seismic history of the area, we don’t have to omit mention of Chilik catastrophic
earthquake that occurred on July 11, 1889 in 20 km towards the south-southwest from the focus of
Toraigyr-Soguety earthquake at a point on the surface with the coordinates 43° 12° N and 78° 42" E (see
figure 1).

Chilik earthquake was of the surface wave magnitude Ms = 8.1, energy class Kp = 17.9, and seismic
intensity I, = 10 on the International MSK-64 Scale [5-7]. Pleistoseistal area of the Chilik earthquake
captured the eastern spurs of the Zaili and Kungei Alatau Ridges, and meridian distance from the eastern
coast of Lake Issyk Kul up to the Ili River [5, p. 497]. Widespread rock falls, screes, and lineal seismic
dislocations were formed in the mountains. Sizeable damages of the Earth surface were observed on the
beach of Lake Issyk Kul, between settlements Uital and Sazonovka. A tsunami wave formed straight in
Lake Issyk Kul had flooded the western beach. Pleistoseistal area of the Chilik earthquake is practically
the same as the zone of seismic intensity 9 established by I. V. Mushketov on the ground of
60 questionnaires with description of macroseismic destructions of buildings [7, p. 27].

Chilik earthquake had shown itself in such significant scale of macroseismic effect, which was never
surpassed by subsequent earthquakes. So the intensity zone of 9 on a statutory map of seismic risk zoning
(SRZ) of Kazakhstan Republic of 2006 (see Fig. 1) in many respects repeats the intensity zone of 9 of
Chilik earthquake [8].

On the SRZ map the epicenter of the Toraigyr-Soguety earthquake is located within the intensity zone
of 9, a bit towards the North from the boundary of the eastern segment of Zaili seismogenerating zone of
M<7,0[4,8].

The intensity of earth tremor in the epicenter of Toraigyr-Soguety earthquake is estimated by 6 points
of the MSK-64 scale, according to the SEME data of macroseismic observation. During earthquake no
serious destructions were observed. Only fissures were formed and plaster crumbled in some buildings of
Kok-Pek settlement and near Bartogai reservoir.

Geological-and-tectonic conditions of the earthquake area. In figure 1 some neotectonic structures
[3] and faults of the epicentric areas of Chilik and Toraigyr-Soguety earthquakes are shown. The Toraigyr
uplift, which is nearby to the Toraigyr-Soguety earthquake epicenter, constitutes the eastern termination of
the system of Zaili Alatau Ridges. The arches of the Northern Tien Shan — Zaili and Kungei Alatau — are
the members of the region of Caledonian folding [9, p. 10]. Ili graben syncline and spurs of Dzungar
Alatau are situated northward and present the part of the Zhongar-Balkhash Folding Region with Hercynic
basement which arose in the late Paleozoic marginal sea's place during the late Paleozoic and the early
Triassic epoch [10, p. 7, 256]. Faults trending to the east-northeast, north-west and north-east had arisen at
the times of Hercynic, Caledonian and former cycles of tectogenesis. They are the boundaries of blocks of
the consolidated basement [11, p. 187]. Most of the modern morphostructures are inherited from Paleozoic
structures [12]. For example, West Ili Graben Syncline is inherited from the eastern part of Ili
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Synclinorium of Hercynic age [13, p. 36]. Kungei and Zaili uplifts, and their eastern prolongation —
Ketmen uplift — are inherited from Caledonian anticlinoria of the same names. Outcrops of folded
Caledonian basement consisting of Cambrian and Ordovician formations stretch in the form of a narrow
belt along the fold axis of Ketmen uplift [11, p. 154].

In the regard of features of formation of morphostructures during the Alpine tectonic cycle the
Ketmen, Kungei and Zaili uplifts are wholly allocated within the area of the North-Eastern Tien Shan
segregated by the Talas-Fergan fault from the South-Western Tien Shan. Vertical movements revealed
themselves more actively in the North-Eastern Tien Shan than in the South-Western Tien Shan where
horizontal movements prevail [14, p. 62]. In general block-and-folding structures of the Tien Shan
Mountains the block faulting and movements along faults are more significant than folding and plicated
dislocations [15]. Mountain ridges and depressions (basins) correspond to horst-anticlines and graben-
synclines. Territory of the Ketmen, Kungei and Zaili ridges, where seismicity is the highest in Kazakhstan,
is referred to as the Almaty Seismically Dangerous Area [16].

0. K. Chediya has singled out in the eastern pericline of the Zaili morphostructure, called him
megafold, the third-order structures from south to north: Ili, Donzhailau, and Karachin horst-anticlines
[9, p. 187-190]. The same three eastern branches of the Zaili morphostructure were named the Dalaashyk,
Sarytau-Toraigyr, and Karash-Boguty uplifts by K. T. Kulikovski and V. F. Shlygina earlier [11, p. 181].

The Ili Horst-Anticline corresponds to the Dalaashyk Highland. The Donzhailau Horst-Anticline is
represented by Sarytau and Toraigyr Mountains. The Karachin Horst-Anticline consists of Karash,
Bakaidyntau, Soguety, Ulken Bogetty ridges from west to east (see Fig. 1). The Sarytau Mountains are
edged by intermontane depressions: the Asy in the north and the Zhinishke in the south. To the east the
Zhinishke depression is extended by the large intermountain trough Zhalanash.

That was in the Zhalanash trough, in and around of the Karadala-Charyn fault, on a site of the closest
approach of the riverbeds of the Charyn and the Chilik where the epicenter of Chilik catastrophic
earthquake was identified by I. V. Mushketov [5,7].

The Soguety Basin and the Toraigyr uplift, like the most neotectonic structures of the region, strike to
the east-northeast. The epicenter of Toraigyr-Soguety earthquake, as shown in Fig. 1, is located on the
southern limb of Soguety graben syncline, near its axis. The North Dalaashyk fault is the nearest to the
epicenter of the Toraigyr-Soguety earthquake and passes at the distance of 3 km to the southeast, setting
the southern limb of Soguety graben syncline apart from the Toraigyr uplift. The position of the North
Dalaashyk Fault in figure 1 was specified from [17]. Authors of the article [2, p. 144,148] associate the
source of Toraigyr-Soguety earthquake with the zone of Kapchagai-Chilik fault striking to the northwest
but it isn't confirmed by the current research.

The strike azimuth of the North Dalaashyk fault is equal to 70° both near the epicenter of Toraigyr-
Soguety earthquake and over the greater part of the own manifestation. The north limb of the Soguety
graben syncline is separated from the Karachin uplift by the southeastern branch of Chilik-Kemin Zone of
faults.

Thickness of the Cainozoic deposits amounts to 100 — 400 m, which is based on the data of drilling in
the area of the Soguety graben syncline, near epicentre. The Cainozoic sediments are underlain by acid
volcanic rocks of the Upper Paleozoic [18]. The bottom of the Cainozoic sedimentary rock sequence of
Soguety and Zhalanash graben synclines consists of the Miocene nonsegmented red clay with basal marl
exposed in the Charyn canyon. To the north from the Toraigyr Mountains, in the Soguety depression the
Miocene is overlaid by Ili strata (N,? il). Ili strata are represented by conglomerates, detritus, sandstones
by thickness of 40-50 m and siltstone, which changes the sequence to the north from the mountains
[19, p. 43,48].

There was a lake in the Soguety depression where lacustrine sediments were accumulated before the
end of the Middle Pleistocene (B.C. 110,000) [20]. Starting from the Upper Pleistocene, after a debacle of
the lake dam, deluvial, alluvial, and proluvial facies have been forming the upper part of the Quaternary
sequence.

As shown in figure 1, first-rate arched block uplifts, intermountain and intermontane basins strike
according to the azimuth about 70°-80°, towards the east-northeast. This direction is referred to as the
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Tienshan [12]. Neotectonic faults of the Tienshan direction are marked in the relief in the form of tectonic
scarps, which divide slopes of the Zaili Alatau into longitudinal latitudinal steps.

Previously we have executed statistical analysis of fault systems of Northern Tien Shan
and Dzhungariya [21]. The average strike azimuth of neotectonic faults of the Tienshan system,
being calculated like a weighted average, taking into account the length of each fault, equals to 74.89°
[22, p. 67].

Such regional faults as the Central Ketmen, North Kuluktau (Baisorun-Chilik), North Ketmen,
Karadala-Charyn, North Dalaashyk, Chilik-Kemin, and Karaturuk (see figure 1) edge limbs of horst-
anticlines at the margins with neighbouring parts of depressions or pass across the paraxial parts of horst-
anticlines and graben-synclines, and also strike towards the east-northeast. Listed above faults are
tectonically movable; they stretch for a hundred kilometers and are surrounded by intensively fissured
rocks of about several km wide. Chilik-Kemin fault is a crust-cutting disjunctive structure cutting the
Earth's crust up to its floor, up to depth of 50 km [23]. The other faults are plunged down into the Earth's
crust, as a rule, up to depth of 10-15 km, keeping within limits of granite-gneiss layer.

Majority of the earthquake focuses of the Almaty Seismically Dangerous Area is distributed in the
range of 5-20 km of depths and is confined within some deep faults and large-scale branch faults, being
renovated at the newest time [16,23,24]. According to Kurskeyev A. K., geological medium at a depth of
5-20 km is in brittle-elastic condition and is capable of accumulation of great tectonic strain, promoting
the strongest earthquakes such as historical ones: Vernyi (1887, My = 7.3), Chilik (1889, My = 8.3),
Kemin (1911, M, 4 = 8.2), Suusamyr (1992, M,y = 7.3) and others. The plastic-viscous layer of the Earth's
crust (below 25 km) is good to form the sources of smaller dimensions and, conformably, of less energy
[24, p. 63-65].

The system of strike-slip faults trending towards NW exerts appreciable influence on the neotectonic
structures of Northern Tien Shan and Dzhungariya. Statistical analysis of this strike-slip faults' system,
which is referred to as the Chu-Ili [23, p. 62], reveals that the average strike azimuth of that system, being
calculated like a weighted average, taking into account the length of each fault, equals to 302.37°
[22, p. 67]. In the area of investigation such NW faults as West Katutau, Chundzha-Dubun (Chundzhin),
Karasai, Boguty-Charyn, Bas-Boroldai (Sorkol’), Kalkan Shift, and others (see figure 1) are considered to
be strike-slip faults with right-lateral component [12, 21-23]. NW shifts by length of 20 - 150 km become
morphologically apparent in periclines of arched block uplifts, highlands, intermountain and intermontane
depressions. Some right-lateral strike-slip faults crossing morphostructures displace their parts in different
directions. At the neotectonic stage a reconstruction of the ancient tectonic plan ensues from forcing of
NW shifts.

The Kalkan Shift situated on the south periphery of uplifts of Dzungar Alatau (see in the upper
(northern) part of figure 1) strikes towards the north-west (azimuth 300°) and crosses Permian
stratovolcano Kalkan, which was active in the Eocene and the Oligocene, during its Alpine regeneration
[20]. At the present time stratovolcano is divided by the Kalkan Shift into 2 parts: the western and eastern
Ulken Kalkans.

As shown in figure 1, the Kalkan Shift is characterized by right-lateral (dextral) component of
shifting and displaces the parts of the puy (stratified cone) made of Permian dacite and andesite tufas in
different directions over a distance of 10 km.

Analyzing the geological structures of Dzungar Alatau and adjacent depressions including Ili one,
L. K. Didenko-Kislitsina has established that Dzungar Alatau is the autonomous epiplatform Pliocene-
Quaternary orogen [13].

If we connect the beginning of displacement of stratovolcano Kalkan with the beginning of the
Pliocene (B.C. 5.8m), the strike-slip rate along the Kalkan Shift is estimated at 10 km / 5.8 m years =
1000 000 cm /5 800 000 years = 1.7 mm/a.

If to consider system of NW shifts from the north to the south in the following sequence: the West
Katutau fault, Kalkan Shift, Chundzha-Dubun fault, Karasai fault, et cetera, it is easy to determine that
they are located regularly every 20-30 km (see figure 1). This indicates that segment of the Earth's crust
covering front ranges of the South Dzungaria and the eastern virgations of the Zaili Alatau are in the
condition of tangential compression.

—— 94 ——
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We can find out from the right-lateral shifting along the Kalkan Shift striking to the azimuth 300° that
the azimuth of axis of tangential compression is equal about 345°. For this purpose it is enough to
combine the azimuth of striking 300° and theoretical corner 45° between a plane of a fault and an axis of
compression, as it takes place for both fault planes and main axes of compression and stretching [25]. It is
obvious that any faults being perpendicular to the axis of compression, striking to the azimuth 345°-270° =
75°, will develop like thrusts and underthrust faults. Consequently, the component of a motion down and
upward along the dip line should prevail among faults with the Tienshan direction (75+5°). Really, as
appears from [11, p. 187], the faults with the Tienshan direction and more scarce faults striking to the NE
develop like upthrow-shifts with the left-lateral displacement and quite often are transformed into
upthrusts. Planes of faults, striking towards ENE and NE, often dip under mountain structures at angle
about 70-80°.

Earthquake focal mechanism (EFM). Let’s consider two solutions of focal mechanism of Toraigyr-
Soguety earthquake represented in figure 2. The first EFM is from the SEME data (see figure 2, A). The
second EFM is from the Global Catalog of earthquakes (see figure 2, B) [1]. After that we'll compare two
solutions of EFM with each other and collate them with kinematics of the nearest neotectonic faults. Table
2 includes parameters of three Main (Principal) Stress Axes and two possible fault planes for each variant
of two EFM.

Additionally, we have estimated a shear angle and components of unit vector of movement on the
plane (D and Dg) by applying the method stated in [25].
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Figure 2 — The stereograms of focal mechanism of Toraigyr-Soguety earthquake (30.05.2012) on the upper hemisphere
of the Schmidt’s net: from the SEME data (A) and from the GCMT data [1] (B). Compiler: A. R. Zhdanovich
1 — vertices of fault planes: of the first one (B1), of the second one (B2); 2 — poles of fault planes (Motion Axes):
of the first one (Z), of the second one (Y); 3 — Principal Axes of Strain: Axis of Tension (T), Axis of Pressure (P),
Neutral Axis (N); 4 — direction of dip and dip angle of a fault plane; 5 — directions of shifts on a map:
of right-lateral (dextral) shift (a), of left-lateral (sinistral) shift (b); 6 — the center of the diagram
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Table 2 — The solutions of focal mechanism of the Toraigyr-Soguety earthquake (30.05.2012).
Compiler: A. R. Zhdanovich

Parameters of the Principal Axes of Strain,

being calculated from the positions of the The fault planes
fault planes
Data
SOurce | pressure, P Tension, T Neu(tErgl, N Parameters from the data sources Calculated parameters
Azm o Azm [od Azm o Ne | STR v 0, Dip | SLIP | SHEAR Dy Dy
1 87 177 43 S 98 6,6 0,1146 | 0,9934
SEME | 172,3 | 88,0 | 286,4 | 4,9 82,2 | 855 47
2 | 258 | 348 84 -6,1 -0,1069 | 0,9943
NW
1] 73 |343| 37 | e0 | -97 |-01683 | 09857
GCMT NW ' ' '
1] 3499 | 815 | 2046 | 104 | 80,8 | 84,2
2 | 265 | 175 | 54S 97 7,2 0,1253 | 0,9921

Note. The designations listed in Table 2: Azm — azimuth of the extremity of an axis in the upper hemisphere; o - angle of
approach (o = 90 — pl, where pl — angle of plunge); STR — strike azimuth of a fault plane; ¥ — direction of dip of a fault plane;
0, Dip — angle of dip of a fault plane; SLIP —a slip angle (Rake [1]); SHEAR — a shear angle; Dx — component of movement in
the direction of the strike line; D8 — component of movement in the direction of the dip line.

As follows from figure 2 and table 2 two solutions of focal mechanism from the SEME and GCMT
data are practically the same. In the regard of kinematics of the motion, two possible fault planes are
interpreted like upthrow-shifts with dominance of component of movement in the direction of the line
oriented up-rake (Dy = 0.99, see table 2) and with circumvertical axis of tension (angle of approach o is
4.9° (SEME) and 10.4° (GCMT)). The significant fluctuations of the azimuth of the tension axis
(286.4° (SEME) and 204.6° (GCMT)) are related to its circumvertical position and sensitivity of the
azimuth to deviation of the axis from the vertical position even over a small angle.

The axis of pressure P is close to horizontal (angle of approach is 88.0° (SEME) and 81.5° (GCMT)),
with its extremity directed in the upper hemisphere towards SSE (Azm 172.3° (SEME)) or in an opposite
direction, towards NNW (Azm 349.9° (GCMT)). The Neutral Axis N is the most stable; it’s striking
towards ENE (82.2° (SEME) and 80.8° (GCMT)) at an abrupt angle to the vertical (85.5° (SEME) and
84.2° (GCMT)).

In table 2, from directions of dip (V) we can realize that the first fault plane from the SEME data with
W = 177° corresponds to the second fault plane from the GCMT data with ¥ = 175°, and inversely, the
second fault plane from the SEME data with ¥ = 348° corresponds to the first fault plane from the GCMT
data with W = 343°. The discrepancy of numbers of fault planes is due to the fact, that the fault planes are
numbered in ascending strike azimuths of planes. But strike azimuth of plane is being determined by
various ways in SEME or GCMT practice. To get a strike azimuth of a fault plane in SEME practice they
use the direction of that extremity of a strike line, along which an observer sees a perched block on the
right [25, p. 54]. In the GCMT catalogue they mean that a perched block is located on the left of an
observing line.

The fault plane dipping to the SSE (177° or 175°) has got positive estimate of component of
movement in the direction of the strike line Dx (0.1146 (SEME) or 0.1253 (GCMT)), and therefore,
includes the right-lateral motion. The other fault plane dipping to the NNW (348° or 343°) has got
negative estimate of component of movement in the direction of the strike line Dx (-0.1069 (SEME) or
-0.1683 (GCMT)) and includes the left-lateral motion.

The first fault plane from the SEME data or the second fault plane from the GCMT data is the right-
lateral upthrow-shift striking to the azimuth 87° or 265° (in northern bearing: 85°). The second fault plane
from the SEME data or the first fault plane from the GCMT data is the left-lateral upthrow-shift striking to
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the azimuth 258° (in northern bearing: 78°) or 73°. It is the fault plane that is close to the striking azimuth
70° of the North Dalaashyk fault.

It’s possible to estimate only theoretically an average absolute size of displacement along the fault (d)
[25] in the focus of the Toraigyr-Soguety earthquake due to there is no information about opening of the
fault on the surface. In the capacity of an estimate of the absolute size of displacement they can exploit
average amplitude of displacement along the fault (a) calculated according to correlation dependence
between amplitude and magnitude.

For example, the formula of V. S. Khromovskikh [5]:

My = Ig a+ 7, (1)

where M,y — is a magnitude, being measured according to maximal horizontal amplitudes of the surface
waves, implies that

a=10™" m, (2)
Magnitudes M, u Ms are linking by simple relation [21]:
MLH = Ms + 0,1 (3)

For example, for Ms = 5.4 from the data of [1], we’ll get My = 5.5. The average amplitude of
displacement along the fault amounts to:

d=a=10®%""7=10*9 =32 cm. (4)

Absolute values of motion along the fault in the direction of the strike line (d,) and in the direction of
the dip line (dy) can be calculated formulaic by using values of components of movement in the direction
of the strike line (Dy) and in the direction of the dip line (Dy), being listed in table 2:

dy = D, x d =sin SHEAR x d, 5)
de = De x d=sin SLIP x d. (6)

For example, absolute values of motion along the first fault plane (from the GCMT data [1]), which is
the left-lateral upthrow-shift striking to the azimuth 73°, oriented closely to the azimuth 70° of the North
Dalaashyk fault, are estimated by formulas (5) and (6), taking into account the values of Dy and Dy from
the table 2:

dyx =-0.1683 x 3.2 cm = (-5) mm, dy = 0.9857% 3.2 cm = 3.2 cm.

Evidently, displacement of 3.2 c¢cm at the hypocentral depth (H) of 20 + 27 km could not be
manifested on the surface.

Conclusions. 1. In the area of Toraigyr-Soguety and Chilik earthquakes spatial orientation of modern
morphostructures (ridges and depressions) and faults, inherited from Paleozoic structures, coincides with
Tienshan, ENE direction (weighted average is 74.89°). Movements along the shifts of Chu-Ili, NW
direction (weighted average is 302.37°) take the second place by influence on the morphology and
dynamics of neotectonic structures.

2. The epicenter of the Toraigyr-Soguety earthquake that happened on May 30, 2012 is located on the
southern limb of Soguety graben syncline, to the north from the Toraigyr uplift, at the distance of 3 km
towards North from the central axis of the North Dalaashyk fault, striking to the azimuth of 70°.

3. Two solutions of focal mechanism from the SEME and GCMT data are practically the same. Two
possible fault planes are interpreted like upthrow-shifts with dominance of positive component of
movement in the direction of the line oriented up-rake (0.99). The one fault plane trending to the ENE
(85+87° in northern bearing) and dipping at angle of about 43° + 54° towards SSE (175+177°) has got
positive estimate of component of movement in the direction of the strike line (0.1146+0.1253) and is
considered to be the right-lateral upthrow-shift. The other fault plane trending to the ENE (73+78° in
northern bearing) and dipping at angle of about 37+47° towards NNW (343 +348°) has got negative
estimate of component of movement in the direction of the strike line ((-0.1069) + (-0.1683)) and is
considered to be the left-lateral upthrow-shift.
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4. The focal mechanism of the Toraigyr-Soguety earthquake reveals that the fault plane trending to
the azimuth of 73+78° and dipping at angle of about 37+47° to the azimuth of 343+348°, interpreted like
the left-lateral upthrow-shift, is close to the striking azimuth 70° of the North Dalaashyk fault located near
to the epicenter. Therefore, the North Dalaashyk fault trending towards ENE is able to be the left-lateral
upthrow-shift with dominance of the motion oriented up-rake. If taking the left-lateral upthrow-shift
trending to the azimuth of 73° (the first fault plane from the GCMT data [1]) as corresponding rupture in
the source, the absolute value of motion in the direction of the line oriented up-rake is estimated at 3.2 cm.

5. Analysis of two focal mechanisms of the Toraigyr-Soguety earthquake, brought to your attention in
this article, reveals that the axis of pressure P is close to horizontal (angle of approach is 88.0+-81.5°) and
strike azimuth ranges between 349.9 and 352.3° in northern bearing.

6. Displacement of the western and eastern Ulken Kalkan uplifts in different directions along the
Kalkan Shift with striking azimuth of 300° is characterized by right-lateral (dextral) component of shifting
and the average strike-slip rate is estimated at 1.7 mm / a during the last 5.8m years. To satisfy the
progress condition of shifting towards the azimuth of 300° the most probable value of striking of the axis
of compression (pressure) is 345°.

7. An assumption of the left-lateral shifting and motion oriented up-rake along the first-rate faults
striking towards ENE and the right-lateral shifting along the faults striking towards NW fits the
geological-and-tectonic and seismological data being set in this paper and testifies to existence of
circumhorizontal tangential compression directed approximately from NNW towards SSE (azimuths of
345-353°) in the area of the epicenters of Chilik and Toraigyr-Soguety earthquakes.

A. P. ’Knanosuu
KP BFM Ceiicmonorust ”HCTUTYThI, AnmaThel, Kazakctan

TOPAUFBIP-COT'ETI KEP CUIKIHICI OIIAFBIHBIH MEXAHU3MI MEH I'EOJIOT USLJTBIK-
TEKTOHUKAJIBIK AXYAJIBIHBIH KAJIBIIITACYBI, 2012 3. 30 mamMbIp

Annoranus. Topaiirsip-CereTi skep CUTKiHICIHIH suopTaibirbl Kazakctan PecryOnnkackHBIH AMaTBI 00JIBI-
cerHAa 2012 xeinei 30 MaMBIpeIHAa, HYKTeOeri 43° 23 c. e. xoHe 78° 46' m. 6. KoopAWHATTapEIMeH, [ pruHBHY
6otiprama 21 c. 20 muH. 56,7 cek. Tipkenmi. XKep CUIKiHICIHIH SHepreTUKaNbIK ChIHBIOB (Kp) 13,7 + 14,2, marauty-
nmacel (M) 5,0 men 6,0 ngeitin, runouentp Tepenairi 20-27 kM gen OaraiaHbli, TOMBIPAKTHL cOory yaemenimiri (Ip)
MSK-64 xanpIkapaiblK ceHCMHUKAIBIK MIKana OOWbIHIIA 6 Oanasl Kypansl. JKep CUIKiHiCI YJHePTUsCH OOUBIHIIA OCHI
aymakra 1889 xpeuineiH 11 minmgeciane Topaitreip-Cereri kep cinkinici smuopranereiHad 20 kM-1e oTkeH Lllenex
xep cukinicinen (Kp = 17,9, M = 8,1, Iy = 10) kefiinri 43° — 44° ennik nen 78° — 80° GoinbIK apackiHOa OOIFaH
KaTTHI Xep aymiryi Oomeim ecenteneni. Lllenekreri skep cinkinici ke3inae Dine sxone KyHreii cinmemi skoTanmapbeiHIa
KOIITeTeH KapbIKIIAK, XBUDKBIMA MEH OOMIBIK CEeHCMHUKAIBIK AWCIOKanusiap, an bICThIKKen KeiiHIe IyHaMu
TOJIKBIHEI OpBIH anmabl. Topaiirsip-CereTi ep CUTKiHICIHIH AMHOpTAIBIFEl COreTi OMBIPHIKTHI-CHHKINHIHIH OHTYCTIK
KaHaThIHAAFbI, TopaiFelp KeTeputiMiHeH 3,5 KM CONTYCTIKKe Kapail, a3uMyT OolibiHIIa 70° CO3BIIBII )KaTKaH jKOHE
SMUOpTANBIKKA kakeiH ConrycTik Jlanmaamrslk KapbUIBIMBIHAH COJTYCTIK-OaThicKa Kapalh 3-5 KM-Je OpHaslacKaH.
Cereri oiinatsl MeH Topaiirelp KeTepitimi Ine Anarays! sxoTanap *KyHeciHiH MIBIFBIC )KaK asFbIHIa OpHaJIacKaH. lie
KOTepuTiMi CONTYCTIK-IbIFbIC Tsub-11lanFa eHemi e, KaueqOHAbl aHTUKIMHOpPUSIFa yiacaabl. EH yikeH kymoOe3ni-
OyBIPIIBI KOTEPiNiMi, TayapallblK aHE TayilliTiK oinaTrap a3uMmyt OoiibiMeH mamamer 70°-80°, LLICILI GarbIThIHIA
CO3BUIBII JKaTbIp, OHBI TSHBIUAHJBIK JeN aTaiapl. TSHBIIAHABIK OAaFBITBIHBIH HEOTEKTOHHMKAJBIK ©OHIPIIK
XKapbulbIMaaphel pensedre e AnarayblHbIH OeTKeifiH OOWNBIK JEpiiK €HIIK caTbulapra OeNeTiH TEeKTOHHMKAJbBIK
Keprneurrep Typinae Gaiikanansl. [llenex-KemiH xapbUIbIMBI XKep KbIPTHICHIH TYOiHe feiin 50 KM TepeHiKKe IeiiH
KeCill oTe/Ii; TAHBIIAHABIK OaFBITBIHBIH 0acKa JKapbUIBIMBI IPAHUT-THEWC KaOaThIHAH acIai, skep KpIpThichiHaH 10-15
kM Tepertikke tyceni. Cb 1lly-lne xyiieciHin oH *akK OYHipIIiK BIFBICY 9CEpiHEH €XENT1 KYPBUIBIMABIK KOCTIApIbIH
HEOTEKTOHUKAJIBIK KalTa KYpBUIYbl OPBIH aJIbIN, HEOTEKTOHUKAJIBIK KYPBUIBIMAAP MOpQOIorusice e3repeai. bareic
XoHe bIFbIc YikeH-Kankan kerepiniMaepiniy Typui Oarsitrarsl 10 kv Kankan 6ofisiHma 300° a3UMYTIIEH CBIPFBIT
CO3BUTYBI COHFBI 5,8 MHJUIMOH Kb iIIiHJE IIaMaMeH opTama 1,7 MM JKbUIZaMJBIKIIEH OH JKaK KO3FaJIbICBIMEH
cunattananpl. 300° co3pUIFaH JKBUDKBIMAHBI IAaMBITY YIIIH CBIFY ©ciH 345° a3uMyT OOWBIHIIA CO3Y TYYBl BIKTHMAJ.
Topaiireip-Cereti sep CUIKiHICI KapbUIBIMBIHBIH HOJaub i ka3bIKThIFsl (JKHIK) Kystama-epiieme chI3bIFbl OOMbIH/A-
Fbl apajlacy BEKTOPBIHBIH OH KOMIIOHEHTTEepi OachIMIBUIBIFBIMEH BIFBICY-KBUDKYBI Jen Tycingipineai (0,99). Bip
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JKHX LICIII (85° + 87° cont pym0Oke) co3purysl, OOIL azumyTTeI Kyitamacsl (175° + 177°), 43° + 54° xynmay OypbI-
IIBIMEH OH JKaKKa Kapail BIFBICHIN JKBUDKHIBI JKOHE CO3BUTYy CBHI3BIFBI OOWBIHAAFBI apajacyqblH OH KOMIOHEHTTI
BekTopsr 0,1146 + 0,1253 nmamazonns! kKamTuael. Exiami XKHXX HICIHI (73° + 78° cont pymOke) co3sunysr, CCh
a3uMyTTH Kyitamachl (343° + 348°), (37° + 47°) xyiay OYpBIIIBIMEH COJI YKaKKa Kapai BIFBICHI KBUDKUIBI JKOHE
OHBIH CO3BLIY ChI3bIFBI OOMBIHIAFBI apaacyasH Tepic KoMmoHeHTTi BekTophl — (-0,1069) + (-0,1683). By Homanmbi
Ka3bIKTRIK ConTycTik JlamaambIK KapbUIBIMBIHBIH 70° cO3BUTy a3suMyThiHa >kakblH. CoHnmelKTaH ma CodTycTik
JlanaamblK KapbUTBIMBI BIFBICTIANBEI apaiacy KOMIIOHEHTTEpPi OachIMIBIFEIMEH COJI JKaKTHIK BIFBICY-)KBUIKY JKaF gaibl
opeiH amagpl. OmakTarbl 73° CO3BUIMANbBI JKApPBUIBIM O KA3BIFBIHBIH COJ JKAKTBIK BIFBICY-KBUDKYABl KaObUIIAY
OapBICBIHAA KYJIaMa-epiieMe CBHI3BIFBIHBIH OaFbITHI OOMBIHINA apajacyAblH a0CONIOTTI mamackl 3,2 cM men Oarama-
Hagpl. CeIFy eci cyOropm3oHTanbai Oosica, OHBIH OypsIbl TiriHeH 88,0° + 81,5°, KypaHTBIHABIFEL, all CONTYCTIK
pyMOTarsl co3y a3uMyThl 349,9°-nan 352,3° nmeitin KyObUTaTHIHABIFE aHBIKTANABL. Co3yasry LLICIII ipi skapbUTBIMBL
OOMBIHIIIA COJI XKAKTaFbl BIFBICY-)KBIDKY KO3FAJIBICHIHA jk0HE cO3yAbIH Cb BIFBICYBI OOMBIHIIA OH AKTHIK KO3FaJIbIC-
TBIH OpPBIH alybl YIIiH Makajgajga OasHAalIFaH TeONOTHSUIBIK-TEKTOHUKAIBIK JKOHE CEHCMOJOTHSUIBIK MOITIMETTEp
apKBUTBl HaKTHUIAHABI, COHBIMEH KaTap ojiap Ochl aymaHma 345° — 353° asuMyT Oo#BIHIIA OaFbITTaIFaH, CyOTOpHU-
30HTAJIB/II TAaHTCHINAIAB! CHIFBLTYABIH Topaireip-CereTi skoHe Illenexre OoiraH jKep CUIKiIHICI STTHOPTAIBIFBIHBIH
0O0JTaTHIHBIH afFaKTaybl MYMKIiH.

Tyiiin ce3aep: kep CiIKiHICI, SIMHOPTANBIK aylaH, T€OJOTHSUIBIK-TEKTOHUKAIBIK axyaj, HEOTEKTOHHMKAJBIK
KApBUIBIM, JKapBUTBIM KHHEMATHKAChl, KePHEYAiH OacTel eci (medopmamms), sKep CLIKIHIC OIMIAFBIHBIH MEXaHU3M
MOJIETI1, )KapbIIBIMHBIH HOJAJIB1 ’Ka3bIKTHIFBI.

A. P. ’Knanosuu

TOO «MHCcTHTYT ceiicMonornny, MUHUCTEPCTBO 00pa30BaHUS H HAYKH
PecniyOommmkn Kazaxcran, Anmatel, Kasaxctan

T'EOJIOTO-TEKTOHHUYECKHUE YCJIOBUA ®OPMUPOBAHUA U MEXAHU3M OYAT'A
TOPAUTBIP-COTETUHCKOTI'O 3EMJIETPSICEHMS 30 mas 2012 r.

Annoranus. DmuneHtp Topaireip-CoreTnHCKOTO 3eMiteTpsiceHns 3adukcupoaH 30 mas 2012 1., B 21 4.
20 muH. 56,7 cek. o ['puaBHMYy B AMaTtrHCKOM 00macTr PecyOmkn KazaxcraH B Touke ¢ koopauHaTtamu 43° 23" ¢. 1.
u 78° 46 B. n. DHeprerudeckuii kinacc 3emierpscenus (Kp) onermnBaercs B 13,7 + 14,2, marauryna (M) — ot 5,0 1o
6,0, TmyOuHa runoneHTpa — oT 20 10 27 KM, HHTEHCUBHOCTH coTpsiceHus rpyHTta (Ip) mo MexxayHapomHOW cericMu-
yeckod mkane MSK-64 cocraBmia 6 0amnoB. DTO 3eMIIETPSACEHHE SBISETCS CaMbIM CHJIBHBIM II0 DHEPrHH Ha
TEPPUTOPHUH, 3aKIIOYEHHON Mexay muporaMu 43° — 44° u nonrotamu 78° — 80°, nocine UHMIHMKCKOTO 3eMIIETPSICEHUS
Kp = 17,9, M = 8,1, I, = 10 6amroB), xoropoe npomzonuio 11 mrons 1889 r. B 20 xm k KOKO3 ot smumeHTpa
Topaiirsip-CoreTuHckoro 3emiierpsicenus. Bo Bpemst HWIMKCKOro 3eMIIeTpsICEHHsI B BOCTOUHBIX OTpOrax 3auIuic-
koro n Kynreiickoro xpedtoB chopMHpOBaIICE MHOTOYMCICHHBIE OOBaJbl, OCBINHM M JIMHEHHbIE CEHCMOJNCIIO-
Kanuy, a B 03. Mccrik-Kynp — BonHa nyHamu. Onmnentp Topalrsip-CoreTHHCKOTO 3eMIIETPSCEHNUS PACIIONIOKEH Ha
I0KHOM Kpbute COTeTHHCKOH TpaOeH-CHHKIMHAIH, B 3-5 KM K ceBepy OT TOpaHTBIpCKOro MOTHATHS, B 3 KM K
ceBepo-3anany ot Ceepo-Jlanaammkckoro pasioma, OIKaWIIero K SMHULEHTPY W NPOCTHPAIOIIErocs MO a3uMyTy
70°. CoreTuHCKast BajuHa 1 TopalTrbIpcKoe NOAHATHE PACIIONOKEHBl HA BOCTOYHOM OKOHYAHHMU CHCTEMBI XpeOTOB
3aunuiickoro Amnaray. 3aunuiickoe noxaHsTHe BXoauT B Ceepo-BocTouHbll TsHb-lllane M yHacienoBaHO OT
OJTHOMMEHHOTO KaJIEIOHCKOTO aHTHKJIMHOpHs. KpynHelnmye cBo10BO-TIIBIOOBBIE MTOJHATHSI, MEXTOPHbBIE H BHYTpH-
TOpHBIE BIAJUHBI IPOCTHPAIOTCS MO a3uMyTy okojio 70°-80°, B BCB (TsHbIIaHECKOM) HampaBieHUH. HeoTekToHu-
YEeCKHE PETHOHAJBHBIE PA3IOMBbl TSIHBIIAHHCKOTO HANpaBJCHUS BBIPAXKEHBI B penbede B BHIEC TEKTOHHMUYECKUX
YCTYIIOB, KOTOpPbIE Pa3AEAIOT CKIOHBI 3amIMHCKOro AllaTay Ha HpOJOJbHBIE CyOIIMPOTHBIE CTYNEHH. Yuimk-
KeMmuHCKMIT pa3ioM paccekaeT 3eMHYIO KOPY JI0 ITOJIOMIBEI Ha Ti1yOuHy 50 KM; ocTalbHBEIE Pa3jioMbl TAHBIIAHBCKOTO
HalpaBJIeHUs TOTPYXKAIOTCSA B 3€MHYIO KOpy Ha riyOouHy 10-15 kM, He BBIXOAS 3a IpeZeibl TPaHUTO-THEHCOBOTO
cnos. ITox BozaeiicTBUEM NMPaBOCTOPOHHUX CABUIOB 4y-miniickoi cucteMmbl C3 MpOCTUPaHUS MIPOUCXOIUT HEOTEK-
TOHHYECKas MEePecTPOKa APEBHETO0 CTPYKTYPHOTO IUIaHa, N3MEHseTCcs MOP(]OIIOrHs HEOTEKTOHUUECKUX CTPYKTYP.
CwMmemienue Ha 10 kM B pa3Hble CTOPOHBI 3allaIHOTO U BOCTOYHOro YnbkeH-Kankanckux nogustuil no KamkanckoMmy
C/BUTY ¢ a3uMyToM mpoctupanus 300° xapakTepusyeTcst MPaBOCTOPOHHUM JBIXXKEHHEM IPHOIM3UTENBHO CO CpeiHen
CKOpOCTBIO 1,7 MM / TOJl Ha IPOTSDKEHUH MOCIEHNX 5,8 MiH. JeT. [yt pa3BuTus capura ¢ npoctupanueM 300° Hau-
GoJiee BEpOSITHO MIPOCTUPAHUE OCH cxKaTus 1o a3umyty 345°. Homanenble mmockoctu paspeisa (HITP) Topaiirsip-
COreTnHCKOr0 3eMIICTPSICEHHsT HMHTEPIPETUPYIOTCS KaK CIABUIO-B30POCHI € IMpeoOIafaroleil IOJI0KUTEIbHON
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KOMIIOHEHTOH BEKTOpa CMEUICHUS BIOIb THHUN BoccTaHus-mafeHus (0,99). Oxna HIIP sBnseTcs mpaBOCTOpOHHUM
casuro-B30pocoM ¢ mpoctupanuem Ha BCB (85° + 87° B ceBepHBIX pym0Oax), ¢ asmMmyTtoMm mangerus Ha FOIOB
(175° = 177°), yraom magenus 43° + 54° u MONOXHUTENHHON KOMIIOHEHTOW BEKTOpa CMEUICHHS BIOJb JIHUU
npoctupanus B auamasone 0,1146 + 0,1253. [pyras HIIP sBrnsercs I€BOCTOPOHHHM CHBHTO-B3OpPOCOM C IIpOC-
tupanuem Ha BCB (73° + 78° B ceBepHBIX pymMbax), ¢ azumyTom nagenus Ha CC3 (343° + 348°), yrmoM naneHus
37° + 47° n oTpUIAaTENbHON KOMITOHEHTOH BEKTOpa CMEIICHUS BOJb JIMHUH MPOCTHpaHus B auana3one (-0,1069) +
(-0,1683). Drta HOmanbHAas TUIOCKOCTH Onn3Ka 1Mo asumyTy mpoctupanus 70° k CeBepo-JlamaammkckoMy pasiomy.
[Mostomy CeBepo-/lamaammkCKuii pa3ioM MOXKET SBIATHCS JIEBOCTOPOHHHUM CABHTO-B30OpocoM, ¢ mpeobramaromeit
B30pOCOBOIT KOMITOHEHTOH cMemieHus. [Ipu MPHHATHHN IEBOCTOPOHHETO CIABUr0-B30poca ¢ mpoctupanueM 73° mmioc-
KOCTBIO pa3pbiBa B odare aOCOJIOTHAs BEIWYHMHA CMEIIEHHS 0 HANpPaBICHUIO JIMHUN MaJICHUSA-BOCCTAHHS OICHH-
BaeTcs B 3,2 ¢cM. BBIABICHO, YTO OCh CXXATHS CyOTOPHU30HTANIBHA, €€ YTOJI C BEpTUKaNbI0 cocTtaBisieT 88,0° + 81,5°, a
a3UMYT TMPOCTHPAHUS B CEBEPHBIX pyMmOax komebmercs oT 349,9° mo 352,3°. JlomymieHne JT€BOCTOPOHHHUX CIBUTO-
B30POCOBBIX JBIKCHHUH 1O KpymHEHIMM pa3inomam BCB mpocTupaHus U MpaBOCTOPOHHHUX IBIKEHHUH MO CIBHTAM
C3 mpocTHpaHHS COTIIACYETCS C T'E€OJIOTO-TEKTOHHYECKHMH W CEHCMOJIOIMYECKUMH JAaHHBIMM, HM3JI0)KEHHBIMH B
CTaThe, U MOXKET CBHJETEJHCTBOBATh O HAJIMYUM B paiioHe >MUIEHTpoB Topaiirsip-CoreTnHekoro U YMIMKCKOro
3eMJICTPsICeHUI CyOrOpH30HTAIBFHOTO TAHTCHITHATFHOTO CHKATHS, HATIPABICHHOTO 110 a3uMyTy 345° — 353°.

KaroueBble cjioBa: 3eMIICTPsICEHHE, SMUICHTPAIBHBIN pailoH, T€0JI0r0-TEKTOHNYECKUE YCIIOBHS, HEOTEKTOHH-
YEeCKMI pa3ioM, KMHEMaTHKa pa3jioMa, IJIaBHbIE OCH HaNpsDKeHHMH (medopmanmii), MoIenb MEXaHHW3Ma odara
3eMJICTPSICEHNSI, HOAIbHBIC INTIOCKOCTH pa3phIBa.
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NEW METHODS TO PROTECT YEAR-AROUND
OPERATION CANALS FROM SNOW

Abstract. On the canals of year-around operation, severe snowdrifts concentrated on the surface of the ice
cover simultaneously affect both thermal and static loads. When ice melts intensively from the lower surface in areas
of accumulation of snow masses, and also due to an increase in the static load from snow, longitudinal cracks form
on the ice. The snow saturated with water rising up along the cracks, and a gradual sinking of the snow-ice mass
occurs. All this leads to decrease in canal capacity, and in some cases to complete blockage of the flow section by
snow-ice mass. The purpose of the paper is to find new ways to protect the canal drift and create an impervious canal
profile in areas heavily covered in snow. Snow deposition in the canal bed occurs gradually, starting from the edge of
canal closest to the snow collection basin side, followed by an increase in the snowdrift shaft in the direction of the
wind as snow blizzard arrives to the canal. We propose the method of protecting the canals from snowdrifts by
changing the transverse profile of the canal in the sections highly covered by snow. The transverse canal profile is
changed by adding a berm to it with a slope coefficient equal to the coefficient the leeward slope and a height equal
to the depth of the canal from the leeward slope depending on exact establishing the limit position of the surface of
the snowdrifts, at which the canal is blown without snow deposition, regardless of the amount of snow transfer. The
proposed methods can be applied in areas of snow transfer on watering and irrigation canals designed for year-
around operation.

Key words: ice cover, berm, slope coefficient, canal depth, snow deposition.

Introduction. On the canals of year-around operation, powerful snowdrifts concentrated on the
surface of the ice cover simultaneously affect both thermal and static loads. As ice melts intensively from
the lower surface in areas of accumulation of snow masses, and also due to an increase in the static load
from snow, longitudinal cracks form in the ice. The snow is saturated with water rising up along the
cracks, and a gradual sinking of the snow-ice mass occurs. All this leads to a decrease in canal capacity,
and in some cases to complete blockage of the flow section by snow-ice mass.

In such areas, a powerful blockage field is formed, which prevents the flow of water through the
water supply path below this section. Above the ice jam, the water level rises sharply, which leads to
emergency situations. On the Irtysh-Karaganda canal, over the period of its operation, such phenomena
have been repeatedly observed. For example, in the winter of 1971-1972, on canal No. 38 (146-155 km of
the route) as a result of blockage of the flow section of the canal by snow-ice accumulations, a powerful
ice jam with a total length of about 5 km was formed. As a result of this phenomenon, water supply
through the canal was stopped until the end of April. Attempts to eliminate the jammed area with an
explosion or mechanical cleaning by excavators did not produce the expected effect. Firstly, the access
roads to the canal were covered with snow, secondly, the length of the boom of power shovel of the
excavator did not allow to completely clear the canal and, thirdly, the snow jam area was quite long (3830
m). they succeeded in eliminating the snow jam area with a series of dynamic pumping only after the
onset of thaws before the flood (the third decade of April).
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In 1974-1978 VNIIG was engaged in the research of the issue and development of snow protection
measures on the Irtysh-Karaganda canal. In their work, a detailed analysis of the causes of snow-ice
difficulties on canals of year-around operation was given and a set of engineering measures to prevent
them was proposed. The essence of these measures is the construction of contour snow lines in the form of
fences and forest belts. They also proposed a method for arranging a section of a canal not covered by
snow, including the construction of an additional canal passing in a deep excavation for accumulation of
snow [1].

In recent years, scientists of the Kazakh Scientific Research Institute of Water Management and the
Taraz State University named after M.Kh. Dulati have dealt with issues of snow protection of hydraulic
structures, including canals. On the basis of long-term field and laboratory research carried out on existing
canals, as well as analysis and generalization of the experience of snow protection means at other objects of
the national economy, methods of protection of hydraulic structures from snow wreaths are proposed [2-4].

Materials and methods. For a specific section of the canal, considering the volume of snowfall
unlimited, we can determine the state of the maximum filling of the canal bed with snow. But not always
the amount of incoming snow to the canal is sufficient for its filling to the limit position. If the total
volume of snow arriving during the winter period is less than the maximum accumulating capacity of the
canal, then its cross section is not completely filled to the maximum position, but partially. In order to
estimate the parameters of snow wreath during partial drift from the maximum possible, having data on
the volume of snowdrifts and the geometric parameters of the canal cross section, it is necessary to
establish the sequence of filling (dynamics of drift) of the canal with snow as snow mass arrives. The
dynamics of snowdrift is closely related to the occurrence of a blizzard [5].

Snow deposition in the canal bed occurs gradually, starting from the canal edge closest to the snow
collection basin side, followed by an increase in the snowdrift shaft in the direction of the wind as blizzard
snow arrives at the canal. This picture of the sequence of filling the canal bed with snow during blizzards
is fully confirmed by the results of field research performed on existing canals [6]. Figure 1 shows the
profile of snowdrift in the canal named after K.I. Satpayev as it fills during the winter.

in the beginning of January

in the end of January
in mid-February
in the end of March

Figure 1 — Snowfall profile in canal bed

As can be seen from figure 1, the front edge of the unfinished snow drift is a steep slope with a peak-
like protrusion in the upper part. Incomplete snow drifts are limited during blizzards from above by a
straight flow, in the front edge — by a circulation flow. A peak-like protrusion of snowdrift is formed at the
junction of these two flows.

Significant practical importance in evaluating the maximum snow tolerance of canals, is the exact
establishment of the extreme position of the surface of the snowdrift (snow slope). Snowdrifts in the canal
bed from all sides, except for the upper surface, form a circle around the cross section of the canal and
take its form. Having determined the position of the snow slope and having data on the design parameters
of the canal cross section, with sufficient accuracy we can determine the cross-sectional area or the
volume of snowdrift per unit length of the canal, and estimate the load from the snowdrifts on the ice
cover. As observations have shown, the slopes of snowdrifts fluctuate in rather large limits depending on
various factors. First of all, the slope of the surface of the snowdrift depends on the speed of the incident
flow, at which the drift was formed on the physicomechanical properties of the snow particles involved in
the snowdrift transport.
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Snowdrift transfer begins with the appearance of a critical speed. The condition for the onset of
particle surface transfer is expressed by A.K. Dune [5] (Eg. 1):

v, <a /SO (%) gd + % (1)

where v, — wind speed at which particle transfer is not yet occurred; a — dimensionless coefficient
depending on the characteristics of the surface vortex layer and the wind velocity profile; Sy — volume
concentration of particles on the surface of the snow cover; pg, p — accordingly, the mass density of
particles and air, g — gravity acceleration, m/s®; § — particle size, m; 7, — adhesion between particles and
the underlying surface.

The purpose of the laboratory test was to study the effect of snowdrift on open reclamation canals.
For this, such instruments and devices were used. Mechanical fan system: tangential helical ventilation
unit YGFC60.183, electric voltage 220V, 50Hz, 0.27A; power 25W, rotation speed 1300 rpm, air flow
140 m¥h, drum diameter 60 mm, drum length 183 mm (figure 2).

(X

Figure 2 — Tangential helical ventilation unit

During the experiments, 4 ventilation units were used. The units were arranged for the S12-MK
research stand. The ventilation unit speed was determined by an electronic anomometer and its maximum
value reached 6.2 m/s. Turning on the tangential ventilation unit, the model was aimed at snow, which was
directed into the opposite open reclamation canal (figure 2). Two types of canal model were made of
penoplex material: a trapezoidal section with a length of 120 cm, a slope of 1:1, a depth of 11 cm and a
width of 16 cm, as well as a canal model passing through a recess.

Results and discussion. According to the results of field observations of various authors, snow
transport begins at wind speeds in the boundary layer of 2-5 m/s [2,5,7-14]. The formula for the initial
snow transfer rate (1) is valid for horizontal terrain. On canals, the surfaces of snowdrifts, depending on
their location, have positive or negative slopes relative to the direction of the wind. If the slope of the
surface of the snowdrift in the direction of the wind is directed downward, then more favorable conditions
are created for the movement of snow particles, which occurs at lower flow rates, compared with
horizontal terrain. In such cases, the snow slope at the extreme position becomes steeper.

Let’s onsider the condition for the formation of the marginal snowdrift from the windward side of the
spoil band. The wind stream, approaching the spoil band, smoothly goes around it from above. According
to the experimental data from the continuity of flow (Eq. 2) stream jets around a spoil bank change their
direction:

Yy = J3 vdy, )

The speed at each point of the jet can be divided into horizontal and vertical components v, and v,,.
The steeper the slope, the greater the vertical component. The resultant velocity is (Equation 3):

v= /v,?+ vy (3)

The windward slope of the spoil band can be divided into two zones: the snow deposition zone and
the snow blowing zone. In the deposition zone, the vertical velocity component v,, deflected by the slope,
less than the hydraulic size of snowflakes w. During snowstorms, in case of horizontal terrain, wind
simultaneously acts by force (Eq. 4):
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_ Kv?

Py =" (4)
and friction force in the opposite direction to the wind, equal (Eq. 5):
Ppr = for: 5)

where v —wind speed; G — snowflake weight; f;. — coefficient of friction of snowflakes on the underlying
surface.

When the condition is met P,, < Ps, snowflake is at rest. With increasing wind force at P, > Py,
snowflake will be transferred. On inclined terrain (both on the ascent and on the descent), the conditions
for equilibrium and transfer of snowflakes are different compared to horizontal terrain. The force of the
wind acting on sloping terrain, taking into account (Eq. 6) equals (Eq. 7):

u®
L
v cos @ (6)
(p) _ KU?)?
Py’ = 2g cos? ¢’ (7)

where ¢ — the angle of inclination of the underlying surface; U(®) — horizontal component of wind speed.
The friction force of snowflakes on the underlying surface on an incline is (Eq. 8):

[}(r‘l’) = G(cos @ frr £ sin <p). (8)

In formula (8), the plus sign corresponds to the ascend, and the minus sign to the descent of the
underlying surface in the direction of the wind. The value of the critical wind speed, respectively, for the
windward and leeward slopes, we find from the condition of equality of forces acting on the snowball (Eqg.

9) or horizontal component (Eq. 10):
VP = v, cosp + 72 ©)
ffr
Uc(f) = Vg COS @ fcosgo + S]icﬂ (10)
fr

where v, — critical wind speed corresponding to the beginning of snow transfer, v, =3 — 5 m/s; Uc(f) -
horizontal component of speed corresponding to the beginning of snow transfer.

On an inclined surface with a descent, the friction force of a snowflake on the underlying surface
decreases compared to horizontal terrain, while when climbing it increases. Having determined the value
of the initial snow transfer rate, and using the law of a rectilinear increase in the thickness of the boundary
layer, we can find the slope coefficient of the snow drift. The equation of averaged turbulent motion in the
boundary layer by G.N. Abramovich [15] obtained in the form of the formula (Eq. 11):

¢ ¢
Ulo = 0.017"% + 0.6623e2 cos (?) ¢ + 0.2287 sin (?) ¢ (12)

We have filed applications to obtain patents for a utility model for such methods and designs as, a
method of protecting canals from snowdrifts, a method of protecting canals passing in recesses from snow
drifts, a method of protecting canals from snowdrifts and groundwater, a device for accelerating ice
formation on a canal [5,17-19]. A method of protecting canals passing in the recesses from snow drifts
[17]. The proposed method of snow protection is implemented as follows. Cut the ground of the windward

(2) edge at a distance (Eq. 12) from the edge of the recess with a slope myhsin« as shown in Figure 2.
L =mhsina (12)

With such transverse profiles, snowdrifts fill only ditch (6) and on the transitional part (1) of the canal
non-accumulative snow transfer during snowstorms is provided. The principle of the method of protecting
the canals passing through the recesses from snow drifts is as follows. The transverse profiles of the canals
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passing through the recesses consist of the transitional part of canal (1), the slope of the recess (2), the line
for cutting the windward edge of the recess (3), the line of limiting snow drift before the cutting of the
windward edge (4), the contour of the soil cut of the windward edge (5) and deposition of snow drift in the
ditches (6) (figure 3).

Figure 3 — The protection scheme of the canals passing on the recesses from snowdrifts

The snow shaft is formed in the recesses with a certain slope, called the natural slope of the snow
drift my, numerically equal to 8-12, depending on the wind speed and the initial snow transfer speed. In
oblique winds, due to the preservation of the slope in the direction of the wind, the coefficient of natural
slope of the snowdrift, taken along the normal to the recess, is equal to myh sin a, where a — is the angle of
attack of the wind. In this case, when the slopes of the underlying surface are corresponding to m,h sine,
snow deposits during snowstorms will not occur.

The method to protect the canal from snowdrifts and groundwater [18] by placing forest belts along
the canal differs from other methods in a way that placed along the irrigation and watering canals
plantings of well-blown forest strips without shrubs protects from the prevailing wind, preventing the
accumulation of snowdrifts and snow and rise in groundwater possible from this. Such conditions are
created when the forest belts protect the canals well from snow drifts and a significant part of the vertical
filtration flow from the canals supplying groundwater will be intercepted by the roots of the trees and the
harmful effects of irrigation water will be suspended.

Larger canals of year-around operation, designed to transport water in the early spring, suffer, as a
rule, from snowdrifts. Smaller canals, operating only during the growing season, usually suffer from drifts
by products of wind erosion — soil, saltwort plants, garbage [1]. The characteristics of the canal network
are considered from the perspective of their influence on the wind flow. Having estimated the nature of the
wind flow around the canal cross sections, we can predict the canal insertion. In areas of recesses with an
intermediate berm, a decrease in the wind velocity in the boundary layer occurs at a certain distance from
the canal, depending on which side the central bogie passes, that is, a wide intermediate berm. The widths
of the intermediate berm are 1.0 and 8.0 respectively.

At the zero marks, the “dip” of the wind flow into the recess occurs directly from the edge of the
recess of the canal. In the latter case, the width of the recess at the top is small, it is equal, respectively, to
the width of the canal at the top, whereas in the previous case (with an intermediate berm), the decrease
begins at some distances from the canal bed. In the sections of the cut-and-fill-embankment and
embankment, the canal bed is raised above the level of the adjacent terrain. Therefore, the wind stream
before flowing around the recess of the canal, narrows vertically, due to heap in bulk. The narrowing of
the flow in turn causes a corresponding local increase in flow rate. The unevenness of the relief and the
non-compliance of the general slope of the site with a longitudinal slope of the canal bottom is primarily
the reason for such a wide variety of types of canal sections according to the conditions of the canal's
location relative to the earth's surface. For this reason, even over the length of one canal, several types of
sections can be found, according to the location of their canal relative to the mark of the adjacent territory.

Conclusions. The aim of the research was to create an uncoverable canal profile in areas heavy snow
coverage. Snow deposition in the canal bed occurs gradually, starting from the edge of canal closest to the
snow collection basin side, followed by an increase in the snowdrift shaft in the direction of the wind as
blizzard snow arrives to the canal. This picture of the sequence of filling the canal bed with snow during
blizzards is fully confirmed by the results of field tests performed on existing canals. Having established
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the patterns of snowdrift formation, having information about the amount of snow entering the canal, the
speed of winter winds and the state of the snow cover for a specific area, we can calculate the snowdrift
parameters with sufficient accuracy for any date and at any stage of snow removal.

The paper gives the theory, methods, research results, new methods and designs of patents for a
utility model for such methods and designs as, a way to protect canals from snowdrifts, a way to protect
canals passing through recesses from snowdrifts, a way to protect canals from snowdrifts and
groundwater, a device to accelerate ice formation on the canal. These designs of the proposed devices are
quite possible using available technical means based on the current level of technology and knowledge,
because its design is quite simple, and the implementation of such devices has long been well mastered by
relevant enterprises at various levels.

C. M. Koiibaxkos, M. Maaikraityisl, C. K. XKoJsgacos, I'. A. Capbacosa, K. Eckepmecos
M. X. lynatu ateraaarsl Tapa3 MeMIIeKeTTiK yHUBepcuTeTi, Tapa3, Kasakcran

JKBLJI BOMBI KOJJIAHBICTAFBI KAHAJIJAP/IBI
KAP BACKBIHBIHAH KOPFAYIBIH KAHA OJIICTEPI

Annotanus. JXbut 00#BI KOJIIaHBICTaFbl KaHAIAFBl MY3 KaMBUIFBICHIHBIH OCTIHICTI KATThI OMOBI Kap JKBLTY-
JIBIK JKOHE CTATHKAIBIK cajMakka Oip yakbITTa ocep ereni. Kap »xuHanraH sxepzeri OeTki KaOaTThIH acThIHIA MY3
KapKbIH/Ibl €pIreH/Ie JKOHE Kap/aH CTaTHKAJbIK CAaJIMaKThIH YJIFalObIHA OalaHbICThI My3 OETiH/E CO3BLIFaH JKapbIK-
Tap maiiga 6omansl. CymaHFaH Kap JKapbhlK OOHBIMEH KOFaphl KOTEPLTIN, Kap MEH My3 Maccachl )Kaijam TOMEeH Tyce
Oacraifner. My3 OeTiHzmeri Kap OaCKBIHBIHBIH YJIKCH KOJIEMICTI KOHICHTPALMACH 9CepiHeH MY3 KelTelicTepi maina
OO0JIBIIT, KaHAIIBIH OTKITIMITIK Ka0lneTi ToMeHaeH i, an KeiOip aFmainapia TINTeH TOKTal Kanaabl. Kekrtem yaksi-
THIHJA OMITBI KapIbIH KapKBIHABI epyl aFbIHABI CYIBIH KOCHIMIIA MOJIIEPiHiH Mmaiaa OoyslHa BIKIAT eTei, al Oy
ipi KaHammapma CyIBIH TeMe-TeHMAIriH cakTayJa MaHBI3OBI PeN OWHAMIBI KOHE OJ KOKTEMIl YaKbITTa CyMeH
KaMTaMachl3 €Tyl )Kocmapiay Ke3iHae eckepinyi tuic. COHBIMEH KaTtap KYpTiK Kap epireH Ke3ze Kap CybIHaH JKep
KaHaJ1apbl OepMepi MeH eHICTepiHiH OesICeHAI MUKPOUIHTIPEKTI 3po3usichl Oaiikanaasl. bacTel FUMapaTTaH Cyibl
aiy Ke3iHJe epireH Kap arbIHbl KOJEeMiHIH a3alobl KOKTEMJIC alaTThIK KaF/laira oKelyl MyMKiH. ATajFaH Macesesep
MaKaJlaHblH ©3eKTiiriH kepcereni. CoHFbl xbulgapsl Kazak Cy miapyambulbIFbl FBUIBIMH-3€PTTEY WHCTUTYTHI MEH
M.X. lynatu atbiHgarbl Tapa3 MeMJIEKETTIK YHHBEPCHTETIHIH FaJbIMAAphl T'MIAPOTEXHHUKAIBIK KYPbUIbIMIAPIbI,
COHBIH IIIH/Ie KaHaJIap sl KapJaH KOpray MoceseepiMeH alHaIBIChIN Keje . Ic sKy3iHaeri KaHanaap/a ) yri3iireH
KOIDKBUIABIK ANabIK JKOHE JA0OpaTOPHSUIBIK 3EpTTEYJCpIiH, COHBIMEH KaTap XajblK IIapyallbUTBIFBIHBIH ©3T¢
00BEKTINIEpiHEC KapAaH KOpFay TOCUIIEPiH KOJNIAHY TOXKIPUOECIH JKaIMblIay MEH Taljay Heri3iHme Kap OacKbIHBI-
HaH THUIPOTEXHUKAIBIK KYPBUTBIMIAPIBI KOPFAYIBIH TOCUIAEP] YCHIHBUIBI OTHIP.

MaxkanaHbIH MaKcaThl — KaHAIIBI Kap OacymaH KOPFayIbIH JKOHE KAaTTHI Kap 0acKaH ydacKelepJeri KaHaJabIH
OTKI30CUTIH MIIiHIH KYPYIBIH jKaHa oMicTepiH Ta0y. ATaIMBIII MOCEJCHI 3epTTeyIeri 0acThl 9Mic ic xKy3iHae Oap
KaHaJIgapaa SKYpri3iuireH HaTypaiblK ChIHAKTap OOINBIN caHamaipl. bynm OopaHma KaHANIBIH KapFa TONy Ti30€TiHiH
Kenecizieit OeiiHeciH aHbIKTayFa MyMKiHAIK Oepai. KaHan apHachiHa KapJIblH TOJYbl K€3€H-KE3eHMEH OpBIH aJaJibl,
SFHU Kap JKMHayFa apHajJFaH OacceiHiHAeri €H JKaKblH OpHAJIACKaH KaHAJJIBIH LIETIHEH OacTalibll, KYPTIK Kap
KaJIBIHJIBIFBI JKEJT OaFBIThIHA Cail )KoHE KapJibl OOpaHHBIH KaHaJFa KaKbIHayblHa OalIaHbICTHI OipTe-0ipTe ocei.

DKkcnepuMeHTTepre Kapai OTBIPBINT KeJieciJied KOPBITBIHJBI JKacayra Oonanpl: KaHajmapAbl Kap OacylaH
KOPFaMTBIH KOHCTPYKIMSAFa OepiIreH MaTeHT THIMIUTITIH KOpHEeKi Typae nonenaeni. Hotmxkecinae KaTTsl Kap OacKaH
yJacKeyepAeri KaHaJAblH KeJIJIEHeH MIIiHIH e3repTy apKbUIbl KaHAIIaplbl KYPTIK KapJaH KOpPFayJblH dIici
YCHIHBUIBI OTHIp. KaHauabIH KeJiieHeH MilliHi Kap KeUIKiHi KeJieMiHe TayeJci3, Kapchl3 Jia YpJICHETiH KaHa OosFaH
XKaraaiaa KypTiKk Kap OCTiHIH IIEKTIK KAJIIBIH JOJ aHBIKTayFa OalIaHBICTHI BIK OOJIATBIH JKara eHici Kod(p¢u-
[UCHTIHE TCH CHICTIK KO3 QHUIMEHTIMEH JKOHE BIK OOJIATBIH KaFa eHICIHeH OacTalaThlH KaHAll TePeHAIriHEe TeH OUiK-
TIKKe cail YHiHAIHI KOCY apKbIJIbl ©3repTiUIreH.

Y CBIHBUIBITT OTBHIPFaH SJICTEpP KbUT OOWBI MaalaHyFa ECENTENTeH Cyapy JKOHE CYJNAHABIPY KaHAIJAPbIHAFbI
Kap OackaH ydackeliepAe KOJJaHbLIa anajabl. TeXHUKaIbIK Ky, KYpbUIbIM MaTepuaiiapbl MeH KaOAbIKTapblH
JKETKITIKTI 00JTybl, COHBIMEH KaTap 3aMaHayH TEeXHOJIOTHsJIAp MEH OUTiM YCBIHFaH 9/IIiCTi KYPTIiK Kap TapajifaH ydac-
KeJepae ic Xy3iHne Konganyra MyMKiHaik Oepeni. OcblFaH yKcac KOHCTPYKIMATIAPABI CHAIPYAL 9pTYpili AeHrenaeri
ColiKec KaCIMOphIHAP dJIIeKalllaH )KaKChl HTePreH.

TyiiiH ce3aep: My3 )KaMBUIFBICHI, OepMa, EHICTIK KO3(PPUITMEHTI, KaHa TePEHIIri, Kap TYHABIPY.
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HOBBIE CITIOCOBbBI 3AIUTHI 3AHOCUMOCTHU
KAHAJIOB KPYTJIOTOJJMYHOI O TEMCTBUSA

Annoranusi. CruibHEIE CyrpoObl Ha KaHajJaX KpyrJIOTOXUYHOM KCIUTyaTalluH, COCPEIOTOYCHHbIE Ha IOBEpX-
HOCTH JICASTHOTO MTOKPOBA, OJHOBPEMEHHO BIIMSIOT KaK Ha TEIUIOBBIC, TaK M Ha CTaTHYEeCKUe Harpy3ku. [Ipu uHTEH-
CHBHOM TasHUH JIbJa C HIDKHEI MOBEPXHOCTU B MECTAX CKOIUICHHUS CHEXHBIX MacC, a TaKKe M3-3a YBEJIMYCHHS CTa-
THUYECKOM Harpy3KH OT CHEra Ha JibJy 00pa3yloTcs pOoJIoJbHbIE TpelHbL. CHeT, HaChIILEHHBI BOJOM, IO JHUMAET-
csl BBEpX I10 TPEIIMHAM U IPOUCXOIMT MOCTEIICHHOE OIYCKaHWe CHEXHO-JIeAsHONW Macchl. KoHIeHTpaus 0oabImmx
00bEMOB 3aHOCOB Ha MOBEPXHOCTH JIEJSHOTO MOKPOBAa MPUBOAUT K CHHIKEHHUIO MPOITYCKHOW CIIOCOOHOCTH KaHallOB
n3-3a 00pa30BaHMs JIEJSMHBIX 3aTOPOB, a B HEKOTOPBIX CIIydasX W K MX IIOJIHOH OcTaHOBKe. IHTEHCHBHOE TasHUE
Ccyrpo0OB B BECEHHHUIl MEpUO]| MPUBOIUT K 00pa30BaHHIO JONOJHUTENFHOTO 00beMa CTOKA, KOTOPBIM MrpaeT BaxK-
HYIO POJIb B BOJHOM 0ajiaHce KPYIHBIX KaHAJIOB M KOTOPIH HEOOX0AMMO YUHUTHIBATh MPH IJIAHUPOBAHUH BOJIOCHA0-
KEHHs B BeCCHHHI neproa. Taxke Npy TassHUM CyrpoOOB HAaOIIOIASTCsl aKTUBHAS MUKPOPBIYaXKHAS 9PO3US OTKOCOB
u OepM 3eMILIHBIX KaHaJOB OT Tajoil BOABI. A 3aHWKEHHE 00beMa CTOKA OT Tajoro CHera Ipu 3a0bope BOABI M3
TOJIOBHOT'O COOPYKEHHSI MOXKET NPUBECTH K aBapUIHBIM CHTyalUsM BeCHOW. [lepeuncieHHble TpoOIeMbl U IelaeT
JaHHYIO CTaThl0 aKTyalbHOW. B mocnemume ronpl ydeHble Ka3zaxCKOro Hay4HO-HCCICHOBATEIBCKOTO MHCTUTYTA
BOJHOTO X03siiicTBa M Tapa3cKoro rocymaapcTBEHHOro yHUBepcuteTa mMeHd M.X. JlynaTu 3aHUMalCh BONIPOCAMHU
CHETO03aIIUTHI THAPOTEXHHIECKHX COOPYKEHUMH, B TOM YHCIIe KaHaloB. Ha 0OCHOBe MHOTOJIETHHX MOJICBBIX H Jlabopa-
TOPHBIX HCCJIENOBAaHUH, MPOBEJICHHBIX HA CYLIECTBYIOIIMX KaHaNaX, a TAK)Ke aHaJIU3a U 00OOIIEHHUS OIbITa MpUMe-
HEHUS CHETO3alIUTHBIX CPE/ICTB Ha APYTUX 00BbEKTaX HAPOIHOTO XO35HCTBA, MPEAI0KEHBI CIIOCOOBI 3aIIUTHI THIPO-
TEXHHYECKHUX COOPYKEHHUH OT CHEXXHBIX BEHIIOB.

Llenbio cTaThy SBISIETCSA IOMCK HOBBIX CIIOCOOOB 3alllUTHI KaHajla OT 3aHOCA M CO3JaHMSA HENPOHUIAEMOIO
npoduiIs KaHajla Ha y4acTKax, CHJIBHO MOKPBITHIX CHEroM. Beoylum MeTosoM K MCIIeOBaHHIO JaHOW MpOOJIeMBbI
CTaJM HaTypHBIC WCIIBITAHMs, MPOBEJCHHBIE HA CYIIECTBYIOUIMX KaHajgax. OHU MO3BOJIMIIN BBISBUTH CIIEIYIOUIYIO
KapTHHY HOCJIE0BAaTeIPHOCTH 3aIl0JIHEHHs KaHala CHEroM BO BpeMs Merend. OTJIIOXEHHE CHera B pyciie KaHaia
NPOUCXOIUT TIOCTENICHHO, HAYMHAs ¢ Kpas KaHaia, Oirpkaiiero K kparw OacceiiHa Juisi cOopa cHera, ¢ HOCIeIyto-
MM YBEJTMYECHHEM BaJia Cyrpoda Mo HapaBJICHHIO BETPa 10 Mepe NPHOIKEHHST CHEXXHOM METENHU K KaHaly.

W3 3KCIEepHMEHTOB MOXHO CHeNaTh BBIBOJ, YTO IMOJYYCHHBIH MATEHT Ha KOHCTPYKLHMIO NPOTHUB CHEKHOIO
MOKPOBa KaHAJIOB, HAIJIIHO JI0Ka3ajl cBOKO 3()(eKTUBHOCTH. B pesynbraTe mpeiaraetcst Ciocod 3aliuThl KaHAJIOB
0T cyrpo0OB MyTeM M3MEHEHHs MONEePevHOro Mpoduis KaHalla Ha CHJIBHO 3aCHEeXEHHbBIX ydyacTkax. IlonepedHsiii
npoduib KaHaa W3MEHeH MyTeM Jo0aBJIeHUs] K HEMY HAChINU ¢ KO3()(UIMEHTOM YKIIOHA, PaBHBIM KO3((GHUIHUEHTY
MIOJIBETPEHHOT'O YKIIOHA, U BBICOTOM, paBHOI! IIyOMHE KaHaja OT MOJIBETPEHHOI'O OTKOCA, B 3aBUCUMOCTH OT TOYHOTO
YCTAHOBJICHUSI IIPEJENBHOTO IIOJIOXKCHUS IOBEPXHOCTH CYrpoOOB, INPH KOTOPOM KaHAJ IpoAyBaeTcs 0e3 CHera,
HE3aBUCUMO OT KOJIMYECTBA CHETOIIepeHoca.

[pensnaraembie ciocoObI MOTYT MPUMEHSATBHCS HA YUacTKaX CHEromaja Ha IIOJIMBHBIX U OPOCHTENILHBIX KaHaJax,
pacCYMTaHHBIX Ha KPYIJIOTOIUYHYIO IKCIUTyaTauuio. TeXHHYeCKoe COCTOSHHE, HAaIUYUe TOCTaTOYHOIO KOJIMYEeCTBa
CTPOMTEIBHBIX MAaTEPHANIOB  000PYJIOBaHUSA, & TAK XKE COBPEMCHHbBIC TEXHOJOTHU M 3HAHUS MO3BOJISIIOT Pean30-
BaTh NPEAJIOKEHHBIH CI0co0 Ha y4acTKaxX pacrmpocTpaHeHus cyrpoda. BHenpeHue monoOHBIX KOHCTPYKLHHA JAaBHO
XOPOIIIO OCBOSHO COOTBETCTBYIOLIMMH MPEAIIPUATHIME PA3JIMYHOTO YPOBHSL.

KoaioueBble ciioBa: neqsHOM NOKpoB, OepMa, koaduimeHT ykioHa, rryOnHa KaHaa, OCaXICHUE CHera.
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MATHEMATICAL MODEL OF SUBSTANTIATION
OF THE GEOLOGICAL AND COMMERCIAL STRUCTURE FOR
CONDUCTING TRIAL OPERATION AT THE “ZHANATALAP”
PRODUCTION FIELD

Abstract. The relevance of the problem stated in the paper is conditioned by fact that in the last decade,
scientific and technological progress in the sphere of petroleum field geology was closely related to the use of
advanced science-intensive geoinformational technologies based on modern database management systems. In this
regard, the paper considers the general principles of constructing systems for geological and commercial field
analysis and oil fields development regulation. The main goal of trial operation is to obtain direct information about
the production capabilities of project sites and their geological and geophysical characteristics, sufficient to justify
the optimum quantity of recoverable oil reserves and ensure effective reservoir and production engineering, as well
as substantiation of the reservoir regime, identification of production facilities and assessment of the prospects for
the development of oil production at the field. The leading method of this issue is the substantiation of a geologic
model, which allows us to consider this problem as a purposeful and organised modelling method to improve the
conduct of trial operation in the Aptian and Middle Jurassic productive horizons. The results of pressure transient
analysis were obtained. The terms of trial operation and the volumes of oil production, average daily withdrawals are
substantiated, the issues of equipment and technology of oil production, drilling and well development are
considered.

Key words: geological processes, complex structure, forecast of dynamics, development process, production
wells.

Introduction. The variety of geological objects and methods of their study leads to the fact that the
result of geological research is very heterogeneous in nature of information: verbal (descriptive), graphic
(cartographic), digital. The inaccessibility of geological objects for direct observation is the reason that
geology, as a theoretical discipline, developed in the conditions of an almost complete absence of
experimental data and for many years was considered a purely descriptive science. Geological processes
and formations have specific features that largely determine the methodology for their study [1-9]:
geological processes represent a set of physical, chemical and biological natural phenomena, between
which there are complex causal relationships, therefore, the properties of geological formations depend on
many factors, are characterised by strong variability, and the objects themselves, as a rule, have a very
complex structure; geological processes are long, and geological formations are of considerable size and
hidden in the depths, which excludes the possibility of their complete and comprehensive study by direct
observation.

The complexity and heterogeneity of the objects under study of the Earth sciences forces us to
consider them as natural systems. Geological processes belong to the class of dynamical systems, i.e.
systems that change their state in time, and geological formations, due to the slow course of geological

—— 110 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

processes, in most cases can be considered as static systems, the properties of which are constant in time
[10,11]. The elements of dynamic geological systems are either individual factors (parameters) influencing
the course of the geological process, or relatively simple natural phenomena (processes), which are
considered as components of a more complex process [12-15].

The main goal of trial operation is to obtain direct information regarding the production capabilities
of objects and their geological and geophysical characteristics, sufficient to justify the optimum value of
recoverable oil reserves and ensure reliable design of field development, as well as justification of the
reservoir regime, identification of production facilities and assessment of the prospects for the
development of oil production at the field. The task of trial operation is to determine the limiting value of
sustainable production rates during operation. First of all, indicator curves and pressure build-up are taken
for new wells [16-18].

The optimum regime is considered to be the one that provides the highest cumulative oil production
over an equal time interval without a clearly pronounced tendency to decrease in production rate. In
general, to perform the tasks of trial operation, namely, for the full implementation of the research
program in order to further study the geological and physical characteristics of the productive horizons
and the production capabilities of wells (determination of reservoir pressures, recovery time, saturation
pressure, optimal reservoir operation and assessment of elastic energy potential of reservoir system), the
trial operation period is taken as 2 years [19].

Materials and methods. The significance and purpose of trial operation determines the acquisition
of the necessary information about the production capabilities of facilities and their geological and
geophysical characteristics, sufficient to justify the optimal value of recoverable oil reserves and ensure
reliable design of field development, as well as justification of the reservoir regime, selection of
production facilities and evaluation of the prospects for the development of oil production in field. The
initial information for drawing up a model of trial operation of the “Zhanatalap” production field was the
data of the field exploration obtained as a result of testing, dynamic well testing and well logging in
individual wells [3,20,21].

The main task of the trial operation is to determine the limiting value of sustainable production rates
during exploitation. First of all, indicator curves and pressure build-up are taken for new wells [4]. The
optimal mode is considered to be the one that provides the highest cumulative oil production over an equal
time interval without a clearly pronounced tendency to decrease in production rate. In general, to perform
the tasks of trial operation, namely, for the full implementation of the research program in order to further
study the geological and physical characteristics of the productive horizons and the production capabilities
of wells (determination of reservoir pressures, recovery time, saturation pressure, optimal reservoir
operation and assessment of elastic energy potential of reservoir system), the trial operation period is taken
as 2 years [5].

All studies were carried out in wells with free-flow production method at various modes, with a
change in chokes. Measurements of pressure changes were performed with devices PPH-161, PPS-25 and
CAMT-02. The data processing of the nozzle studies was carried out using the specialised software
product PanSystem. During the exploration period at the “Zhanatalap” field, all wells were tested by
swabbing (changing water to oil) and by level tracking. The tests were carried out in 6 wells in 4 horizons,
incl. Middle Jurassic horizons J2, J2-1, J2-11 were tested in wells S-4PO, R-21PO, R-22P0O, R-25P0O and
S-23P0O. The Aptian horizon was tested in the S-4PO well. The opening of the productive horizons was
carried out in a sealed well with hollow-carrier perforators — 89 mm. The density of the perforation ranges
from 10 to 13 holes per 1 running metre. During testing, measurements of dynamic and static levels, oil
and liquid flow rates were obtained.

Results and discussion. Based on the results of graphical-analytical curve-fitting, the following
reservoir parameters were determined: flow model, permeability, skin factor, reservoir and bottomhole
pressures, piezoconductivity and reservoir conductivity.

On the Aptian horizon (K1a), in the course of testing in well S-4PO, an interval of 550-557 m was
investigated. During testing, 63.6 m® of pure oil was obtained. Further, hydrodynamic studies were carried
out in the well with a method of steady-state filtration mode (IPR and PRC curves) on 23-26.12.2006. For
the veracity of results of the work performed, a calculation was carried out using the method of indicator
diagram construction. The bottomhole pressure — 4.97 MPa, the drawdown — 1.12 MPa. The interpolated

— 111 ——




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

reservoir pressure — 6.08 MPa. According to the research results, the calculated filtration properties of the
formation had the following values: permeability k — 1.25 pm?; piezoconductivity y — 0.025 m?/s; reservoir
conductivity kh/p — 0.55 umz*m/mPa*s; reservoir temperature T, — 29.6 °C; the skin factor has a value of
10.3, which characterises the contaminated state of the bottomhole zone of the well. It is necessary to
carry out geological and technical measures to clean up the bottomhole zone; estimated productivity index
Kpr — 30.41 t/day*MPa.

The Middle Jurassic horizon (J2) was tested in the S-4PO well in the interval of 593-597 m and in the
R-24PO well in the 613-617 m interval. In the S-4PO well, 50.0 m® of pure oil was recovered during
testing. According to the results of the hydrodynamic studies carried out on November 14-16, 2006 by the
method of steady-state filtration (EMI survey and PRC curve), interpolated reservoir pressure — 6.73 MPa,
average bottomhole pressure — 6.36 MPa. Pressure measurements were carried out with a PPS-25 device.
Reservoir temperature T, — 31.3 °C; The filtration properties of the formation had the following
values: permeability k—2.07 um? piezoconductivity y — 0.031 m@s; reservoir conductivity
kh/u —0.34 umz*m/mPa*s; the skin factor had a value of -2.82, which characterises the good condition of
the bottomhole formation zone; estimated productivity index K, — 63.84 t/day*MPa.

The R-24PO well produced 46.8 m* of pure oil during testing. On 06-08.12.2006, hydrodynamic
studies were carried out in the well using the method of steady-state filtration. Pressure measurements
were carried out with a PPS-25 device. Based on the results of the studies, reservoir bottomhole pressures
and filtration properties of the bottomhole formation zone were determined. Reservoir pressure —
7.02 MPa, bottomhole pressure — 6.6 MPa. Accordingly, the drawdown — 0.42 MPa. The filtration
properties of the formation had the following values: permeability k — 0.63 um?% piezoconductivity
x — 0.021 m?/s; reservoir conductivity kA/u —0.92 um**m/mPa*s; the skin factor had a value of -2.66,
which characterises the good condition of the bottomhole formation zone; estimated productivity index Ky,
—50.96 t/day*MPa.

| — Middle Jurassic horizon (J2-1) was tested in 4 wells. In the S-4PO well, sampling was carried out
in the interval of 613.5-616.5 m using the swabbing method 57.0 m® of pure oil was recovered. According
to the results of hydrodynamic studies carried out on July 11-14, 2006 by the method of steady-state
filtration, the reservoir pressure — 7.03 MPa, bottomhole pressure — 6.32 MPa. Accordingly, the drawdown
— 0.7 MPa. Filtration properties of the reservoir were equal to the following values: permeability
k — 0.14 um?; piezoconductivity y — 0.029 m?/s; reservoir conductivity k%/u — 0.7 um**m/mPa*s; the skin
factor had a value of -2.02, which characterises the good condition of the bottomhole formation zone;
estimated productivity index K, — 38.62 t/day*MPa;

As of 01-02.10.2006, well S-4PO was tested in the interval of 606-608 m. 17.0 m® of pure oil was
recovered. According to the results of testing and pressure build-up, interpolated reservoir pressure —
6.79 MPa, bottomhole pressure — 5.52 MPa. Drawdown — 1.27 MPa. Reservoir temperature T, — 31.7 °C.
The filtration properties of the formation had the following values: permeability k—0.68 pm?
piezoconductivity y — 0.018 m?/s; reservoir conductivity k4/u — 0.39 um**m/mPa*s; the skin factor had a
value of -5.84, which characterises the good condition of the bottomhole formation zone; estimated
productivity index K, — 21.4 t/day*MPa. Studies of | — Middle Jurassic horizon (J2-I) in the well R-21PO
were carried out on 02-04.11.2006 in the intervals of 648-652, 655-658 m. During the sampling process,
40.7 m® of pure oil was recovered. Hydrodynamic studies were carried out by the method of steady-state
filtration modes (EMI survey and PRC curve). According to the research results, the interpolated reservoir
pressure — 7.53 MPa, the average bottomhole pressure — 7.09 MPa. Reservoir temperature T, — 33.5 °C.
Accordingly, the drawdown — 0.7 MPa. Filtration properties had the following values: permeability
k — 0.09 pm?; piezoconductivity y — 0.009 m%s; reservoir conductivity k4/u — 0.43 pm**m/mPa*s; the skin
factor had a value of -3.98, which characterises the good condition of the bottomhole formation zone;
estimated productivity index K, — 23.71 t/day*MPa. In the well R-22PO, testing was carried out on 05-
08.11.2006 in the interval of 601-614 m. 78.0 m® of pure oil was produced. According to the results of
hydrodynamic studies, interpolated reservoir pressure — 6.73 MPa, bottomhole pressure — 6.45 MPa.
Drawdown — 0.68 MPa. Reservoir temperature T, — 31.0 °C. Filtration properties had the
following values: permeability k — 0.33 pm?; piezoconductivity y — 0.008 m%s; reservoir conductivity
kh/i — 0.65 pm**m/mPa*s; the positive value of the skin factor of 3.89 is due to the strong pollution of the
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bottomhole formation zone. It is necessary to carry out geological and technical measures to clean up the
bottomhole zone; estimated productivity index K, —37.56 t/day*MPa.

Il — Middle Jurassic horizon (J,-11) was tested in wells R-25PO and S-23PO. In the well R-25P0,
studies were carried out on January 13-15, 2007 in the interval of 667-669 m. 41.7 m*® of pure oil were
recovered. According to the results of hydrodynamic studies, interpolated reservoir pressure — 7.02 MPa,
average bottomhole pressure — 7.48 MPa. Correspondingly, the drawdown — 0.28 MPa. Reservoir
temperature Ty, — 33.5 °C. Filtration properties had the following values: permeability k — 0.24 um?
piezoconductivity y — 0.05 m?/s; reservoir conductivity ka/u — 1.11 um®*m/mPa*s; the value of skin factor
was -2.37, which characterises the good condition of the bottomhole formation zone; estimated
productivity index K, — 37.56 t/day*MPa. Similar study was carried out in the S-23PO well. Testing was
carried out on 31.01.-02.02.2007 in the interval of 692.5-695.5 m. During testing, 34.8 m® of pure oil was
produced. According to the results of hydrodynamic studies, interpolated reservoir pressure — 7.02 MPa,
average bottomhole pressure — 6.99 MPa. Accordingly, the drawdown — 0.5 MPa. Reservoir temperature
T — 34.8 °C. Filtration properties had the following values: permeability k — 0.21 pm?; piezoconductivity
x — 0.044 m?s; reservoir conductivity kh/u — 0.96 um**m/mPa*s; estimated productivity index
Kor — 52.9 t/day*MPa. At the Aptian horizon (K1a), reservoir pressure at the middle of the perforated
interval — 6.08 MPa. Average productivity index — 30.41 t/day*MPa. The average permeability coefficient
-1.25 umj, the hydraulic conductivity coefficient — 0.55 um®*m/mPa*s, and piezoconductivity coefficient
—0.025 m“/s.

In the Middle Jurassic horizon (J2), reservoir pressure at the middle of the perforated interval —
6.86 MPa. Productivity index — 58.12 t/day*MPa. The average value of permeability coefficient —
1.43 um?, coefficient of hydraulic conductivity — 0.6 pm®*m/mPa*s, piezoconductivity coefficient —
0.027 m2/s. On the I-Middle Jurassic horizon (J2-1), reservoir pressure at the middle of the perforated
interval — 7.1 MPa. Productivity index — 29.95 t/day*MPa. The average value of permeability coefficient —
0.29 um?, coefficient of hydraulic conductivity — 0.54 um**m/mPa*s, and piezoconductivity coefficient —
0.017 m2/s. On Il — Middle Jurassic horizon (J2-11), reservoir pressure at the middle of the perforation —
7.48 MPa. Productivity coefficient 57.84 t/day*MPa. Average permeability coefficient 0.23 pm?
hydraulic conductivity coefficient — 1.05 pm®*m/mPa*s, piezoconductivity coefficient — 0.048 m?s. In
general, for the |- project site, the average reservoir pressure — 7.29 MPa, productivity index — 43.9 MPa.
The filtration properties have the following meaning: the permeability — 0.26 pum?, the coefficient of
hydraulic conductivity is 0.8 pm?*m/mPa*s, and piezoelectric conductivity coefficient is 0.032 m?%s.
Taking into account the occurrence, the number of deposits and productive strata, the physicochemical
properties of oils and reservoir properties in the section of this field, 2 project sites of trial operation are
identified: Project site | — Middle Jurassic horizons — J2-1 + J2-1I; Project site 1l — Aptian and Middle
Jurassic horizons — K1a + J2. The main base is project site I, which contains 76.9% of reserves. The initial
geological and physical characteristics of the production facilities are given in the table 1.

Table 1 — Initial geological and physical characteristics of productive objects

Parameters

Project site |

Project site 11

Average depth, m

599-628.5

669-695.5

Water-oil contact, m

IX 617 m— X 648 m

IX641m-X714m

Accumulation type

fault block reservoir

fault block reservoir

Reservoir type

terrigenous

terrigenous

Oil and gas bearing area, ths. m? 364 707
Mean gross thickness, m 20 36

Average oil-saturated thickness, m 9 20

Porosity, unit fraction 0.28 0.33
Average saturation with oil (gas), unit fraction 0.71 0.76
Permeability, um? 0.26 1.34
Net-to-gross ratio, unit fraction 0.35 0.45
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Continuation of table 1
Average number of permeable intervals, unit fraction 2 5
Reservoir temperature, °C 29.6 335
Reservoir pressure, MPa 5.95 7.45
Oil viscosity in reservoir conditions, mPa*s 23 16
Oil density in reservoir conditions, g/cm? 0.857 0.8369
Density of degassed oil, g/cm® 0.88 0.866
Formation volume factor, unit fraction 1.042 1.056
Content of sulphur, % 0.36- 0.61
Resins and asphaltenes, % 11.4 8.38
Paraffin, % 0.84 2.42
Bubble-point pressure, MPa 4.55 5.0
Gas/oil ratio, m¥t 23.4 27.7
Water density in reservoir conditions, g/cm® 1.18 1.12
Average productivity, m*/(day*MPa) 43.9 44.26
Initial balance oil reserves, ths. tonnes
(approved by GKZ RK), C1 + C2 895 2978
including category C1 569 2256
including category C2 326 722
Initial recoverable oil reserves, ths. tonnes
(approved by GKZ RK), C1 + C2 294.9 1072.5
including category C1 180 812.5
including category C2 114.9 260
Oil recovery factor, unit fraction
including category C1 and C2 0.33 0.36

The oil deposits in the reservoir are consolidated, tectonically-screened and closed on all sides.
Taking into account the hydrogeological conditions of the region during the field development, the
manifestation of an elastic-water-pressure regime should be expected. At the same time, it is likely that in
the initial period of development, the activity of the formation zone will manifest itself after a certain
decrease in formation pressure within the reservoir. One of the main tasks in drawing up a project for a
trial operation of a field development is to assess the productivity of deposits under elastic-water-pressure
conditions over a period necessary for a sufficiently complete study of a productive formation
characteristics and assess the feasibility of creating a system for maintaining reservoir pressure. In this
study, based on the results of the numerical solution of the differential equation of the elastic regime for a
homogeneous reservoir, the dimensionless functions p(p, 7), q(p, 7) and Q(p, 7). The forecast of the
dynamics of reservoir pressure on the boundaries of the reservoir is performed at a given constant fluid
withdrawal. This basically corresponds to the conditions of mechanised well operation (Eqg. 1):

P(t) = P, — 5 P(), (1)

where: P, — pressure on the external boundary (initial reservoir pressure); q — given fluid withdrawal; z—
viscosity of fluid (water) in reservoir conditions; k — reservoir permeability; h — formation thickness;
p(p, 7) — dimensionless function tabulated for different values of p; p = RJ/R; — the ratio of the radius of the
feed loop to the design gallery radius.

In calculations, the boundaries of the deposit are presented as a circular gallery (table 2).

Table 2 — Calculation of changes in the weighted average reservoir pressure in the reservoir during trial operation

Development On project site | On project site 11
years T P(7) AP, MPa l\';f;a T P(7) APen, MPa | P, MPa
2008 0.000144 0.000344 0.000159 7.286 0.001250 0.002983 0.000282 5.874
2009 0.000216 0.000516 0.000238 7.281 0.001876 0.004469 0.000238 5.866
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However, due to the high viscosity of reservoir oil, with an increase in the stock of producing wells
within the boundaries, the reservoir pressure will significantly decrease, which will lead to a decrease in
well productivity. In this regard, it becomes necessary to predict changes in reservoir pressure within the
deposit boundaries. To assess the decrease in the initial flow rates of wells during the development of
deposits in the natural elastic drive, it is necessary to have a dependence of the formation pressure drop
not only on the oil-bearing contour, but also in the recovery zone in the central part of the deposits.
Reservoir pressure at any given point in the formation during development is determined by (Eg. 2)

< @)
P, =Py — Z P,
i=1

where: Py — initial reservoir pressure; P; — decrease in reservoir pressure from the operation of one of the
existing wells or increase in pressure from the operation of injection wells and the impact of the edge
water zone (Eg. 3):

2
pi= Lt | gyl - T 3)
47trch 4Nt
where: Ei (_ o J — integral exponential function (tabulated), g; — flow rate of well i; r; — distance from the
4Nt

target point to the i well.

The rest of the formula is the same as in the (1). In technological calculations, one option is
considered, where the initial flow rates are determined at the bottomhole pressure of 4.55 MPa, which
corresponds to the bubble point pressure. Well production rate is calculated by the formula (Eq. 4):

Q = Kpro*h*4P, 4)

where: Ky, — productivity per 1 meter of thickness; h; — oil-saturated thickness; 4P — drawdown.

For all project wells, design depths of up to 700 m have been established, which ensure the
penetration of the J2-11 horizon at full capacity with a sufficient drilling sump for equipping the bottom of
the production string. Wells No. 101-111 are built in advance. They must perform the task of exploratory
wells. Pressure, temperature and gas/oil ratio. First of all, indicator curves and pressure build-up curves
are taken for new wells [3,4,8].

Conclusions. The calculation results reveal that with those relatively small fluid withdrawals from
the deposits that can be achieved when new wells and previously drilled wells are put into operation, the
pressure drop will be insignificant. Within the oil-bearing contours of the deposits, the mutual influence of
wells and the change in reservoir pressure can be significant, since the viscosity of the reservoir oil is
taken on average equal to 20 mPa*s. In connection with the above, it is necessary: upon completion of the
drilling of the first wells, take and examine depth samples of oil in two wells No. 106, No. 105 on the
VI block; perform experimental water injection into one well, which must be selected from the
producing during trial operation.

From the above calculation results it follows that the trial operation of the “Zhanatalap” field can be
carried out in a natural elastic water drive without maintaining reservoir pressure. According to the
objectives of the trial operation, it is necessary to provide for reliable control over the change in the
technological parameters of the well operation, filtration and field characteristics of the reservoir system,
to monitor the change in bottomhole pressure, formation pressure, temperature and gas factor. First of all,
indicator curves and pressure build-up are measured for new wells.
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«KAHA TAJIAII» KEH OPHBIHBIH AIIT ’KOHE OPTA IOPAJIBIK OHIM/I TOPU30HTTAPBIH
CBIHAMAJIBIK TAWJIAJTAHY MAKCATBIHJIA TEOJIOT UAJIBIK-KOCIIIIIIK
K¥PbBIUIBIMBIH HETT3AEY AIH MATEMATHUKAJIBIK MOJEJII

AHHOTanus. ['eoNOTHsIIBIK 00BEKTINIEp MEH ONIApIbl 3€PTTEY OMICTEPiHIH CaH alyaHABIFbI CO3MIIK, rpaduKabIK,
CaHIBIK CEKUIAl aKmapaT TYpJepiHe OaWIaHBICTHI TEOJOTHSIIBIK 3E€PTTEy HOTIDKECIHIH TYpii OOJyBIHA OKENei.
Tikeneit 6akpUIay KYpPri3yAe TEONOTHSIIBIK O0BEKTIIePAiH KeTIMCI3HiriHiH ce0e0i — reOJOTHIHBIH TEOPHSIIBIK, TTOH
peTiHae ToxipuOe Ky3iHAE SKCIIEPUMEHTTIK AEpeKTep mMaiina OoiMaraH yaKpITTa JaMybl MEH Y3aK KbUimap OOWbI
CHUTIaTTaMalbl FRUIBIM PETiHAE CaHaJbIN Kelyi. Makanaga KapacTBIPBUIATBIH MOCENEHIH ©3€KTUIIrl COHFBI OHXKBLI-
IBIKTA MYHall KEH OPHBI I'€0JIOTHUsI CaaChIHAAFHl FRUIBIMU-TEXHUKAJIBIK IPOrPECTiH AepeKTep 0a3achlH OacKapyablH
3aMaHayH JKyiHeciHe HeTi3/IeNITeH allIbIHFBl KaTapiibl FBUIBIMIBI KQXKETCIHETIH reoakmnapaTThlK TeXHOJOTHIapMEH
TBHIFBI3 OaiitaHpIcTBl OonyblHIa. OCBIFAaH opal, Makanaja KeH OpPBIHIAPBIH TalAayIblH TI'eOJOTHUIBIK-OHIIpicTiK
XKyle KYpBUIBIMBIHBIH KaJIbl KaFMIATTAphl MCH MYHail KEH OpBIHIAPBIH 93ipiieyni peTTey KapacThIpbuirad. Mace-
JIeH, KOMHAYKATTHIH €CENTiK MOJETIH HeTi3[ey; MyHail KeH OpBIHIApHl TeOJNOTHSCHIHBIH HETi3Jepi; OHIMAlI KoHHaY-
KATTapblH KOJUICKTOPJIBIK CHIIATTAMACBIH 3€pPTTEY CalaChIHAAFBl FBUIBIMU-3EPTTCY MEH JKOOAIBIK )KYMBIC HOTH-
JKeJepi; TeOJOTHIIBIK-TeXHUKAIBIK, IIapajiap THIMAUITIH Tangay, KeMipcyTeK KOpJIapblH OHAIpYIi Taiaay; y3iiccis
TeOJIOTHSJIBIK OHAIPICTIK IPOLECTEPAl Maiiianany MeH KYpy KOJIaHbUIIbL.

ToxipuOenik maligamaHyAbIH HETI3ri MakcaThl — OHAIPUIETIH MYHal KOpPBIHBIH OHTAWIIBI KOJEMiH HeTi3iey
KOHE OHIPY, KOJUICKTOPbI THIMI yKo0alayMeH KaMTaMachl3 €Ty, COHBIMEH KaTap KOJUICKTOP PEeXKUMIH Herizaeyre,
OHIIIPICTIK OOBEKTIIEPAl aHBIKTaY MEH KE€H OpHBIHAAFBl MYHAH OHIIPYAl JaMBITYIBIH OOJaIIaFblH OarajayFa JKeTKi-
JIKTI JK00ANBIK aJaHJapAblH OHIIPICTIK MYMKIHIIKTEpI MEH OJapAbIH TeOJOTHIBIK-TEO(PH3NKAIBIK CHIIATTaMACHI
KeHIHIE TikeNel nepektep aimy. OHTaIbl peKUM OOJIBIT CaHATATBIHBI — IIBIFEIMHBIH TOMEHICYiHE KATBICThl HAKThI
afKpIHAAIFaH YpIicci3 TeHIeH YaKbIT apaJIbIFbIHA KUHAJFaH €H KOIl MyHail eHIIpyAi KaMTaMachl3 eTeTiH PEXHUM.
YKanmer ToxipuOenik maiaanaHy MiHAETTEpiH OPBIHAAY YIIiH, ASJTipeK alTaThH OoJIcaK, YHFBIMANAPIBIH OHIIPICTIK
MYMKIiHZIKTepi (KOMHAyKaT KbBICBIMBIH, KaJIbIHA KNIy YaKbITBIH, KaHBIFYy KBICBIMBIH, KOHHAYKaTTbl OHTANIIbI
maiianany el aHBIKTay MEH KOHHAayKaT JKYHeCiHIH CepIiMJi SHEPTHACHIHBIH dJICYCeTiH Oaranay) MEH OHIMIIi TOpH-
30HTTBIH re0(pU3UKAJIBIK CUIIATTAMACKHIH aJIJIaFbl YaKbITTa 3epTTEY MaKCaThIH/A 3epTTey OaraapiaMachiH TOJIBIFBIMEH
JKY3ere achIpy YIIIiH TXKIpHOEiK-oHIIPiCTIK MaiiIanany IeIH Mep3iMi 2 KbUT 00BN KaOBIIIaHFaH.

Bepinren moceneHi menryiH 0acThl ofici opTa I0pa M9yipi Ke3eHiHIH OHIM/II TOPU30HTTAPBIHIA TOXKIPHOETiK-
OHJIIPICTIK MaiianaHyapl XeTUIIIPY MaKcaThIHAA aTalIMbIII Maceliere MaKCaTThl OaFbITTaFaH JKOHE YHBIMIACTHI-
PBUTFAaH MOJETBICY SIICi peTiHIe KapayFa MYMKIHAIK OepeTiH Te0IOTHIIBIK YIIriHI Herizaey Ooubin caHanaabl. Koii-
HayKarT oHe OeTki QronaTepaiH (U3NKO-XUMIBUTBIK KaCHETTepi MEH MYHall KOPHI TalIaHABL. 3epTTeyIep Cy3riiey-
IIiH OpHBIKKAH PEXHMIHIE XYPTi3UIiN, KOHHAYKATTHIH HETi3Ti CY3Tijiey CHIIATTAMACBIH, JKYWEHIH 3HEPTeTHKAIBIK
KYHi MEH OHBIH YaKbIT apalibIFBIHIAFb] ©3repicTep CHIAaTTaMachlH Iy MAKCAaThIHAA KBICHIMABI KaJlblHA KENATIpyIiH
KHUCBIFBI TYCipinmi. bapibik 3epTreynep Typil pekuMIe epKiH aFbIMIa, APOCCENbIepl ©3TepTUIN TYpraH KYHiHJe
JKYMBIC aTKapFaH YHFbIManapjaa Kypri3unmi. bypikkimrepai 3epTrey AepekTepiH eHIey apHaitbl PanSystem Oarmap-
JIaMaJIbIK, ©HIMIH KOJITaHY apKbIJIbl XKY3€re achIpbULIBL.

Beiictanmonap KpICBIMIBI Taliay HOTIDKENEpl anmblHABL. TokipuOeNiK MaimamaHyAblH Mep3iMi MEH MyHait
OHJIIpY KeJIeMi, opTalla TOYJIKTIK ipikTey Herizzemeci Oepinai, kaOAbIKTay KoHE OHIIPY TEXHOJIOTHSACHIHBIH, Oyp-
FbUIAy MEH YHFbIManap[sl Mrepy Moceiernepi KapacTelpbuiipl. KeH OpHBIH a3ipieyai, YHFbIMajlap MEH YHFbIMa
XKaOIBIKTapbIHBIH Al 1a/laHbLUTYBI )KOHE KYHiH OaKpuIay OOMBIHINA apanap YHBIMIACTHIPY YCHIHBUIBII KaThIP.

Tyiiin ce31ep: reoJOrHsIIBIK NpoLecTep, KYpAedi KYpbUIbIM, JTUHAMHUKA OOJDKaMBbl, 93ipiey Ypaici, eHaipymi
YHFBIMAnap.
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ATsIpayckuii yHEBepcUTeT He()TH 1 Ta3za, ATeIpay, Pecryonuka Kazaxcras.

MATEMATHYECKASI MOJEJb OBOCHOBAHUSA I'EOQJIOT O-ITPOMBICJIOBOM CTPYKTYPBI
JUUIS TIPOBEJEHUS ITIPOBHOM SKCILTYATAIIMM IO AIITCKOMY M CPEJTHEIOPCKUM
MNMPOAYKTHUBHBIM I'OPU3OHTAM MECTOPOXKJIEHUA «KAHATAJIAII»

AHHoTanusi. MHOroo0pasue reoIOTHIECKHX OOBEKTOB M METOJOB HX HM3YYEHHS INPUBOJUT K TOMY, UYTO
PE3YNbTAaT T'eOJIOTHYECKUX HCCICIOBAHMN OYEHb Pa3sHOPOJCH IO XapakTepy MH(OPMAIIMHU: CIOBECHBIH, rpadudec-
Kku#, mudposoil. HemocTymHOCTS reoslornueckux 0OBEKTOB AJISI HEMOCPEACTBEHHOTO HAOMIONCHUS SIBISCTCS MIPUYIH--
HOH TOTO, YTO TEOJOTHS KaK TEOpeTHYecKasl AMCHUILIMHA PAa3BHBANACh B YCIOBUSIX MPAKTHYECKU MOIHOTO OTCYT-
CTBHS 3KCIIEPUMEHTAIBHBIX JaHHBIX W JOJITHE TOJBl CUYMTANACh YHCTO OMHUCATEIBHOW HayKOH. AKTYaJbHOCTH IIOC-
TaBJICHHOW B CTaTbe MpoOIeMbl 00YCIIOBICHA TEM, YTO B MOCIJIEIHEE JECATHICTHE HAYIHO-TEXHUYECKHH IPOTpecc B
obnacTu reosloTHH HEe(TSIHBIX MECTOPOXKICHUH OBII TECHO CBA3aH C HCIOJIB30BAHHEM IIEPEAOBBIX HAYKOEMKHX
reorH(pOPMAIIMOHHBIX TEXHOJIOTHI, OCHOBAHHBIX HAa COBPEMEHHBIX CHCTEMaX YIpaBJICHHs 0a3aMu JaHHBIX. B cBs3m
C 3TUM B CTaTb€ PACCMOTPEHBI OOIIME NMPHUHIMIIBI MOCTPOSHHUS CHCTEM TI'e0JIOTO-NPOMBIIIICHHOTO aHalIn3a MECTO-
POXICHUI M PErylupoBaHUs pa3paboTKH HE(PTIHBIX MECTOPOXKICHHH. B kauecTBe mpuMepoB HCHONB30BAIHCH!
000CHOBaHHE pPAcUETHBIX MOJENEH IUIACTa; OCHOBBI T'€OJIOTHH HE(TSIHBIX MECTOPOKACHHH; Pe3ylbTaThl HAyYHO-
HCCIIEOBATEIbCKUX M TIPOCKTHBIX pabOT B 00JacTH HM3YyYCHMS KOJUICKTOPCKHX XapaKTEPHCTHK INPOAYKTHBHBIX
IUIACTOB; aHATH3 3(P(PEKTHBHOCTH TEOJOrO-TEXHMYECKHX MEPOIPUSATHH, aHANIN3 W3BJICUCHUS 3aIllacoB YTIJIEBOJO-
POZIOB; CO3/IaHNE M 3KCILTyaTallys IIOCTOSHHO JIEHCTBYIOMINX T€0JOTHYECKIX MPOM3BOACTBEHHBIX MPOLIECCOB.

OCHOBHas 11T ONBITHON AKCIUTyaTallud — MOJIy4eHHEe MpsSMON MH(OPMALMH O MPOU3BOJCTBECHHBIX BO3MOXK-
HOCTSIX TIPOCKTHBIX IJIOIIAI0K M UX T'€0JI0r0-TeoU3NIECKUX XapaKTEPUCTHK, JOCTAaTOUYHOH UI1 000CHOBaHHMS OINTH-
MaJIbHOTO KOJINYECTBA U3BJICKACMBbIX 3aracoB HepTH u obecriedeHns d3PEKTUBHOTO MPOSKTHPOBAHMUS KOJIIIEKTOpa
J00BIYH, a TaKXKe 000CHOBaHKE KOJJIEKTOpA PEXKHM, OIIPEACICHIE MPOU3BOICTBEHHBIX OOBEKTOB M OLICHKA MEPCIIEK-
TUB Pa3BUTHUS JOOBIYM HEPTH Ha MECTOPOXICHUH. ONTHMANTBEHBIM CUHTACTCSI PEXKHM, 00ECIIeUNBAIOIINA HanOOIb-
LIYI0 HAaKOIUICHHYIO J100BbIYy HE(TH 3a paBHbBIM MPOMEXKYTOK BpEeMEHH Oe3 YeTKO BBIPQKEHHOM TEHICHIMH K
CHIDKCHHIO JIeOnTa. B 1meiom 11 BBIMOJTHEHUs 3a1a4 ONBITHOM AKCILTyaTaly, & MIMEHHO JJISI TIOJHOW peali3aliu
MIPOrpaMMBbl UCCIIEJOBAHHH € IEbI0 JaIbHEHIIEro U3y4eHHs Te0JI0r0-(PpU3nIecKux XapakKTepHCTHK MPOTYKTUBHBIX
TOPU30HTOB M TMPOU3BOJICTBEHHBIX BO3MOXKHOCTEH CKBAXXMH (OIpEEIEeHNE TIACTOBBIX JaBJICHNH, BpEMEHH BOCCTA-
HOBJICHUS, JaBJIEHHE HACBHIIICHUS, ONTHMAJIbHAs SKCIUIyaTalls IUlacTa M OLEHKa MOTEHIHWala YIPYroil SHepruu
IUIACTOBOM CHCTEMBI) CPOK ONIBITHO-TIPOMBIIUICHHON 3KCILTyaTalluy MPUHAT 2 TO/a.

BenymuM mMeTooM pemeHus JaHHOH Mpo0iIeMBl sIBISIETCs] 000CHOBaHHME T€0JI0THIECKONH MOJIEINH, TI03BOJISIO-
el paccMaTpuBaTh JaHHYIO NMPOOJIEMy Kak IeJICHAIPaBICHHBIH W OpraHM30BaHHBIA METOJ MOJEIUPOBAHUS IS
COBEpIICHCTBOBAHUS MPOBEACHUS OIBITHO-IIPOMBIIUICHHONW 3KCIUTyaTallii B IIPOXYKTUBHBIX TOPU30HTaX CpeIHei
1opbl. [Ipoanann3npoBanbl GpHU3NKO-XMMHUECKHE CBOWCTBA MJIACTOBBIX M IIOBEPXHOCTHBIX (DIIIOWIOB, 3aI1achl HEPTH.
HccnenoBanus IpOBOIMINCE B YCTAHOBUBIIEMCS peXXUMe (DUIIBTPAIN — CHITHE KPHBOI BOCCTAHOBIICHUS JTaBIICHHS
JUISl TIOJTydEHUS] OCHOBHBIX (DMIIBTPAIIMOHHBIX XapaKTEPUCTHUK IIACTA, FHEPreTHUECKOTO COCTOSHUS CHCTEMBI U €TO
N3MEHEHHH BO BpeMeHH. Bce mcceoBanus MpOBOIIIINCE B CKBRKWHAX, PAOOTAIONIMX TAKUM 00pa3oM, cBOOOTHEIN
MIOTOK TIPH PA3IMYHBIX PEeXMMax, ¢ M3MEHeHneM japoccerneid. OOpaboTKa JaHHBIX HCCIIE0BaHUH (OPCYHOK MPOBO-
JIUIIACh C MOMOIIBIO CIIENUAIN3UPOBAHHOIO IPOrpaMMHOro npoaykra PanSystem.

[Tomy4deHs! pe3ysnbTaThl aHAJIM3a HECTALMOHAPHOTO JaBieHus. OOOCHOBAHBI CPOKHM ONBITHON SKCIUTyaTallud U
00beMBI J0ObIYN HE(PTH, CPEAHECYTOUHBIX OTOOPOB, PACCMOTPEHBI BOIIPOCHI 000PYJOBAaHHS U TEXHOJIOTHH JOOBIUH,
OypeHHsI 1 OCBOEHUSI CKBXMH. PEKOMEHAYIOTCS MEPONIPHUATHS 110 MOHUTOPHHTY pa3pabOTKH MECTOPOXKIEHHMS, COC-
TOSIHUSI M OKCIUTyaTallil CKBRKUH U CKBXKMHHOTO 000PY/IOBaHUS.

KaioueBble cj10Ba: Te0IOrHUECKHE MTPOIECCHI, CI0XKHOE CTPOEHHE, MPOTHO3 JHHAMHKH, IIPOLecC pa3paboTKy,
JIOOBIBAOIINE CKBAYKHHBI.
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RELIABILITY CRITERION AND A MODEL
FOR DETERMINING THE OPTIMAL SPEED OF MOVEMENT
ON AUTOMOBILE ROADS IN WINTER SLIDING CONDITIONS

Abstract. The article presents a model for establishing the optimal speed of movement on highways, taking into
account the determination of the braking distance in winter slippery conditions. According to the research results, it
was established that the main criterion for the formation of road accidents on highways in winter slippery conditions
is the drivers' underestimation of the adhesion qualities of road surfaces.

The main criterion of the model under consideration is the interaction of the car wheel (braking distance) with
the road (adhesion coefficient) and is a complex that characterizes the stability of the car rolling over on slippery
surfaces and the driver's actions in making an effective decision and the duration of the reaction time. In the proposed
mathematical model, the accident rate on a slippery road is estimated by the coefficient of adhesion of icy road
surfaces, the value of the load or the average wheel pressure. Also, the frequency of load application, the amount of
deflection of the coating (at an air temperature above +20 ° C), rolling resistance, the coefficient of adhesion of the
car wheel to the coating. One of the main characteristics of the model is a subsystem - the average pressure p=Q /S
(S is the area of the imprint of the wheel, cm?), etc. Thus, in the process of analyzing the results of the causes of road
traffic accidents, the factors of the driver's reliability and the decisions made will be taken into account, which
depend on the speed of vehicles in any condition of the road surface.

Key words: icy road surface, coefficient of adhesion, road traffic accident (RTA), reliability criteria, braking
distance.

Introduction. One of the critical periods for choosing the optimal speed on highways is winter,
especially when the friction coefficient drops below 0.3. With such values, the choice of means of dealing
with ice or other types of slipperiness is not always effective. Under such conditions, road and municipal
services, in agreement with the Road Patrol Bodies, are often forced to limit the speed of vehicles to a
critical level, i.e. up to 40 km / h and below. In this case, drivers select a driving mode based on an
analysis of information on road conditions. The safe speed in this section, depending on the conditions
(geometric parameters of the road, means of regulation, traffic intensity, roadside space), during the
movement varies within wide limits. The reliability of the driver's work and his efficiency can be
maintained at the required level only if the volume of incoming information, i.e. the level of slipperiness is
within optimal limits. Thus, the level of information determines the emotional state of drivers, on which
traffic safety depends. From the data obtained by the researchers [1], it follows that about 80% of road
accidents occur due to the emotional instability of drivers (intense excitement, irritation, anger), leading to
errors.
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Based on the foregoing, driving a modern car makes high demands on the psyche of the driver. In
such cases, the driver is required to be objective in order to quickly perceive road conditions, evaluate and
react to their changes and perform all the actions necessary to drive a car [2-4].

Traffic safety on the roads depends on the trouble-free operation of all links of the "driver - car - road
- environment" complex (VADS). The reliability of the operation of this complex must be ensured, on the
one hand, by the technical reliability of the vehicle, the technical perfection of the road, and, on the other,
by the reliability of the driver's actions in various road traffic situations. The reliability of the driver as an
operator of the VADS system, which depends on the amount of information load, changes during the
working day not only from the increase in fatigue, but also under the influence of road conditions and the
situation [2,4-6].

There are three main groups of factors that determine the reliability of the driver at high speed on
slippery surfaces.

Reliability factor1
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Figure 1 — Driver reliability factors at high-speed driving mode

The interaction of the car and the road is a complex, the analysis of which allows one to assess the
stability of the car, the influence of the external environment on driving conditions and mechanical effects
on road clothes. The accident rate on a slippery road is estimated by the coefficient of adhesion of icy road
surfaces, the value of the load or the average pressure over the area of the wheel imprint. p; load
application frequency; deflection (deformation) of the coating I; rolling resistance f; Coated wheel grip ¢.
One of the main characteristics of the interaction of the subsystem is the average pressure p=Q/S, where S
— wheel footprint area, sm? etc.

Distinguish between the area of the imprint of the wheel along the contour in the form of an ellipse
and along the tread protrusions. When determining average pressure, it is common to take into account the
area of the indentation over the tread ridges. In calculations p=K,pp, when calculating p the area of the
print is conventionally taken as a circle with a diameter D, equal to the area of the ellipse.

Figure 2 presented a model for determining the length of the stopping distance of vehicles depending
on the condition of the coatings using the theoretical foundations given in the sources [7-10].
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In the proposed model (figure 2) for different types of surfaces, the values of the rolling resistance
coefficients will have different values, which significantly affects the rollover of the car. For example, for
rolled snow of the shoulder, the rolling resistance coefficient is f,=0,06-0,1. In this case F,>F;, where F, -
sliding force with a reinforced shoulder and F; — with asphalt concrete pavements.

F2=0-(p2+1,)12, (1)

So the total slip resistance is:
F=0(p1+p,+1,)I2. 2
If the car moved off with two wheels on a snow-covered roadside and the driver did not have time to
brake, in this case, the cause of overturning will not be the difference in adhesion coefficients, but the
difference in the rolling resistance coefficients of the coating and the snow-covered shoulder. Since the
rolling resistance coefficient of asphalt concrete pavements (0.01-0.02) is 3-10 times less than the rolling
resistance coefficient of a snow-covered shoulder (0.06-0.1). Here the total rolling resistance will be equal to:
F=Fi+F= O-(fi+f)/2. ®)
The results of calculations to determine the forces acting on the wheels of a car under various
conditions of road surfaces are given in table 1. Based on the calculation and field measurements, the
relationship between the coefficient of adhesion (slipperiness) and the length of the stopping distance was
established (figure 3).

Table 1 — Calculation results

Adhesion coefficient Rolling resistance coefficient Forces g;ftt'ﬁg g;vttg wheels

V. kmih on the cover si%&ti?]ees on the cover on the sidelines Fi F, F
0,1 0,2 0,02 0,06 1160 1520 2680
20 0,3 0,4 0,06 0,12 1910 2292 4202
0,7 0,5 0,10 0,18 2600 2780 5380
0,1 0,2 0,02 0,06 1012 1190 2202
50 0,3 0,4 0,06 0,12 1476 1650 3126
0,7 0,5 0,10 0,18 2100 2270 4370
0,1 0,2 0,02 0,06 675 765 1440
80 0,3 0,4 0,06 0,12 1347 2100 3447
0,7 0,5 0,10 0,18 1700 2460 4160

The results of the above calculations show the following: the value of the coefficient of adhesion

directly depends on the speed of movement of vehicles and the length of the braking distance. For
example, when the speed of a car is equal to V,=80 km/h and braking distance L,,,=40 m, adhesion
coefficient take value ¢=0,4. This value of the adhesion coefficient for a commercial vehicle corresponds

to V.,=60 km/h and braking distance L,,,=42 m.
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Figure 3 — The relationship between the coefficient of adhesion and the length
of the braking distance of the vehicle at different speeds
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Consider another example on this nomogram, where at the speed of a car 60, 80, 100 km/h and the
value of the adhesion coefficient, which is also ¢ = 0.4, the braking distance corresponds to different
braking distances: 29 m, 40 m u 46 m respectively. However, in places where an accident occurs, traffic
police officers do not often pay the necessary attention to such details. In the places of the accident, they
first measure the length of the stopping distance, then estimate, i.e. determine the value of the speed of
movement. Indeed, at the same time, they did not take into account one of the main indicators affecting the
length of the braking distance, these are: the total weight of the car, the type of cargo, the drag coefficient
and the elasticity of the rubber of the car wheel.

Summary. Thus, the main criterion for the formation of road accidents is the drivers' underestimation
of the adhesion qualities of road surfaces. This primarily occurs during winter slipperiness. In addition,
when accounting for road accidents in places of their commission, employees of the Traffic Police often
make mistakes in determining the reasons for their commission.

For example, when the road is slippery, the employees of the Traffic Police in the accident card mark
them as "ice", but in fact slipperiness is classified into several types: loose (dry, wet, wet) snow, snow roll,
glassy ice, etc. ... The values of adhesion coefficients for different types of slipperiness are different and
the length of the braking distance depends on this indicator, which is absent in the accident protocols. In
addition, it should be noted that even a high reaction of the driver does not allow shortening the braking
distance with a low coefficient of adhesion of the coating.

JI. E. Ecenraii’, A. K. Knsini6aes’, C. H. Kusi6aii', H. B. Bopncmlc2

1 .
JI. b. l'onuapoB ateiHgarsl Kasak aBTOMOOMIIb-2K0I HHCTUTYThI, AnMaThl, Ka3akcTas;
2M90Key aBTOMOOMIIb-XKOJ MEMJICKETTIK TeXHHUKAJBIK YHIBEepcuTeTi, Mackey, Peceit

BEPIKTIK KAFUJIACBI )KOHE KBICKBI TAWFAK KAFJAWBIHIA ABTOMOBWJIb
JKOJITIAPBIHIAFBI OHTAMJIBI JKBLIJAM/IBIKTBI KABBLIJAY YJTICI

AHHOTanusi. Makayiaza KbICKbI TaifFak Ke3iHIEri aBTOMOOWIIBIIH TEXEY >KOJIBIHBIH Y3aKThIFbIHA KATHICTHI
OHTAMIIBI KBUIIAMIBIFBIH aHBIKTAY YJTiCI KenTipinreH. 3eprrey HoTmkenepi Ooiibiama JKKO TybIHIayBIHBIH HET13Ti
KaFUJIaapbl, SSFHU alaTThIK XKaFrdaid KeJTiK JKYpri3yIIiciHiH oIl OeTiHe TYCKeH TYPIi TalFak TypiHe ThicTi Oara Gepe
aJIMaTBIH/IBIFBI aHBIKTAJIIBI.

byrinne KazakcTaHHBIH aBTOMOOWIIb JKOJNAAPBIHIAA TYBIHJAIN, KBICKBI TalFaKTarbl JKOJ-KONIK OKWFalapblH
(°KKO) capasay MeH TipKey aBTOXKOJI CajlaChIHIA ©3€KTI Maceliere aiHamabl. OiTkeHi, Oy jkarmaiiia anar TybIH-
JlayblHa Kejeci eki (akTop Tikeleit acep eTeli: KoK KypajlapblHbIH TEKey KOJBIHBIH ACHIeill MEH JKYpri3ylIiHiH
aTajJFaH yakpITTa KypJesi NCcMx0o(pU3MOIOTHSUIBIK KbICBIMFA TyCyi. AJiaiijia JKOJI ararhl OpbIH allFaH TeJiMJIeri anar-
TBHIK XaTTama TOJTHIPY COTIHE JKOFaphila aTaifaH eki (JakTop ecCKepiiMel Kajasl 1a, almaTThiH Herisri ceOemnkepi
KYPrizymri OOJBIT Kalaibl.

KapacThIpsIIbIll OTBIpFaH MaTEMaTHKAIBIK YIITie aBTOMOOWIb (TEKey >KOJNBIHBIH Y3BIHIBIFEI) MEH KOJ (UTiHIC
k03 QUIMEeHTIHIH JeHTeii) HeTi3rl KaFuaa OB KaObIIIaHAbl JXKOHE OJlap TalFakK >KOJ KaMBUIFBICBIHIAFBI aBTOMO-
OWIBJIH ayIapbUIBIl KeTyiHe Texkey OOdybl )KoHe JKYPTi3yLIiHIH OpeKeT €Ty YaKbIT IIaMachIHIarbl OHTAIIBl HIapa
KaOBUIIAybl apKBUIBI CHIATTANATEIH ©Te Kyp/eli mporectepai Outnipeni. Ocbuiaiiia MaTeMaTHKAJIBIK YIITie TalFak
JKOJIJIAFBI araTKa colikec 1iHic ko3 GHUIHeHTIMEH, OlIIKKE TYCETiH )KYKTEMEMEH HEMece JIOHTEIICKTErl OpTa KbIChIM-
JIaFbl OHBIH JKaMBUIFBI i3iMeH aHbIKTanaabl. CoJ CHUSKTBI OYJI Mpollecc >KaMBUIFBIHBIH CEpIIic MOIYTiMeH (aya
Temieparypacbiibi +20 °C-TaH Karapbl Ke3iHe), TepOesticke KapchUIblK KOd()QUIMEHTIMEH, KO MEH JOHIENIEK
apacelHIAFbl UTiHIC Kod(¢uIueHTiMeH ne cumarTanaabl. Ochl apaiblK KyHene AeHredeK immiHieri aya KbICHIMBI
p=Q/S epHeri apkbuIBI ecenTeeni (MyHIarsl S — JOHreNIeK TaOaHBIHBIH XKO0JI OeTiHE TYCKEH i3iHiH aylaHbl, CMZ) JKOHE
1.6. Ceiirim, xon Termiminae opbiH anran JKKO-HbIH cebenTepiH aHbIKTay[a Ke3 KeJIreH KYHIe )KaMbUIFbl OeTiHeri
JKYPTi3yLIiHIH JaHbIHIBIFE MCH KaOBUITAHFAH MICIIIMI €CETKe aJIbIHAIBI.

Amar jgeHreii, )KOFapblia KOpCETITeHACH, KbICKBI TalfFaK >KOJ KaMBUIFBIAAFBI 1UTiHIC K03 duIueHTIMEH Oara-
JIaHA/Ibl )KOH COHBIMEH Karap, OUIIKKe TYCeTiH XYKTeMEMEH HeMece NOHIeNIeK KbICBIMBIMEH p, KO3FaJIbIC Ke3iHze
KYKTEMEHIH 9cep €Ty JKHUTIriMEeH, KON TOCEMiHiH CepmiMIiTIK MOIyIiMEeH, TeHCemicke Kapchl Typy f xxoHe imiHic
k03 QUIHEHTTEpIMEH ¢ alKBIHAATA B,

Makanaja YChIHBIIBIT OTHIPFAaH MaTeMaTHKAJIBIK aJITOPUTM HETi3iHJe aHBIKTAJIFaH HOTHXKENep LIiHIC kod(hdu-
IUEHTI MEH TEXEy JXOJBIHBIH Y3bIHABIFBl apachIHIAFbl KATBIHACTHI KON JKaMBUIFBIIAPBIHBIH KBICKBI TaWFak Kyiii
HETi31HeTi )KbUIIaMIBIK IIIaMachlHa opail aHbIKTayFa MyYMKiHmiK Oepzi. Ocwiran opai, aBropiap JKKO capanay meH
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TipKey Ke3iHJe )KOFapblia aTajFaH KepCeTKILITep MIHACTTI TYpJe eCKepilyl THIC eKeHAIrH YChIHaIbI, ce0ebi omapra
KaTbICTBI allaTThIH CaHbl MEH ayBIPTHAJBIFEI OenriseHeni. MbIcanbl, XXEHUT KK YIIiH XKbuaamasirsl V,=80 kw/cae.
JicoHe medicey HCOMbIHbIY Y3blHObI2bL L, ;=40 m 6onamovin scagdaiioazel H#eon HCAMbLIZbICHIHbIY LIIHIC KOIDduyuenmi
©=0,4, an ZKKO myvinoayvina kameicmol mayexendix deneeii C,=3 bonaowl (inminic xo3ddunuenti ¢p=0,79 xarnaitna
C,=1). XKyK KemiriHiH *KbIIIaMIbIFBI V,,=60 KM/caFat )oHe Texey KONBIHBIH Y3bIHIBIFHI L, ,=42 m xaFnaiina inixic
camachl MEH TOyeKeNIiK K03 UIIMEHT] )KeHIJT aBTOMOOMIIBIET] JKaFfaiira TeH Ooabl.

Tyilin ce3mep: CHIpFaK JXOII XaMBUIFBICHI, UTiHIC Ko3(dummenti, xon-kemik okuramapbl (JKKO), Oepikrik
Karuaaapbl, TEKeY KOJBIHBIH Y3bIH/IbIFbL.

. E. Ecenraii’, A. K. KmmﬁaeBl, C. H. Kusi6aii', H. B. EOpI/ICIOKZ

'Kazaxcxuit ABTOMOOWIILHO-OPOXKHBIH HHCTUTYT UM. JI. Bb. T'oHuapoBa, Anmater, Kazaxcran;
Mo CKOBCKHIA aBTOMOOMIILHO-TOPOKHBIH ['0cynapcTBeHHBII
Texanueckuit Yausepcuret (MA/JIN), Mocksa, Poccus

KPUTEPU HAJIEXKHOCTH Y MOJEJIb ONIPEJEJEHUS ONTUMAJBHOM CKOPOCTH
JABUKEHUA HA ABTOMOBMJIBHBIX TOPOT'AX B YCJIOBUAX 3UMHEU CKOJIB3KOCTH

AHHoTanus. B Hacrosimee BpeMs Ha aBTOMOOWIBHBIX Joporax KaszaxcraHa BO3HHKAIOT MIPOOIEMBI, CBI3aHHbIE
C Y4eTOM JOpOXXHO-TpaHCTIOPTHBIX npoucinecTsuit (A TIT) Ha MOKPHITHAX ¢ 3UMHEH CKOJB3KOCThIO. B Takmx ciydasx
Ha ypOBEHb aBAPUWHOCTH BIMSIOT ABa (pAKTOpaA: YUIMHEHHE TOPMO3HOTO ITyTH TPAHCIIOPTHBIX CPEACTB W IOBBIIIE-
HHE NICUXO(pHU3HOJIOTHYECKOT0 HaNpshKeHUs: BoanuTesst. OJHAKO MMPU CYHIECTBYIOIMX METO/aX 3alOJHEHHUS IPOTOKO-
JIOB Ha MECTE MPOUCIIECTBHUS 3TH J1Ba (PaKTOpa NPAKTHYECKH HE YUUTHIBAIOTCS, IIOATOMY IJIaBHBIM OOBEKTOM MPHYH-
sel JITII ocTaercs Boaurenp.

B crarbe npuBezeHa MO/ieNb YCTAHOBICHUS ONITUMAIBHONW CKOPOCTHU JIBHKEHHS Ha aBTOMOOWIIBHBIX J0pOrax ¢
yUeTOM OIpeeNIeHHs ATUHBI TOPMO3HOW IyTH B YCJIOBHUAX 3MMHEH ckoib3KocTH. Ilo pesynpratam uccienoBaHUR
YCTaHOBJICHO, YTO IJIaBHBIM KpuTepueM oOpasoBanust J[TII Ha aBTOMOOWIBHBIX IOpOTaXx B YCJIOBHSIX 3UMHEH
CKOJIB3KOCTH SBJISIETCS HEJOOLIEHKA BOAUTENISAMH CLIETHOIO Ka4eCTBA JOPOKHBIX MOKPBITHIL.

[MaBHBEIM KpHUTEpHEM paccCMaTpHBACMOM MOIENM SIBISETCS B3aUMOJICHCTBHE Koyieca aBTOMOOWIS ([UTMHA
TOPMO3HOTO IYTH) € ZOPOToii (K03(h(HPUINEHTOM CHETIIIEHUs) ¥ ITPEACTaBISIET COOOH CIIOKHBIN KOMIUIEKC, XapaKTepH-
3YIOIIMHCS yCTOHYMBOCTBIO ABTOMOOMIISI ONPOKHIIBIBAHWIO HA CKOJIB3KOM ITOKPBITHH, M AEHCTBUSAM BOIMTEINS B
IpUHATHHA 3()(PEKTUBHOTO PEIIeHUS M MPOAODKUTEIBHOCTH BPEMEHH peakiuu. B mpemaraemoii MaTteMaTHuecKoi
MOJIEI YPOBEHb AaBapUHHOCTH Ha CKOJB3KOH JOpOre OIEHMBAeTCS KO3(PPHUIMEHTOM CIEMIeHHUs OJIeIeHEIBIX
JIOPOXHBIX TOKPBITHH, BEIMYMHON HArpy3KM WIM CPEeJHHM JaBI€HHEM Kojeca. TakKe 4YacTOTOM MNPHIIOKEHUS
HArpy3Kku, BeJMYUHON nporuba HoKpbITUs (pu Temmeparype Bosayxa Bbimie +20 °C), CONPOTUBIEHHEM KAaueHHIO,
KOO GUIMEHTOM CLEIUIeHHs Kojieca aBTOMOOWNs ¢ MoKpbiTHeM. OJIHOW W3 OCHOBHBIX XapaKTEPUCTHUK MOJENIH
NPUHSTA [OACHCTEMA — cpeHee gaBieHne p=Q/S (S — miomazs oTneyarku komeca, cM’) i T.a. Takum oGpasoM, B
mpoliecce aHajau3a pe3ynbTaroB npuuuH obpazoBanus [ITII OyayT yureHbl (QakTopbhl HAJEKHOCTH BOJUTENS H
MIPUHSTHIX PEHICHHUH, 3aBHUCSIIUE OT CKOPOCTH ABHXEHHS TPAHCIIOPTHBIX CPEJICTB IPH JIFOOOM COCTOSIHUH JOPOKHOTO
HMOKPBITHSI.

YpoBeHb aBapUHHOCTH Ha CKOJIB3KOH JIOpore OleHMBAaeTCsl KOA(Q(UIMEHTOM CIEIUIEHHUS OJICICHENbIX TOPOXK-
HBIX TOKPBITHH, BEIWYMHOM HArpy3Kd WU CPEIHUM JaBIE€HUEM IO IUIOLIaJU OTHeuyaTka Kojleca p, 4acTOTOH
NPUIOKEHHUS HArpy3KH, nporubom (nedopmaimein) MOKPBITHS, CONPOTHBICHUEM KaveHHUIo f, cuemeHuem koneca ¢
nokpeiTieM ¢. OZIHA U3 OCHOBHBIX XapaKTePUCTHK B3aUMOJCHCTBHUS MOJACUCTEMBI — cpeiHee aaBnenue P=Q/S, roe S
— IIOmAh OTIIEYaTKA KOJeca, CM” ¥ T.IL.

B crarpe Tarxke MpHUBEAEHBI PE3yNbTaThl PaCUeTOB, ONpEAe/ICHHbIE Ha OCHOBE MPIJIaraeMoi MOJENH U HOoIyde-
Ha TpsMas 3aBUCHMOCTh MeXIy KOI(D(MUIMEHTOM CHEIUIEHHS W JJIMHON TOPMO3HOTO IIyTH ABTOMOOWIIS TIPH
JIBIDKEHUH TPAHCIIOPTHBIX CPE/ICTB, MIPH PA3NUIHBIX CKOPOCTSX ABMKEHHUSI. TakuM 00pa3oM, aBTOpaMH Mpe IaraeTcst
npu a”anuse JTII yuecTs BbllIeNepeunCICHHBIE [T0OKA3aTeNN, OT KOTOPBIX 3aBUCUT UX YUCIO U TspkecTh. Hampumep,
IIPU CKOPOCTH JIBWYKEHHMS JIETKOBOTO aBTOMOOWIIs, paBHOH V,=80 xm/u v 1ymuHe TOpMO3HOH 1myTH L, ,=40 M, k03D dH-
LMEHT CLIENJIEHNs IPUMET 3HaueHue ¢=0,4, npu 3ToM cTeneHs pucka cosepiuenus JTII pasen C,=3 (npu ¢=0,79 —
crenenb pucka C,=1). D10 3HayeHne k0d3POUIMEHTA CIEIIEHHUS A IPy30BOTO aBTOMOOMIS COOTBETCTBYET NPH
V,=60 KM/u ¥ AnmHE TOPMO3HOrO MyTH L, ,=42 M, mpn 3TOM CTENEHb PUCKA OCTAETCA PABHBIM K JIEFTKOBOMY
apromobuo, T.e. C,=3.

KaioueBble cioBa: oOniesieHenoe JTOPOKHOE TOKPHITHE, KOX(PQUIMEHT CLENIeHNs, JOPOXKHO-TPAHCIIOPTHOE
npouctectBue (ATII), kpuTepun HaNEKHOCTH, JJTHHA TOPMO3ZHOTO ITYTH.
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DEVELOPMENT AND JUSTIFICATION OF A HYDRO-IMPULSE
METHOD FOR INCREASING ORE PERMEABILITY
IN CONDITIONS OF URANIUM BOREHOLE PRODUCTION

Abstract. The technology of downhole uranium production used at mining enterprises in Kazakhstan is
described, the factors affecting the decrease in the filtration characteristics of productive formations are studied in
detail, and an effective method is described for increasing the downhole uranium production. The applied methods of
intensification of downhole production at uranium mining enterprises are considered, the positive and negative
aspects of the electroplasma and chemical methods are discussed. Calculations of the working values of the hydro-
wave method of destruction of clogging formations in the well and the parameters of the solution supply during
repair and restoration work are presented. Based on the calculation of the operating parameters, a diagram of the
dependence of the operating cycle of the hydropercussion machine on the flow rate of the water supplied to the
machine is constructed. The developed 3D model of the hydropercussion apparatus for increasing the permeability of
the productive horizon is presented. The advantages of the use of the hydrodynamic method for restoring the
permeability of the productive horizon in the conditions of downhole uranium production in difficult mining and
geological conditions are disclosed. The optimal parameters for intensification of downhole uranium production in
difficult mining and geological conditions are recommended, and a method for using a hydropercussion apparatus in
combination with traditional methods of well regeneration is developed.

Key words: Borewell, filter, clogging, hydraulic impulse, hydraulic machine, shock body.

Introduction. The technology of downhole uranium mining provides for the dissolution of a useful
component at the location of the ore body, followed by the removal of the formed compounds by a moving
stream of solvent from the injection well to the extraction well [1,2]. The practice of operating systems of
geotechnical wells during the operation of uranium deposits by the method of underground drillhole
leaching of uranium (ISL) shows that over time there is a decrease in their productivity. One of the main
reasons for the decrease in the throughput of technological wells is an increase in hydraulic resistance and
a decrease in the filtration characteristics of the reservoir as a result of the formation of clogging, due to
the precipitation of substances dissolved in technological solutions, or mechanical movement of particles
of the ore-bearing horizon, as well as gas release. The experience of operating such wells at the enterprises
of the National Atomic Company (NAC) Kazatomprom JSC shows that the main reason for the decrease
in their productivity and resource is the clogging processes of the rocks in the near-filter zone (NFZ) of the
wells and the filters themselves.

Mechanical clogging is due to the overlap of the water intake openings of the filters with sand, clay,
gravel and the clogging of the pore channels of the formation with mechanical suspensions. Sand and clay
deposited in the well partially or completely overlap the filter. Also, clogging of the filter and the near-
filter zone of the formation with drilling fluids containing clay particles can be attributed to mechanical
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clogging. In this case, the swelling of clay material in the aquatic environment and a change in the
structure of the pore space of the formation [3].

Chemical, ion exchange and gas types of clogging are caused by a change in the chemical
composition of formation waters as a result of the influence of chemical materials used in ISL. The
presence of dissolved calcium, magnesium and iron cation exchangers in water and a violation of carbon
dioxide equilibrium leads to the formation of hardly soluble precipitates. Intensive precipitation of
carbonate sediments occurs in the filter zone, and with distance from them, the intensity of precipitation
decreases [4]. When leaching solutions interact with ore-bearing rocks in the liquid phase, there is an
accumulation (in addition to ore) of a number of elements that make up the main rock-forming minerals.
The amount and Kkinetics of the transition of these elements into productive solutions depends on the type
of leaching agent, its concentration, redox potential, temperature, solubility of rock-forming minerals, and
the size of the active surface of mineral particles, which largely determines the intensity of mass transfer
in the solution-rock system.

In most cases, sediments, clogging filters and near-filter zones of wells are multicomponent and can
simultaneously contain salts of iron, manganese and their hydroxides, calcium and magnesium carbonates,
silicic acid and sulfides, as well as sand and clay. They are deposited on the surface of the filters and in the
pores of the adjacent aquifers by gravity or adsorbed by surface tension forces. Over time, sludge is
dehydrated and compacted. Deposits have a loose-porous and conglomerate structure and at different
stages of formation and are characterized by different strength and activity to enter into a reaction. The
formation of conglomerate-like sediments is associated with the processes of chemical and mechanical
cementation adjacent to the filter of aquifers or gravel sprinkling with chemical deposits.

The main methods for restoring or increasing the permeability of bottomhole zone rocks during
recovery and restoration work (RRW) are physical, chemical and combined. When choosing the RRW
technology, one should proceed from the possibility of each method of declogging of filters and near-filter
areas of wells. Also, when choosing a workover method, it is necessary to take into account
hydrogeological conditions, drilling technology, well structure, filter and other characteristic factors of the
field.

Review of literary sources. To restore the flow rate of wells by destroying and dispersing clogging
deposits, which prevent the filtration of solutions in the reservoir in difficult mining and geological
conditions, electrohydrodynamic methods of well regeneration are widely used. Table 1 shows the main
methods used for the regeneration of wells in the conditions of ILS of uranium.

Table 1 — Applied RRW methods at uranium mining enterprises

The nature

of the impact Implementation method Main purpose

c . Removal of mud, mechanical suspended particles and impurities from
ompressor pumping

Hydrodynamic the bottomhole formation zone (BHZ)
Electroplasma Removal of fine dust particles and clay materials from the BHZ
. Sulfuric acid Dissolution of ferrous and aluminum chemical deposits
Chemical Clay-acid Dissolution of carbonate and silicon chemical and mechanical deposits

Removal of sand plugs from the columns and filter section of the well,
dissolution of chemical deposits, intensification by swabbing,
clarification of solutions by compressor pumping.

Reagent treatments with

Combined . )
mechanical action

Analysis of the effectiveness of the impact of the electrohydroimpact (EH) method on the bridging
deposits from the literature 5, 6, based on the creation of elastic resonant vibrations by electric discharges
affecting the reservoir. Multiple sequential impulse vibrations in a wide range of frequencies are designed
to destroy and disperse bridging formations and deep penetration and create new fractures in terigenic and
carbonate reservoirs of different porosity and permeability. Also, during EH - treatment of a well, a low-
frequency and ultra-low-frequency effect on the formation and its excitation at dominant frequencies at a
considerable distance from the well occurs, which increases the permeability of solutions in the rock. In an
electric explosion, a breakdown occurs between the electrode gap, in which the solution is located, with
the formation of a rupture channel, the pressure in the channel increases, which is accompanied by its
expansion. After the discharge stage, the channel turns into a gas bubble, which initially expands and then
contracts under the pressure of hydrostatic pressure, creating alternating fluid movements. The main
advantage of this method is that wells with filters made of almost any material, including asbestos-cement,
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nylon or vinyl plastic pipes, can be treated with EH-treatment. Processing filters made of various materials
requires changing the parameters of the power and pressure of the shock wave, its duration and the
number of pulses per 1 m of its length, which determine the efficiency of the electric shock treatment of
the filter. The pressure of the shock wave is mainly determined by the discharge voltage of the coaxial
cable and the discharge gap in the downhole discharge device, adjustable up to 80 MPa, with a frequency
of 1-10 Hz. The duration of the shock wave depends mainly on the capacity of the capacitor bank.
However, the increased requirements for safe work practices, due to high voltage, provide for special
training and additional equipment and devices, registration of work permits for maintenance personnel,
which reduces the productivity of work and reduces the productivity of the installation

In articles 7, 8, reagent methods for restoring the productivity of wells are presented, related to
chemical methods of regeneration. Reagent methods of stimulating the formation are based on the reaction
of aqueous solutions of acids with clogging formations, dissolution and removal of the reaction products
outside the well, usually by airlift pumping. The choice of the type and method of reagent regeneration
depends on many factors, which are determined by the composition and condition of the clogging
sediment, the design of the filter and its condition, the structure of the treated surface. Regardless of the
method of supply, hydrochloric acid HCI is widely used for well regeneration, effectively dissolving
ferrous (Fe,0s, Fe(OH)s, FeS) and carbonate (CaCOs, MgCQOs) bridging formations. The optimal working
concentration of the hydrochloric acid solution is selected taking into account the dissolving ability and
the rate of dissolution of the rock and the neutralization of the acid in the composition, corrosiveness and
the magnitude of the formation pressure. In the practice of chemical treatment of wells, the method of
reagent baths and the method of cyclic pressing into the formation are usually used. The reagent bath
method involves pouring an acid solution at the wellhead, which, under the influence of diffusion
processes, penetrates the filter circuit. Application of this method does not require additional equipment
and sealing of the well head. The method of cyclic pushing of an aqueous acid solution into the formation
is more effective than the method of reagent baths, however, it requires the installation of additional
equipment, lowering of pipes and sealing of the well head. The practice of using chemical reagents in the
regeneration of wells showed low efficiency of methods with especially difficult formation conditions
(increased carbonate content of CO,> 2%), sandiness of the well. There is no possibility to regulate the
uniformity of filter cleaning both along the length and along the depth of the near-filter zone, since in the
process of pressing with working solutions the reagent moves along the most permeable sections of the
near-filter zone. In sealed, impermeable cemented formations, reagent methods require additional
intensification of the process by hydrodynamic methods, since this allows to induce deep processes of
acid-rock interaction.

Calculation and justification of operating parameters. The experience of the regeneration of
geotechnical wells in carbonate blocks shows that the main reason for the low efficiency of many
development methods is that each of them is aimed at solving a single problem: clay mud formation, filter
and wellbore zone cleaning. It is necessary for the development to be comprehensive and include
operations to restore the permeability of the near-filter zone and clean the filter from various kinds of
sediment formation. These requirements are met by the pulse-wave method of regeneration, based on the
action on the formation by hydraulic impulses in a solution of chemical reagents.

The generation of hydraulic impulses in a hydroimpact machine involves the use of hydraulic shocks
that occur when the valve closes the fluid flow, produced by a striker on the anvil of the machine
associated with a destructive tool. In this case, the most optimal solution would be to place generators in
the filter zone of the well, i.e. generators must be submerged in the well. When creating a hydraulic
impulse, due to the small gaps between the body of the transmitter and the production string of the well,
due to the high velocity of the ascending flow and the inertial properties of the liquid, a pressure drop is
created and the bridging agents are removed along with the liquid, i.e. In addition to the transfer of force,
the liquid medium additionally removes destroyed bridging agents from the impact zone, which allows
processing a significant part of the volume of the filter zone.

Based on the above parametric data, the average values of the frequency and energy of impacts, as
well as the developed power of the hydraulic impact machine, were determined. The frequency of blows
was determined by the formula 1. The energy of the blow is calculated by the formula 2.

n=—, 1)

where: T — time of cycle, s.
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m6 'V6
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W =

(2)

where: mg — striker weight; V6 - striker speed during different stages of the cycle, cm/s; the mass of the

striker is determined from expression 3.

m S,
6= ' 3
] ®3)
where: g — acceleration of gravity, 9,81 m/s?;
The theoretical power of the machine is calculated from expression 4.
pWon kw, (4)
102

The results are summarized in table 2.

Table 2 — Data of the dependence of the generator parameters on the flow rate of the supplied water

Water supply Total cycle Impact Striker pre-impact Impact Theoretical
consumption time, frequency speed, energy machine power
Q, I/min T,s n, 1/s Vs mls W, J P, kw
100 0,044 22,7 1,47 6,5 0,14
120 0,038 26,3 1,80 9,7 0,25
140 0,032 31,2 2,10 13,2 0,40

Based on the calculated data obtained, graphs of the dependence of T, Vs, and P on Q were built. The

graph is shown in figure 1.
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Figure 1 — Dependences of the operating cycle indicators of the hydraulic hammer machine on the flow rate
of water supplied to the machine. 1 - 7" = f (Q) graph; 2-V,; = f (Q) graph; 3—P = f (Q) graph

The analysis of the given graphs showed that with an increase in water consumption, almost all cycle
indicators increase, affecting the power of the machine, first of all, the pre-impact speed of the striker. A
decrease in cycle time causes an increase in the pulse frequency, which also contributes to an increase in
machine power.

According to the calculated values obtained and in accordance with the specific conditions of the
well, a prototype of the hydroimpact apparatus was built, shown in figure 2.

a b

Figure 2 — Diagram of a hydroimpact apparatus. a - 3D, b - in section. Where: 1 — body;
2 - connecting adapter; 3 - valve; 4 - sanding rings; 5 - spring; 6 - nozzle holes.

When flushing fluid is supplied through a continuous hose from HDPE to the bottomhole through
adapter 2, flushing fluid creates pressure on the surface of valve 3, which, compressing the spring 5,
moves until a jet of flushing fluid is fired through the side radial nozzle holes. The valve backstroke is
provided when the mud pump pulsates, and the oscillating back and forth movement of the valve is equal
to the pulsation per minute of a standard exploration mud pump. The failure-free operation of the device is
ensured by the minimum number of moving parts relative to each other, the presence of sanding rings on
the valve's working surface and, accordingly, by the simplicity of the design.

Conclusion. When the front of the reflected wave approaches the surface of the half-space, a wave
arises that travels to the obstacle. As a result of the action of this wave, the compression of the medium is
replaced by tension, the sign of the stress changes, and as a result, the sign of deformation.
Multicomponent media do not withstand tensile deformations exceeding a certain critical value, which is
different in bridging agent with different chemical compositions. Therefore, discontinuity occurs, and the
tensile stresses corresponding to the rupture are usually of the order of the atmosphere.
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In one-dimensional motions with hydro-impulse waves, all parameters depend on one single spatial
coordinate and on time. The main sought functions are, in the general case, the stress tensor components,
the density or volumetric deformation of the medium, and the mass velocity of the shock fluid, and the
determining parameters are the constants entering the model equations and the boundary and initial
conditions of the problem. In a medium with bulk viscosity, the result of the impact action will directly
depend on the properties of the medium, the maximum pressure achieved and, in addition, on the
wavelength. In media with bulk viscosity, the energy losses of waves can be different depending on their
duration, respectively, the shorter the wave is, the smaller the losses during its propagation. This is an
important property of viscous media.

From the analysis of wave propagation, it follows that at all considered distances the wave remains
linearly shock, the maximum values of stress, strain and particle velocity are achieved at the front. Behind
the front, all these quantities decrease, the voltage is distributed according to a linear law, the other
parameters according to nonlinear laws, more slowly than the voltage. The lag of the extreme values of the
deformation and the pulse velocity relative to the stress will not take place, however, a lag and decrease of
these values behind the wave front is possible. The wave parameters at the front (precursor) both with a
further decrease and with an increase in the voltage behind the shock can be obtained analytically without
solving the problem as a whole.

The use of a hydropercussion wave directly, which creates alternating pressures on the inner cavity of
the filter and then near the filter zone from the downhole hydropercussion machine, is the most promising
direction for increasing the efficiency of RRW in technological wells. The use of the hydraulic impulse
method of influencing the sealed formation zone during RRW of geotechnical wells is promising and cost-
effective by reducing the time spent on the technological process and increasing the turnaround cycle.
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YPAH/IbI YHF BIMAJIBIK OHJIPY )KAFJAMBIHIA KEHHIH OTKI3TTIITITTH
APTTBIPYIbIH TMJPOUMIYJILCTIK OICIH 93IPJIEY 'KOHE HET'I3JEY

AHHOTauusl. YHFBIMAaHBIH TYN aliMarbIHBIH CY3TICiHIH iITKi KYBICBIHIA ayBICIIAIEI KBICHIM JKACAWTBIH THIIPO-
COKKBUIBI MAaIIMHAHBIH 9cep €Ty OJICiHIH cHmaTTaMachl MEH JKYMBIC MPHHIWIN KENTipiireH, Oyi cy3riiepdiH e,
CY3Ti aiiMaFbIHBIH J1a KOJIMATAIMACHIH TOMEHACTYTe KOMEKTECE 1.

KazakcTaHHBIH OHIIPYIIi KOCIMOPHIHAAPBIHAA KOJAAHBUIATHIH YPaHABl YHFBIMAIBIK OHIIPY TEXHOJIOTHSACHI
CUTIATTaJFaH, OHIMII KabaTTapIplH CY3TLIK CHIIaTTaMalapblH TOMEHAETYTe ocep eTeTiH (pakTopiap >KaH-KaKTHI
3epJIeJICHI'eH, COHJal-aK YHFBIMAJBIK YPaH/bl OHAIPYAl apTThIPYJbIH THIMII 9Jici cHmaTTaifaH. YpaH eHIipyui
KOCIMOpBIHAapia YHFBIMAIIBIK OHAIPYAlI KapKbIHAATYIbIH KOJJIAHBUIATHIH SJIiCTepi Kapajbl, SJIEKTP KO3l KoHE
XUMUSUTBIK 9MIICTIH OH JKOHE Tepic >KaKTaphl TAJIKBUIAHIBI. ¥ HFBIMAJIAFbl KOJbMATAIUSUTBIK TY3UTIMAEpai OY3Y/bIH
THIPO TOJKBIHABIK OMICiHIH JKYMBIC MOHJEPIHIH JKOHE YKOHJIEY-KAIMbIHA KENTIpy KYMBICTAPBIH XKYPri3y Ke3iHe
epiTiHaiiepai Oepy mapaMeTpliepiHiH ecentepi kenTipinred. JKyMbic mapaMeTpiepiH ecenTtey Heri3iHae TUApaBIIu-
KaJIBIK COKKBI MAIIMHACBIHBIH KYMBIC IIMKJIBI KOPCETKIIITEPiHIH MalIMHara OepuUIeTiH Cy IIBIFBIHBIHA TOYENIUTIri
JUarpaMMachl JKacaybpl. OHIMII TOPU30HTTHIH OTKI3TIMITITiH apTTHIPY YIIiH THAPOCOKKBUIEI MamMHaHbIH 3D Moxeri
kenripiared. Kypaeni Tay-KeH reoJOTHSIIBIK JKafnaiapia ypaHIpl YHFBIMQIBIK OHIIPY JKardaiinapblHOa eHIMII
TOPHU30HTTHIH OTKI3TIMITITIH KaJIbIHA KEATIPYIiH THIPOCOKKBUIBI SICiH KOJNIAHYIBIH apTHIKIIBUIBIKTAPBI AlllbLIIbL.
Kypaeni Tay-KeH reoIorusuIbIK JKarFaaiiapaa ypanabl YHFBIMAIBIK OHAIPYAl KapKbIHIATy IbIH OHTAMIIBI TapaMeTpIie-
Pl YCBIHBUIIBI )KOHE YHFBIMAJIAPbl KaJIIbIHA KETIpYAiH ASCTYPJI oicTepiMeH YileciMIe THIPOCOKKBIIbI MallIlHa-
HBI KOJIJIaHY 9JlicTeMECi 93ipJIeH .

Cy3riHiH oTKi3y KaOiJeTiH jkoHe TeXHOJIOTHSIBIK YHFBIMATIapAbIH CY3ri skaHbIHAAFs! aiiMareiH (PKY 1) kanmsr-
Ha KeNTIpYAiH Heri3ri MiHAeTTepiHiH Oipi KabaTThIH JTWHAMHUKACBHIH, COHJAN-aK OJIApJAbIH YCYiH, KbUIIaMJIbIFbIH
JKOHE BIFBICYBIH €CKEepE OTBIPBII, TYHBIKTAIFAH OPTaFa 9Cep €TETiH OHTAMIbI )KYKTeMeep i ailkpiHIay O0JIbI Ta0bl-
najpl. bapiblk OChI IIamManap TeK KaHa TOCKAYbLIFa TYCETIH TOJKBIHHBIH MapamMeTpiiepiHe FaHa eMec, COHBIMEH KaTap
KEIIEPTiHIH WHEPUIHSIIBIK JKOHE JKHMUTIK KacHeTTepiHe N OaiaHBICThI. YPaH KEeHIH OHIIPY KOHE JKCIIEPUMEHTTIK
3epTTeyJiep Ke31HJE TEeXHOJIOTHMSUIBIK YHFBIMAJIApbIH CY3Tilll alMarblH JEKOJIbMATalMsIIay YIIIH THIPOUMITYJIBCTI
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oNiCTI MaiijanaHy HIapTTapblHA KAaTBICTBHI TEOPHSJIBIK epexesiep KYpriziiai xeoHe Herizmenai. I 'mapomynbcrepain
YHFBIMAJIBIK T€HEPaTOpbl apKbUIBI KY3€re achIpblIaThIH THAPOMYIBCTIK 9CEP OPTaHbIH KacHeTiHe OaiIaHbICThI arblH
KBICBIMBIHBIH THJIPOITYJIbC1 YHFBIMAaHBIH ociHeH 0,3 Merpre AeHiHrl KalIbIKTBIKKA Tapalybl MYMKiH. ['uapoum-
MYJIbCTIK aFbIHAAP/IBIH 9CepiHEH KaOATThIH CY3Ti aiiMarbIHBIH KOJIMAaTaHTBIHBIH OY3bITyBI aybICIaJIbl IIUKIIIK TepOe-
JICTIH caiapblHaH OONATHIHIBIFBI KOPCETUIreH. ['MaApoaMHaMUKANIBIK MOJENb CY TOJKBIHIAPBIHBIH 9CEPiHEH CY3Ti
KaOaThIHBIH OTKI3TIMITITIHIH €3repy MPOLEeCiH CHMAaTTaiabl. [ MApoInHaAMUKAIBIK MOJIENBIIH KOMETIMEH ecenTepi
IICIIKEeH Ke3/l¢ YHFBIMAala KoHe pe3epByapAblH KOJIbMATaHTTHI aiiMarblHIa THAPOUMITYIIBCTI TOJIKBIHIAPIBIH Tapary
CUTIATHIH TpauKTEp TYPIHAC 3€PTTEY YIIiH TEHACYIep albIH/IHI.

ByJ1 rHApOCOKKBUIBI MAIIMHAHBIH TaIKAHIay KaOleTi TEOpUSUIBIK JKOHE KOMITBIOTEPIIIK MOJCIBICYMEH pacTai-
ne1. Keneci HoTmkenep anblHABL BipiHIINiAEeH, THAPOCOKKBUIBI MAIlHA JIEKOJIBMATAIUSHBI KOFAPBUIATYIBIH OacKa
KypaJliapblHa KaparaHjaa oyiekaiia TiMai. EXiHIIIeH, COKKBIHBIH dcepi COKKbI 3JIEMEHTIHIH KbICHIMBI MEH COFY
XKUiirine OaiaHbicThl. Y IIIHINIACH, UMITYJIBCTIK aFblH HEFYPJIBIM YJIKEeH 0oJjica, OHBIH TaJIKaHnay KalineTi coryp-
JIBIM JKOFapbl Oonansl. TepTiHIIIIEH, UMITYJIbCTIK aFbIHIBI KYPAJIIBIH CAallTaMAChIHBIH JWAMETPiH a3aiTy apKbLIbl
keOeiiTyre Gonmanapl. beciHmriieH, ruipaBiIvKaIblK COKKbI KOFapbl KaTThUIBIKTBIH KOJbMAaTALMSICHIHBIH JKOHBUTYBIH
TE3AETYre KOMEKTeceli, al a3 LEMEHTTENITeH JKbIHBICTApIbIH OY3bUIybl MMIIYJBCTIK aFbIHHBIH JKOFapbLIaybIMEH
e19yip KYLICHTIyl MYMKIH. O3ipJeHIeH MMITYJIbCTIK THAPOCOKKBUIBI MAIllHA TEPEH OHE KOJJCHEH YHFbhIMalap-
Jarpl OYprpUIaY JKbULIAMIBIFBIHBIH TOMEH/IT, IIUIAMIBI aJTbII TACTAy CHAKTHI MOCENIeNepAi MICIIYAiH XKaHa UICSIChIH
YCBHIHAJbI JETeH KOPBITHIHABIFA KiK.

Tyiiin ce3aep: yHFbIMA, CY3Ti, KOJIbMaTAlHs, THIPOUMITYJIBC, THAPO MAIIHHA, COKKBI ACHECI.
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PABPABOTKA 1 OBOCHOBAHME I'MIPOUMITYJIbBCHOI'O METO/JIA TOBBIINEHU A
MPOHULIAEMOCTH PY/]I B YCJIOBUSIX CKBA’KMHHOM JOBbIYH YPAHA

AnHoTanus. [IpuBeneHo onucanue W IPUHLMI JIHCTBHA METOAA BO3JAEHCTBUS TMAPOYAAPHOI MAIIUHBI, CO3-
JIarolel 3HaKoNepeMEHHbIE JaBlICHNS Ha BHYTPEHHEH MoJIocTH (GUiIbTpa NpU3abOWHOM 30HBI CKBa)KMHBI, KOTOpAs
CIOCOOCTBYET CHHXXEHHIO KOJIbMaTalliy Kak caMuX (HIbTPOB, Tak U MpUpuibTpoBoii 3006 (I1D3).

OmnucaHa TEXHOJIOTHS CKBXWHHOW JOOBIYM ypaHa, MpUMEHseMast Ha JOOBIUHBIX mpeanpusatuax Kaszaxcrawa,
MOJAPOOHO M3Yy4deHBI (AKTOPHI, BIMSIONINE Ha CHIDKCHNE (QUIBTPAMOHHBIX XapaKTePUCTHK POAYKTHBHBIX IUIACTOB,
a Ttake onucaH 3(GQGEKTUBHBI METO]|, TOBBIIIEHHUS CKBaXXMHHOM J0OBIYM ypaHa. PaccMOTpeHbl NpHMeHseMble
METOJbI MHTEHCU()UKAIINN CKBAKUHHOM OOBIYM Ha YPaHOJOOBIBAIOIIMX MPEIIPUATHIX, 00CYKICHBI MOIOKUTEIIh-
HBI€ M OTPHILATEIbHBIE CTOPOHBI NIEKTPOIUIA3MEHHOTO M XHMHUYECKOro Mmerona. [IpuBeneHbI pacueTsl paboumx
3HAUEHWH THIPOBOJHOBOIO METOJa Pa3pyLICHUs] KOJIbMAaTallMOHHBIX OOpa30BaHHi B CKBa)XMHE M IapaMeTPOB
MOJJaYd pPacTBOPOB IpPH TNPOBEIEHHH PEMOHTHO-BOCCTAHOBUTENBHBIX paboT. Ha ocHoBe pacuera paboumx
IapaMeTpoB NOCTPOEHA AUarpaMma 3aBUCHUMOCTH MOKa3aTesel pabodero MKIa THAPOyJapHOIl MalllMHbL OT pacxoza
1oJIaBaeMoil B MarnHy Bogbl. [IpuBenena paspaborannas 3D Monens ruapoyIapHOTo ammapara JUls MOBBIIICHUS
MPOHUIIAEMOCTH TPOJYKTHUBHOIO TOPU30HTA. PacKphIThl NpeuMyllecTBa MNPUMEHEHHs TUAPOYAAHOrO MeEToAa
BOCCTAHOBJICHUSI ITPOHHUIIAEMOCTH MPOJYKTUBHOTO TOPU30HTA B YCIOBHAX CKBaKMHHOHM JOOBIYM ypaHa B CIIOMKHBIX
TOPHO-TEOJOTUUECKHUX YCIOBHAX. PeKoMeH10BaHbI ONITUMaIIbHBIE NTapaMeTPbl HHTEHCH(UKAIIMY CKBaKUHHON JTOOBI-
YM ypaHa B CJIOKHBIX TOPHO-TEOJIOTUYECKHX YCIOBUAX U pa3paboTaHa METOMKa ITPUMEHEHHS THAPOYJapHOTO alla-
paTa B COYETaHUHM C TPAJAUIMOHHBIMU METOJAMH PErEHEPALNU CKBAKUH.

OpxHOM W3 OCHOBHBIX 33aJad BOCCTAHOBJICHHS IPOITYCKHOHM CIIOCOOHOCTH (puiabpTpa M HPUGMIBTPOBON 30HBI
texHonmornueckux ckBaxud (IICB) sBiseTcst onpe/eseHre OMTUMAIbHBIX HATPY30K, JCHCTBYIOMIMX HA 3aKOJIbMa-
TUPOBAHHYIO CPENY, C YIETOM JUHAMUKH I1J1acTa, & TAKXKE UX YCKOPEHUM, CKOpPOCTEN U cMeleHuil. Bee atu Benuuu-
HbIl CYILIECTBEHHO 3aBUCST HE TOJBKO OT IapaMETPOB BOJIHBI, NAJAIOLIEH HA KOJBMATAaHTHYIO Nperpany, HO U OT
MHEPIIMOHHBIX W YACTOTHBIX CBOWCTB CaMO mperpasl. beia npoBeneHa u 000CHOBaHBI TEOPETHIECKUE TTOT0KEHHUS
MIPUMEHUTENBHO YCIOBUSM HCIOJIb30BaHUS THAPOUMITYIILCHOTO METO/A JUISl AEKOJIbMAaTaluy NpU(GUIBTPOBOI 30HBI
TEXHOJIOTMUECKUX CKBAXWH NMPHU J00bIYEe YPaHOBBIX Py M IKCIIEPUMEHTAIBHBIX HcciiefoBaHui. [ maponmiryiscHoe
BO3CHCTBUE, OCYIIECTBIIEMOE Y€pe3 CKBAKMHHBIM IeHepaTop TIHIPOHMIIYJILCOB, B 3aBHCUMOCTH OT CBOWCTBA
CpeJibl, THAPOUMITYJbCa AaBIEHUS OTOKA MOKET PaclpoCTPaHAThCA Ha paccTosiHue 10 0,3 MeTpa OT OCH CKBaXKHMHBL.
ITokazaHo, yTO pa3pylIeHHE KOJbMaTaHTa NPUQHUILTPOBON 30HBI IUIACTA TOJ JACHCTBHEM THMIPOMMIYBCHBIX CTPYH
IIPOMCXOJIUT 33 CYET 3HAKONEPEMEHHOTO LIUKINYecKoro kojebanus. CocraBieHa rHAPOJMHAMHYECKAs: MOJIEb OIH-
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CBIBAIOILEH MTPOLIECC N3MEHEHHS IPOHUIAEMOCTH NPU(PHUIBTPOBOTO IIACTA [T0]] BO3JCHCTBHEM THIPOYAAPHBIX BOJIH.
IIpu pemeHny 3agad ¢ MOMOILNBIO M'MIPOAMHAMHUYECKON MOJENH, MOMYyUYeHbl YpaBHEHUS AJIS UCCIEIOBaHMS Xapak-
Tepa pacrpoCTPaHEHUs I'HPOUMITYJILCHBIX BOJIH B CKBR)KMHE M KOJIbMAaTaHTHOI 30HE IJIacTa B BUJIE IPaHKOB.

Pazpymaronasi criocoOHOCTh 3TOTO THAPOYIapHHKa OblIa MOATBEPIKICHA TEOPETHYECKH M KOMITBIOTEPHOU
MOJICTIMPOBAaHUEMH. BBIIM MONydeHBl ClleAyIoNIie pe3ysibTaThl. Bo-NepBBIX, 3TOT THAPOYAAPHUK HAMHOTO 3(dek-
THUBHEE, YEM JPYTrue€ WHCTPYMEHTHI IUIS TOBBIMICHUS JEKOJIbMAaTallMH. Bo-BTOpEIX, yaapHbIid 3¢dekT 3aBuCUT OT
JABJICHMS W YacTOTHl yjAapa YAZAapHOTO 3JeMEHTa. B-TpeTbux, yeM OOIbIIEe WMITyJIbCHAs CTPys, TEM BBIIIC €€
paspymiarommas CrocoOHOCTh. B-ueTBepThIX,. MIMImynbcHas cTpys MOKET OBITh yBENMYEHa 3a CUET YMCEHBIICHHS
JaMeTpa COIUIa HHCTPYMEHTA. B-IIATHIX, THAPABIMUYECKUN yAap MOXKET MOMOYb YCKOPHThH pa3pylIeHHE KOJIbMaTa-
LN BBICOKOH TBEPIOCTH, a Pa3pyIICHHE MEHEE IIEMEHTHPOBAHHBIX MOPOA MOXKET OBITh 3HAYUTEIHHO YCHJICHO 3a
CYeT yBEJIUUEHHs UMITyJIbCHOU cTpyu. ChenaH BBIBOJA O TOM, YTO pa3paOOTaHHbIM UMITYJIBCHBIM THAPOYNApPHUK JaeT
HOBYIO MIEI0 Ul PELICHHs TaKMX MpoOJieM B IIyOOKWX M TOPU3OHTAJBHBIX CKBa)KMHAX, KaK HHU3Kas CKOPOCTbH
OypeHusi, 0ueBHIHBIH 3P eKT MprkuMa CTpYKKH U TPYIHOE yAICHHE [IUIaMa.

KoaroueBblie cnoBa: CkBaxxuHa, GUIBTP, KOJIbMaTALUs, THAPOUMITYIIBC, TUIPO MAIIMHA, YIapHOE TEJIO.
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SOME QUESTIONS STUDY OF DEFLATION PROCESSES
AND SAND TRANSPORT IN THE DRAINED BOTTOM
OF THE ARAL SEA

Abstract. The article discusses the results of the study of sandy deserts, which allowed us to obtain and reveal a
number of important laws and mechanisms of formation, formation, movement and development of Aeolian
landforms. The establishment of these patterns helps to solve a number of practical tasks to combat sand drifts in the
sandy desert of various objects. In connection with the prospects for the development of this territory, it is very
important to know the direction and intensity of the development of these processes. The obtained data on the
mechanism and structure of the entire air-soil flow, starting from the moment of its formation, i.e. in the blowing
zone, and ending with the transfer and deposition of soil particles by wind in the accumulation zone, make it possible
to increase the level of scientific validity of the rational use of soil resources, as well as to take timely measures to
protect the environment.

Key words: wind erosion, sand transport, Aeolian relief, deflation, mapping, relief, sand accumulation, sand
desert, anthropogenic desertification.

Introduction. Relevance of the problem. The study of the influence of wind activity in the sandy
desert is one of the most pressing problems of our time. Currently, this process is increasing due to climate
changes and increased economic activity, which leads to rapidly changing environmental conditions in the
ecosystems of sandy deserts.

The main terrain-forming factor in the sandy desert is wind activity, which leads to blowing,
transferring and depositing sand. In practice, the transfer and deposition of sand leads to the formation of
sand drifts, and blowing — to the exposure of the bases of various engineering structures and vegetation.
Therefore, it is very important to know the direction and intensity of the development of these processes in
the sandy desert. As a result of Aeolian processes that took place in sandy deserts for a long time, the
original loose-sand layer was intertwined and dissected, and the modern Aeolian relief was formed, which
acquired a certain wind-erosion stability over a large area and is in dynamic equilibrium. This is
accompanied by a number of natural factors that cause overgrowth and compaction of the surface of
Aeolian forms. A fairly persistent desert system can be disrupted. The reason for the violation of the
natural balance may be a change in any natural factor or human economic activity. Released from the
protective soil and vegetation cover, the loose sand mass under the influence of wind begins to move, and
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the process of active deflation begins. If this process occurs near economic objects, it is not difficult to
imagine the consequences that it can lead to.

The surface of overgrown Aeolian forms under natural conditions (outside the influence of
anthropogenic factors) has various degrees of deflation, but in General it is characterized by increased
stability, which is caused by the presence of vegetation cover. The undifferentiated Aeolian relief is
weakly exposed to natural deflation. For example, gently undulating Sands and mantle-like sand
accumulations usually lack well-defined traces of removal, transfer, and accumulation of Aeolian material.
The susceptibility to deflation of strongly dissected Aeolian forms is differentiated by terrain elements.
Sandy ridge weakly breaks the lower part of the slopes and interbed lowering of the slopes due to the
relatively dense vegetative composition, and bottoms, in addition, due to the greater content in sand dust
particles and shallow occurrence of the primary little compacted sediments or groundwater, the local basis
deflation. The tops of the ridges and the upper part of the slopes may show signs of deflation in the form
of ulcers and raincoat-like accumulations of sand or even dunes. The process of deflation at the tops of
ridges increases due to greater desiccation of soils and deeper wind influence [2,3,4].

Research methods. In the course of this work, we used methods of historical, engineering-
geological, ecological and geographical analogues, methods of geobotanical indication, comparative
morphological method of studying soil profiles, and others. Determination of morphology, granulometric
composition, physical and chemical properties of soils was carried out in accordance with accepted
methods in soil science. Statistical processing methods were used to analyze information accumulated in
various areas in the form of various databases.

Discussion of results. The development of effective and economic measures to protect against sand
drifts and blowing of economic objects is unthinkable without reliable information on the wind-erosion
stability of the sandy surface.

Depending on the stage of design and construction of objects, the details of information will change.
So, for a feasibility study (feasibility study) of the construction of an object, in which the important point
is the choice of the location of its site or route, the characteristics of wind erosion resistance of sand
should be for a significant area, but somewhat schematic, without fractional detailing of contours. The
map scale should be small, of course.

When the locations of objects are determined (the stage of the technical project), it is impossible to do
without a detailed study of the adjacent territory, without a large-scale map (scheme) that reflects all the
variety of forms and intensity of deflation processes [1,2,7,19].

The practice of construction in the sand shows that active protective measures can be carried out only
after the completion of the entire construction complex, when the original surface of the sand changes.

Most often, the option of studying the wind erosion resistance of the sand surface and drawing up a
map (diagram) on an already built object is carried out. In this case, the developed classification and,
accordingly, the map legend should take into account, in addition to the natural types of sand that reflect
the natural process of Aeolian relief formation, also the anthropogenic forms (types) of sand surfaces
formed as a result of construction work. These are so-called "technogenic Sands" [12,15,20].

An important point in mapping the wind erosion stability of sand is the development of a
classification of wind erosion processes. Most researchers, when developing a classification of the relief of
sandy deserts for mapping purposes, divide all Aeolian forms according to the degree of surface anchoring
into two (overgrown and bare) or three (overgrown, semi-overgrown and bare) categories. In the latter
classification, the category of semi-overgrown most often includes a barkhanno-bumpy complex, which is
a transition stage from overgrown to overgrown or Vice versa. However, in the sandy desert, along with
the three categories mentioned, there are a number of Aeolian forms whose sandy surface is at a stage of
eroding or overgrowth that does not fit any of the categories mentioned. Meanwhile, it is very important to
know the degree of substrate exposure, both for predicting the Aeolian process, and for developing
specific measures to prevent it during economic development of the territory.

Classifications based only on geobotanical features do not allow us to fully determine the wind
erosion state of the sandy surface. In this regard, along with the geobotanical method, the
geomorphological method can be important, which can be used to study the intensity of deflation by the
shape and mass of accumulating sand [5,10,11,17].
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Since the accumulation of sand is the result of blowing and transferring its volume, it can serve as a
criterion for the intensity of the process. Consequently, the larger the volume of accumulating sand, the
more intense the deflation process. Thus, small accumulations of sand in the form of a raincoat on the
overgrown surface of the Aeolian form can only indicate a weak deflation, and the presence of single
dunes - more intense. At the same time, it should be assumed that in the desert, sand accumulation usually
occurs in the immediate vicinity of the sources of removal. Exceptions are cases when Aeolian Sands are
deposited on hard or compacted surfaces (takyrs, plateaus, salt marshes, etc.), where they acquire greater
mobility. Sand is also transported over considerable distances in a wind regime characterized by the
dominance of one direction. Such cases should be considered separately [3,8,10,11].

The presence of sand ripples is a sure sign of the process of sand transport over a bare or overgrown
sandy surface to varying degrees. Only a well-drawn sandy surface with a dense shrub and especially
grassy cover does not have obvious traces of sand ripples. However, it is impossible to talk about the
absolute immobility of sand on overgrown Aeolian forms, since the dried-up surface horizon with a
thickness of about 5 cm is devoid of sod that binds it, and some movement of the sand substrate occurs in
strong winds. But for economic objects, this transfer is practically not dangerous.

The following classification of types of sandy surfaces according to the degree of exposure to
deflation is proposed:

— No deflation - overgrown surface with no signs of sand ripples

— Deflation is weak — sand ripples and raincoat-like sand clusters without a characteristic ridge;

— Moderate deflation — sand ripples, raincoats, ridges and rare small (0.5-1.0 m) dune formations;

— Significant deflation — a combination of dunes and dune chains in combination with overgrown
(more bumpy) forms;

— Deflation is strong, continuous — the presence of a bare dune field with individual plant specimens
on inter-dune depressions.

The first type (no deflation) it is noted on overgrown weakly fragmented Aeolian formations, which
usually form gently undulating Cumulus Sands and cloak-like sand clusters. The first and third are found
mainly on the periphery of sandy massifs, and the second — on the edge of irrigated land, the banks of
lakes and salt marshes. Under natural conditions, the overgrown sandy surface is not subject to deflation.
However, if the upper sod layer is mechanically disturbed, deflation ulcers and accumulation of sand in
the form of raincoats and even small dune forms can form on gently undulating Sands.

The second type (weak deflation) is most widely represented in the sandy desert. Typical for
overgrown (slopes, peaks) and slightly overgrown (peaks) with varying degrees of dismemberment of
ridge Sands and their combinations. The degree of exposure to deflation is differentiated by terrain
elements. The lower part of the slopes and lower Aeolian forms are less susceptible to erosion, and the
tops are more susceptible to erosion.

The third type (moderate deflation) is typical for poorly overgrown strongly dissected ridge Sands.
Inter-ridge depressions and the lower parts of the slopes of the ridges are not subject to deflation. The tops
and upper part of the slopes are heavily raked.

The fourth type (deflation) significant more often in his notes on undifferentiated Sands, sand-hilly
complex. The degree of exposure to deflation is differentiated by types of terrain: continuous deflation is
subject to dune forms, partially (weak) bumpy. Inter-barkhane depressions are mostly overgrown, the
movement of barkhane forms is weak, more often there is only a rearrangement of ridges and an intensive
transfer of sand in the form of a wind-sand stream.

The fifth type (strong, continuous deflation) includes sand dunes. The movement of sand material
occurs in the form of wind-sand flow and the movement of Aeolian forms. In this type, two subtypes
should be distinguished: barkhany Sands lying on a loose sandy substrate; barkhany Sands lying on dense
rocks (takyrs, Shors, outcrops of bedrock, figures 1-2). The second subtype is characterized by greater
mobility and, as a rule, worse growing conditions [2,6,7,11,12].
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Figure 1 — Distribution of dry deposition of aerosols in the southern Aral sea, t/ha per year (2012-2016)

Figure 2 — The distribution of salt deposition from atmospheric dry aerosol in the southern Aral sea, kg/ha / year (2012-2016)

The latest research on this issue was conducted on 4 zones and the following data were obtained:

1) the zone of the drained bottom of the Aral sea for the stipulated period annually falls an average of
8-10 t/ha of dust and salt, of which their water-soluble salts range from 100 to 150 kg/ha.,

2) in the area of the Aral sea coast 7-8 t/ha and 70-100 kg/ha of salt,

3) in the non-irrigated zone 5-6 t/ha and 50-70 kg/ha

4) in the irrigated zone from 1.5-2.0 to 3.0-4.0 t/ha and, accordingly, salt from 20-30 to 40-50 kg/ha.

The composition of these aerosol precipitates is mainly dominated by sulfate and chloride, and less
often by carbonate salts of calcium, magnesium, and sodium.The quantitative and qualitative composition
of atmospheric precipitation significantly affects the normal growth, development and yield of numerous
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natural and cultivated plants, especially in the arid zone of the globe. In addition, this effect is also found
in other biotic and abiotic environmental objects [5,9,10,11,13].

The analysis of precipitation shows that their quantitative assessment depends on the General
regularities of natural and artificial processes.

The results of the analysis show that in the composition of dry aerosol precipitation, the General trend
of water-soluble salts, depending on the intensive desalination of the former drained sea bottom, their
accumulated amounts decreased by 1-2 or more times, and, conversely, the total amount of dry dust-salt
precipitation increased by 2-3 or more times due to atmospheric phenomena and especially as a result of
anthropogenic processes of drilling oil and gas operations, planning of the drained sea bottom for the
purpose of phytomelioration or forest reclamation, etc. [4,6,7,9,16].

When studying and mapping types of sandy surfaces using the proposed method, it is possible to
obtain the necessary characteristics of the intensity and direction of deflation processes in a particular
territory. This will allow you to develop sound recommendations for the placement of objects, conduct a
preliminary assessment of the need for protective measures, their locations and approximate volumes. For
a broad and systematic study of deflation processes in the desert and drawing up maps that reflect with
greater accuracy the distribution of various types of sandy surfaces, it is advisable to use satellite images
and aerial photographs. This will significantly reduce the amount of expensive ground field work and time
for mapping, as well as improve the quality of map material [14,16-18].

In the regional study and mapping of wind erosion stability of large territories for the purposes of
economic development of the desert, it is necessary to highlight areas that are potentially resistant to
deflation by their mechanical strength, determined mainly by the lithology of the initial deposits. They are
favorable for the location of various objects.

According to the proposed classification, surfaces should be classified as areas that are not subject to
deflation. In the drained bottom, such surfaces are represented by takyr outcrops, fragments of a clay Delta
plain.

The development of protective measures at a specific site should be based on the results of studying
and mapping the wind erosion resistance of sand on a larger scale. Here there is a large detail of the
selected types of sand. In addition to the five types of sand surfaces identified above, various
combinations, transition types, and subtypes can be contoured. In this mapping, the selected types of
surface sand are grouped into two categories:

— sand that does not require fixing;

— sands that require fixing.

The first category includes the sand surface with a dense well-preserved turf or with a few ulcers of
deflation. There is practically no sand transport formed here.

The second category should include surfaces with disturbed (varying degrees) sod with accumulation
of sand from raincoats to dunes. Here, the number of types of sand surfaces identified reaches 8-9.

An important point in mapping the wind erosion resistance of a sandy surface for technical and
economic purposes and for the development of protective measures is to determine the scale and area of
the survey. Experience shows that for the first purposes, the scale of the map should not be less than
1:500,000, and the area is determined depending on the tasks and research program. To develop protective
measures for a specific economic object, the survey scale should not be smaller than 1:20000 on linear
objects (pipelines, roads, power lines), and on site - no smaller than 1:2000. If the area of the study area in
the area of the projected site object allows, then the survey scale should be the largest, approaching the
scale of the working drawing of the technical project as much as possible. This will also allow you to
Express in scale all the planned protective measures (their type and parameters).

The mapped lane for linear items is determined by the length of the route, and the width is determined
by the zone of influence, which, depending on the wind erosion state of the sand, can range from tens to
hundreds of meters. The more uniform the sandy surface, the narrower the mapping band may be. The
mapped area of a site object is also determined by the area of sand broken during construction [14,16].

The results of the study of wind erosion resistance of sand and the map compiled at the same time has
a certain expiration date. After 5 years, they must be adjusted. Information on maps that characterize the
wind-erosion state of the sandy surface allows you to plan the necessary protective measures with high
confidence. However, they provide information about the quantitative side of the ongoing processes,
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which complicates the task of determining the width of the protective zone for objects with windward and
leeward sides.

The intensity of the deflation processes, its quantitative characteristic is determined by post-
processing of data of the wind regime observed at the stationary sites where deflationary processes are
determined by instrumental fixation of the relief on the profiles, sites size of 1-2 ha, and also observed at
guantifiable portable sand vetroresina thread.

In office conditions, the regime is subjected to a comprehensive analysis, since it is the wind that is
the main relief-forming factor. The study of the wind regime of deserts is important for understanding the
ongoing geomorphological processes and, in particular, for studying the processes of movement and
accumulation of sand.

Currently, there are several methods for processing wind data. The simplest and most widely used
method was Described by O. A. Drozdov (1957). The method suggests using the repeatability of wind
directions (the number of cases) for 8 or 16 points and the average values of wind speeds for these points.
Usually, a series of observations from 10 to 20 years is used to obtain stable data. The average values of
wind speed, taking into account their direction, well reflect the General wind regime of a certain area, and
allow you to identify the prevailing winds, i.e. those that can cause sand drifts and blowouts [3,17,20].

The considered method, as well as wind erosion maps, does not give a gquantitative characteristic of
the processes occurring. To some extent, the question of interest is solved by using not the average wind
speeds and not the number of cases of winds of different points, but the sum of the wind speeds of certain
points that cause sand transport. However, in this case, it is taken into account that sand material of
various sizes begins to move only when the wind speed reaches a certain threshold value (table 1)

Table 1 — Start of sand movement depending on the size

No Type of sand Grain diameter, mm Wind speed, m/s
1 Fine 0.1-0.25 4.5-6.7

2 Medium-grained 0.25-0.5 6.7-8.7

3 Coarse 0.5-1.0 9.8-11.4

4 Coarse grainy 1.0-2.0 11.4-13.0

We usually have materials for one-time observations per day of the wind direction and speed on
the weather vane at an altitude of 10 m. Given the speed recorded by the weather vane is not identical
to the wind speed at the surface (it is much lower at the earth's surface), the threshold ground speed
is determined by calculation. It is proposed (Gvozdikov, 1966) for these purposes, the wind speed at a
height of 10 cm above the dune surface is determined by the formula U10 = 0.475 U1000: over the sanded
inter-dune takyrovidny decline by the formula U10 = 0.333 U1000; over a sand and pebble plain
U10 =0.333 U1000 . Here U1000 is the wind speed at an altitude of 10m [3,5,8].

For practical purposes, wind speeds greater than 5-6 m/s on the weather vane are taken as the
threshold wind speed, since at these speeds sand grains begin to roll on the sand surface, and the wind
speed itself at a height of 10 cm is 3.5-4 m/s.

Threshold speeds as mentioned above can be used to construct hodographs by the sum of cases or by
the sum of speeds.

For a more visual graphical representation of the annual resulting wind activity, it is also possible to
build hodographs that represent the vector sum of the number of cases of wind directions, deferred on a
scale corresponding to the speed of each observed case, or the sum of the speeds for a certain observation
period. This method has found application in practice. However, hodographs or wind roses based on the
sum of active wind speeds or on the indicators of the resulting wind for a certain period give an idea of the
wind regime of a particular area. They can only be used to judge the direction of the prevailing winds
[3,4,8].

The order of construction of the hodograph is very simple and follows the sequence: 1) it is drawn
from an arbitrary point corresponding to 1 January; 2) the direction and speed of wind are shown by
segment (vector) emanating from the point in the direction the wind is blowing; the length of the vector is
proportional to the observed wind speed in the adopted scale; 3) each subsequent (in order of observation)
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the case of sufficiently strong wind is also represented by a vector, the beginning of which coincides with
the end of the previous. The result is a broken line, sometimes quite bizarre, reflecting successive changes
in wind direction and speed.

The hodograph of this type gives a clear idea of the features of the wind regime: the longer the
hodograph, the more active the wind; the more straight the hodograph line, the more pronounced the
prevailing wind. A broken line indicates that the wind regime is unstable. Strong and stormy winds are
well represented on the hodographs, and they are represented on the graph in longer segments.

Wind mode data processing is possible based on wind energy. Most researchers agree that the energy
is proportional to the cube of speed. L. G. Dobrin (1965) for ease of use of the wind energy indicator
suggests using coefficients that reflect the energy capacity of the wind of a particular speed, taking 4 m/s
as a unit of the cube of wind speed [2].

Table 2 — Coefficients of wind energy increase (K) at different speeds (U)

Ne U, m/c K
1 5 2
2 6 3.4
3 7 5.4
4 8 8
5 9 114
6 10 15.6
7 11 21
8 12 27
9 13 344
10 14 43
11 15 53
12 16 64
13 17 77
14 18 94
15 19 113
16 20 125

Further data processing is performed according to the above method. However, they do not reflect the
guantitative (m3/m) indicators of sand transport, but with high confidence indicate the direction of
General sand transport by season [2 16,19, 20-25].

Currently, a number of methods have been proposed that allow us to obtain information about the
guantitative transfer of sand by processing wind regime data. They will be discussed in detail below.

There are several ways to study deflationary processes that reflect the quantitative side of the process.
Currently, the geodesic method is widely used. The essence of the method is that geodetic tools are used to
monitor the dynamics of the terrain.

Depending on the purpose of the study (the study of General deflation processes, the dynamics of
removal or accumulation, or only the movement of Aeolian forms), the survey using theodelite or level is
performed once a year, once a season. When theodelite survey is selected characteristic area of 1-2
hectares. The angles of the characteristic sections are fixed by constant reference points. Large-scale site
plans are a good material for comparative study of sand movement. When leveling, individual points of
the profile are fixed. Based on the survey data, profiles of one point are drawn, which gives a fairly clear
illustration of the ongoing changes in the structure of the relief [3,16,17,26,27].

Of the two considered geodetic methods for observing changes in the sand topography, the most
complete information is provided by a planned survey of the sandy surface. The terrain plans reflect the
overall displacement of the sand chains, the effect of lateral drift on the ridge displacements along the
chain front, and the effect of vegetation on the overall course of terrain formation. Cross-section profiles
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are less informative. They only give an idea of the General displacement of the Aeolian relief. When
solving the target task, it is advisable to combine both (methods) forms of observations on the same site,
when the intervals between planned surveys are supplemented by measurements on profiles.

Conclusion. Thus, the paper shows the possibility of mapping and predicting the transformation
processes of the newly formed sandy desert at various scales, and maps based on the classification of
satellite images can serve as the basis for further detailed mapping of moving Sands using theodolite
survey and other methods of topographic analysis of the terrain. The main content of medium — scale maps
of deflationary transformation processes is showing the main characteristics of the sand transport process
and mapping its intensity. It is in this capacity that they can be a really practical basis for detailed
mapping, which is necessary both for sand protection works and for the design of engineering structures.
The obtained data on the mechanism and structure of the entire air-soil flow, starting from the moment of
its formation, i.e. in the blowing zone, and ending with the transfer and deposition of soil particles by wind
in the accumulation zone, make it possible to increase the level of scientific validity of the rational use of
soil resources, as well as to take timely measures to protect the environment.

A. K. Kypﬁaﬂnﬂsonl, C.K. Bepzmﬁaenaz, H. K. MaMyTOBS,
I1. P. PeiziM033, K. A. Kocna3ap033, 2.V. Carmmuxcona“
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2Gn-CI)apaGH aTeiHAarel Kaszak YITTHIK yHHUBEpcUTeTI, Anmatel, KazakcraH;
3KapaKannaK MEMJICKETTIK yHUuBepcuTeTi, Hykic, ©30ekcTaH;

*[11. EcenoB atsiHarsr Kacmuiit MemmexeTTik TEXHOJIOTUsLJIap
JKOHE MH)KUHUPHHT YHUBEpCUTETI, AKTay, KazakcTan

JAE®JIANUAJBIK TPOUNECTEPII 7/KOoHE APAJI TEHI3IHIH KYPFATAH TABAHBIHIATBI
K¥M TACBIMAJIJIAY/IbI 3EPTTEYJIIH, KEABIP MOCEJIEJIEPI

AHHOTanmsi. Makanazia KyMAbI DI 3epTTey HOTHDKENepi KapacThIpbuIaibl, OyJ1 somainsl pensed (opmana-
PBIH KaJIbINTACTBIPY, KBUDKBITY JKOHE JaMbITY/ABIH OlpKarap MaHbI3/bl 3aHIBUIBIKTApbl MEH MEXaHU3MJEPIH alyFa
JKOHE allyFa MYMKIHIIK Oeplii. 3aHIbUIBIKTAp/Ibl OPHATY TYPJIi 00BEKTIIEpIiH KYM/IbI HIeJIeri 60paHMeH KypecyliH
OipKarap MpPakTHKAJbIK MacelleNiepiH menyre biknan ere/i. Ocbl ayMakThlH JaMy HepClieKTHBaNIapbiHa OaillaHbICThI
aTajJFaH mpouectep OarbIThl MEH KapKbIHABUIBIFBIH OLTy ©Te MaHbI3abl. KymJbl miesjeri e KbI3METiHiH dcepiH
3epTTey Ka3ipri 3aMaHHBIH ©3€KTi Maceseepiniy Oipi Oobin canamamsl. Kasipri yakeITta OYJ1 Mporece KIMMaTThIH
e3repyiHe JKoHe SKOHOMHKAIIBIK KbI3METTIH YJIFalObIHA OalIaHbICTHI KYIIele Tycye, OyiI KyMABI el 3KoXKyieciHae
KBUIZaM ©3repeTiH HKOJIOTUSIIBIK JKaFJaiiFa oKene .

Kymaer memnmeri penbedTi KypalTBIH HETi3Ti (HakTop — >KeNIIH OCNICEHIITIr, OYJI KYMIBI YpIIeN, TachIMaaam
opi TyYHABIpanb!. Ic Ky3iHAe KYMABI TachIMAIIay JKOHE TYHIBIPY KYM/IBI MOTIHIIHIH Maiaa O0IybIHA, ajl Ypiey TYpii
WHKCHEPJIK KYPBUIBIMAAp MEH OCIMIIK Heri3iH amryra okenemi. COHIBIKTaH KyM[bl IIOJIe aTajfaH INPOLecTep
OarbIThl MEH KapKbIHABUIBIFBIH 01Ty ©T¢ MaHbI3/IBI.

Kymusl menge y3ak yakpIT OOMBI )KYpETiH 30JIbI TPOLEcC HOTHXKECiHIe OacTankpl OOPIBUIIAK KYM KaOaThl
KalTa eHjemin, OemiHim, 0146 penbed maiina Oomapl, 01 alTapasIKTall aiiMakTa 6emnrisi Oip el SpO3MICHl TYPaKTHI
KOHE AWHAMHUKAIBIK Tere-TeHaikTe 0oimel. bynm s0m ¢opmanmapsiaeiH O6eTKi KaOaThIHBIH €Cyl MEH THIFBI3JATyBIH
aHBIKTAaNTHIH OipKaTap Taburu (axropiapmer Oipre xypeni. [Llenain TypakTs! xyieciHiH Oy3pUTybl MyMKiH. Taburn
Tene-TeHAIKTIH Oy3bUIYBIHBIH cebebi Ke3-KenreH Taburu (DaKTOPABIH e3repyl Hemece aJaMHBIH SKOHOMHKAIBIK
oencenaiiri cebebineH 0oypl MyMKiH. KOpFaHBIII TOMBIpAK — OCIMIIK YKaMBUIFBICBIHBIH aCThIHAH OOCaThUIFaH
OOpHIBUIIAK KYM Maccachl JKeJl 9CepiHeH Ko3ralaipl, OenceHai nedmsaius mpoieci 6acranansl. Erep Oy mpomecc
SKOHOMUKAJIBIK O0BEKTIIEP/IiH JKaHbIH/A ali1a 00Jica, OHBIH callIapblH J1a 00JpKayFa 0oJa bl

JKyMBICTBI OpBIHAAY OapbhICHIHIA TapUXH, HWHXKEHEPJIK-TEOJOTHSUIBIK, 3KOJIOTHSIIBIK JKOHE TeorpadusuIbIK
YKCacThIK, Fe000TaHUKAJIBIK MHANKAIMIAY, TONBIPAK MilliHIH 3epTTEYAiH CaIbICTHIPMaIBI-MOP(OIOTHSIIBIK SAICiH
xoHe T.0. makjananaplK. Tomblpak MOpQOIOTHICHH, I'PAaHYJIOMETPHSUIBIK KYPaMblH, (U3HKAa-XUMHSJIBIK >KOHE
XAMUSUIBIK KAaCHETTEpiH aHBIKTAay TOIBIPAK FHUIBIMBIHAA KAaOBUITaHFaH OMICTEpre COWKec >Kypri3uimi. Oprypri
MamiMeTTep 0a3acel TypiHAe OarbITTap OOMBIHIIA XWHAKTAIFaH aKMapaTThl Tajnay VIIH CTaTHCTUKAIBIK OHJICY
omicTepi KOJIIaHBIIbIL.

JebasmusuIbIK poTiecTepAiH KaPKbIHIBUTBIFBI, OHBIH CaH/IBIK CHITATTAMACHI JKeJl PeXKUMIiHIH JAepeKTepiH KaMe-
PANBIK OHIeY, NeDIAUSIBIK poriecTep penbedTi mpoduabaepae koiemi 1-2 ra aranga acanTbK OEKiTy KOJIbIMEH
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allKpIHTAJIATBIH CTAI[OHAPIIBIK y4yackeae Oaiikay yHbIMIacThIpy, COH/aii-aK el KyM aFbIHbIH/A TachIMallaHAaThIH
KYM/IbI CaH/IBIK €ceTlke ay OobIHIIA OaliKay YHBIMAACTHIPY JKOJIBIMEH allKbIHAATA b

Kamepanblk jxargaiiia pexkuM JKaH-)KakThl TaJlAayJaH eTelll, OiTKkeHi Oyl penbedTiH Herisri GakTopbl — Kel.
[ennin >xen pesKUMiH 3epTTey reoMOP(OIOTHIIBIK MPOLECTEPAl TYCIHY YILiH, acipece, KYMHBIH XHHAITY IPOLECiH
3epTTey YILIIiH Je MaHbI3/IbL.

Tannay HoTIKeNepi Kyprak adpo30Jib KypaMblHIA CyAa €pUTIH TY3IBIH JKaJIbl TCHACHLUSICH], XUHAJFaH
MeIep i OYpBIHFBI KYPFaTBUIFaH TeHi3 TYOIHIH KapKbIHIB TY3JaHybIHA OaiilaHBICTHI 1-2 oHE OIaH Ja Kel ece
azaifraHbIH JKOHE KepiciHIe, KypFak IIaH-TY3 TYCIMiHIH aTMoc(epansiK KyObUTBICTapAbIH, dcipece MyHaii-Ta3 >KyMbIC-
TapblH OYPFBUIAYABIH, (GHTOMEIHOPALMSUIBIK HEMeCe OpMaH MENHOPALMIIBIK KYMBICTApIbl XKYPri3y MaKCcaThIHIA
KYpFaTBUIFaH TeHi3 TYOIH JKocmapiayIblH JKoHe T. 0. calmapblHaH 2-3 )oHE OaH Ja KOl ece apTKaHbIH KOpCeTel.
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HEKOTOPBIE BOITPOCHI U3YUEHUSA JE®JIALNNOHHBIX ITPOIECCOB
N IIEPEHOCA IIECKA OCYIIEHHOI'O JHA APAJIBCKOI'O MOPS1

AHHoTanus. B cTatbe paccMaTpuBaroTCs pe3ynbTaThl HCCIEIOBAHUS IECUaHbBIX TyCThIHB, KOTOPBIE TIO3BOIUIH
MOJIYYUTh U PACKPBITh s/l BXKHBIX 3aKOHOMEPHOCTEH N MEXaHU3MOB ()OPMHUPOBaHUS, 00pa30BaHMs, IIEPEABHKCHUS
W pa3BUTHSI S0JIOBBIX (hopM pernbeda. YCTaHOBICHNE 3THX 3aKOHOMEPHOCTEH MTOMOTAET PEIIUTh PsJ MPAKTHIECKUX
3a7a4 1o 6oppOe ¢ MecYaHbIMHM 3aHOCAMM B IIECHYAHOM ITyCTBIHE pa3yIMUHBIX 00BEKTOB. B CBs3M ¢ mepcrekTHBamMu
OCBOCHUSI 3TOM TEPPUTOPUH OUYCHb Ba)KHO 3HATH HANPABICHHOCTh W HMHTEHCHUBHOCTb Pa3BUTHUS YIOMSHYTBIX
npoueccoB. V3ydeHue BIMSHUS BETPOBOH JESTENFHOCTH B MECYAHOH ITyCTBIHE SBISIETCSI OJHHM M3 aKTyalbHBIX
po0JieM CoBpeMEHHOCTH. B HacTosIee BpeMs 3TOT NMPOIEece, B CBSI3H € KIMMAaTHYECKUMH W3MEHEHUSAMH 1 yBEJIN4Ie-
HHEM XO3SHCTBEHHOW AEATEIIbHOCTH, YCUIMBAETCS, YTO MPUBOAUT K OBICTPOM3MEHSIOIIMMCS 3KOIOTHYECKUM yCIIO-
BHSIM B 9KOCHCTEMAax IE€CYAHBIX ITyCTHIHb.

I'naBHBIM pesbedoobOpasyonM GakTopoM B MecYaHOW MyCTHIHE SIBISIETCS] BETPOBAs JIESITEIbHOCTD, IPUBO/IS-
1as K BBIAYBaHUIO, TIEPEHOCY U OTIIOKEHHMIO 1ecka. Ha mpakTike mepeHoC U OTIoKEHHE TecKa MPUBOAIT K 00pazo-
BaHMIO TECYAHBIX 3aHOCOB, a BBbIYBAHHWE — K OOHa)KEHHIO OCHOBAaHHMW DPa3IMYHBIX MHKEHEPHBIX COOPYKEHHH W
pactutensHOCTH. [103TOMY OYeHBb Ba)KHO 3HATH HAIIPABICHHOCTh M MHTEHCUBHOCTD PA3BUTHS YIOMSHYTBIX IPOIIEC-
COB B IIECUaHOH ITyCTHIHE.

B pesynbTare 3070BBIX MPOIECCOB, MPOTEKAIOMINX B MECYAHBIX IyCTHIHAX B TEUEHHE JUIUTEIHHOTO BPEMEHH,
NIepeBUBAIACh M PacwICHSIIACh UCXO/HAsl PBIXJIONecyaHas ToJma 1 (GopMHPOBAIICS COBPEMEHHBIH 30JI0BBIH penbed,
KOTOpBIH Ha 3HAYMTENHHOM IIOMAAN MPUOOpEI ONpEeeseHHYI0 BETPOIPO3HOHHYIO YCTOMYMBOCTh M HAXOAUTCS B
JMHAMHYECKOM PAaBHOBECHH. DTOMY COIYTCTBYIOT DS NPUPOJIHBIX (haKTOpPOB, OOYCIIOBIMBAIONINX 3apacTaHue U
YILUIOTHEHHE TIOBEPXHOCTH 30JIOBBIX (popM. JlOBOJIBHO CTOMKasi cucreMa IMyCTBHIHH MOXKET ObITh HapymeHa. [Ipuun-
HOW HapyIIEHUs PUPOTHOTO PABHOBECHS MOXKET CTaTh M3MEHEHHE KaKOT0-IM00 MPUPOTHOTO (haKTOpa WITH XO3STHC-
TBEHHASI ACATEIBHOCTh desoBeka. OCBOOOAMBINASCS M3-TIOJ] 3aIIUTHOTO TOYBEHHO-PACTUTEIHFHOTO ITOKPOBA PHIXJIO-
mecyaHasi Macca IoJ1 BO3ACHCTBHEM BETpa MPUXOANT B IBHKCHHE, HAYMHACTCS MPOIecC akKTUBHOU nedurinuu. Ecim
3TOT MPOLIECC BO3HUKAET BOIHM3HU XO35HCTBEHHBIX OOBEKTOB, TO HETPYTHO MPEICTABUTH IIOCIEACTBUSA, K KOTOPHIM OH
MOJKET ITPUBECTH.

B xone BbINOMHEHUs] JAHHOH pabOTHI MBI UCIIOIB30BAIM METO/IbI HCTOPUIECKUX, HHKEHEPHO -TEOJIOTHUECKHX,
9KOJIOTUYECKHX U reorpaMuecKux aHajioroB, METOAbI T€000TaHNYECKON MHIMKAIIMU, CpPaBHUTEIbHO-MOpdooru-
YEeCKUII METOJl M3YyYeHHMsl IOYBEHHBIX mHpodmieit u npyrue. Omnpenenenue Mopdoiorun, rpaHyJIOMETPHYECKOTO
cocTaBa, (PU3MKO-XMMUYECKHX W XUMHYECKHX CBOMCTB MOYB NPOBOJMIM B COOTBETCTBHU C NMPUHSTHIMH B MOYBO-
BeAleHNM MeToaukamu. [l aHanmu3a WHQOpManWy, HAaKaIUIMBAaeMOW 110 Pas3iIMYHBIM HANpaBlICHUSM B QopMme
Ppa3MuHbBIX 0a3 TaHHBIX, UCITIOJIL30BAINCH METO/IBI CTATHCTHYECKOH 00paboTKH.

WHTEeHCHBHOCTD Ae(UIAMOHHBIX MPOLECCOB, €€ KOIMIECTBEHHAsI XapaKTEPHCTHKA ONPEAEIIeTCs IyTeM KaMme-
panbpHONH 00pabOTKM AAaHHBIX BETPOBOTO PEXHMMA, OpraHM3anuell HaOMIOJCHUI HA CTAIMOHAPHBIX YYacTKax, IIe

— 142 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

JeISIMOHHBIE MPOLIECCHl ONPEAEISIIOTCS MHCTPYMEHTAJIbHBIM IyTeM (uKcHpoBaHus penbeda Ha HpoUIIsX,
ronaakax pasmepoM 1-2 ra, a Takke opraHuzanyeldl HaOJIIOAEHHH MO KOJIMYECTBEHHOMY Y4eTy HMEpeHOCHMOTIO
IecKa B BETPOIECYaHOM MOTOKE.

B kamepasbHBIX YCIOBUSX BCECTOPOHHOMY aHAIU3y MOABEPraeTcsl PeXUM, TaKk KaKk MMEHHO BETep sIBIIAETCS
OCHOBHBIM pesbeoobpazyronmM GakropoM. M3ydyeHrne BETpOBOro pexxuMa MyCThIHb SIBISETCS BayKHBIM JIsS TIOHH-
MaHH{S IPOTEKAIOUINX TeoMOP(OIOTHIECKHX MPOLIECCOB M, B OCOOCHHOCTH JISI M3YYEHHS IIPOLECCOB IBI)KECHHS U
HaKOIUICHHMS TIECKOB.

Pe3ynbraThl aHanmm3a CBUAETEIBCTBYIOT, YTO B COCTABE CYXHX adPO30JBHBIX BBINMAJCHHWN 00IIas TCHACHIMA
BOJTHOPAaCTBOPHMBIX COJIEH, B 3aBHCUMOCTH OT HHTEHCHBHOTO PacCOJICHHUS OBIBIIIETO OCYIICHHOTO JTHA MOPS aKKyMy-
JIMPYEMbIX NX KOJIMYECTBAa YMEHBIIMIACh HA 1-2 u Oosiee pasa, U, HA0OOPOT, OOIIEE KOTUIECTBO CYXHX IIbLIC-COJIC-
BBIX BBINAJICHUI YBETUUMIOCH B 2-3 1 OoJiee pasa 3a cueT aTMOC(EpHBIX SIBICHUI 1 0COOEHHO B pe3yJIbTaTe aHTPO-
MOTEHHBIX TpoleccoB OypeHus HedTerazoBbIX palboOT, IUIAHMPOBKHM OCYHIEHHOTO JHAa MOpPS B LEIAX MPOBEICHUS
(bUTOMEINOPATUBHBIX WX JIECOMEIHOPATUBHBIX padoT | T.1.

KoaioueBble ciioBa: BeTpoBas 3po3us, NEPEHOC MECKa, DOJIOBBIN penbed, aedusuus, KapTorpadupoBaHUe,
penbed, akKyMyJIsIus ecKa, ecyaHasi MyCThIHS, aHTPOIIOT€HHOE OIYCThIHUBAHHUE.
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RESEARCH AND APPLICATION OF METHODS
FOR CALCULATING THE MEASUREMENT UNCERTAINTY
OF INDUSTRIAL FLOWMETERS

Abstract. To create conditions for the recognition of Kazakhstani certificates of conformity and the results of
product tests, an assessment of measurement uncertainty is required. In this regard, there has been an increase in the
practical application in Kazakhstan of the concept of measurement uncertainty. The authors developed a physical
stand for a mobile complex designed to verify electromagnetic flowmeters at the place of operation. To obtain
verification results, programs were developed to calculate the uncertainty of an electromagnetic flowmeters using the
NI LabView software. In addition, a model for estimating the uncertainty of the relative error of flowmeters was
proposed, and the measurement uncertainty was estimated using three methods: standard, Monte Carlo and Kragten.
Finally, a comparative analysis was conducted on the results of the estimation of the uncertainty of the relative error
of the industrial electromagnetic flowmeter. All methods give standard uncertainty values that do not exceed the
acceptable range of relative error (+ 1%). However, Monte Carlo method gives better results for sufficiently large
number of simulations. No significant differences between the results obtained using standard and Kragten methods
were discovered. The Kragten method is preferable in the absence of the need to calculate the sensitivity coefficients
when calculating the total standard uncertainty, which is important for complex measurement equations.

Key words: measurement uncertainty; standard GUM method; Monte Carlo method; Kragten matrix;
verification; electromagnetic flowmeter.

Introduction. In the Republic of Kazakhstan, uranium mining is carried out by underground leaching
— one of the most cost-effective and environmentally friendly mining methods. [1]. At the nodes of
receiving and distributing the leach solutions, a large number of industrial electromagnetic flowmeters
(EFM) are used to measure the quantities involved; they must be metrologically verified at the end of the
calibration interval.

The generally accepted method for calibrating flowmeters using exemplary measuring instruments or
calibration facilities accredited to ISO/IEC 17025-2017 can be costly and infeasible, mainly due to the
staff and logistics costs associated with removing the flowmeters from the piping system. However,
modern flowmeters are equipped with hardware and software that allow on-site verification that meets
ISO 9001 requirements. Studies have already been conducted on the calibration of flow meters in the field
of water supply and wastewater discharge [2].

The issues of the estimation of measurement uncertainty have been widely covered in terms of
analytical measurements [3], the calibration of measuring instruments [3,4], and other studies [5-8].
International organizations have developed and prepared basic documentation for the international
harmonization of approaches to solving metrological problems. These include the ISO/IEC 17025:2017
standard; the JCGM 100:2008 Joint Metrology Guidelines document, as the latest revision of GUM:1995,
which provides guidance on measuring uncertainty in measurement; the International Dictionary of
Metrology JCGM 200:2012, which presents the terms and concepts used in the field of metrology; and
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JCGM 101:2008 (Supplement 1 to GUM:1995), which provides practical guidance on using Monte Carlo
simulations to estimate uncertainty.

Methods. Standard method described in GUM (Guide to the Expression of Uncertainty in
Measurement), has been applied worldwide for different measuring systems and is currently the standard
procedure for estimating uncertainty in metrology [5, 9-11]. The GUM estimation of measurement
uncertainty in analytical measurements has been widely reported in the literature [8, 12-14]. Examples of
GUM estimation of the uncertainty of temperature, AC voltage, and pressure measurements are given in
[13]. Meanwhile, [4] describes uncertainty assessment during the metrological certification of means of
measuring the moment of inertia of electric motors.

Due to the complexity of calculations, the analytical estimation of the effective number of degrees of
freedom using the Welsh-Satterthwaite formula remains an unsolved problem [3]. One approach to
overcoming these limitations is to use a convolution of the probability distributions of input quantities, for
example, using the Monte Carlo simulation method [15].

The essence of the Monte Carlo method is as follows: each time the measurement function is
calculated, it generates randomly generated input values that vary around its nominal value within the
uncertainty interval in accordance with the distribution law.In [16], examples of the application of the
Monte Carlo simulation method for estimating the measurement uncertainty ofvarious practical problems
are given: evaluating the real efficiency of a fuel cell, measuring torque, preparing a standard cadmium
solution, and measuring the Brinell hardness.

Kragten method (spreadsheet method) is recommended for complex expressions to simplify
calculations. This procedure uses an approximate numerical method of differentiation and requires only
the numerical values of the parameters, and their uncertainties [6]. It assumes either that the measurement
model is linear in the input variables or that the uncertainty of the corresponding input quantity is small
compared to its value. Kragten method advantage lies in the fact that the correlation between variables can
be easily taken into account by adding the appropriate elements in the spreadsheet.

The analysis showed that in most cases, the GUM, Kragten and Monte Carlo methods give almost the
same value for the standard uncertainty associated with the estimation of the measured value. The
differences become apparent when the distributions are far from normal and the measurement result
nonlinearly depends on one or more input quantities. Where there is significant non-linearity, the standard
GUM method is not recommended. However, nonlinearity can be taken into account in the GUM by
including higher order terms in the calculations [17].Where the distributions differ significantly from
normal, the Kragten and standard GUM methods give a distorted estimate of the standard uncertainty,
while the Monte Carlo method allows a determination of the distribution law of the output quantity and,
accordingly, displays the real “coverage interval” [18, 19].

The above methods have not yet been applied to the estimation of the uncertainty of flow
measurement. This problem is the subject of research in this article. The aim of the work is to study
methods for estimating uncertainty during the calibration of flowmeters in situ without removing them
from their place of operation.

Application of methods. The uncertainty of the industrial flow meter relative error is estimated
based on the Standard of the Republic of Kazakhstan ST RK 2.328-2015 “Electromagnetic flow meters:
Verification Technique”. This standard proposes the following measurement model:

— Qr_Qp
1

8o x 100, (1)
where Q; is the value of the flow according to the metering values of EFM, and Q, is the flow rate
according to the indications of the reference Coriolis flowmeter (CFM).

However, this Standard regulates the estimation of the uncertainty of the relative error of
electromagnetic flowmeters using only type B.

The authors substantiate and propose calculating the uncertainty using not only type B but also type A
[20]. The calculation of type A includes statistically processing the results of multiple measurements,
namely the calculation of the mathematical expectation, variance, and standard deviation. An estimate of
the flow rate Q is the arithmetic mean of n = 11 observations Q; (i = 1,2, ..., n) for each point being
verified (j = 4): Qp - for the reference flow meter; Q,- for the verified EFM.
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The standard measurement uncertainties of the electromagnetic and reference flowmeters using type
A are calculated by the formulas:

_ [ _ Lua)?
uyj(Qr) = ;(n——1)' uAj(Qp) = #, 2

where Q;, Qp; are the i-meter readings at the j point being verified.
The standard uncertainty of the relative error of type A at each verified point (j = 1, 2, 3, 4) is
calculated by the formula:

uA]' ((S ):\/CEuA]'(QT')Z + CguAj(Qp)zv

where C.and C, are sensitivity coefficients, which are defined as partial derivatives of equation (1) with
respect to the corresponding variables.
The final value of the standard uncertainty of the relative error of EFM type A is:

uA = (Z?:luAj (6))/4 (3)
To calculate the total standard uncertainty of the EFM relative error, we have:
uc(®) = i) +upy(©) @

ugs(8) - the type B uncertainty calculation includes the relative error uncertainties of the EFM and the
reference flow meter in accordance with ST RK 2.328-2015.

The calculation of the expanded uncertainty of the relative error of the EFM is performed according
to the formula:

U(6) =k -uc(6). ()

The measurement result can be written as:§ + U(5)% ;p=0,95.

Applying the Monte Carlo method requires selecting the quantities of model estimation to be
performed and the confidence level p. It is best to choose a sufficiently large value of m in comparison
with 1/(1-p) (for example, exceeding it by 10° times).

The simulation of the process of estimating the uncertainty of the EFM relative error is performed as
follows:

a) two arrays of random numbers are generated, obeying uniform distribution laws, with a volume of
m = 10° for input quantities: Q; is the result of measuring the flow rate with EFM; Q, is the result of
measuring the flow with a reference CFM;

b) an array of an estimate of the output value is generated— the relative error of the EFM (3);

c) estimates of the following parameters of the resulting distribution are calculated:

- total standard uncertainty: u(8) = J 1 -M (6))2 /10,
where M(9) is the mean of the relative error of the EFM;

- expanded uncertainty: U@ = %[6975000 — 8250001;

- coverage coefficient: k=U()/u.(5);

d) the obtained measurement result is written as:§ + U(8)% ; P=0,95.

Kragten method. The spreadsheet method is recommended for complex expressions in order to
simplify calculations.

In the expression for the uncertainty of the EFM relative error:

a6
w(8(0.0)) = | ) G-u(@)y
( ( r p)) \/i=rp(aQi l)
the partial differentials (06/0Qy), (06 /0Q,) are approximated by finite differences.
This method provides acceptable accuracy for practical purposes when it is considered taking into
account the necessary approximations made when evaluating the valuesu(Q;). In [6], this question is
discussed more fully.
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The total standard uncertainty of the relative EFM error is calculated by the formula:

u(®) = (125,00 +12(5,0,),
Expanded uncertainty of the EFM relative error:
U(6) = k-u(d).

The measurement result is written as: 6§ + U(5)% ; P=0,95 .

Results of the experiments. The EFM calibration experiments were carried out on a physical model
of the geo-technological information and metrological complex (GIMC) in the laboratory of the
Department “Automation and Control” of the Almaty University of Power Engineering and
Telecommunications named after G. Daukeev.

The metrologist’s workstation interface for the verification developed in the software LabView
(NI, USA) is shown in figure 1.

The operator manually enters the environmental conditions and the parameters of the fluid being
verified (leaching solution). The verification process includes measurements at four verified points. At
each point on the “forward” and “return” paths of the regulated valve, eleven flow values are measured
using the calibrated EFM and the reference CFM. The experimental results are entered into the database of
flowmeter readings, which are then used in the program to calculate the uncertainty of the relative error of
the calibrated flowmeter, also developed in LabView [21]. Data from the database of flowmeter readings
are used to calculate the uncertainty of the relative error of the calibrated flowmeter using three methods:
GUM, Monte Carlo, and Kragten.

Pesmeters  \erémtes  Measurement Results  (48n® [ncertainty Budget

VERIFICATION
e VERIFICATION
CONDITIONS VERIFICATION H OF MOBILE GEO-TECHNOLOGICAL INFORMATION
Environment - -

Temperinee, C I _Forvard J I_!ttfs_]
L Y

Rl Number of Verified Point
® ;oo -

Asoorghere pessure, Ky Open Valve, %
0 a6

Valve Resert
oy o\

Verified Liquid & & @

Tapnn, X
9 ;o

M

T ' START VERIFICATION

Figure 1 — The interface of the metrologist’s workstation for verification

The result of estimating the uncertainty of the relative error of the verified flow meter using the GUM
method and the Monte Carlo method of the 4th verified point (Q=5700 dm3/h = 95% Qmax) is presented
as an uncertainty budget [22].

The results of applying the GUM, Monte Carlo, and Kragten methods for four control points when
calibrating an electromagnetic flow meter are shown in table 1 (estimates of relative error - 6, expanded
uncertainty - U, repeatability limit (convergence) - u,, coverage interval - CI).
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Table 1 — Comparative table of the calculated values for the four control points using the GUM,
Monte Carlo, and Kragten methods

Ve“.f'ed Estimated GUM method Kragten method Monte Carlo D1, % D2, %
point parameters,% method
8 0.007 0.007 0.007 0 0
95% u 0.689 0.701 0.654 1,8 5,0
0fQmax Ur 0.352 0.358 0.337 1.6
Cl [-0.682; 0.696] [-0.694; 0.708] [-0.651; 0.665]
8 -0.003 -0.003 -0.003 0 0
75% u 0.677 0.667 0.654 15 34
0fQmax Uy 0.345 0.340 0.333 14 4.2
Cl [-0.680; 0.674] [-0.670; 0.664] [-0.654; 0.648]
8 0.015 0.015 0.01 0 333
50% u 0.839 0.855 0.656 2 21,8
0fQmax Uy 0.428 0.437 0.335 2 21.7
Cl [-0.734; 0.944] [-0.750; 0.960] [-0.645; 0.665]
1 0.011 0.0112 0.005 04 54,5
25% U 0.768 0.783 0.655 1'9 14,7
0fQpax Ur 0.392 0.391 0.334 0 .26 14.8
Cl [-0.655; 0.881] [-0.655; 0.881] [-0.653; 0.658] )

According to table 1, graphs of the dependence of the uncertainty of the relative error on the
experiment number (x — axis - experiment number), obtained by both methods were plotted (figure 2).

The graphs obtained using the Monte Carlo method (MC - solid white lines) show a constant value of
the dispersion of the uncertainty of the relative error within = 0.65%. The graphs obtained using the GUM
method (GUM - dashed yellow lines) show the changing values of the spread of uncertainty of the relative
error within = 0.9%. In this case, the limit of the permissible relative error of the EFM is = 1%. The graphs
obtained using the Kragten method (MKr - solid blue lines) essentially repeat the GUM graphs.

‘Graph RELATIVE ERROR UNCERTAINTY

RELATIVE ERROR UNCERTAINTY

1

0,8-
0,6-
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02-

EXPERIMENT#

GUM (+U)
GUM (-U)

MC
MC

(U
()]

MEr(+U)
MEKr(-U)
ERROR

RENNRER

Figure 2 — Comparison of obtained relative error by three methods
(Uncertainty of the relative error vs the number of experiment)

Discussion. The authors performed a comparative analysis of the considered Monte Carlo and
Kragten uncertainty estimation methods and the recommended standard GUM method. In a comparative
analysis of the data from Table 1 and Figure 2, we can draw the following conclusions.

A comparison of the GUM and Kragten methods (data from column D1 in Table 1) showed that there
are no differences between the estimates of the measured value (relative error), the differences between
the expanded uncertainty and repeatability are less than 2%, and the coverage interval does not exceed +
1% for each verified point in both methods.
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The comparison of the GUM and Monte Carlo methods (data of column D2 in Table 1) showed that
the differences between the estimates of the measured value (relative error) reach 55%, the differences
between the expanded uncertainty and repeatability are not more than 21.8%, and the coverage interval
does not exceed = 1% for each verified point in both methods.

The large differences between the Kragten or GUM methods on the one hand and the Monte Carlo
method on the other hand indicate significant deviations from the normality of the distribution of input
guantities.

The calculations showed that all three methods (GUM, Kragten, and Monte Carlo) give values of
standard uncertainty that do not exceed the permissible range of the relative error of EFM (+ 1%).

The Monte Carlo method with a sufficiently large number of simulations gives a better
approximation. However, Monte Carlo calculations take longer (due to the sorting and processing of large
arrays), although they can be performed by less qualified personnel (no in-depth knowledge of
mathematics is required). The Monte Carlo method can be considered as a practical alternative to the
GUM uncertainty estimation method.

The Kragten method gives results similar to the GUM method. No significant differences between the
results obtained by the GUM and the Kragten methods were noted. The Kragten method is preferable in
the absence of the need to calculate the sensitivity coefficients when calculating the total standard
uncertainty, which is important for complex measurement equations. The Kragten method is
recommended as a less time-consuming tool for calculations.

C.T. Xaﬂl, J. K. I/IﬁpaeBal, H. B. Cﬂﬁnﬂal, 3. M. FOunames’

1 . .
«F. loykeeB aTeIHIAaFBI AIIMaTHI SJHEPTeTHKA koHE Oaitmansic yHuBepcuteTi» KEAK, Anmatsl, Kazakcran;
2 . . .
Cankr-TleTepOypr MeMIIEKETTIK JJIeKTpOoTeXHUKA yHUBepcuTeTi, CankT-IleTepOypr, Peceit

OHEPKOCIITIK IbIT'BIH OJIIETTHITEP BEJTI'ICI3AIITH
ECENITEY 9AICTEPIH 3EPTTEY KOHE KOJJAHY

Annoranus. Kazakcran PecriyOimkachiHa ypaH eHIIpY JKepacThl aiMaliay 91iCiMeH JYy3ere achblpbuiaibl opi
OyJ1 eHAIPY/IIH €H THIM/II KOHE 3KOJIOTUSIBIK Ta3a daicTepiniH Oipi. By omicke colikec miaiiManay epiTiHAici aigay
YHFBIMaJIapbl apKblIbl Oepisielli, ajl KypaMbIHAa ypaH Ke3JIeCeTiH epiTiHl copy YHFbIMAChl apKbUIbl cOpbUIabl. JKep
KOMHaybl ic Ky3iHZe Oy3bUIMAiJbl »KoHE TinTi OipHelle >KbLI INIHJE TOJIBIFBIMEH KaJbIHA KeNTipiiesni.
Cinrici3aenaipy epiTiHIiciH KaObU1iay JKoHE Tapary TOpalTapblHAa MOJIIIEPIH eJIIey YIIiH KONTereH OHEPKACINTIK
9JIEKTPMArHUTTIK IIBIFBIH OJILETIIITEP KOJIaHBUIA/IbI, OJIap TEKCepy asKTallFaHHAaH KeiliH METPOJIOTHSIIBIK TEKCEpY-
IIeH oTyi kepek. Ynrini emmey KypangapsiH Hemece UCO/MDK 17025-2017 cranmapTsl OOWBIHINA aKKPETUTTEITSH
KaTuOpIiey KOHABIPFBUIAPEIH KOJIAHATHIH IIBIFRIH OJIIETIIITePAl KaTHOpIIey TiH Kalmbl KaObUITaHFaH o/1ici KbIMOAT
JKOHE KelJe KOJDKETIMCi3 OOJBIN jKaTa/bl, HETi31HEH KhI3MET KOPCETETIiH KbI3METKep KallaKbICHl MEH KYOBIp JKyleci-
HEH IIBIFBIH OJIIETIITI ajbll TacTayFa OailyIaHBICTHI JIOTUCTUKAIBIK HIBIFBIHAAD OOJBIN Keiedi. ABTOpiap maiiia-
JlaHy OpHBI OOMBIHINIA ©HEPKACIIITIK MIBIFBIH OJIIIETIMTePAl TEKCepy MPOLEyPachiH KYPri3yre apHaJlFaH >KblJDKbIMa-
JIbI METPOJIOTHSUTBIK KeIEHHIH (U3UKAIBIK CTEHIIH 93ipIIe/i.

KazakcTranapIK colKecTiK cepTH(HUKAaTTaphIH JKOHE OHIMIe CHIHAK HOTIDKEJIepiH TaHyFa JXKaFaal jkacay YIIiH
Oy IiH aifKbIH eMecTiriH Oaranay Tanan etiieai. Ocbiran OaimanpicThl KazakcTanna enmeyaiH OenTici3miK TYXKbI-
pBIMIaMAaChlH TPAKTUKAIBIK KOJIAHYBIH JKaHJaHFaHbl Oaiikanajpl. MeTpoJIOTHSIIBIK ecenTepl Iemy Ke3iHe
KOJIJAaHBUIATBIH aMallapAbl XaJbIKapalblK YHIECTIpYy YIIIH XaJbIKapalblK YHBIMIAp KeJeci Heri3ri KyKaTTapsl
o3ipneni xoue madbrHmaael: MCO/MOK 17025:2017 cramapTsl; COHFBI TOJNBIKTHIPBUIFAH PENAKLMACH PETiHAE
GUM:1995; enmieyiiy aliKbIH eMECTIriH Oaraiay KeHIHAET! YCHIHBIMIAPAbl KAMTUTHIH METPOJIOTHs OoiibIHIIA Bipik-
keH komuterTiH JCGM 100:2008 KyKaTbl,; METPOJIOTHs CANACBIHAA NalJallaHBUIATBIH OaplbIK TEPMHUHACP MEH
YFBIMZIAp KaMThUFaH MeTpoiorust ooisiara JCGM 200:2012 xanmsikapainsik ce3aik; JCGM 101:2008 HyCcKayIbIFbI
(GUM-fa tosbikThIpy 1:1995).

Makanana XaJblKapajiblK Ky)KaTTap/a YCHIHBIIFAaH alKbIH €MECTIKTI Oaramay/blH Kelleci YII SficiHe IIoiy
xacanabl: cranaaprtel GUM, Monte-Kapio sxone Kparren omicrepi. 1LIbFpinabl enmmeysin 6enricisairin 6aranay
omictepi OyFaH AeiH KoyigaHbUIMaraH. bysr Mocere MakaylaHBIH 3€pTTey HBICAHBI OOJIBINT caHalaabl. OHEPKACINTIK
ANEeKTPMArHUTTIK IIBIFBIH OJIIIETIIITIH CaJBICTRIPMAibl KaTeCiHIH Oemrici3miriH Oaramay YIIIH OCHl omicTepi
KOJITaHy 3€pTTENCIi.
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ABTOpJap TEXHHMKAIBIK LIBIFBIH OJIIETIIITEPAl TEKCEpPY HOTIKEIEpIH ajly YIIiH METPOJIOTHSIIBIK KelleH
KypambiHa «MeTpoJior» aBToMaTTaHbIpbLIFal xyMbic opHEIH (AXKO) kockaH, 0y1 AXKO xypambiana NILabView
rpaduKkanblk Oarnapiamanay OpTachlHAA 931pJICHIeH 3JEKTPMArHUTTIK IIBIFBIH OJIICTIIITIH aHbIKTaJIMaFaHIbIFbIH
ecenTey OaraapiaManapbl opHaTblIFaH. COHBIMEH KaTap, 3epTTeyJiep )KYPri3y YIIiH OHEPKICINTIK IIBIFBIH ©JIIIeTIm -
TEPIiH CaJbICTHIPMaIIbl KaTeCiHIH Oenrici3nirin 0aranay MOJesl YChIHBUIFaH. DIEKTPMArHUTTIK HIBIFBIH ©JIIIETIMITIH
Oenricizairin 6aramay OOMBIHINIA YII 9JiC HeTi3iHAe, atan aTKkaHaa, ctanaapTTel GUM, MonTe-Kapio sxone Kparre-
HMEH €CENTEII].

MeTpoNOTHsITBIK, KeIeH IeT] TOKIPHOeTiK HOTIKEIepi MEH AJIEKTPMArHUTTIK IIBIFBIH OJIIIETIMITIH CaIbICTHIP-
Malbl KaTeciHiH Oenrici3miriH Oaraiay HOTIDKENIEpiHE CcaJBICTBHIpMANbl Tajnaay KenrtipinreH. OpbIHIaraH ecenTtey
KYMBICTaphl Keleciied HoTmke KepcerTi: 6apipik ym omic (GUM, Kparten xorne MonTte-Kapio) snexTpMarHuTTiK
LIBIFBIH OJIIETINITIH CATBICTHIPMAIIBI KaTe Tuana3oHbiHaH (+1%) acnaiThlH CTaHAAPTTHI OeNrici3ik MoHIH Oepeti.

Momnre-Kapio omici mmuTanmsi apKpUIbl JKakblHIayFa MYMKiHAIK Oepeni. Anaiinma Monre-Kapno onicimen
ecenTey KoeIl YaKbITThl anaiabl (YJIKeH MacCHUBTEpl CyphINTay XKoHE eHaey ceOeOiHeH), Oipak OHbI KBaTU(DUIUSICHI
TOMEH KbI3METKepiiep OpbIHAall anaael (MaTeMaTHKaHbl TepeH OuryaiH KaxeTi >xok). Monre-Kapio omicin
oenricizmikri 6aranayasiy GUM omiciHe MpakTUKAIBIK Oajgama peTiHae KapacTeipyra Oomaasl [19].

Kparten omici GUM ogicine ykcac Hotmke kepcererni. GUM xone KparteH omicTepi OOHMBIHINA albIHFAH
HOTIDKEJIEP apachbIHIAFbl alTapIIBIKTal alfbIpMaIIbIIBIKTap OaliKaaIMamibl.

JKanmer crapmapTTel OeNTiCi3mIKTI ecenTeyae ce3iMTaiablK Ko3(pHUIHUCHTIH ecenTey KaXKEeTTUIITIHIH JKOKTHI-
FhIHA OalTaHBICTHI KYPACTi eJIIey TeHAeyl KoimaHbpurFaHna Kparren omici xomaitnmsl kenexmi. Ecenteyni operHmay
yurie KparteH omici a3 yaKbITTBI KaXKeT €TeTiH Kypall peTiH/Ie YCHIHBIIA IBL.

Tyiiin ce3nep: emmeyxmiH aiikeiH emecrtiri, crangapTtel GUM omici, MonTe-Kapmo omici, Kparren kecreci,
TEKCEPY, MEKTPMArHUTTIK MIBIFBIH OJIIIETIII.

C.T. Xaﬂl, J. K. I/Iﬁpaenal, H. B. Cﬁﬁmlal, 3. M. FOunames?

'"HAO «AnmaTuHCKHiT yHUBEPCHTET SHepreTnky 1 cBsi3u uM. I'. [laykeesa», Anmatel, Kasaxcran;
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HUCCIHEJOBAHUE U ITPUMEHEHUE METOJOB PACUETA HEOIIPEJAEJIEHHOCTH
MU3MEPEHUA TPOMBIINJIEHHBIX PACXOJOMEPOB

Annoranusi. B Pecnybnmke Kasaxcran noObua ypaHa OCyIIECTBIISIETCSI METOIOM IIO3EMHOTO BBIIIETIaYHBa-
HUSI - OJHUM U3 CaMbIX PEHTA0ENbHBIX M SKOJOIMYECKH YHCTBIX CHOCO00B J00buM. COrjacHO 3TOMY METOay
BBIIIEJIAYMBAIOLIII PAcTBOP MOJAETCS Yepe3 3aKauHble CKBAXXHMHBI, a IPOJIYKTUBHBIA PacTBOP, COAEP)KAIIUN ypaH,
OTKauMBaeTCs uepe3 OTKAYHyl0 CKBaXWHY. Henapa mnpakTHueckm HE paspymaloTcs M JaXe IOJTHOCTHIO
BOCCTaHABJIMBAIOTCS B TE€UCHHE HECKONBKHX JIeT. Ha y3max nmpueMa u pacnpeesieHus BbIIEIaYUBAIONINX PACTBOPOB
JUISl U3MEPEHUS MX KOJIMYECTBA MCIOJIB3YETCsl 0OJIbIIOE KOJUUECTBO MPOMBIIUIEHHBIX 3JIEKTPOMAarHUTHBIX PacxXo/0-
MepoB (OMP), koTOopble MO HCTEUCHHIO MEKIIOBEPOYHOTO MHTEpPBaja JOJDKHBI MPOXOAUTH METPOJIOTHYECKYIO
noBepKy. OOLIENPUHSTHIA METO/] KaTMOPOBKH PAacX0JOMEPOB C MPUMEHEHHEM 00pa3IOBBIX CPEICTB H3MEPEHHH HITH
C MMOMOIIBI0 KAJIMOPOBOYHBIX YCTAaHOBOK, aKKpEAWTOBAaHHBIX Mo cTaHmapty MCO/M3K 17025-2017, moxer OBITh
JIOPOTOCTOSIINM M MHOT/[a HEOCYIIECTBUMBIM, TJIaBHBIM 00pa3oM M3-3a 3aTpaT Ha OIUIaTy TPyAa OOCITyKHUBAIOLIETO
IepcoHaja M 3aTpaT Ha JIOTHCTHKY, CBA3aHHBIX C yJaJIeHHEM PacxoioMepa M3 CUCTEMBI TPyOOnpoBoIOB. ABTOpaMu
paspaboran pu3nUecKHid CTEH A NMepeBUKHOTO METPOJIOIHIECKOTO KOMIUIEKCa, PEAHa3HAYE€HHOTO IS TIPOBEICHHS
IIpOoLEeTypbl HOBEPKH MIPOMBIIIICHHBIX PACXOA0MEPOB MO MECTY KCILTyaTalluH.

Jlis co3aHus yCIIOBHH MTPU3HAHUS Ka3aXCTAaHCKUX CEPTH(PHUKATOB COOTBETCTBHS M PE3YNIbTAaTOB UCIIBITAHUN Ha
MIPOAYKITHIO TpeOyeTcsl OlleHKa HEeONpPEeAeIeHHOCTH U3MepeHi. B cBs3u ¢ 3THM HabmoqaeTcsl akTHBU3AIHS IPAKTH-
YecKoro npuMeHeHus B KasaxcTaHe KOHIENIIIMK HEONPEIeIeHHOCTH N3MEpeHui. MeXayHapoIHBIMU OpTaHU3aIlu -
MH pa3paboTaHBl M TOATOTOBIICHBI OCHOBHBIE JOKYMEHTHI II0 MEXAYHAPOTHONH TapMOHH3AIMH ITOJXOA0OB IpPH
pemeHnn MeTposiormdeckux 3amad: cragapt MCO/MDBOK 17025:2017; moxymenT OOBEAMHEHHOTO KOMHTETa
pykoBozcTB 1o Merposoru JCGM 100:2008, xak mocnenuss nononnenHas pepakuust GUM:1995, kotopast conep-
KHUT PEKOMEHJIAIINY 110 OIL[EHKE HEONPEIeICHHOCTH B M3MEPEHNH; MEX/TyHapOIHbIH ciioBaph 1o merposorun JCGM
200:2012, rne npencTaBiIeHbl BCE TEPMHUHBI U ITOHATHS, UCIIOIb3YEMbIE B 00J1acTH MeTposioruu; pykosoactso JCGM
101:2008 (Jomnonuenue 1 k GUM:1995).

B crarbe mpuBeneH 0030p TpeX METOIOB OLIEHUBAHHS HEOTIPEIEICHHOCTH, PEKOMEHIyEeMbIX MEXIyHapOJHBIMU
nokymeHtamu: cranaapteiM GUM, Monre-Kapno u Kparrena. [IpuBeneHHbsle MeTOIbl HE NPUMEHSIIUCH K OLIEHKE
HEONPEIEICHHOCTH HM3MEPEHHs pacxozja. JTa 3afada sBISIETCS NPEIMETOM HCCIEIOBAaHMS HACTOSIIEH CTaThu.
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HccnenoBaHo NpUMEHEHHE 3TUX METOJOB IUI OLCHMBAHUS HEOIPENEIEHHOCTH OTHOCUTENIBHOI MOrpemHOCTH
MIPOMBIIIJIEHHOTO IEKTPOMAarHUTHOTO pacxoJoMepa.

Jig mosyueHHs pe3ysabTaToOB MPOBEPKH TEXHUYECKHX PACXOIOMEpPOB aBTOPAMU B COCTAB METPOJIOTMYECKOI0
koMIuiekca BkmoueH APM «Metposor» ¢ paspaboTaHHBIMU B cpelie rpadudeckoro nporpammupoBanus NI LabView
IIpOrpaMMaMU pacueTa HeOoNpeAeIEHHOCTH IEKTPOMAarHUTHOTO pacxoJoMepa.

Kpome Toro, npennoxkeHa MoAeNb OLEHUBAHUS HEONPEIEIEHHOCTH OTHOCHUTENBHON MOTPEIIHOCTH IPOMBIII-
JIEHHBIX pAacXOJOMEPOB A TNPOBEACHUSA HMCCIENOBaHUN. PacdeTbl MO OLIEHKE HEONPENENEHHOCTH H3MEPEHUI
AEKTPOMArHUTHOTO pacxoJoMepa mpoBeneHs! Tpems Metogamu: ctangapTHeIM GUM, Monte-Kapio u Kparrena.

IIpuBeneHs! pe3yabTaThl SKCIEPUMEHTOB HA METPOJIOTHYECKOM KOMIUIEKCE U CPABHUTENBHBIA aHAIIU3 PE3yIIb-
TaTOB OLEHWBAHUSA HEOINPEIEIEHHOCTH OTHOCHUTENBHON MOTPEITHOCTH 3JIEKTPOMArHUTHOTO pacxogomepa. Beimon-
HEHHbIE pacyeTsl Nokas3anu, 4yTo Bce Tpu Merona (GUM, Kparrena u Monrte-Kapio) naroT 3HaueHHs CTaHIAPTHOMN
HEOMPEICIICHHOCTH, He TPEBBIIIAIONINE JOMYCTUMBII AHana30H OTHOCUTENbHOI norpemHocTd IMP (£ 1%).

Meron Monte-Kapno npu jnocraroyHo OOJBLIOM 4YHCIE MMUTALMKA jAaeT Jjydiiee npuodmmkeHue. OmHako
pacder o Merony Monre-Kapio 3annmaer Gonblie BpeMeHH (32 CUET COPTUPOBKH U 00paOOTKH OOJIBIINX MacCH-
BOB), HO MOYET BBIMIOJIHATHCS MEHEe KBAUTU(QHUIUPOBAHHBIM IEPCOHANIOM (HE TpeOyeTcst rilyO0OKOTo 3HaHUs MaTeMa-
Tukn). Meron MonTe-Kapiio MojkHO paccMaTpuBaTh Kak IMPAaKTHYECKYIO aJbTEPHATUBY METOIY OLICHKH HEeoIpejie-
nennoctu GUM [19].

Mertoxn Kpartena naer pesynsrarsl ananoruussie Metony GUM. CymiecTBeHHBIE pa3nuuns MEXIy pe3yibTa-
Tamu, noayyeHHbIMU 10 GUM u metony Kpartena, He OTMEUYEHBI.

Mertox Kpartena nmpeanodTuTeneH BBULY OTCYTCTBHS HEOOXOAMMOCTH pacdeTa KO3 (QHUINEHTOB TyBCTBUTEb-
HOCTH IpPH BBIYHUCICHUU CYMMAapHOH CTaHIApTHOH HEONPEINENCHHOCTH, YTO HMEET 3HAYE€HUE IIPU CIIOKHBIX
ypaBHEHMsIX U3MepeHnil. Meton Kparrena pekoMeHayeTcst Kak MeHee TPYIOEMKHIH HHCTPYMEHT AJIsl paCYETOB.

KaroueBble ciioBa: HeonpeaeIeHHOCTh U3MepeHus; ctanaapTHeii MeTon GUM, meton Monte-Kapio, Tabmu-
1a Kparrena, noBepka; 3JeKTpOMarHUTHBIN pacxoIoMep.
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ANALYSIS OF RECOMMENDED MEASURES AIMED
AT OPTIMISING AND IMPROVING THE DEVELOPMENT PROCESS
AT THE PRORVA OIL DEPOSIT

Abstract. Determination of the optimal parameters of deposit development systems depending on the features
of the geological structure and operating modes of the deposits, the main provisions of the regulation of control and
regulation of the development process are considered as factors affecting the optimisation of the level of oil
production. To increase the efficiency of deposit development and justify measures to control and regulate the
development process, the design technological indicators are specified in this paper. The analysis determines the
current state of development of the Zapadnaya Prorva deposit and its recoverable oil reservoirs, an assessment of the
effectiveness of the implementation of previously approved design decisions, factoring in the existing understanding
of the geological structure and new information obtained on the geological-field description of productive reservoirs,
the current state of development, the study of the status and extent depletion of oil reserves from the reservoirs and
issuing recommendations for monitoring and regulating the development process. This paper analyses geophysical,
hydrodynamic studies of boreholes and reservoirs, the results of field studies, the current state of development. Initial
data for assessing the development efficiency taking into consideration the history of borehole operation is
determined, the effectiveness of the applied system for monitoring the development process and the state of the stock
of producing wells is assessed, the effectiveness of measures to regulate the development process is analysed, and the
effectiveness of the development process is assessed.

Key words: hydrodynamic studies, borehole, reservoir, the effectiveness of the system used.

Introduction. The progressive technical and technological lag in the domestic oil production
complex with an increase in the production of hard-to-recover oil reserves (HTR reserves) is accompanied
by a decrease in the profitability and competitiveness of oil companies. The final oil recovery, defined as
the weighted average of the initial balance reserves, largely depends on the existing structure of reserves
[1-3]. The structure of oil reserves only worsens over time, both due to the accelerated production of
active oil reserves, and due to the deterioration of the conditions for their production during the flooding
of reservoirs upon long-term development of oil deposits. As a result, part of the active oil reserves goes
into the category of hardly recoverable. The application of the latest methods for increasing oil recovery
should be designed in addition to the basic hydrodynamic methods as a single development system [4-6].

The relevance of the subject matter is conditioned by the fact that over 120 years have passed since
the start of oil production in Kazakhstan. Currently, the oil and gas industry has become the basis of socio-
economic reforms in the country. At the end of 2018, our oil and gas complex provided over a fifth of the
country's GDP, two-thirds of revenues to the National Fund, about 62% of commodity exports, and half of
foreign direct investment. With that, Kazakhstan is developing in the global space and with consideration
of global processes [7]. In this regard, we shall investigate the latest history of the national industry
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through the lens of key global tendencies. The main tendency in the global market constitutes the growing
demand for hydrocarbons. Long-term forecasts of all the world's leading energy companies also
demonstrate the continued role of oil and gas in the planet’s energy structure in the foreseeable future [8].
The constant complication of mining and geological conditions for the development of oil deposits, the
moral and physical aging of fixed assets, the low potential of existing technologies for increasing oil
recovery create significant problems for the development of oil companies [9].

The leading approach to the study of this issue is the analysis of the need for production boreholes to
systematically carry out field geophysical studies. In the future, it is recommended to continue monitoring
the development of studies with the use of the GIS-control methods by INNK records, as well as PLT
methods in production boreholes to monitor the current state of reservoir beds. It is confirmed by the
application of approved methods, as well as by comparing the results with data obtained by other authors:
“Supervision of the implementation of the revised project for the development of the Zapadnaya Prorva
deposit”, 2011. “Supplement to the revised project for the development of the Zapadnaya Prorva deposit”,
2015 and other Funds Materials: Caspian Energy Research LLP. Oilgeoconsulting LLP. Scientific
Research Institute “Caspiummunaigaz” LLP. A new technical solution is proposed to increase the
efficiency of deposit development, as well as several conclusions and recommendations on geology and
development based on increasing the efficiency of application at the Zapadnaya Prorva deposit.

Analysis of theoretical studies of the state of oil reserves from reservoirs and sections of the Western
Prorva deposit. The materials of the paper on the experience of developing oil deposits, as well as
theoretical and experimental studies based on field geophysical survey data of this deposit, can be useful
for students, graduate students of oil universities and students of continuing education courses in the
direction of “Development of oil and gas deposits”.

The purpose of this paper is to summarise the accumulated experience of deposit development, to
clarify the geological structure of the deposits, the properties of reservoir fluids and the properties of
reservoirs, based on the results of drilling new wells and conducting relevant studies, identifying the
causes of discrepancies between actual development indicators and design indicators, analysing the
effectiveness of the implemented deposit development system, and issuing recommendations aimed at
improving the development system and increasing its effectiveness based on new data on the geological
structure of the deposit and current development characteristics.

Materials and methods. To monitor the development, condition, and operation of boreholes and
borehole equipment at the Western Prorva deposit, it was proposed to conduct the following main types of
research: field research; field-geophysical studies of boreholes and core samples; hydrodynamic studies of
formations and boreholes; physico-chemical studies of the properties of oil and gas; physical and chemical
studies of associated and injected water [10]. Studies were carried out at all developed facilities to control
the development in accordance with mandatory research complexes that consider the specific geological
and physical properties of the deposit and the features of the applied development system. With that, it
was planned to carry out both systematic (periodic) and single (one-time) studies. Systematic studies were
carried out in operating, producing, injection, and control boreholes with a specified frequency. One-time
studies — in new boreholes that were taken out of drilling, as well as in boreholes where repeated
perforation is provided, before and after the event.

Information about the well yields. The establishment of the frequency of flow rates (injectivity)
measurements should be made differentially for low-rate wells (up to 5 t/day), medium-rate (5 to
25 t/day), and high-rate (more than 25 t/day). The determination of the water cut of production wells
should be determined by one-time studies of all mastered wells after drilling or repair and systematically
during operation. The determination is carried out by laboratory analysis of the selected product samples.
The gas factor is determined by one-time studies of all producing wells new and after repair. The gas
factor in wells that are operated at high bottomhole pressures and characterised by an initial gas factor is
determined once a year.

The complex of hydrodynamic studies includes: the pressure transient test (PTS); repressuring
method (RM); well interaction research method (well interference testing); bottomhole and reservoir
pressure and temperature measurements. A study with the use of the steady-state selection method is
carried out both on a one-time basis for all new wells, as well as for existing wells before and after
geological and technical measures associated with a change in the bottom-hole zone, and systematically
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for active producing wells at least once every two years. Well restoration by pressure restoration is carried
out in the form of one-time studies for all new producing and injection wells, as well as wells that were
abandoned for repair, and systematically for existing injection and producing wells at least once every two
years.

In order to compare the current position of the contacts with the position existing at the time of the
start of development, the movement of the oil water contact is controlled. The position of the oil and gas
complex is determined by the methods of gamma-ray logging, lateral logging, induction logging and side-
wall resistivity logging to reduce resistivity in special appraisal or still uncased production boreholes
[11-14]. The criterion for the effectiveness of well intervention techniques in wells was the additional oil
production during the effect. Those well intervention techniques were considered to be successful in the
duration of the effect, after which the current yield is higher than the initial one (before the well
intervention techniques) [15].

Results and discussion. To study the inflow profile, one-time studies are carried out on new
producing boreholes, including boreholes before and after well intervention techniques which are related
to impact on the bottom-hole zone. For each completed and commissioned borehole, it is necessary to
carry out studies to determine the technical condition, tightness of the production string and cement
quality.

In laboratory conditions, the following indicators are determined:

— physico-chemical properties of reservoir oil according to differential and contact degassing
(pressure of oil saturation with gas, gas content, density, viscosity, volumetric coefficient and
compressibility in reservoir conditions, shrinkage coefficient, etc.);

— physico-chemical properties of oil degassed to standard conditions (density, kinematic viscosity,
molecular weight, boiling point and pour point, oil saturation temperature with paraffin, percentage of
paraffins, asphaltenes, silica gel resins, sulphur, fractional, hydrocarbon and component compositions), the
presence of salt and solids in oil;

— full chemical-physical analysis of produced water according to detail documentation.

A set of physical and chemical studies of oil and gas. Formation oil samples should be taken by in-
depth samplers in the immediate vicinity of the inflow zone. The selection of boreholes for deep sampling
is carried out by the geological service of the subsurface user and is coordinated with the company
performing author's supervision over development [16]. To clarify the physicochemical properties and
thermobaric conditions of productive horizons, it is further recommended that an analysis of deep oil
samples and measurements of reservoir pressures be carried out in compliance with the required duration
of well shutdown. A set of well research to control development is presented in table 1.

Table 1 — A set of studies to control the development process

No Types of Research Periodicity
One-time studies in all newly drilled wells and upon well
1 Measurement of yield and injectivity: intervention techniques:
) — depleted wells; — 1time in 15 days;
— medium- and high-rate wells. — 1timein 7 days.
One-time studies in all newly drilled boreholes and upon well
Determination of water cut in production wells: intervention techniques:
2. — waterless; — 1 time per month;
— low and medium watered; — 1time in 15 days;
— highly watered. — 1time in 7 days.
One-time studies in all newly drilled wells and upon well
3 Determination of the gas factor: intervention techniques:
' — Rform>Psat; — 1 time per year;
— Rform<Rsat. — 1 time per month.
One-time studies in all newly drilled wells and upon well
A . intervention techniques.
4. | Determination of reservoir pressure -
Once every 6 months on a core network, an existing stock.
Once a quarter for observation wells.
One-time studies in all newly drilled wells and upon well
5. Determination of bottomhole pressure intervention techniques.
1 every 3 months for the existing stock.
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Continuation of table 1

6. Pressure recovery test

One-time studies in all newly drilled wells and upon well
intervention techniques.
Once every two years.

7. | Stationary behaviour study

One-time studies in all newly drilled wells and with well
intervention techniques.
Once every two years for the core network.

8. Inflow profile study

One-time studies upon commissioning and upon well
intervention techniques.
Once a year for the production stock.

Assessment of current oil saturation, control of the
position of the oil water contact

One-time studies in all newly drilled wells and upon well
intervention techniques. As required.

10. | Depth sampling for physico-chemical analysis of oil

At least three samples once every six months.

Wellhead oil sampling to determine the basic

combination strings

11. . - Once every six months at least five samples.
properties of degassed oil
12 Water sampling to determine composition and One-time studies in all newly commissioned wells.
" | quality in production wells In existing wells 1 time in 3 months.
. S . . One-time studies in all newly drilled wells and upon well
13. Preventive examination of the technical condition of intervention techniques.

As required (leakage, channelling, etc.).

The purpose of monitoring the development of deposit facilities is to assess the effectiveness of the
applied development system at large, individual technological measures, or new technologies aimed at
improving the process of reserves production. Development control measures provide information for
planning work on regulating the development process and designing technologies for its improvement
[17-19]. Table 2 compares the design and actual volumes of research.

Table 2 — Implementation of the development process control plan

Types of research

Frequency

Design

Actual

Dynamic well test

Pressure transient test

One-time studies in all newly drilled wells. The current stock — once
every 2 years, before and after repairs (well intervention techniques)
associated with a change in the state of the engineering,
procurement, and construction.

17 studies are being
performed on 17 wells.

Pressure recovery test

One-time studies in all newly drilled wells. The current stock — once
every 2 years, before and after repairs (well intervention techniques)
associated with a change in the state of the engineering,
procurement, and construction.

5 pressure build-up curve
studies in 5 wells;

9 level build-up curve
studies in 9 wells.

Yield measurements

One-time research on all new producing wells. Operating stock —
monthly, with well intervention techniques, when their flow rate
changes by over 40%.

Monthly.

Determination of
bottomhole pressure

One-off studies in all newly drilled wells. Operating stock — once a
quarter, upon well intervention techniques

650 measurements taken.

Determination of formation
pressure

One-time studies in all newly drilled wells, on drifts — 1 time in 6
months, upon well intervention techniques.

214 measurements taken.

Determination of wellhead
and casing pressure

For existing production (fountain) wells — 1 time in 3 days.

In progress.

The study of the physicochemical properties of oil

Depth sampling for
physico-chemical analysis
of oil

One-time studies in gushing wells.

33 samples are taken in 21
wells.

Wellhead oil sampling to
determine the basic
properties of degassed oil

At least once a year from all operating production wells.

53 samples are taken for
37 wells.

Determination of the gas
factor

One-off studies in all newly drilled wells. The current stock, when
the formation pressure exceeds the saturation pressure — 1 time per
year, upon a decrease in the formation pressure below the saturation
pressure — on a quarterly basis.

Once a year.

Determination of water cut

For the entire operating maintenance stock, at least 1 time per
month.

Once a month.
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Continuation of table 2

Geophysical surveys

Study of the inflow profile,
determination of sources
and water cut intervals

One-time studies upon commissioning a well from drilling. Fountain

" . - - . Performed on 2 wells.
stock — once a year; upon conducting well intervention techniques.

One-time studies upon commissioning a well from drilling. The
existing fund — as required (upon a sharp increase in water cut, a
change in the operating mode of the well, in case of workover, upon
commissioning idle or inactive wells).

Inspection of the technical
condition of production
wells

Performed on 13 wells.

Monitoring the position of
the oil water contact and
assessing changes in oil

The current stock — depending on changes in the composition of the
incoming fluid (against non-perforated formations of the studied Performed on 13 wells.
operation facility).

saturation
Determination of formation | One-time studies in all newly drilled wells. The existing stock — at In Droaress
temperature least once a year. progress.

During the analysed periods, materials of geophysical well logging were interpreted from three wells
(No 430, No 435, No 437) drilled after calculating reserves in 2013. Geophysical surveys in new wells
were performed by Batysgeozertteu LLP. The complex of field-geophysical studies was carried out in
open and closed boreholes. In open hole wells, designed to evaluate the reservoir properties of reservoirs
in a productive section, a modern geophysical well logging complex was performed in the wells, including
the following methods: self-potential logging, calliper logging, lateral logging, induction logging,
micrologging, gamma-ray logging, neutron gamma-ray logging, acoustic logging, gamma-gamma density
logging, high-frequency induction logging with isoparametric sounding, thermometry, and inclinometry.
To assess the determination of the quality of cementing the columns, well cementation acoustic control
was carried out, the methods of gamma-ray logging and collar locators were used to bind in depth to the
section of the wellbore. For the period from 2014 to 2017, 13 wells were used to determine the current
state of oil saturation of INNL (impulse neutron-neutron logging) with IGN-7, IGN-43-M1, and INGK-43
instruments. Monitoring of the technical condition of the production casing was also carried out in
13 wells [20].

The study of the physicochemical properties of oil, gas, and condensate in the Zapadnaya Prorva
deposit began at the exploration stage. Over the entire period of deposit development, 48 deep and
61 surface oil samples, 6 condensate samples, 76 dissolved gas samples were studied. To control the
development of the deposit, the following types of studies are carried out: registration of pressure changes
in unsteady filtration modes (level build-up curve, pressure draw-down curve); well productivity studies in
various operating modes (pressure transient test) [21-23].

During 2015-2017, hydrodynamic studies of wells were carried out at the deposit in transient modes
(pressure build-up curve, level build-up curve), as well as measurements of static and dynamic fluid
levels. Since the beginning of the implementation of the project document (DUPR-2015), the deposit has
undergone 5 surveys of pressure build-up curve for 5 wells and 9 surveys of level build-up curve for
9 wells. Also, direct measurements of formation pressure and measurements of static fluid levels were
used to analyse the energy state.

Conclusions. In the process of deposit development, it is necessary to carry out comprehensive
research to assess the effectiveness of the adopted development system, to obtain the information
necessary to optimise the ongoing development processes and design measures to improve them. The
research work being carried out at the deposit to monitor the development of formations allows to evaluate
the effectiveness of the adopted development system and to develop measures for its improvement.

An analysis of the measures taken at the deposit shows their high quantitative and qualitative
characteristics. The analysis determines the current state of development of the Zapadnaya Prorva deposit
and its recoverable oil reserves, an assessment of the effectiveness of the implementation of previously
approved design decisions, taking into consideration the existing understanding of the geological structure
and new information obtained on the geological and deposit characteristics of productive deposits, the
current state of development, the study of the status and extent depletion of oil reserves from the reservoirs
and issuing recommendations for monitoring and regulating the development process. The analysis of
geophysical, hydrodynamic studies of wells and reservoirs, the results of deposit studies, the current state
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of development. Initial data for assessing the development efficiency with consideration of the history of
well operation are determined, the effectiveness of the applied system for monitoring the development
process and the state of the stock of producing wells is assessed, the effectiveness of measures to regulate
the development process is analysed, and the effectiveness of the development process is evaluated.
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L AtIpay MyHaii xoHe ra3 yansepcuteri, ATbipay, Kasakcran;
2ATLIpay MYHa#l eHzey 3aybIThl, ATbIpay, Ka3zakcran

OHJUPICTIK 3EPTTEYJIEP/IH )KOHE «(IIPOPBA» KEH OPHBIHIAFBI O3IPJIEY YPAICIH
JKETLIAIPY MEH OHTAMJIAHJBIPYFA BAFBITTAJIFAH O3IPJIEY ’KYMBICTAPBIHBIH
AFBIMJIAFBI KAFTAWBIH TAJIJIAY

Annoranusi. KeH OpHBI KYPBUIBIMBIHBIH KYPICHIiTiri OOWBIHINA AU3BIOHKTUBTIK OY3y OpeKeTi OpbIH ajlaThIH,
KMMAaCHI ’OHE ayJaHbl OOMBIHINA KOJUIEKTOPIAPIBIH KOFaphl OPTEKTLIIr OalfKanaThIH eKiHIII TOIT 0OBEKTiCiHE JKaTa-
nbl. KemkabaTTelk keH opHbl, bateic IlpopBa aynaHbIHIarbl OapianraH MyHail »kaTeiHAapbl FOpa sxone Tpmac
IOYipiHiH IIeTiHIiIepiMeH OalmaHBICTHL. [ CONOTHANBIK KYPBUIBIM EPEKINCSNIKTEpl XOHe MYHal >KaThIHIapBIMEH
KYMBIC pPeKUMiHE OailJIaHBICTHI KEH OPBIHIAPBIH d3ipiiey JKYHECiHIH OHTAaWIbl MapaMeTpliepiH aHBIKTAy, J3ipiey
YPIICiH peTTey MeH OakpiIay periIaMeHTiHiH HeTi3Ti KaFumalapbl MYHall eHIIpYy JCHreiiH OHTalIaHIBIpYFa ocep
€TeTiH (aKTopiap peTiHAe KapacTHIPHUIFaH.

JKyMBICTBIH MaKcaThl — aHa YHFBIMaJapAbl OYpFhUIay MCH THICTI 3epTTEY XKYPTi3yAiH HOTHXeJepi OoWbIHIIA
MYHail JKaTBIHAAPBIHBIH T'€OJOTHSIIBIK KYPBUIBIMBIH, KOHHAYKATTHIK (IIIOMATEp MEH KOHHAYKAaTTBIH KacCHETTepiH
3epTTey. KeH OpHBIH 93ipiieyIiH THIMIUIITIH apTTHIPY YIIiH XOHE 93ipiiey YPHAICIH peTTey MeH Oakpuiay OOHBIHIIIA
IIapanapasl Heri3liey MakcaThlHaa OepijireH )KYMBICTa )KOOIBIK TEXHOIOTHSIIBIK, KOPCETKIIITEp HaKThUIAHFaH. Tan-
nay apkbutel bateic [IpopBa KeH OpHBIH 93ipJeydiH 3aMaHayH Kyii »oHE OHAAFbl OHAIPLICTIH MYHaH KOPBI, OHIMII
JKaTBIHAAP/BIH T€OJIOTHSIBIK-KOCIMIIIIIK CHIIATTaMAachl Typasbl alblHFaH jXKaHa AEPEKTEeP MEH I'€OJOTHSUIIBIK KYphl-
JIBIM TypaJTbl TYCIHIKTI ecKepe Kele ajAblHIa MaKYJIaHFaH K00ABIK IIEIIiMICPIiH JKy3eTe achIphLUTy THIMAUIITIHIH
Oarachl, 93ipJey KYMBICTAPBIHBIH aFBIMAAFBI KaFIaibl, KOWHAYKATTapAaH MyHal KOPBI OHIIPUTYiHIH ACHreii MeH
KYHiH 3epTTey XKoHe 93ipIiey YPAICiH peTTey MeH Oakpuiay OOHBIHINA YCHIHBIMIAPABIH Oepilyi aHBIKTaIFaH.

ATanMBIIT MOCeNeH] 3epTTeyIiH 0acThl TOCUT — JaNablK TeO(PU3UKAIBIK 3ePTTEYIepIl KYHeNIi Typae Kyprizy
YIIiH KOJIaHBIMIBIK YHFBIMara Tajnmay jkacay KaxeT. KeH opBIHABI d3ipieymiH THIMALUITIH apTTBIPY YIIiH JKaHa
TeXHUKaJbIK LICIIIM YCBIHBULABI, COHbIMEH KaTap barteic IIpopBa keH OpHBIHIA KOJOAaHY THIMIIIIrIH apTTHIpyFa
HETi3lIeNIeH reoIOrrsl MEH 93iplieyre KaThICThI KOPBITBIHIBI JKacallbIll, YChIHbICTap OepinreH. JKoOanslk KepceTkim -
Tep MEH alfakThl d3ipiiey KOpCeTKIlITEepiHiH cail kKenMmey cebentepi aHbIKTanabl. COHBIMEH Katap KEH OpPHBIH
o3ipNeyIiH SHIIPUITeH KYHEeCiHIH THIMAUTITIHS TallJay *Kacalabl. 3epTTeY KYMBICHIHBIH COHBIHAA 331pIICYIiH aFbIM-
JaFbl CUIIATTAMAchl MEH KEH OPHBIHBIH T'€OJOTHSIBIK KYpPBUIBIMBIHA KATHICTBI JKaHA JEpeKTep HeriiHue a3ipiey
XKYHeciH XKeTUIIipy MeH OHBIH THIMJUINiH apTThIpyFa OaFbITTalFaH YChIHBICTAp OepijreH.

KoiiHaykaT meH yHFbIMalapiAblH Teo(U3HKaIbIK, THAPOJAMHAMHUKAIBIK 3€pTTEyJepiHe, OHIIPICTIK 3epTTey
HOTIDKENEpiHe, 93ipJey/AiH arbIMIarbl KyHiHe Tayijay skacaiibl. ¥ HFbIMaJlapAblH KOJIIaHY TapHXBIH €CKepe Kele
o3ipsiey THIMIUITIH Oaranayra apHaIFaH OacTalnKpl JepeKTep aHBIKTAJJIbl; OHAIPYII YHFBIMaJIap KOPBIHBIH KYHi MEH
KOJIZIaHBICTAFbI 93ipiey YpHiCiH OakplIay KyHeciHiH Thuimaiirine Oara Oepiiai; a3ipyiey ypAiciH peTTeyre KaTbICThI
mapajap THIMJIUIITIHE Tanjgay jkacajibl XKaHe d93ipJiey YpAICiHIH THiMALIIriHe Oara Oepinii. MyHal KeH OpbIHAAPbIH
a3ipiey ToKipnOeci, aTaIMBIII KeH OPHBIH JAJIANIBIK T'e0(H3HUKAIBIK 3epPTTeysep AepeKTepi HEeTi3iHIae TeopHUsUIIBIK
KOHE SKCHEPHMEHTTIK 3epTTeyjiep Typajbl Makala MaTepuajiapbl CTYAEHTTEp, MYHAll JXOHE ra3 JKOFapbl OKYy
OpHBIHJa OKWTHIH acIHpaHTTap, COHbIMEH Karap «MyHail KeH OpBIHJAapblH o3ipiey» OarbITBIHAA OUTIKTUNIrH
apTTHIPY KypCTapbIHBIH ThIHAAPMaH/Iapbl apachblHa KeHIHeH KOJIIaHbUIA aTajbl.

Tyiiin ce3nep: ruApOANHAMUKAIIBIK 3€PTTEYIIEp, YHFBIMA, pe3epByap, KOJIAHBUIATHIH XKYHEHIH THIMIUTITI.
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Atwipayckuii yruBepcutet HeTH 1 rasa, ATsipay, Kasaxcram;
2 . .
ATpIpayckuii HedrenepepadaTsiBatouii 3aBoj, ATbipay, Kazaxcran

AHAJIA3 TPOMBICJIOBBIX UCCJIEIOBAHUMA U TEKYIIETO COCTOSTHUSA
PA3PABOTKHN HAIIPABJIEHHOU HA OIITUMU3ALINIO 1 YCOBEPIIEHCTBOBAHUE
MNPOLHECCA PABPABOTKH HA MECTOPOXIAEHHUHA «ITPOPBA»

AHHoOTanusi. MecTOpOXKACHHE TI0 CIOKHOCTH CBOETO CTPOCHHS OTHOCHUTCS K OOBEKTaM BTOPOM TPYIIIHI, I
KOTOPBIX XapaKTepHO HAIWYME IU3BIOHKTHBHBIX HApYyIICHUH, BEICOKas HEOJHOPOJHOCTh KOJUIEKTOPOB IO TUIOLIA M
U 10 paspe3y. MecTopoxkIeHne MHOTOIUIACTOBOE, pa3BelJaHHble 3ayie)kd HeTH Ha Iuiomaau 3amanHas [Ipopsa
CBSI3aHBI C IOPCKUMH M TPHACOBBIMHU OTJIOKEHHAMHU. OnpeesieHne ONTHMAabHBIX I1apaMeTpOB CUCTEM pa3paboTKH
MECTOPOXKJICHUI B 3aBUCHIMOCTH OT OCOOEHHOCTEH I'€0JIOTMYECKOT0 CTPOCHHS M PEKUMOB PaOOTHI 3alexkeil, OCHOB-
HBIE TOJIOXKEHHS pPerjaMeHTa KOHTPOJS W PeryjJHpoBaHMs Ipolecca pa3paboTKU pacCMOTpPEHbI, Kak (akTophl,
BJIMSIIOIINE HA ONTUMHU3AIMIO YPOBHSI JOOBIYHM HEPTH.

Lenpro qaHHOM pabOTHI ABISACTCS N3YUCHHUE TEOIOTHUECKOTO CTPOCHUS 3aJIeXKEH, CBOHCTB IDTACTOBHIX (DIIFOMIOB
1 CBOHCTB IIACTOB IO Pe3yiIbTaTaM OypEeHUs HOBBIX CKBaKWH U IMPOBEACHUS COOTBETCTBYIOIINX HCCIEAOBAaHUH. J{ist
TOBBITIICHUS 3 (HEeKTUBHOCTH pa3pabOTKA MECTOPOKACHUS M 0OOCHOBAHIS MEPOIPUATHH IO KOHTPOIIIO M PETYIUPO -
BaHUIO TIpoIiecca pa3pabOoTKH B HACTOSIIEH paboTe YTOUHEHBI IPOCKTHBIC TEXHOJIOTHYECKIE oKa3aTend. [IpoBeneH-
HBI aHAJH3 ONpEeIsieT COBPEMEHHOE COCTOsTHHE pa3paboTku MecTopokaeHus 3amanHas [IpopBa u ero n3Biekae-
MBIE 3amachl HeTH, ONEHKY (PPEKTHBHOCTH pealM3alliiil paHee YTBEPXKACHHBIX MPOCKTHBIX PEIICHUH, C YIeTOM
HMEIOILEToCs MPEICTaBICHUS O T€0JIOTHYECKOM CTPOCHMU U IONIYyYEHHBIX HOBBIX CBEIEHHH O Ie0JOoro-IpOMBICIIO-
BOW XapaKTEepUCTUKE MPOJYKTHBHBIX 3aJIEKEH, TEKYILEM COCTOSHHM Pa3pabOTKH, M3yUEHHUE COCTOSIHUS M CTEICHH
BBIPa0OTaHHOCTH 3aracoB He()TH U3 IUIACTOB M BblJadya PEKOMEHJANUI 10 KOHTPOJIO U PETYIMPOBAHUIO Mpoliecca
pa3paboTKu.

BenymuM nonxoaoM K M3y4eHHIO 3TOTO BOIIPOCA SIBJIAETCS aHAJIN3 HEOOXOAMMOCTH IKCIUTyaTal[MOHHBIX CKBa-
KHH JUISl CHCTEMaTHYECKOTO MPOBENICHUS MOJIEBIX Teodu3nueckux uccnenoBanuii. [Ipeaaraetcss HOBoe TeXHUYEC-
KO€ pelIeHue AJIs MOBBIIeHUS 3()(QEeKTHBHOCTH pa3padOTKH MECTOPOXKICHHUS, a TAKXKe PsI BEIBOJOB U PEKOMEH/IA-
U 0 TEOJIOTHH U pa3paboTKe, OCHOBAHHBIX Ha MOBHIMICHUH Y(PPEKTHBHOCTH IMPUMECHEHUS HA MECTOPOXKICHUH
3amagnas [IpopBa. BEIsABIICHBI NMPUYUHBEI HECOOTBETCTBHS (DAKTHUECKUX IIOKa3zaTellell pa3pa0dOTKU W TPOEKTHBIX
mokazareneid. Takke mpoBoAMIICS aHANN3 Y(PPEKTHBHOCTH BHEAPEHHOMN CHCTEMBI pa3paboTKu MecTopokaeHus. [1o
OKOHYaHWH WCCIICAOBAHMS OBUIM TaHBI PEKOMEH/IAINN, HAIIPABICHHBIC HA COBEPIICHCTBOBAHHUE CHCTEMBI Pa3padoT-
KU W TOBbILIEHHE ee d(PPEKTUBHOCTH HA OCHOBE HOBBIX JIAHHBIX O T'€OJIOIMYECKOM CTPOCHHHM MECTOPOXKACHHS H
TEKYLIUX XapaKTePUCTUKaX pa3paboTKH.

BeinonHeH aHann3 reou3nYecKuX, THAPOJANHAMUYECKHX HCCIIEAOBAHUI CKBaXHMH M IUIACTOB, PE3yJbTaTOB
MIPOMBICIIOBBIX HCCIICIOBAaHMM, TEKYIIETO COCTOSIHHSA pa3paboTku. OmpeneneHsl HCXOJHBIE JTaHHBIE AJIS OICHKH
3¢ GEKTHBHOCTH pa3pabOTKH C Y4eTOM HMCTOPHUH OKCIUTyaTal[id CKBa)KWH; IMpPOBeAcHA OleHKa 3()()EKTHBHOCTH
MPUMEHSAEMOM CHCTEMBI KOHTPOJIS TPOLIECCOM pa3pabOTKU M COCTOSIHUEM (hOH/IA TOOBIBAIONIMX CKBAXKKH; TPOAHAIH -
3upoBaHa 3(Q(PEeKTHBHOCTE MEPOTIPHUATHH 10 PETYIMPOBAHHIO IIpoIecca pa3paboTKH U MPOBeIeHa OIICHKA YD PEKTHB -
HOCTH TIporiecca pa3paboTku. Martepuaiel CTaTbd 00 OmBITe Pa3pabOTKH HEPTSIHBIX MECTOPOXKACHHUH, a Takxke
TEOPETHYECKHUX U IKCIIEPUMEHTAIBHBIX HCCIICOBAHUIX HA OCHOBE JAHHBIX TOJEBBIX Te0()U3NISCKUX MCCIEIOBAHUI
3TOT0 MECTOPOXKAEHHS MOTYT OBITH ITIOJIE3HBI CTYAEHTaM, aclipaHTaM HE(TSHBIX BY30B, a TaKXKe CIyIIATeIsIM
KYpPCOB IOBBIIICHUS KBAUTA(UKAIINK B HanpaBieHUH «Pa3paboTka He()Tera30BBIX MECTOPOKICHHID.

KaioueBble cjioBa: THAPOAMHAMHUYECKHE HCCIIEIOBAHMS, CKBa)XKHHA, IIACT, d(P(GEKTUBHOCTh NPUMEHIEMON
CHCTEMBI.
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THE IMPROVING OF THE ACCURACY OF ENGINEERING
AND GEODETIC WORKS IN THE CONSTRUCTION AND CONTROL
OF THE GEOMETRIC PARAMETERS OF HIGH-RISE BUILDINGS

Abstract. In the article, the authors had done a brief analysis of existing modern, traditional methods and tools
that allow to determine the planned coordinates of geodetic signs, located on the last tier of super-high engineering
structures, paid special attention to the disadvantages and concluded that it’s necessary to develop a method and
device for determining the geodetic coordinates on ultra-high engineering structures with high accuracy to provide
engineering and geodetic works during the construction and operation of high-rise structures.

In the article, the authors propose their method and device for determining the planar coordinates of the upper
geodetic sign of the line of vertical design on ultra-high engineering structures with high accuracy, which is based on
the method of the straight linear resection by the light distance meter. The result of the proposed method is the
enhancing of the accuracy of engineering and geodetic works during the construction and control of geometric
parameters of high-rise structures.

This method of distance measurements allows getting the enhancing of the accuracy of the engineering and
geodetic measurements by fixing the moment of occurrence of the double frequency with root mean square error
(RMSE) above 0.5 mm, thus eliminating the need to measure the phase difference between direct and reflected
pulses. A particular advantage of the proposed method is that the accuracy of the measurements depends on the
comparison of the radiated fand double f, frequencies, which makes the measurement precision.

Key words: geodetic monitoring, vertical design, light distance meter, planned coordinates, construction of
high-rise structures.

Review. During construction and often during the operation period of the high-rise engineering
structures, the task to determine the planned coordinates of the geodesic sign, which is located on the top
(roof) of the high-rise structure arises.

Let’s consider briefly the advantages and disadvantages of the well-known methods of determining
and transmitting the planned coordinates vertically. The method of constructing the vertical by mechanical
plumb-line is the simplest, however, for the geodetic maintenance of the construction of multistore high-
rise structures, this method cannot be used due to the low accuracy (1:1000 under favourable measurement
conditions) of coordinate transmission [1].

There is a method of determining the coordinates of the upper geodetic sign (UGZ) by constructing
two collimation planes with the sight axes of the total station located on the construction site [2], in which
the intersection of the collimation planes forms a vertical line through which the planned coordinates are
transmitting from the lower geodetic mark (LGM) top sign. Insufficient accuracy is associated with the
unacceptable error (for this measurement >+10 of angular seconds) of cylindrical instrument levels, which
gives a vertical error of ~+20 mm at a building height of 100 m.
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More accurate is the method of optical or laser vertical design, which provides an accuracy of
1-2 mm for a building height of about 100 m [2].

At the same time, the requirements for the root mean square error of vertical design devices for high-
rise structures exceeding 100 m are gy, = 0.5 mm + 1- H [3], where H < 0,01 - H;¢ (H, is the height of
the engineering structure) that are representing a serious technical problem of vertical design.

For the most part, during geodetic monitoring of engineering structures, considerable attention is paid
to determining the deformations of the foundation part of the structure by traditional geodetic methods and
devices [1,2], but recently at the time of full automation cases of using non-traditional optoelectronic
photosystems to determine deformations of not only the fundamental part of the structure, but the structure
as a whole [4,5] and the territory as a whole [6].

Formulation of the problem. It follows from the above that it’s necessary to develop a method and a
device for determining the planned coordinates of the upper geodetic sign-on ultra-high engineering
structures with high accuracy.

The purpose of the article. The determination of the planned coordinates of the upper geodetic sign
of the vertical line on ultra-high engineering structures with high accuracy.

Presentation of the basic material. The authors created a method for determining the planned
coordinates of the upper geodetic sign of the line of vertical design on ultra-high engineering structures
[7]. 1t is based on the method of the straight linear resection by the light distance meter. To do this, the
geodetic anchor of the central points of the light distance meter and the lower geodetic sign in the
engineering structure in plan and by the height with the required accuracy is doing. Light distance meters
are oriented to optical reflectors, which are mounted on the upper geodetic sign of the engineering
structure and, changing the frequency of the pulse emitter, fix the distances from the light distance meters
to the reflectors of the upper geodetic sign on the building at the time of occurrence in the channels of the
light-distance meters’ receivers of the dual-frequency radiation, calculating these distances for each of the
light distance meters by the formula:

Vn

S= ?’ (1)
where V is the speed of light propagation in the atmosphere; f - is the frequency of light pulses; n - an odd
number of periods of double-pulse f, = 2f radiation frequency; the number n is determined by the
approximate value of the S’ distance on a large-scale plan taking into account the angle of inclination of
the light distance meters’ beam and rounded to an integer odd number:

n=21 @)
at the same time, taking into account the data of the geodetic anchorage of the light distance meters, the
coordinates of the upper geodetic sign x and y in the coordinate system of the engineering structure are
determined by the values of the directional angles of the directions "lower geodetic sign - centre of the
rangefinder" for at least two directions [7].

The method of determining the planned coordinates of the upper geodetic sign is implemented as
follows [7].

In figure 1 it is shown a diagram of the location of geodetic signs of light distance meters.

Figure 1 —
The scheme of location of geodetic signs
of light distance metres
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The diagram (figure 1) indicates: 1 - lower geodetic vertical sign (LGS); 2 - upper geodetic vertical
sign (UGS); 3, 5 - light distance metres; 4, 6 - geodetic signs.

Places for the installation of light distance metres are choosing at some distance from the controlled
structure, paying attention to a sufficiently sharp angle of incidence of the light distance metres and direct
visibility, equip land-based geodetic signs and stable bases for light distance metres in centres’ projections
and do the high-precision geodetic reference in horizontal and vertical projections of the mentioned
geodetic signs and the lower geodetic sign of the controlled vertical relative to the construction coordinate
system.

The method of determining the planned coordinates of the upper geodetic sign of the vertical line on
ultra-high engineering structures is implemented using a light distance metre device [5]. Thus, the authors
proposed two options for determining the coordinates of the upper geodetic sign in the absence of rocking
of the structure and the case of the rocking of the structure.

The block diagram of the light distance metre device (figure 2) contains [7]:

1 — the block of controlling and processing of the information;

2 — the block of the high-frequency generator;

3 — the block of modulation of the frequency;

4 —the block of radiation of light pulses;

5 — the reflector;

6 — the optical and electronic receiver;

7 — the mixer of frequencies of direct and reflected light pulses;

8 — the block of separation and comparison of the mixed frequency and the radiation frequency;

9 — the block of indication;

10 — the block of recording and storage of the information.

A

i
|

g 73"
Y

Y Y

9 10 *
\
5
A
6

Figure 2 — Block diagram of the light distance metre device

All blocks, except block 5, are installed in the body of the light distance metre’s channel. In Fig. 2 the
electrical connections are indicated by solid lines and the optical connections by the dashed lines.

Consider the procedure in two ways:

1. In the absence of rocking of the structure.

2. When the structure is rocking.

The light distance meter works as follows. Block 1 activate other units of the device and sends the
command to block 2, which generates a frequency fof the radiation. Block 2 through block 3 sends the
frequency to block 4; block 4 emits pulses of the light signals which are coming to the reflector 5. The
reflected light pulses reflected from the reflector come to block 6, where the pulsed light signals are
converted to electric with the main frequency f of the reflected pulses and are transmitted to the block 7;

at the same time, the block 7 receives electrical signals from block 3 with the fundamental radiation
frequency f (direct pulses). During the changing of the frequency in block 3 the interval of the time

between direct and reflected signals changes. At the moment when this time interval will be T = g where
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T is the period of frequency, in the mixer 7 the double frequency f;, = 2f appears, which goes from block
7 to block 8. In block 8, the frequency is divided into two. Also block 8 receives from block 3 the current

radiation frequency f, which is compared with the frequency %" At the moment of the coincidence of these

frequencies, the signal of the presence of the equality of frequencies f = %g from block 8 comes to block

1. Into block 1 also comes from block 2 values of the current frequency at the time of the coincidence. The
number n is determined by the approximate value of the distance on a large scale (2).
In the end, determine the distance from the device to the reflector just for the moment of the

coincidence of frequencies f = %" according to the formula (1) is determining.

To determine the coordinates of the upper geodetic sign of the structure in conditions of wind sway
on the upper floors, the proposed method is implemented within the schemes shown in figure 1 and 2. At
the same time, into a light distance metre device the low-frequency modulation of the main high-
frequency modulation of the light pulse radiation is putting, and it’s performing by block 3 on the
command of block 1 (figure 2). Low-frequency modulation allows with a small amplitude of the rocking
of the upper geodetic sign and with the rocking of the main frequency f in small limits, leaving an known
number n to be constant, to obtain a sufficient number of points of double current frequency f, = 2f and
the moments of its appearance to graphic of deviation of the upper geodetic sign from the vertical in axis
Xand Y. Visualization of such a graphic makes it possible to do vertical control in dynamics.

The work of the light distance metre is doing mainly according to the scheme shown in figure 2 and
differs from the mentioned above version of the work in that it turn on the low-frequency modulation in
block 3 fy and block 4 radiates pulses of signals from block 3 from which signals are received in block 7
(communication "block 2 - block 4" and "block 2 - block 7" in this case does not work). Otherwise, all the
blocks work according to the scheme in figure 2.

The distances are determined by the formula (1) at a constant value n, only the frequency is changing.
With the known value of the number n (which can be determined in advance, for example, when the
engineering structure is in the state of calm), in advance, the values of deviations AS; are calculating for
the points of the trajectory of the upper geodetic sign, in which there is a double frequency f,, appears.

That is, from formula (1) it turns out that, AS; = Af—f"'Si, so, defining moments t; on the occurrence of
4

double frequency f;, using the data AS;, Af; and ¢; build a graphic that shows the dynamics of the rocking
of the upper geodetic sign and the moment of finding the upper geodetic sign on the vertical.

When the location of the light distance metre rays near the planes of the structure XOZ and YOZ,
Ax;,.. and Ay; . will accordingly be equal to Ax;, .. = K;AS; and Ay;,.. = K;AS; , where K is the
coefficient that considers the angle of inclination of the light distance metre beam.

To evaluate the accuracy of the determining the distance S, we differentiate (1) the variables f; and V,
considering the number of wavelengths and, passing to the RMSE , we get

2 2
me =" | m2 4| 1| m2
S =7 fgz f, fy my .

As it is known from the literature, the error of a single measurement of the distance of the phase light
distance metre is determining by the [8]:

zm2 2mf2 v 22 2
mg =S —~| +S°| —| +|——| ms,+mg,
S (vj (fj (47sz ap Tk

where % and % are relative errors due to inaccurate determination of the speed of light propagation in

the atmosphere and the inaccurate measurement of the radiation frequency; m,,,is the phase measurement
error; my is the error of calibration of the light distance meter.

In the process of measuring the distance by the light distance meter, which is proposed by the authors
of this article, the phase measurement operation is excluded, it remains:
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2 me \2
= 2 (v 2(fg 2
ms—jS (v)+S(fg>+mk. 3)
Thus, the composition of the errors, which depends on the measured distance, will be as follows:
1) % = 107° + 1077. At short distances to 1-1,5 km % = 1km-1076 = 1mm:
2) /2 = 1076 + 10~7. At short distances to 1-1,5 km % — 1km-10-6 = 1mm.

fg )
Substitute the obtained values in (3) with the proviso that distances S = 1-1.5 km, we obtain
2 me N2
_ 2 (M 2 fa\™ _
mg = \/S (v ) + S (_fa ) = 1.5mm. (4)

Errors m, and my, are the errors of the centring of the light distance meter and the reflector
installation, for the high-precision measurements should be taken tolerances for at least 0.1 mm. The error
of calibration m,,; will be 0.2 mm.

Considering the components of the error we get:

m= /mg +m?, = 0,12 + 0,22 = 0.22 mm. (5)

Considering (4) and (5), we obtain the general formula of the RMSE distance measurement for the
pulse-frequency light distance metre proposed by the authors of this article:

mg =(o.22+1.5-s-10'6) mm.

Thus, during the usage of the impulse-frequency light distance metre suggested by the authors, during
the measurement of short distances for engineering and geodetic work (up to 1-1.5 km), the accuracy of
the measurements will mainly be affected by the errors m., m;;,, mgq;.

The conclusion. Therefore, this method of light-distance metre measurements allows obtaining an
increase in the accuracy of engineering and geodetic measurements by fixing the moment of occurrence of
the double frequency with RMSE above 0.5 mm, thus eliminating the need to measure the phase
difference between direct and reflected pulses. A particular advantage of the proposed method is that the
accuracy of the measurements depends on the comparison of the radiated f and double f, frequencies,
which makes the measurement precision.

According to the obtained data, the graphs of oscillations of the upper geodetic sign relative to the
vertical in the directions of the axes X, Z of the engineering structure are constructed and they are used to
control the verticality during the construction and installation of technological equipment. Equally useful
will be the device and method to perform geodetic deformation control during the operation of
engineering high-rise structures.

Thus, the method of light-distance metre measurements proposed by the authors allows doing the
determination of the vertical with high accuracy in conditions of the oscillations of ultra-high engineering
structures.
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INOBBINEHUE TOYHOCTHU UHXXKEHEPHO-TEOJAE3UYECKHUX PABOT ITPU BO3BEJIEHUUA
U KOHTPOJIE TEOMETPUYECKUX TAPAMETPOB BBICOTHBIX COOPYKEHUI

AHHoTanus. B craTthe aBTOpHI BBINOJIHIIN CHKAaTBIH aHAIM3 CYLIECTBYIOIIMX COBPEMEHHBIX TPAJAHUIIMOHHBIX
METOJIOB ¥ YCTPONCTB, MO3BOJIAIOIINX ONPEIeIiATh INIAHOBbIE KOOPAWHATHI I€0Ie3NUECKUX 3HAKOB, Pa3MEIICHHBIX Ha
TIOCTIETHEM SIPYCE CBEPXBBICOKHX WHXXEHEPHBIX COOPYKEHHH, 0COOCHHOE BHUMaHHE Y/EIMIIN HEOCTAaTKaM CYILECTBYIO-
mux crnoco6oB. OOMEN3BECTHBIE CIIOCOOBI, & UIMEHHO CIIOCO0 MOCTPOEHHS BEPTHKAIH C MOMOIIBI0 MEXaHHYECKOTO
0TBEeCa, HECMOTpPS HA TO, YTO SIBIISETCS HamOoyee MPOCTHIM B UCIIOJIB30BAHHM — HE 00ECIEUMBAET HEOOXOANMYIO
TOYHOCTh IIPU CTPOUTEIHCTBE MHOTOSTAXKHBIX BBICOTHBIX COOPYKEHHH, INpeleibHas TOYHOCTh 3TOTO criocoba
cocraBmger 1:1000 mpm yCIOBHH ONAaronmpusATHBIX YCIOBHH W3MEpPEHHIA; CIEAYIOUIMA CHoco0 OIpeneneHus
KOOpDAMHAT BEPXHEr0 TIE0JE3MYECKOr0 3HaKa IPH NOMOIIM IMOCTPOEHHS [BYX KOJUIMMAIMOHHBIX IIIOCKOCTEN
BU3UPHBIMH OCSIMH OITHKO-3JIEKTPOHHOTO TaxeoMeTpa aHaJOTMYHO He olecrieuyuBaeT TpeOyeMoi TOYHOCTH, NpH
BbIcOoTe coopyxkeHusi 100 M ommbKa 1o BepTUKanu cocTaBisieT ~+20 MM; HanboJiee TOYHBINA M3 U3BECTHBIX CIIOCOOOB
Ha CETOJHSIIHUI JeHb ABISETCA CHOCO0 ONTHYECKOTO MM JIa3epHOr0 BEPTUKANBHOTO NMPOEKTUPOBAHMS, KOTOPHII
obecrieunBaeT TOYHOCTh 1-2 MM Ul BBICOTHI COOpYKeHHUsI puOimm3uTenpHo 100 M, HO, KaK Mbl IOHUMaeM, STOH
TOYHOCTH TaKKe HEJOCTaTOYHO. ABTOpBI, MPOAHAIN3UPOBAB M3BECTHBIE CIIOCOOBI OMNpEACICHUS IUIAHOBBIX
KOOpAMHAT T€0/Ie3NYECKUX 3HAKOB, Pa3MEIICHHBIX Ha MOCIEIHEM SIPyCe CBEPXBBICOKMX WH)KEHEPHBIX COOPYKEHHH,
NPUIUIA K BBIBOAY, YTO HEOOXOAMMO pa3paboTaTh CHOCOO0 M YCTPOHCTBO ONpPEAETCHHs IUIAHOBBIX KOODIHMHAT
BEPXHETO TEOE3MUECKOr0 3HaKa Ha CBEPXBBICOKHX HHKEHEPHBIX COOPYKEHHSX C MOBBIIIEHHOW TOYHOCTBIO IS
obecrieueHns1 NHKEHEPHO-TE0Ie3NYECKUX pabOT BO BPEMs CTPOUTENNBCTBA U IKCILTYaTAI[MH BEICOTHBIX MWHKEHEPHBIX
COOPYKEHUI.

B crarbe aBTOpHI mpeIaraloT COOCTBEHHBIE CIIOCOO M YCTPOMCTBO ONpENeNeHHs] IUIAaHOBBIX KOOPIUHAT
BEPXHETO TE€0/Ie3MYECKOr0 3HAaKa JIMHUM BEPTHKAJIBHOI'O IPOCKTHPOBAHHS HAa CBEPXBBICOKMX WHXKEHEPHBIX
COOPYKEHUSX C MOBBIIICHHON TOYHOCTBIO, KOTOPBI OCHOBAH Ha METOJE IPSIMOM JINHEHHOW 3aC€YKU CBETOJAJIBHO -
MEpPHBIMH M3MEPEHMSIMH, IPU 3TOM BBIIOIHAIOT T€0E3NYECKYIO MIPUBS3KY IIEHTPAJIbHBIX TOYEK CBETOJAILHOMEPOB
HIDKHETO T'€0Ie3MYEeCKOr0 3HaKa B MH)KEHEPHOM COOPY)KEHHH B IIIAHE M IO BBICOTE€ C HEOOXOIMMOIl TOYHOCTHIO,
CBETOZIATFHOMEPHI OPUEHTHPYIOT Ha ONTHUYECKHE OTPaXKaTelH, yCTAaHOBJICHHBIE HA BEPXHEM I'€OJE3MYECKOM 3HaKe
HH)XEHEPHOTO COOPYKEHUS M, U3MEHAS 4acTOTy M3Iy4eHHUS UMITYIbCOB, GUKCHPYIOT PACCTOSIHUSA OT CBETOAAIBHO-
MEpPOB JI0 OTpa)KkaTeleil BEpXHEro reoie3HYeCKOro 3HaKa, pPa3MEIEHHOTO Ha COOPYKEHUH, B MOMEHTHI BO3HUKHOBE -
HUS B KaHaJgaX MPHEMHHUKOB CBETOAAIBHOMEPOB JBOMHOI YaCTOTBHI M3JIyYEHMs, BBIUYUCIAS T PACCTOSHHA IS
KaXJI0T0 U3 CBETOAAIIbLHOMEPOB.

Pe3ynbpraToM NnpeuIosKeHHOTO aBTOpaMH CIoco0a SIBISIETCs MOBBIIIEHHE TOYHOCTH HHXEHEPHO-Te€01e3NYECKIX
paboT 1pH BO3BEAEHUH U KOHTPOJIE TEOMETPUYECKHX NapaMETPOB BEICOTHBIX COOPYIKEHHH.

JaHHbIi coco® cBeTONaIbHOMEPHBIX U3MEPEHUH MO3BOJIET MOYYUThH ITOBBILICHHE TOYHOCTH WH)KEHEPHO-
Te0e3MYECKIX N3MEPEHUH 3a cueT (PUKCAnyd MOMEHTA TIOSBJICHUS TBOWHONW YacTOTHI CO CPeIHEH KBaapaTHUECKOH
omuoOKoi He Xyxe +0,5 MM, IpH 3TOM HCKIIFOYAIOT HEOOXOANMOCTh M3MEPEHHS Pa3sHUIbI (Ba3 MEXAy MPSIMBIMH H
OTpaXXCHHBIMU UMITyJIbcaMi. OCOOEHHOE MPEUMYIIECTBO IPEATIOKEHHOTO aBTOPaMH CIoco0a COCTOUT B TOM, UTO
TOYHOCTb M3MEPEHMU 3aBUCUT OT CPAaBHEHHUS H3JIy4aeMOl M JBOMHOH 4acTOT, YTO JelaeT HU3MEpPEHUsl IpeLu-
3MOHHBIMH.

KiroueBble c10Ba: reofe3ndecKuii MOHUTOPUHT, BEPTUKAIbHOE MPOEKTHPOBAHHUE, CBETOJAILHOMED, IIAHO-
BbI€ KOOP/AMHATHI, BO3BEACHUE BHICOTHBIX COOPY>KEHUIA.
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IMPROVEMENT OF ENVIRONMENTALLY SAFE RINSING
OF SALTED LANDS TECHNOLOGY

Abstract. The theoretical justification of the environmentally friendly saline leaching technology is based on a
model of the evolutionary hydrogeochemical process of the natural system, which describes mass transfer in
sedimentary formations during geological time, where it occurs via the molecular diffusion mechanism through the
aqueous phase, namely, a portion of the dissolved salts is removed from the soil layer proportional to the amount of
their solid phase enclosed within this layer.

To implement the developed flushing method, saline soil flushing technologies are proposed in practice, where
the water supply to the check with a furrow is regulated by feeding it to the checks in pressure mode until it is
completely moistened, and then the water supply is reduced to work in a non-pressure mode, i.e. water flow rate the
check is reduced until it is equal to the filtration coefficient of the soil.

Moreover, the developed technology for washing saline soils based on the «soft» control of the
hydrogeochemical process, which is based on the concept of the laws of natural evolutionary soil processes in the
interpretation described above: the soil as an open system has stability, self-regulation and is in translational dynamic
equilibrium.

To implement in practice the developed methods and technology for flushing saline lands, the proposed
methodology for determining the parameters of flushing technology with irrigation technique using furrows from two
opposite outlet furrows of row crops, which allow to determine the irrigation time and predict the regime of soil
moisture with high reliability and reliability.

Key words: soil, salinization, rinsing, leaching, management, waste-free, safe, technology, process, soil
formation, intensity, water permeability.

Introduction. Washings of saline lands cause global disturbances in the natural balances of the flows
of substances and energy, significantly redistribute surface and underground drains, involving centuries-
old reserves of readily soluble soil salts in the modern geological cycle. Therefore, at present, there are
different approaches to determining the rinsing standards and the rinsing technology for saline lands,
which leach salts to the toxicity threshold for crops using experimental results and theoretical
developments on the basis of applying the achievement of fundamental sciences to solve the problem of
land reclamation.

The principles for substantiating the conditions for washing saline lands are built on two essentially
different positions: empirical, based on a generalization of a large amount of factual material from
experimental studies, and theoretical, based on the use of the law of physicochemical processes based on
the theory of salt transfer and salt exchange in a natural system. To a large extent, this situation is due to
the fact that salinization and desalinization of irrigated lands are a multifactorial process, the theoretical
description of which is still far from perfect. At the same time, an understanding of these processes,
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precisely because of their multifactorial nature, can be achieved only on the basis of theoretical concepts
based on the principles of exact sciences and taking fully into account environmental conditions.
Therefore, the main attention in the study of salt transfer during leaching is given to substantiating the
theoretical positions of the analysis of the processes occurring in this process, striving to identify the role
of various factors.

As an example, to assess the environmental safety of flushing saline lands on the basis of the law of
nature, in order to reduce the risk of environmentally undesirable consequences and to establish the
direction and intensity of the natural process, a modeling method is used, which is currently important
from both theoretical and practical points of view. Therefore, when developing a “model” of saline soil
leaching, it is necessary to verify the correctness and accuracy of the formulation of the task and determine
their reliability to solve the problems posed by leaching saline soils.

Purpose of the study — based on the laws of nature and natural hydrogeochemical processes, to
develop methods and technologies for ecologically safe rinsing of saline lands and its methodological
supports, ensuring the construction of highly productive hydro-landscape systems.

Materials and research methods. The theoretical basis for the environmentally sound saline
leaching technology is based on a model of the evolutionary hydrogeochemical process of the natural
system, which describes mass transfer in sedimentary formations over geological time and occurs by the
mechanism of molecular diffusion through the aqueous phase, i.e. dS=-«-S-dg, namely, with a certain

portion of infiltrating water (dg ), a part of the dissolved salts ( dsS )proportional to the amount of their
solid phase enclosed within this layer (where is the salinity coefficient): Sj =S-exp(-«-g)[1]

In carrying out leaching of saline soils, the technical effect tends to turn into permanent and
increasingly intensifying, up to the complete replacement of the self-regulation of natural systems by
technogenic regulation. These natural processes occur under conditions: inconsistencies in the intensity of
water supply during leaching of saline soils (V/*): V* = N/t, with the intensity of absorption of water into

the soil (V{‘):Vtg=6/0—qu)-exp(—l(g-t)— Kgp. ie. V">V, and in the time scale will constantly

increase ( where N — estimated rinsing rate; t - rinsing duration; K- filtration coefficient; V- absorption
rate at the end of the first hour; K, - proportionality coefficient, which depends on soil properties) [2].

Therefore, from an ecological point of view, saline soils must be washed on the basis of “soft”
management of natural systems. Unlike “hard” management, “soft” management is based on improving
the former natural productivity of ecological systems or increasing soil fertility through a focused and
based on the use of objective laws of Nature [3].

Research results. Based on the laws of nature and natural hydrogeochemical processes, a method for
washing saline soils has been developed, including the preparation of temporary irrigation and drainage
networks and checks, deep reclamation loosening of soils across the drains with alternating loosened and
not loosened strips of the same width, followed by the flow of water into the checks in pressure mode to
complete humidification, and then the water supply to work in a non-pressure mode, characterized in that
temporary irrigation networks from the opposite side are cut in checks with zero marks the check and the
furrow with a depression in the direction of the center of the check, while the flushing rate is supplied with
the help of the furrow at the same time with oncoming jets at the same flow rate until they collide with
each other in the center of the check, with the subsequent alignment of the water layer in the furrow along
the water supply front (figure 1) [4].

To implement the developed flushing method, saline soil flushing technologies are proposed in
practice, where the water supply to the check with a furrow is regulated by feeding it to the checks in
pressure mode until it is completely moistened, and then the water supply is reduced to work in a non-
pressure mode, i.e. water flow rate the check is reduced until it is equal to the filtration coefficient of the
soil [5].
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Figure 1 — Technological scheme of washing the soil layer of saline lands (1- distribution channel; 2- temporary irrigation;
3- water outlet in the distribution channel; 4- water outlet in the temporary irrigation; 5- direction of water flow in temporary
irrigators; 6- direction of irrigation along the furrows ; 7- irrigation furrows; 8- output furrows; 9 —washed (watered) check;
10- land surface in watered checks; 11- direction of the slope of the bottom of the furrow)

The length of the washed check ( L) depending on the horizontal slope of the earth's surface, is taken
within 100-200 meters, and the width of the check (B ) is determined taking into account the distances
between rows of crops (bg ), cultivated after washing: B=bs-ns; (wherens;— the number of planned
irrigation furrows along the width of the check), then the area of the washed check ( F;) will be equal:
Fa=B-L.

The horizontal slope of the bottom of the furrow is directed to the middle of the washed check and the
depth of the cut furrow at the beginning of the furrow should be 10 cm, in the middle of 20 cm and for
water loss simultaneously by opposing jets with each other along the furrows using the outlet furrows

located opposite to the side inside the check.
The flow rate of water in the outlet furrows is determined based on the specific flow rate of the

irrigated furrow (g, ) and the number of furrows (ng ), located inside the washed check: Qg =05 -ng, here
s — Specific consumption of irrigated furrow, I /s.

The water flow rate in temporary sprinklers (Qp) is determined on the basis of the water flow rate of
the outlet furrow (Q,, ) taking into account the number of simultaneously working outlet furrows (n,, ),
i.e.Qp =Qoa Noa -

The duration of the output furrows (tnp ), that is, the water supply of the washed check is determined
from the following systems of equations:

thp = Nis-Fn/3.6-Qp; thp = Nijy-Fn/3.6-Qoa ; thp =Nis-Fn/3.6-05-ng,

where Nj, — flushing rate in i — saline leaching stage, m*ha.

The leaching rate of saline soils can be determined by the formula Zh. S. Mustafayev, allowing to
establish the sizes of flushing norms, taking into account the dynamics of hydraulic processes in soil [6]:

N =(a/p)I9(S/Si),
where g - solubility rate of a solid during a chemical reaction between solid and liquid substances:
B =202-exp(~9.57-V ), here V; - water absorption rate in the soil (figure 2).
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Figure 2 — The rate of absorption of water into the soil

Thus, at the initial stage, the absorption rate will be quite large, and after saturation of the soil with
moisture, the absorption rate is equal to the filtration rate, which makes it possible to develop them into
several sub-steps (n) taking into account the soil water absorption rate (V;). For each sub-step, the average
rate of water absorption into the soil (Vie, = (Vi + Vii41)/2) is determined and multiplying them by the
duration of the sub-steps (t;) we determine the amount of flushing norms (N;), which are carried out in
pressure mode: (N¢; = Viep * t;).

In general, the standards for flushing saline lands (N.y), which are carried out in pressure mode, are

n
determined by the formula: N, = > Ni; .
i=1
Rinsing standards for saline soils ( Nts4), which are flushed in a non-pressure mode, are determined
by the following formula: Nig5 =N — Ny, .
The duration of leaching of saline soils in pressure-free mode (ty, )is determined by the formula:
too = (N —Ntgp)/ Ky , where Ky - filtration coefficient.

In this case, leaching of saline soils is carried out when the average daily air temperature is more than
+ 5 ° C, that is, in early spring, then, firstly, the soil moisture will be close to the maximum permissible
humidity, and secondly, the salts in the soil layer are in a state more dissolved, which allow using the
leaching rate additionally falling on the soil surface, it is easy to displace salts in the lower layers of the
soil.

When rinsing the soils of saline lands and after cultivating more salt-tolerant crops, it is necessary to
maintain the same irrigation technology for furrows, that is, the regime of oncoming jets with the same
Costs.

The advancement of the flow along the furrows is described by the equation [7]:

l=a-tf8 ,
where |- flow path over time t; a - proportionality coefficient; g - coefficient characterizing the

attenuation of the speed of the flow along the furrow.
The average rate of seepage of water into the soil varies over time according to the equation of
A.N. Kostyakova [8]:

Vi =V It
where Vg - absorbed water layer for the first unit of time; « - coefficient characterizing the attenuation of
the absorption rate.
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Denoting the specific intensity of the water supply to the furrow q, average depth of water in a
furrow h, total feed time T, furrow length |, and the current time and length, t and It respectively, we
write the differential equation of the water balance in the furrow:

_ Vo a-p a-p
q.dt_(T_t)a(T t)lﬂdt+h o,

vO Tl_

deciding which, we get: q-T=2--5 )( ————)+h)lt,

where, we find Iy, g, T and my .
The value my can be represented by the equation:

|
mr = m(l—m),

where m - average irrigation rate; Iq - flow length after turning off the water supply.

The maximum possible costs with non-washing speed of the jet in the furrow are determined by the
formula:

Amax =W -Voon »

where gmax - the maximum possible flow rate into the furrow. | /'s; W - live section area of the furrow,
m2; Vyopn - the maximum permissible speed of water in the furrow, depending on the mechanical
composition of the soil, m/s.

The speed of water in the furrow can be determined by the formula: V =CyR-J , where C - speed

coefficient according to N.N. Pavlovsky: C=(1/n)RY =1/ n)Rll 3, where n- roughness coefficient; R -

hydraulic radius, m.
The wetted perimeter of the irrigation furrow is determined by the formula of V. F. Nosenko:
o =q2/3/i1/6

determined by the formula of V.F. Nosenko: w:O,OOl47(q2/3/i1/3), m?. The hydraulic radius of the
irrigation furrow is determined by the formula: R=w/a, m.
Estimated Net Irrigation Rate (m,,,, ) in m*ha count on a layer of water h,,,, in m taking into account

the estimated width of absorption of water (8), i.e. h,;, =m,,, /1000, and if the wetted perimeter is taken
as the estimated absorption width («), then h,;,, =m,;, -6/10000-« , m.

Using a given coefficient of uniformity of moisture ( X, )we determine the maximum moisture that is
observed at the beginning of the furrow:

, where q- flow rate ,m%hour; i- furrow slope. The live section area of the furrow is

With a straight plot of furrow hydration with a uniformity coefficient (K, )the average irrigation
norm along the furrow length is expressed by the equation: hg, = (hy, + N,/ 2= (hyp, 1 2)[(1/ K p) +1] .

Losses of water below the root layer for deep discharge caused by uneven moisture along the furrow
length will be equal: heg = (hy, =Ny, )/ 2= (hyp, 1 2L/ K p)-1].

After applying the irrigation norm during counter irrigation along the furrows, the water layer in the
furrow is aligned along the entire length and its values can be determined taking into account the
absorbing water during irrigation, that is, according to the following formula:

hC@ = hHm __VO 'tl_a
l-«

where Vg - absorption rate at the end of the first hour; « - indicator depending on soil properties and initial
moisture; t - watering duration.
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The duration of water absorption after (ty )watering is determined by the formula:

omtgel
0

Thus, the proposed methodology for determining the parameters of flushing technology with
irrigation technique for furrows from two opposite outlet furrows of row crops, allows you to determine
the irrigation time and predict the mode of soil moisture with high reliability.

Conclusions. At the same time, the developed technology for rinsing saline soils on the basis of
“soft” control of the hydrogeochemical process, which is based on the concept of the laws of natural
evolutionary soil processes in the interpretation described above: the soil as an open system, has stability,
self-regulation and is in translational dynamic equilibrium. At the same time, the principle of
environmentally friendly technology for washing saline soils is based on reasonable dosing and regulation
of technogenic loads on the natural system. Dosing - regulation of the flushing rate on a temporary scale is
possible with a deep understanding of the laws of natural processes that determine the essence of the
geological cycle of water and chemicals and the environmental restrictions that nature poses to our
activities.

It should be noted that the hydrobiological and ecological development of saline and restoration of
technologically disturbed soils of natural systems with a focus on high-tech, resource-saving, waste-free
technologies in the long term determine the strategy of environmental reconstruction as a human
environment at the stage of a deep ecological crisis. However, with balanced nature management it cannot
be achieved only by reconstructing the natural system, but first of all, reconstructing the thinking and
activities of all mankind is required.

K. C. Mycm(paenl, 9. T. Koabmeenal , K. B. AﬁnemeBZ, JI. B. Knper“melsa3

'Kazak WITTHIK arpapiiblK yHUBepcuTeTi, Anmarsl, Kazakcras;
M. X. Jlynaru ateinnars Tapas Memiekertik yausepcuteti, Tapas, Kasakcran;
3«A. H. KOCTSKOB aThIHIAFbI Bykinpeceiiik rujpoTeXH1Ka
JKOHE MeJMOopalus FhUIBIMU 3epTTey HHCTUTYTh» ODMKAM, Mackey, Peceit

TY3JAHFAH XEPAI INAIOJABIH OKOJIOTI'UAJIBIK TYPFBIJIA
KAVYIIICI3 TEXHOJIOTUACBIH XKETLIAIPY

AHHoTammsi. TaburaT 3aHbUIBIKTApbI )KOHE TAOUFU T'MAPOreOXUMUSIIBIK YIepicTep KaFuIachl Heri3iHe kKoFap-
FBI OHIMII THApOArposaHIadTTIK KYHEeHI KypyIbl KAMTaMachl3 €TETIH KaHE TOIBIPAKTBIH JIaMy YAEpICiH cakTayFra
MYMKIH/IIK O€peTiH Ty3/[aHFaH JKep/i IAr0JIbIH SKOJOT HSUIBIK TYPFbIJIa Kayilci3 TEXHOJIOTUICH MEH d/1iCi 931pIIeH .

Ty3nanran Kepli IAbIH KOJOTHUSUIBIK TYPFbIIa Kayilci3 TEXHOJIOTMACHIH TEOPUSUIBIK TYPFbIAA HEri3ley,
Te0JIOTHSUIBIK YaKbIT 1LIH/E YTiHAI KAIIBIFBIHAAFbI CaIMaK alMacy bl OUIIIPETiH, SIFHU TOTBIPAK €PITIH/II KYPaMBbIH-
JIaFbl MOJICKYJISIPIIBIK, Ae(dy3UsSHBIH MEXaHUKAIIBIK YIepici apKbUIbI KYPETiH, aTtan aiiTKaHaa, TONbIpaK KabaTbIHAH
CY3UIeTiH cyapIH Oenrini Oip Kejemi MPOomopIHOHAN KATTH KaJABIKTapAaH epireH TY3bl OOJIriH albIll KeTe i AeTeH
TabuFyn XyHeeri THAPOreOXUMUSIIBIK YAEpicTepAiH IBOJIONUSIBIK YiITiciHe OeHimMuenTe .

CoHBIMEH Ty3/1aHFaH JKepAl IIar0 >KarJalblH HETi3Zey eKi TYpil KaFuaara HETi3[elreH, SFHU dMIIEPUKaIIBIK-
TOXIPOEIIK 3epTTeyJiep HOTHXKECIHIE KOJI XKETKI3TeH MOJI MAIIMETTEpl Tajayra, ajl TeOPHsUIBIK HeTi3ney — Taburn
KYHEET1 Ty3 aaMacy *oHe TachIMaiay TeOPHUIChIHA HEeTi3/IeNTeH, (PU3UKAIBIK-XUMISUTBIK YACPICTePIiH 3aHIbIIBIK-
TapblHa OeiiMIeITeH.

Ty3nanraH xKeperi TONbIpaK a0 MOJIIEPiH JKOHE IIAKJIbIH JKOFAPFI KhICHIMMEH YKOHE KBICHIMCBI3 KaF/aii-
JIaFbl CYIBIH TOIBIPaK KabaTblHAa CiHy TOPTiOiH eCKepe OTBIPHIN, YakbITINAa aphIK, KOpi3 Ti30EKTepiH >KOHE aThI3
JalbIHIAyMEH KaTap, KOTICHITY KOHABIPFRICHIHBIH €HiHE COMKEeC KeNleTiH eHi Oipjieil »KOJaKThIH Oipi KOTCHITHIIFaH
YKOHE eKiHIIICI KOTICHITBUIMAaFaH, Kopi3re KUFalll TOMBIPAKTH TEPEH MEINOPATHBTI KOTICHITY JKYMBICTAPHI XKYPri3iireH
COH, aThI3Jarbl JXYHEeKTepre Kapama-Kapchl OarbITTa Oipaed Meumepae cy Oepineni xoHe onap Oip-OipiMeH
TYHiCKeH/e, Kepi Kapail merinic Oonanasl 1a, aTbizra Oip Typui cy xibepyre Oonansl. Ic JKy3iHAE YCHIHBUIFAH ILAFO
ONICIH icKe achIpy YIIIH IIar0 TEXHOJOTHACH YCHIHBUIFAH, SFHU aThI3Fa OEpiJIeTiH Cy aFblHBIH PETTEy apKblLIbl
TOIBIPAK, KaOATHIH CYMEH TOJIBIK KaHJbIPFaHIIA TOIBIPaKKa CYZIBIH CiHYl KOFaprbl KbICHIM/a JKYpelli, aJl ColaH COH
aThI3Fa CyZbl Oepy maMacsl OipTiHAEH a3alThUIAbI JKOHE IIaI0 KAPKBIHBI Jla TOMEH/IEH, TONBIPAKTAFbl CY/IbIH CY3LTy
KBULAM/IBIFBIHBIH IaMachIMEH TEHECEel, SIFHH IIal0 TaHalTarbl TONbIPaK KaOaThIHAAFbI CYJIBIH CY31Iy >KbUIIaM-
NIBIFBIHA cali Cy OepisIin OThIpabl )KOHE CYIBIH TOTBIPAKKA CiHIyi KbICBIMCBI3 JKaFaali/ia )Ky3€ere achIpbUIaIbl.
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COHBIMCH YCHIHBUIBII OTBIPFAH TY3J@HFAH JKEPJIi IIAK0 TEXHOJOTUSACHI THAPOTCOXUMILUIBIK YIACPICTI «OKCHII»
0ackapyra HETi3JIC/IICH, SSFHH TOTBIPAK YICPICIHIH TaAOUFU 3BONIONMSIIBIK 3aHIBUIBIFBIH TAHY JKaFJaiibiHa HET13/IeMill,
TOTBIPAK aIlbIK JKYie PEeTiH/AC OPHBIFATHIH XKOHE ©31H-031 PETTCY JKaFJaiibl TUHAMUKAJBIK TEHC-TCHIIKTEe O00JIaTHIHBI
€CKepluIreH.

Tysnanrad TONMBIPAKTHI [IAK0, ayaHLIH OpTalla TOYJIKTIK *KbLTYIbFsl +5°C GosFanaa Kyprisiayi Kepek, saFHu
KOKTEM ME3TLTiHIH 0ac Ke3iHzme, al o Ke3ze OipiHITiieH TOMBIpaK KaOaThIHBIH BUTFAJIIBIFEL, OHBIH BUTFAJl CHIHBIMIBI -
JBIFBIHBIH [ICKTENTEeH-MYMKIHIIIJIIK IIaMachblHa >KaKbIH OOJNajpl, eKiHIIiIeH TOIMBIpaK KaOaTBIHAAFBl TY3 €PTiHII
TypiHzAe OONFaHIBIKTaH, TONBIPAK OeTiHe OepiyieTiH KOChIMINA CY apKbUIBI TONBIPAK KaOaThIHAH KBUIJAM BIFBICTBIPHIT
IIBIFapyra 0omazsl.

Ty3nmanraH >kep/i maro TEXHOJIOTHACHIH XOHE O/IiCiH OHIIpICTe iCKe achIpy YIIiH aybUIIIapyanIbUIbIK JaKbUIBIH,
aTBI3JIBIH €Ki JKaFbIHA OPHATACKAH OK aphIKTap apKbUIbI Cyapy TEXHUKACBIHBIH OJIICMIIK KOPCETKIMITEPIH aHBIKTAY-
JIBIH OJIICTEMECI YCHIHBIIFAH, all OJ1 JKOFapPFbI IOPEIKEICTT HAKTHUIBIKIICH TOTBIPAKTHIH bUIFAIIAHY JTOPEKECIH Oaraap-
JlayFa JKoHE cyapy YaKbIThIH aHBIKTayFa MYMKIH/IK Oeperi.

Tyiiin ce3mep: TonbIpak, TY3IaHy, a0, 0acKapy, KAIABIKChI3, KAyilCi3, TEXHOJIOTHU, YACPIC, TOMBIPAK AaMYyHI,
KapKbIH, CYABIH CY3L1yi.
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COBEPHIEHCTBOBAHHME TEXHOJIOTYH 3KOJOTI'MYECKH
BE3OIIACHOM MPOMBIBKH 3ACOJIEHHBIX 3EME.Ib

AnHoTanus. Ha ocHOBe 3aKOHOB IPUPOABI U MIPUPOIHBIX THAPOr€OXUMHUUECKUX MIPOIIECCOB pa3pabOTaHBbI CIO-
COOBI M TEXHOJIOTHH 3KOJIOTHYECKH 0€3011acHOM MPOMBIBKH 3aCOJIEHHBIX 3€MENb U €r0 METOJI0JIOTHYecKoe obecreue-
HHE, 00ecIeunBaIONIMX KOHCTPYHUPOBAHMS BBICOKOIIPOMYKTUBHBIX T'HMIPOArpojaHAMIA(THBIX CHCTEMBI M II03BO-
JISFOIIIEE COXPAHUTh €CTECTBEHHBIE TI0YBO0OPA30BaTEIIbHBIEC MIPOLIECCHI.

Teopernieckoe 000CHOBaHNE 3KOJIOTHUYECKN OE30TTaCHOM TEXHOJIOTMH IPOMBIBKU 3aCOJICHHBIX TI0YB Oa3upyer-
Cs1 Ha MOJIENM 3BOJIONHMOHHOTO THAPOT€OXMMUYECKOTO IpOoIecca MPUPOJHON CHCTEMBI, ONMCHIBAIOIIASI Maccorie-
PEHOC B OCaJOUYHBIX (bOpMaL[I/ISIX B TCUCHUC I'€COJIOTUYCCKOTO0 BPEMECHHU, I'’/IC MPOUCXOJUT IO MEXAHU3ZMY MOJICKYJIAP-
HOHM auddy3un yepes BoAHYIO a3y, a IMEHHO ONpeAEICHHOH mopiueil NHQUIBTPUPYIOUIMXCS BOJ U3 TIOYBEHHOTO
CJIOAA BBIHOCHUTCA 4YaCTh PAaCTBOPEHHBIX coJieit MponopuruoOHaJIbHAA KOJIHNYCCTBY HUX TBep}IOﬁ (1)33])1, 3aKJIIOYCHHBIX B
Ipezienax 3Toro CIosl.

ITpu 3ToM npuHIMITEI 00OCHOBAHUSA YCJIOBHH IMPOMBIBOK 3aCOJIEHHBIX 3€MeJb CTPOSTCA Ha JABYX CYIIECTBEHHO
Pa3IMYHBIX MO3UIUSAX: SMIMPUIECKON, OCHOBAHHOM Ha 0000IIeHNN GOBIIOro (aKTHUECKOTo MaTepHaja dKCIepH-
MEHTAJIBHBIX HCCJICAOBAHUI, M TEOPETHYECKOHW, OCHOBAHHON HA MCIOJIB30BAHWHM 3aKOHA (H3MKO-XUMHUYECKHX
IIPOLIECCOB, OA3UPYIONINXCS Ha TEOPUH COJIENIepeHoca 1 coeoOMeHa B IPUPOTHOM cCHCTEME.

Crnioco0 MPOMBIBKM 3aCOJIEHHBIX I0YB, BKIFOUYAIONIMH MOJATOTOBKY BPEMEHHBIX OPOCHUTENBHBIX M JPEHAXKHBIX
ceTell M 4eKOB, IIyOOKOe MEIMOpaTHBHOE DPBHIXJIEHHE IOYB MOMNEPEK JPEH C YepeJOBaHUEM PBIXJIEHHBIX M He-
PBIXJIEHHBIX N10JIOC OAMHAKOBON MIMPHHEIL, C MOCIEAYIOIIEH MoJaueil BOJbl B UEKU B HAIIOPHOM PEXKUME 10 MOITHOTO
YBJIQKHEHHUS, a 3aTeM I10J1ady BOABI 10 paboThl B OE3HANOPHOM pEXHME, OTJIMYAIOMIMICS TeM, YTO B YeKax ¢
HYJIEBBIMH OTMETKaMH{ Hape3aloT BPeMEHHbBIE OPOCUTEIBHBIE CETH C MMPOTHBOIOJIOKESHHON CTOPOHBI YeKa M OOPO3 B
¢ yriayOJieHHeM B CTOPOHY IIEHTpa 4eKa, IPH 3TOM II0Aady MPOMBIBHON HOPMBI C MOMOIIBI0 OOpPO3ABI MPOBOIAT
OMTHOBPEMEHHO BCTPCUYHBIMU CTPYAMHU C OIMHAKOBBIMHA pacxoJaMu, 10 CTOJIKHOBCHHUA JAPYT C JPYIrOM B LICHTPE YCKa,
C TIOCJIEAYIOIINM BBIPABHUBAHUEM CJIOS BOJBI B 00po3/ie 0 (PPOHTY MMOIAUH BOJHI.

Jua peanuzanu pa3pabOTaHHBIX CITIOCOOOB MPOMBIBKM HA TPAKTHKE MPEATIOKEHBI TEXHOJIOTMH MPOMBIBKH
3aCOJIEHHBIX IIOYBHI, TJI€ 10Jjady BOJBI B Y€K C IOMOILIBI0 OOpPO3/BI PEryIHPYIOT, M0JaBasi €€ B YEeKH B HAIIOPHOM
PEKHME JI0 MTOJTHOTO YBJIAKHEHHMS, a 3aTeM I10/1ady BOZBI YMEHBLIAIOT 710 Pa0OTHl B OE3HAIIOPHOM PEXUME, TO €CTh
NoJiayy pacxojia BOJABI B YEK yMEHBIIAIOT JIO TeX IIOp, IOKa OHa He OyneT paBHOH koad¢uumenty Quibrpanmn
JIAHHOM ITOYBBEI.

IIpn sTOoM paspaboTaHHasi TEXHOJOTHS HPOMBIBKM 3aCOJEHHBIX IMOYB HA OCHOBE «MSTKOTO» YHPaBJICHHS
THPOr€OXUMHUUYECKOrO MPOLECCa, I/Ie B OCHOBY IOJIOKEHO MOHATHE 3aKOHOMEPHOCTHU MPHPOIHBIX IBOIIOIHMOHHBIX
MOYBEHHBIX MPOLIECCOB B TOM WHTEPIpPETalNH, Kakas ObUla HM3JI0KECHA BBIIE: II0YBA KaK OTKPHITAs CHCTEMA,
00afaeT ycTOHINBOCTBIO, CAMOPETYINPOBAHNEM M HAXOAMUTCS B TIOCTYNATEIBHOM ANHAMUYECKOM PAaBHOBECHH.
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IIpOMBIBKH 3aCOJIEHHBIX TIOYB POBOJSTCS, KOTJIa CPEHECYTOUHAs TeMIIeparypa Bo3ayxa oyner Gonbiie +5°C,
TO €CTh B Hayajle BECHBI, TOT/1a, BO-TIEPBHIX, BIaYKHOCTh ITOYBBI Oy/IeT OJIM3Ka K MPe/IeIbHO-A0IyCTUMOM BIa)KHOCTH,
BO-BTOPBIX, COJM B IIOYBEHHOM CJIO€ HaXOHISATCS B COCTOSHUM 0OoJiee PAacTBOPEHHBIMH, KOTOpBIC IO3BOJIAIOT C
MOMOILBI0 TIPOMBIBHOM HOPMBI JIOTOJIHUTENIBHO MaJaBaeMON Ha MOBEPXHOCTH IOYBHI, JETKO BBITECHUTh COJH B
HUD)KHUE CJIOU TTIOYBBHI.

Jns peanuzanuy B IPaKTHKE pa3paOOTaHHBIX CIIOCOOOB M TEXHOIOTHH MPOMBIBOK 3aCOJICHHBIX 3€MEIb MPEIIO-
KEHHas METOIWKA ONPENENICHNs MapaMEeTPOB TEXHOJIOTHH TPOMBIBKM C TEXHHKOH MOJMBA MO O0po3maM M3 IBYX
MIPOTHUBOIIOJIOKEHHBIX BBIBOJHBIX OOPO3/] MPOMAIIHBIX CEIbCKOX03IHCTBEHHBIX KYIbTYpP, KOTOPBIE TIO3BOISIOT OIIpe-
JIETUTh BpEMsI IIOJIMBA Y IIPOTHO3UPOBATh PEXKUM YBIIQ)KHEHHUS ITOYBBI C BBICOKOH JOCTOBEPHOCTBIO U HAZEKHOCTBIO.

KaroueBble ciioBa: mo4Ba, 3acOJICHUE, IPOMBIBKA, yIIPaBICHUE, O€30TX0HAsI, Oe30macHas!, TEXHOJIOTHS, IIPO-
ecc, MoYBooOpa3oBaHUe, MHTEHCHBHOCTD, BOAOIPOHUIIAEMOCTb.
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FORMATION OF A PERSONNEL DETECTION SYSTEM
IN SMOKE-FILLED PREMISES BASED
ON BIOMETRIC ACCESS SYSTEMS

Abstract. In modern organisations, personnel are not at their workplace permanently and, accordingly, in case
of emergency, they are at risk. There are a number of situations in which the access of even emergency services to
the premises is very difficult to organise due to the regime of secrecy and the desire to preserve trade secrets.
Additionally, the system of restricting the movement of workers in their places can be very limited on the part of
management in order to maintain production discipline. The novelty of the study is determined by the fact that when
using the detection system in case of fire or other emergency, its integration with the access verification and
distribution system can be based on the use of integrated access systems. The authors show that the use of
conditional access systems makes it possible to get employee lists at a faster pace and identify threats if certain
technological complexes are used in their work. The practical significance of the study is determined primarily by the
necessity for structural integration between conditional access systems and systems for recording and forecasting
actions in emergency situations. It is proposed to use a model that allows to eliminate such differences.

Key words: fire, search, people, model, access.

Introduction. Modern systems of access control for people at work determine how well the work can
be done and how much a company can be protected. Under the condition of implementing a system of
conditional and distributed access, a company can completely block all possible leaks and increase the
efficiency of internal processes [1]. However, there is a situation where restrictions on workers may be an
obstacle to emergency response. The smoke and the cessation of the fire are determined by the speed of
people evacuating from a building and creating the possibility of access to those rooms that are smoked
[2]. When using conditional access systems, the use of systems may or may not be implemented at all. As
a result of this, there is a necessity to create a system and choose the appropriate one according to its
characteristics, in which the main attention will be paid to technical access in conditions of the necessity
for its provision. The authors consider only biometric systems as a similar system [3].

Biometric technologies of personal identification based on recognition of a person by external
morphological characters have deep historical roots [4]. The ability of people to know each other in
appearance, voice, smell, etc. there is nothing more than elementary biometric identification. A systematic
biometric approach was developed at the end of the 19th century by the Secretary of the Paris Police
Prefecture, Alphonse Bertillon [5]. The method he proposed was based on measuring anthropological
parameters of a person (height, length and volume of the head, length of hands, fingers, feet, etc.) in order
to identify a person [6]. Biometric systems nowadays represent the second generation of security systems,
since it is biometrics that uses measurements of individual parameters of a person to identify him. As is
known, the main feature of first-generation security systems is the uniqueness and constancy of the
identification parameter in time and space, while second-generation security systems, which are
personality biometric parameters, are always variables that depend on many factors [7]. Moreover, the
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task of reliable identification for biometric parameters is much more complicated than the identification of
constant parameters for first-generation systems [8]. From an information point of view, it is precisely the
systems of biometric identification of a person that fully meet the requirements of the time, automatically
identifying themselves and using unstable values [9]. Currently, biometry as a science of personality
identification research has several practically independent scientific areas, each of which has its own
technical improvements [10]. It should be noted that dozens of research centres at universities, some
scientific organisations and commercial firms [11] take an active part in the scientific research of
biometrics. A specific market for biometric hardware devices and software for them, as well as services for
supporting, testing and adapting biometric systems for their practical use, has already been formed [12].

Theoretical overview. Since ancient times, biometric characteristics have been used in everyday life
to ensure safety and control [13]. Despite the wide technological capabilities to provide protection, today,
the number of crimes and fraud is growing every minute. One of the common security technologies is
biometric information security [14]. These systems are convenient because they do not require the storage
of complex passwords or carrying special identifiers (keys, cards, etc.), and all is needed is to say a code
word, put a finger or hand, or set a face to scan in order to get access. It should be noted that with a
theoretical variety of possible biometric methods, there are many that are used in practice among them.

There are three main assets — recognition by fingerprint, face image and by the iris of the eye [15]. It
is worth noting that the conditions at each scanning are different, and the parts of the body that are to be
scanned, and the behavioural reflexes of the face are also not quite constant, so it is not about inaccurate
coincidence with the sample, but only about the degree of similarity with the standard [16]. Therefore,
biometric systems are characterised by the parameters “the possibility of non-recognition of one's own”
(that is, the probability of unrecognisability of a registered person), and “the possibility of recognising
someone else's” [17]. It is recommended to consider and analyse combined methods of identification, usually
it is necessary to find ways to improve the effectiveness of biometric security systems against unauthorised
access. It is worth always to consider the development of technologies to improve the above tools [18].

The principles underlying the identification and authentication methods used can be divided into three
groups: traditional password protection, verification of a person’s physical parameters (fingerprints, retina,
etc.), classification of psychophysical parameters. The main characteristics of the effectiveness of
biometric systems are recognition accuracy, resistance to environmental changes, cryptographic stability —
protection against falsification and the reliability of the system itself. A quantitative description of means
according to the criteria on a 10-point scale is presented. In the field of signature recognition, hundreds of
patents from “IBM”, “NCR”, “VISA”, and “Adapteck” have been issued [19]. The method of
identification by keyboard handwriting is similar to identification by signature, but here the input of a
code word is used on a standard computer keyboard. This method is not yet widespread, but developments
in this area are ongoing. For example, “BioPassword Inc.” developed a program for verifying the identity
of a computer user by the rhythmic characteristics of typing [20].

Materials and methods. Dynamic methods of biometric identification are based on the behavioural
(dynamic) characteristic of a person, i.e., are built on the feature’s characteristic of subconscious
movements in the process of reproducing any action. To support information security or access control, a
number of biometric parameters must be provided in biometric identification systems for personnel. There
are n various parameters of a person P, P,, ... , B, and M number of personnel Ly, L,, ..., L,,. Table shows
the number of parameters P; inherent in one person L;.

Input data for a mathematical model of information technology for personnel identification based on a set of biometric parameters

Biometric parameters of human, n The minimum norm
Personnel, m f
P, P, N P, or access
Ly X11 X12 X1n dq
L, X1 Xon d,
L Xm1 Xm2 Xmn dy
System cost c1 cy Cr
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The task is as follows: it is necessary to organise personnel access to information or an object so that
the minimum norm for access, which is set for each person separately, depending on the level of security,
is satisfied, and the cost of such a system is minimal.

1. X — the number of biometric parameters of a person.

2. System of restrictions (Eq. 1):

X1+ x2+ o+ x9, = dy,
Xp1+ Xop 4+ oo + Xy = dy (1)
Xour + Xz + oot X = dy
xj 20,i,j=1n;d; 20,i= 1,k.
3. The minimum objective function (Eqg. 2):
F(X) = ¢c1x1 + cxp + ...+ cpx, > min, 2

The determinants for unknowns X in the problem were introduced and the restrictions for them were
fixed: x;; = 0,i,j =1,n; d; =0,i = 1,k. A system of restrictions of the problem was compiled with
respect to the minimum norm for access d;, and an objective function with an established extreme (2).

The above model refers to linear programming problems, therefore, its solutions are presented in the
Excel package. It can be seen from the calculation that the smallest 4 values of the function (73; 79.5; 86
and 97) are in the access technology, which uses a combination of voice, face and password. The selected
combination of biometric parameters in the work corresponds to the established extremum of the objective
function (2). The principle of multimodal static-dynamic biometric information system (MSDBIS) for
identifying personnel by voice and face is reduced to converting the corresponding biometric
characteristics of a person into a vector of biometric parameters V, presented in a N-dimensional
orthogonal coordinate system (Eqg. 3):

V = {171,172,...,171\]},] = I,_N, (3)

At the stage of adding a new person to MSDBIS, on the basis of the samples presented to it, the
system forms the biometric standards of this person in the form of vectors V,,4;c. and Ve, In subsequent
human calls to MSDBIS, he identifies himself and presents his biometric characteristics in the form of a
vector V. MSDBIS by the identifier of the person calls the corresponding standards Vyy;ce and Vg, from
the database of registered users and, based on the comparison of the presented vector V and available
standards Vypce and Vsqce, implements the authentication procedure of this person, which can be built by
various models.

Results and discussion. To classify users, there are two classes of “access” — Vp and “restriction”
Vpr, the classifier can be implemented using only one discriminant function f(V), the sign of which will
determine whether the presented vector V belongs to one of two classes: Vp or Vpgp. Moreover, the
distribution areas of the biometric parameters of all those for whom access is “denied” can be considered
in aggregate as the “restricted for all” integral region located around the compact “allow access” region.
Suppose that in the general case, the region of distribution of biometric parameters “access” of a user is
given by a multitude of samples v, consists of L vectors Vp,i = 1,L normally distributed in the
N-dimensional space of an orthogonal coordinate system, and each vector Vp, i = 1,Lis represented by
its N components (Eq. 4):

VDL' = {vlJUZI ---:vN}Jj = ly_Ny (4)

The centre of the distribution of vectors Vp,, is at a point (§,&4, ..., €y) that is determined by N
mathematical expectations m,, = &, m,, = &,,...,my, = &y. The central moments of the second order
of the distribution of vectors Vp,, form a square matrix of moments (covariance matrix) (Eg. 5):
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Ay Ay Ay
/1?1 A'zz ﬂ”ZN' (5)

Ayt Ana o A
where (Eq. 6):

A'k:/lk'zM(v'_E')(vk_Ek): GiZj J=k Jk= 1N, (6)
J ] S cov{vj, v} j#k

The density function of the normal distribution of vectors V/_ ,i =1, L has the form (Eq. 7):
N N @)
1 1
f(wy,vg, ., vy) = ———=exp _Ez Z Ajg (Uj - fj)(vk —$k)
/(Zn)Ndet/ljk j=1lk=1

where detA;;, — the determinant of the covariance matrix @ = ;. The coefficients A;; make up the
matrix A = A, inverse to the covariance matrix Q@ = Ajy.

To calculate the coefficients A, the standard formula is used (Eq. 8):

A = (=1 R (®)
where M, — the minor of the determinant detA;; obtained from it by deleting the j-th row and the i-th
column.

The expression that appears in the exponent of the density function of the normal distribution of
vectors V), is a positive definite quadratic form. Surfaces on which this quadratic constant form are
surfaces of equal probability density in N-dimensional space and are hyperellipsoids that are grouped
around a point (¢, &4, ..., &y) (EQ. 9):

1 N N 9)
ZZ Z Ajye (vj — fj)(vk — &) = const

j=1k=1
Denoting the constant on the right side of expression (9) by k? , it is obtained (Eqg. 10):

1 N N (10)

2
ZZ A (v; = &) — &) =k
j=1k=1

The constant k sets the proportionality coefficient between the lengths @, of the main semiaxes of the
hyperellipsoid and the corresponding least square deviations o; (Eq. 11):

a, = kUl, a, = ko-z, e, Ay = kUN, (11)

For an optimal solution to the classification problem from all surfaces of equal probability densities,
it is advisable to choose the one that characterises the scattering of vectors V, relative to the point
&1, &4, .., &y This surface corresponds to the so-called unit hyperellipsoid, in which the main semiaxes are
equal to the corresponding least square deviations a4, 04, ..., oy. That is, for a single hyperellipsoid k = 1,
expression (11) is converted to the form (Eqg. 12):

N N
1
EZZAjk (vi—&)w—&) =1

j=1k=1

(12)

The initial boundary of the “restriction for all” integral region is formed by expanding the “access”
region somewhat. To do this, the tolerance between the “access” and “restriction for all” areas is set in the
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form of a Student coefficient, based on the magnitude of the error of the first kind (probability P1 of a
false rejection for a user who has permission) (Eq. 13):

k = C[Lp (1 - P1)]a (13)

as a result, a new hyperellipsoid is obtained corresponding to the initial vector scattering boundary V;_.
The lengths of its semiaxes will be determined taking into account the introduced tolerance as (Eq. 14):

a; = kaj, (14)
Expression (12) is now converted to the form (Eq. 15):
N N
1 (15)
DY A (0= )i - §) = K2 = (CIL (1 = P)IY

j=1k=1

The resulting expression (15) is used to form the discriminant function £ (V) = 0. In this case, it will
determine the desired dividing surface, and the sign of the function f(V) — whether the input vector
IV belongs to one of two classes: “access” or “restriction” (getting into the “restriction for all” area) (Eq. 16):

FV)<0, VeV,
FV)>0, VeV

The identification procedure now reduces to checking whether the vector of biometric parameters V
presented by a user falls into the region described by expression (15). The task of voice identification
remains relevant today. To solve it, various algorithms and methods are used to optimise this process. The
presentation of these algorithms is simple enough for understanding and implementing in the form of an
electronic device.

The Fourier and Hartley transforms turn the time functions into frequency functions containing
information about the amplitude and phase. The graphs of a continuous function g(t) and a discrete one
g(7) are considered, where t and T — time instants. Both functions start at zero, jump to a positive value
and decay exponentially. By the definition of the Fourier transform for a continuous function, the integral
is the entire real axis (Eq. 17), and for a discrete function — the sum with a finite set of samples (Eq. 18):

v 17)
F(f) = f g(t)(cos(ant) —i sin(ant))dt

— 0o

(16)

= (18)
F(v) = - Z g(t) (cos(2mvt) — i sin(2mvt))
=0

where f, v — the frequency value, n — the number of sample values of the function, and i — the imaginary
number.

The integral representation is more suitable for theoretical studies, and the representation in the form
of a finite sum for calculations on a computer. The integral and discrete Hartley transforms are defined in
a similar way (Eqg. 19-20):

h (19)
H(f) = f g(t)(cos(ant) - sin(ant))dt

—00

1 n-1 (20)
H() = - Z g(t) (cos(vat) — sin(vat))
=0

From the Fourier and Hartley transforms, the same information on the amplitude and phase can be
derived. The Fourier amplitude is determined by the square root of the sum of the squares of the real and
imaginary parts. The Hartley amplitude is determined by the square root of the sum of the squares and
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H(—v) and H(v). The Fourier phase is determined by the arc tangent of the imaginary part divided by the
real part. The Hartley phase is determined by the sum of 45° and the arctangent of H(—v) divided by
H(v). For the spectral analysis of the voice of this problem, the fast Fourier transform was chosen,
because the calculation time is saved by reducing the number of multiplications necessary for the analysis
of the curve. When assessing the accuracy of IT biometric identification of personnel, it was found that if

to use a unimodal or multimodal system of N = /001)01 = 100 (persons), then an organisation system
with a number of personnel: using voice will not miss 48% (FRR) of the personnel who have access, a

person — 6.5% (FRR), multimodal — 3% (FRR), and if an organisation: N = Io—tl =10 (persons), then

the multimodal system is 33 times more reliable than the unimodal system: voice — 38% (FAR), face —
42% (FAR), multimodal (voice and face) — 1.2% (FAR).

Conclusions. Summarising the results for various identification methods, it can be said that for
medium and large objects, as well as for objects with a maximum-security requirement, the iris and hand
vein recognition should be used as biometric access. For objects with a headcount of up to several hundred
people, access by fingerprints will be optimal. 3D image recognition systems may be needed in cases
where recognition requires the absence of physical contact, or it is impossible to put an iris control system on.

From the calculation of the developed mathematical model of IT personnel identification based on a
set of biometric parameters, it is seen that the smallest 4 function values: 73; 79.5; 86 and 97 in access
technology that uses a combination of voice, face and password. The selected combination of biometric
parameters in the work corresponds to the established extremum of the objective function.

X.T. Hryenl, H.T. TOHOHLCKHﬁZ, T.A. .JIel, A. B. Morcmamlel;2

"Brernam ept Kayincisairi yausepcureri, Xauoii, BreTHam;
2 . . .
Peceii TX KM memiiekeTTik ©pTKe Kapchl KbI3MET akajaeMusicel, Mackey, Peceii

BUOMETPHUKAJIBIK KOJKETIMJILTIK )KYHAECI HETI3IH/IE TYTIHJI OPBIH-KANJIAH
KbI3METKEPJIEP/II TABY J)KYHECIH KAJIBIIITACTBIPY

AHHOTanus. 3aMaHayu yibIMJiapa KbI3METKepiep opAaiibiM ©3JepiHiH JKYMBIC OpbIHAAPBIHIA OTHIPMAa/IbI,
CcolikeciHIIe, TOTCHIIE JKaFJail TybIHIaFaHaa oJlapFa Kayin TeHe . KynusuTbIIbIK pesxiM MeH KOMMEPIUSITBIK, KYITHS -
HBI CaKTall Kajdy HUETiHe OailIaHBICTHI OpPBIH-)Kala IIYFBII KOMEK KOpPCETY KBI3METiH YHBIMAACTHIPY aca KHUBIHFA
COFaTBIH OipKaTap >KarJasTTApIbIH OPBIH ANATBIHABIFEI OenTini. bynaH e3re, »KYMBIC OpBIHIAPBIHIAFEI KYMBICIIBI
KO3FaJIBICBIHA IIEKTEY KOO JKyHeciHe OHMIPICTIK TOPTINTI CakTay MaKcaThIHAA OacUIBUIBIK TapamblHAH MIEKTEY
KOUBLTYBI MYMKiH. 3epTTey )KYMBICBIHBIH >KaHAIIBUIIBIFBl — OPTTI HEMECE ©3T¢ TOTCHIIIC JKaFJaiIbl aHBIKTAY JKYHe-
CIH KOJIIaHFaH Ke3J/ie OHBIH TEKCepic )KyHeciMeH »oHe KOJDKETIMIUIIKTI YJIecTipyMeH Kipiryl MHTerpauusiiaHn-FaH
KOJDKETIMIIUTIK JKYHECiHIH KOJIaHBIChIHA HETi3/IeNie anaThHABIFbIHAA. [1IapTThl KOJDKETIMIUTIK KYHECIH KOJIaHFaH-
Jla KbI3METKEp >KYMBICHIHJA Oenriii Oip TeXHOJOTHSUIBIK KOMIUIEKCTEp Ky3ere achIpblIFaH JKaraaija oJjapblH
Ti3IMIH QJJeKaii/a )KbUIIaM aJIyFa oHE KAyilTi KbUIJIaM aHbIKTayFa MYMKIHIIK OCpeTiHAIriH aBTopyap aKeIHIAI
KepceTkeH. bopiHneH OypbIH TeTeHIIe kaFqail Ke3iHae apeKeTTepai 60inKay MeH TipKey JKYHEeCiHiH ImapTThl KOJDKeTiM-
JIITIK XKy#HeciMeH KYPbUIbIMIBIK HHTErPALMSUIAHYBIHBIH KQKETTITl 36PTTEY KYMBICBIHBIH MaHBI3/IbLIbIFbIH aHBIKTAN/IbL.

ATanMbII COMKECCI3MIKTEpiH alblH alyFa MYMKIHIIK OepeTiH YJriHi KonJaHyFa YCHIHBUIFaH. buomerpu-
KaJIbIK KYPBUIFBUIAPIBI JKETUIAIPY apKbUIBI OJIAPIBIH ©HEPKACINTeri KOJJAHBICHIH FaHa €MEeC, Ollepalusuiap/bl
OHJIaliH OpBIH/AY, OAHKOMAT II€H cay/a )KaOIbIKTapblHa KOJDKETIMIUIIK, YHTre Kipil-IIbIFy jKoHe T.0. )KeKellle CeKTop-
Jla J1a aJAarbl yakeITTa KoJIIaHFaHzaa Oalikayra Oonanbl. bruoMmeTrpukaiblk akmaparrapabl KOPFay TEXHOJIOTHSIIAphI
aj1amM/bl aHBIKTaIl, TaHy MaKcaThIH/Ia OHBIH TYPJIl MapaMeTpIIepiH naiiiananaisl. buomerpus agamaapabiH keke-1apa
CUMaTTaMachlH NalJajgaHa OTBIPHIT MACHTU(QUKALMsIIAY HETi3iHAe oNapIblH aKlapaTka KOJDKETIMIUIK KYKBIFBIH
aHBIKTAy YIIH KOJAAHbUTaNbI. Toxipube Ky3iHAe KOJIAHBUIBIN KYPTeH OMICTepiH iNmHIeTri eH CeHIMAI omic —
KO3JIiH TOPJIbI KaOBIFBIH CKaHepiiey ofici. COHIBIKTaH Ja OHBI ©Te KYMHUSJIAHABIPBUIFAH OOBEKTLIEpPTe KOJIKETIM-
TiTiKTI OaKpUIay KyHenepinae Koaanaapl. MyHaai xyienep i KoJIaHy IbIH Tapalry IeHreii a3 OonFaHabIKTaH 0y3y
OpeKeTTepiHiH 00y BIKTUMAIBIFEl a3. JlereHMeH keMmuriri ae 6ap, ochl SIICTI KOJAaHATHIH Kyhe Oarachl eTe
xorapsl. JIHK (ne3oxcnprOoHyKIenH KBIIIKBIIB) Ti30€TiHAerT HyKIeOTH ] KOMOWHAIMACKH Ke3 KeJIreH Tipi xKapaTbl-
JIBICTBIH T€HETHKAIBIK KOoJblH Kypaimael. JTHK-ue1 naentndukanusuiay anam JIHK-ceiH Gakpinay yiricinin JJHK-
CBIMEH CaJIbICTBIPY apKbLIbI JKypei. Jlerenmen Oyrinzae Oy afic agamabl naAeHTUGUKANUSUIAY YIIIH KPUMHUHAINCTHU -
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KaJia FaHa JKy3ere acKaHbIMEH, JIEpeKTep/li Kopray KyienepiHae KbIMOATThIIBIFEI MEH JKaObIFBIHBIH KYpACTUIIriHe
OailyIaHbICTBI KeH KOJIIaHbIC TalaFaH.

ATanraH TEXHOJIOTHS canachlHa JEreH CEHIMIUIIKTI Ke3[iH IaThIpIia KaOBIFbIH HACHTU(HUKALUIAYMEH
canbIcThIpyFa Oonasl. KeitGip aypy TypiepiHiH ocep eryi, aran alTKaH[a, apTPUT KEMIILTriHe caHanaasl. ApThIK-
IIBUTBIFBI, JIQJIJIrT JKOFaphl, KATThl KpIMOAT eMec kaOabIK. MoceseH, OeT-oimeTTi ailbIphlll TaHy HEMece Ke3MiH
mIaTeIpIa KaObIFeI OOMBIHINIA TaHY SHicTepiHe KaparaHZa »aOmbIFel ap3anbipak. «Fujitsu, Veid Pte. Ltd.», «Hitachi
VeinlD» xoMmmaHUsIapel anmmapaTThIK JKoHE OarmapiiaMaibIK jkacaKkTamaHbel o3ipieiimi. «Hitachi» xommaHHMsICH
«Finger Veiny» xyifeciH merapyaa, MyHIa alaMHBIH Ke3 KeJreH caycak KoKTaMBIpIapbIHBIH KeCKiHl KOJIaHbBLIA/bI,
ce0ebi caycaKTarbl OHE allaKaHAAFrbl KOKTaMbIpIappl KOJJaH xkacay MyMKiH emec. byn xyheniH FRR 0.01%
kypaiigsl, am FAR — 0.0001%. MHpake3pu1 KaMepa apKbUIbl allbIHFAH OCT-oNIMETTIH TepMOrpaduKaiblK CypeTi
CYHEKTiH THIFBI3/BIFBI, Mall MEH TaMbIpilapFa OaiaHbICTHI OOJIBIN Kelle[i )KoHe oTe napa Oenri OOJbIT caHajabl.
By onictiy monairi ete jxofapsl, TINTEH €ri3lepAl Je axblpaTyra 0osaabl. ATalMBIII 9/1iC KOCMETHKa, OeT apIey,
IUIACTUKAIIBIK XUPYPIUsFa Tyl eMec )KoHE KaJIpJIbIH ap XKarblHaH Jia allbIphIN TaHyFa MYMKIHIIK Oepei.

WTTiH amamzbl mic apKbulbl TaHybl OypbeIHHaH Oenrinmi. Byringe wmic yirinepiH kuHayra »KoHE JaifbIHaayra
apHaJIFaH JKy#enep/l oHe ce30eK KHUbIMbIHAH KeJTeH Aa0bULAbl OHAEYre apHajJFaH MPOLECCOPIbl KAMTHTBIH HiC
CE3CTIH «JICKTPOHBIK MYPBIH» Ja d3ipieHyae. JlereHMEH aTaiFaH d3ipiieMeliep TOKIpuOe Ky3iHae d3ipre Kojaa-
HbUMainel. JKorapblia aTanFaH oiCTep CTATHKAIBIK OOJBIN CaHaladbl, agaMIaplIblH yaKbIT 6Te Kelie 03repMeHTIH
(GU3MONOTMAIBIK  TTapaMeTpliepiH mainanaHanpl. bynapnaH esre ajaMHBIH Japa MiHE3IIK epeKIIeTiKTepiHe
HETi3leNreH AMHAMHKAIBIK d1ictep e Oap. Onapra naypic GOHbIHINA MICHTHOUKALMAIAY, KOHBUIFaH KO apKbUIBI
MEpHETaKTaga KOJIMEH a3y, MUIBIH OMOAIIEKTPIIK OCNCCHIUTIr1 apKbUTI HACHTU(UKAIIAY KaTaabl. ATamIbl
KAIIBIKTBIKTAH JKOHE KaApABIH ap >KarblHaH abIpbIl TaHyFa MYMKIHAIK OepeTiH omicTepAiH Oipi — NayBICTHIK
uAeHTUPUKANMsIay. bip apTHIKIIBUTBIFRI — aTaJMBIII SIICTIH ap3aHABIFBL, ce0ebi Oy Kasipri yakpITTa OapibIK
KOMITBIOTEpJIEri MUKPO(QOH MEH JABIOBICTHIK KapTaHbl FaHa KaKeT eTell »oHe WACHTU(HKauusiay Ke3iHie
TICHXOJIOTHSIIBIK JKaChI3NIBIK OonMaybl Kepek. [laybIcThl naeHTHGUKanusulay Ke3iHue IbIObIC bIPFarbl, MOIYJISLINUS,
MHTOHAIIMS KOHE COJI CeKUIl Oacka aa oenriep Tanaanaapl. CoraH KapaMacTaH, OyJ1 9ICTIH CCHIMIUTIK TEeH JQJIIIK
JIeHreli )KoFapbl eMec, ce0edi JaybIc aJlaMHBIH JACHCAYIIBIK JKaFaaibl MeH MiHe3lik (akTopiapra Tayensi. [laybicTsl
allbIpbIll TaHy TEXHOJIOTHMSCHIH a3ipieyuiiepiaiy Oipi — «TingiK TEXHOJOTWsUIap OPTANBIFBD) IKayarKepIIiIir
LIEKTEYJi KOFaMBl.

Tyiiin ce3aep: epr, i31ecTipy, axamaap, YIri, KOIDKeTIMALTIK.

X. T. Hryenl, H.T. TOHOHLCKHﬁZ, T. A, .JIel, A. B. MoxmaHueB2

1YH1/IBepCI/1TeT IToxapnoii bezonacHoctu BreTHama, XaHoil, BeeTHawm;
2 o .
Axkanemus ['ocymgapcTBeHHON nipoTHBONOXapHOil cayx061 MUC Poccun, Mocksa, Poccus

®OPMUPOBAHUME CUCTEMbI OBHAPYKEHUS IEPCOHAJIA B IIOMEINEHUAX C
SAABIMJIEHUEM HA OCHOBE BUOMETPUYECKUX CUCTEM JOCTYIIA

AHHOTanusi. B coBpeMEHHBIX OpraHn3anusax IEepPCOHANl HE HAXOANUTCS Ha CBOEM paboyeM MecCTe MOCTOSHHO H,
COOTBETCTBEHHO, B CIy4ae BO3HMKHOBEHMS UYPE3BBIYAMHOM CHUTyallUH €My Tpo3UT onacHOCTb. CyIIeCTBYET psif
CUTYaIlMi, B KOTOPBIX JIOCTYH AaXe SKCTPEHHBIX CIIY>KO B MOMEIIEHUS OUYEHb CIIOKHO OPTaHM30BaTh M3-32 PEKHMa
CEKPETHOCTU M JKEJIaHUS COXPAHUTh KOMMEpUecKyro TaiiHy. Kpome Toro, cucrema orpaHM4eHuUs: NEPEABIKEHUS
paboumx Ha CBOMX MecTax MOXET ObITh OYEHb OIPaHWYEHa CO CTOPOHBI PYKOBOZCTBA B IIEJISIX IMOAJCP)KaHUs IPOU3-
BOJICTBEHHOM TUCIUILIMHBL. HOBHU3HA HMCCIlleIoBaHMS OTIPEENIIeTCs] TEM, YTO NPU UCIIOJIb30BAaHUN CHCTEMBI OOHapy-
JKEHMs I0)Kapa WM APYroil 4pe3BblYaliHOM CHUTyalluM €€ MHTErpalus ¢ CHUCTEMOM IPOBEPKU U PaCIpeleICHMS
JIOCTyTIa MOXKET OBITh OCHOBAaHA Ha MCIOJIB30BAHUN WHTETPUPOBAHHBIX CHCTEM JOCTyHa. ABTOPHI TOKA3BIBAIOT, YTO
UCTIONIb30BAaHHE CHUCTEM YCIIOBHOTO JOCTYIA MO3BOJSAET B Oosiee OBICTPOM TEMIIE MONy4YaTh CIUCKH COTPYJHUKOB U
BBISIBIIATH YTPO3BI, €CIIH B X pabOTe MCHONB3YIOTCS ONpEeeNeHHbIE TEXHOIOTHUECKHne KOMIUIeKChl. [IpakTndeckas
3HaYMMOCTb HCCIICIOBAHMSA ONPEACIIETCS, NMPEKIE BCEro, HEOOXOAMMOCTBIO CTPYKTYPHOM HHTETPAllH CHCTEM
YCIIOBHOT'O JIOCTYyTA U CUCTEM PETUCTPALUU U MPOTHO3UPOBAHUS ACHCTBUN B UPE3BBIYAMHBIX CUTyalUsIX.

[Ipennaraercst MCHOIb30BaTh MOJIENb, IO3BOJISIONIYIO YCTPaHWTh NOA00HBIE pasnuuus. C  yiaydmieHueMm
OMOMETPHYECKHUX YCTPOWUCTB MOXKHO OXHAATh UX UCIIOIB30BAHUS HE TOJBKO B IMPOMBIIUICHHOCTH, HO U B YaCTHOM
CEeKTOpe — JUIs NPOBEAEHUS OHJIAWH-OIEepalii, 10CTyla K OaHKOMaTaM ¥ TOProBOMY 00OpYZOBaHHUIO, BX0/1a M BBIXO-
Jla U3 JOMOB M MHOTOI'O Jpyroro. TexXHOJOrHM 3amuThl OHOMETPHYECKOH WH(OPMAaIUU HCIOIL3YIOT pa3inyHbIe
rapaMeTphl YeJIOBeKa C 1IeJbI0 ero ayTeHTU(HKAIMU. buoMeTpust HCHOoNb3yeTcst AJIsl ONpeIeNIeHHs ITpaBa JIIoJei Ha
JOCTYN K MH(pOPMAaINUK Ha OCHOBE WX MICHTH(UKAIWNU C UCIOIb30BAHHEM HHIWBUAYAIBHBIX XapaKTEPHUCTHK Tela
oTrX mojed. CaMblif HaIEKHBIN U3 MPAKTHUECKH PEATN3yEMBIX METONOB — METOJ[ CKAHMPOBAHHS CETYATKU Tia3a.
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[TosTOMy €ero MCronb3yIOT B CHCTEMaxX KOHTPOJISL TOCTYIa K CHIBHO 3aCEKpeYeHHBIM 00beKTaM. B CBs3UM ¢ HU3KHM
YPOBHEM paclpoCTPaHEHUS] TAaKMX CHCTEM IIONBITKM B3JIOMa MaJOBEpOSTHBI. HO HemocTaTKOM SIBISETCS BBICOKAS
CTOMMOCTh CHCTEM, HCIOJB3YIOIUX 3TOT Meronx. KomOunamms nykneorunoB B uenu JIHK (mesoxcupubo-
HYKJIEWHOBAsl KUCJIOTA) COCTABISIET T€HETUUECKH Ko Jrodoro sxuBoro cymiectBa. Mnentudukauns JHK mposo-
murcst nmyteM cpaBHenus JJHK wenoseka ¢ JIHK xoHTposnbHBIX 00pa3ioB. Ho cerogHs 3TOT METOA HCIHOJIB3yeTcs
TOJIBKO JUIS MACHTU(HUKANNH YEIOBEKa B KPUMUHAINCTHKE, @ B CHCTEMaX 3allUThl MH(GOPMAINN OH €IIe HE MpuMe-
HSUICS N3-3a JOPOTOBU3HBI M CIIOKHOCTH 000pPYyIOBaHHUS.

OTa TEXHOJOTHsA CpaBHMMAa MO HAIEKHOCTH ¢ WACHTH(UKammell pamgyxHoH obomouku rnasa. HemocraTox —
BIMSHUE HEKOTOPHIX 3a00J€BaHMH, B YACTHOCTH apTpHTa. [ NMpenMyIecTBO — MEHEE OpOoroe o0OpyHOBaHHE C
BBICOKOI ToUHOCTBIO. Hanpumep, o6opynoBanue gemesie, 9eM Ul METOOB PACIIO3HABAHMS JIUI] WM TI0 palyKHOH
o0oJsouke Ta3a. AnnapaTtHoe W MporpaMMHoe obOecrieueHune paspabarbiBatoT kommanun «Fujitsu, Veid Pte. Ltd.»,
«Hitachi VeinlD». «Hitachi» Beimyckaer cuctemy «Finger Vein», B KOTOpOH HCHONB3yeTCsl H300pa)keHHe BeH J11000-
r'O MaJiblia YeJI0BEYEeCKOro Maiblia, TIOCKOJIBKY BEHBI Ha IMalblle, a TAaK)Ke Ha JIaJIOHW HEBO3MOXKHO mojyenarb. FRR
aT0i cuctemsl coctasisier 0.01%, a FAR — 0.0001%. Tepmorpaduieckuii CHUMOK JIMIa, TTOJYYEHHBIH C TTOMOIIBIO
nH(ppakpacHOW KaMmepbl, 3aBUCUT OT IUIOTHOCTU KOCTEH, KHMpa M COCYIOB M SIBJISETCS CYryOO WHIMBHIYaJlbHBIM
npu3HakoM. TOYHOCTB 3TOro Meroja OYeHb BHICOKA M IIO3BOJISET OTIMYUTH JAa)ke ONM3HENOB. DTOT METOA He
3aBUCHT OT UCIIOJIb30BAHHS KOCMETHUKH, MaKHsKa, MIIACTHIECKON XUPYPTHH 1 TTO3BOJISIET Y3HABATH 33 KaJPOM.

CrnocoOHOCT cO0aK y3HaBaTh JIOJEH 1O 3amaxy M3BecTHA NaBHO. CeromHs yxe pa3padaThIBacTCs «3JIEKTPOH-
HBIIL HOC», KOTOPBIH COJEPIKUT CHCTEMBI A1 cOopa 0OpasIoB 3amaxoB M MX IOATOTOBKH, MATPHUIIBI JATYHKOB,
KOTOpBIe OyayT BOCIPHHUMATH 3allaxd, W IMPOLEccOp A 0OpadOTKH CHUTHAlOB OT MacCHBOB aaTdyukoB. Ho 1o
MPAaKTHYECKOTO BOIUIOMICHHS 3TH pa3pabOTKU eImle AaleKd. BhIeyrnoMsHyTble METOABI SBISIOTCS CTATHYCCKUMHU,
UCTIONB3YIOT (DU3HOJIOTHUECKHE ITapaMeTphl YeJIOBEKa, KOTOpBIE HE MEHSIOTCA co BpeMmeHeM. [lomMumo HHX
CYIIECTBYIOT JMHAMHYECKUE METO/bl, OCHOBAaHHbIC Ha UHIMBHUAYAJIbHBIX ITOBEJCHYECKUX OCOOCHHOCTSIX YeNIOBEKa.
K HuM oTHOCsTCS HAeHTH(UKALKS 110 TOJIOCY, UASHTU(HUKALUS C TOMOLIBIO TOJAMKCH, TI0 OYEPKY Ha KIaBHUATYype,
10 OMO3JEKTPUUECKON aKTUBHOCTH Mo3ra. OJTHUM M3 METO/IOB, MO3BOJISIOIINX PACIIO3HATH YeJIOBEKa Ha PACCTOSHUH
U 3a KaJpoM, SBJSIETCS TOJI0OCOBas MIeHTU(UKanus. [LTockl — AeleBU3Ha 3TOr0 METoJia, TaK KaK HEoOXOANMBI
TOJBKO MHUKPO(OH W 3BYKOBas KapTa, KOTOpbIE Ceiddac €CTh Ha KaXJOM KOMIIBIOTEpPE, U OTCYTCTBHE ICHXOJIO-
TMYECKOro JAucKoMdopTa Nnpu uaeHTUGUKau. Bo Bpems naeHTHHUKALUK ToJioca aHAIM3UPYIOTCS BhICOTA 3BYKA,
MOJYJISIIHSL, MHTOHANS ¥ TOMY Mozjo0Hoe. Ho Hasie)kHOCTh M TOYHOCTH 3TOT0 METO/a HEBBICOKA, BEJlb I'OJIOC MOXKET
3aBUCETh OT COCTOSIHUS 310POBbsl M TOBeJeHUYECKNX (hakTopoB. OXHUM 13 pa3pabOTYNKOB TEXHOJOTHH Paclio3Ha-
BaHMs roJoca sBisgercs OOIIeCTBO ¢ OrpaHNUEHHONW OTBETCTBEHHOCTHIO «LIEHTp S3BIKOBBIX TEXHOJIOTHIY.

KaioueBble cioBa: moxxap, po3bICK, JFOI1, MOAENb, TOCTYII.
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APPLICABILITY ASSESSMENT OF NATURAL WATERS
IN IRRIGATION OF AGRICULTURAL LAND ON THE EXAMPLE
OF THE VAKHSH RIVER AND ITS TRIBUTARIES

Abstract. The results of chemical analyses of the Vakhsh river and its tributaries and the calculations of the
main criteria for the water applicability for irrigation purposes are presented: the proportion of sodium cations
capable of absorption, dissolution, ion exchange, and the proportion of magnesium. It was found that the waters of
the Vakhsh river and its tributaries (Kyzylsu, Muksu, Obikhingou and Surkhob) are favorable for irrigation of
agricultural land. On the values of the magnesium cations ratio to calcium cations the Vakhsh river and tributaries
water correspond to the first class of «soft waters». It is shown that due to the surface and underground water
exchange, underground water reservoirs are enriched by cations of alkaline and alkaline earth elements. The
underground water reservoirs of the Vakhsh tributaries basin on the water quality terms are also suitable for
irrigation purposes.

Key words: agriculture, underground water, solubility of cations, adsorbtion irrigation.

Introduction. The Vakhsh River is one of the main tributaries of the transboundary river Amu Darya
that is formed by the confluence of the Surkhob and Obikhingou rivers.

The Vakhsh river basin by meteorological characteristics belongs to a dry climate with an annual
rainfall of 143-297 mm and the distribution of the average annual precipitation by the seasons is as
follows: in winter 40%, 48% in spring, 1.5% in summer and more than 10% in autumn [1].

The Vakhsh river by 691 km (from source to mouth) with a basin area of 39 160 km? is characterized
by glacial-snow fed i.e. more than 40 % of the flow in the flood is meltwater glaciers.

The Vakhsh river basin potential energy resources are 15.0 Th. MWt by an electric energy generation
of 53.4 TWt-h/year. From it more than 9.0 Th. MWt and 35.4 TWt-h/year of electric energy generation are
correspond only to Vakhsh river [2]. By improving water quality and regulating part of the flow of the
Amu Darya river, the Rogun Hydropower station will allow 90% irrigation of the Amu Darya basin on an
area of 4.6 million ha and additionally develop more than 480 thousand hectare of land in the lower
reaches. [3].

Water pollution is the leading cause of death and disease worldwide. Every year around the world,
6.000 children die from infectious diseases and 30 million people die from cancer caused by drinking
contaminated water [4]. In developing countries, 80% of human diseases are associated with drinking
water pollution.

Water quality deals with the physical, chemical and biological characteristics of water in relation to
all other hydrological properties. The characteristics of water quality have become important in water
resources planning, development for drinking, industrial, and irrigation purposes [5]

A number of indicators regulates the quality of water used in irrigation in order not to destroy the
agrochemical properties of the soil.
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The major concerns in terms of water quality and quantity are due to its inadequate distribution on the
surface of earth and the rapid declining of fresh useable water [6]. Anthropogenic activities within river
basins, erosion, and atmospheric depositions were also the main negative impacts on the water quality of
most the reservoirs [7].

A wide review of the literature on the selection of optimal indicators for a comprehensive assessment
of surface water quality and compelling facts about the need for systematic monitoring of the dynamics of
the spread of pollutants for an objective assessment of water quality and in particular transboundary water
basins and the establishment of criteria for assessing the quality of surface waters taking into account
natural features are presented in [8,9].

The agriculture success is highly dependable on the quality of water applied in an agriculture area.
Due to the application of poor or hazardous quality water the agriculture land/soil is affected and damages
the crop yield in several waysThe presence of metals in irrigation water also has adverse effects on crop
production. In addition, high concentration of salts can change the plant nutrients balance in the soil
meanwhile some salts are toxic to certain plants [6,10].

Irrigation water quality alone is not sufficient to assess the potential salinity and hazards that irrigated
agriculture may face. The concept of quality is not singular, but multiple. They can be so different that
they can be compatible with each other, so it makes no sense to talk about quality as a single factor. It is
more correct to talk about a high-quality profile. This means presenting multiple indicators instead of
single ones in order to achieve a better understanding of the type of water. The quality profile is not a
single one; it will also depend on the severity of the problem [11].

However, even water with considerably high salt concentration can be used for irrigation without
endangering soil productivity, provided selected irrigation management. The key point is how to maintain
existing salt balance in plant root zone [12].

Thus, comprehensive river water quality monitoring is a helpful tool not only to evaluate the
suitability of surface water for irrigation, but also to ensure an efficient management of water resources
and the protection of aquatic life [13] Therefore, the monitoring of environmental parameters is one of the
highest priorities in the evaluation of environmental status of water resources and in environmental
protection policy [14]. Thus, it is imperative to have reliable information on the characteristics of water
quality for assessing its safety for irrigation as well as an effective pollution control and water resource
management [15]. These findings can be explained by the geology of the study area, in particular the
variation of the mineralogical composition of the bedrock from upstream to downstream. A similar impact
of the bedrock composition to the water quality has been also described by [16]. It is commonly known
that the ionic composition of water is the result of several factors during water-rock interaction [17].

In fact, changes in the geochemical characteristics of salt waters can be caused by the interaction
of water and rocks, including exchange reactions with clay minerals, adsorption on clay minerals,
and carbonate dissolution — precipitation [18]. In particular, the main factors controlling the mineralization
of water are the mineral dissolution of well-soluble salts and, no less important, ion exchange. The
high content of chloride and sodium water is mainly due to the dissolution of anhydrite, gypsum, and
halite [19, 20].

To assess the quality of water for irrigation purposes, an alkaline hazard is widely used, expressed by
the coefficient of adsorption of sodium cations (CA), the percentage of sodium cations, the percentage of
solubility of sodium, the coefficient of exchange of sodium, the coefficient of magnesium.

The purpose of this work is a comprehensive chemical analysis and determination of the degree of
applicability of the waters of the VVakhsh river and its tributaries for irrigation purposes.

Objects and Methodology. The scheme for sampling water from the VVakhsh River and its tributaries
is shown in figure 1.

After preserving the samples, physical and chemical analyses of water were performed in the
laboratory using a «TaLab» Photocolorimeter at a temperature of 19-20 °C and a relative humidity of
44-49%.
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Figure 1 — Water sampling scheme from the Vakhsh river and its tributaries

At chemical analyses interpretation of results was guided by the normative document «Sanitary and
epidemiological requirements to water sources, water intake sites for drinking purposes, drinking water
supply and places of cultural and domestic water use and security of water facilities» (Order of the
Minister of national economy of the Republic of Kazakhstan, March 16, 2015 No. 209). In addition, state
standards were relevant: Na* (State standart 26449.1-85, n.17.1), K* (State standart 26449.1-85, ni. 18.1),
Ca®* (State standart 26449.1-85, 1. 11.1), Mg?" (State standart 26449.1-85, m.12), NOs (State standart
33045-2014).

Results and discussion. The results of the Na™ adsorption ratios and the percentage of Na+ for the
waters of the Vakhsh river and its tributaries (Kyzylsu, Muksu, Obikhingou, and Surkhob) are presented in
figure 2 and figure 3, respectively.

The sodium adsorption ratio (SAR) was calculated by use of [21]:

Na+
SAR = ——— @)
Ca2++Mg2+
2
The percentage of Na* is determined [22]:
o +_ (Na*+K*)-100
7%Na (Ca?2++Mg?++Nat+K*) @)
25
.  {
* 20 [
£ 0,8 A
5 15
5 0,6 *
2 10
= 04
g °® [
= 5
202 A A
* L J ¢ 0
0 Kyzilsu Muksu Obikhingou Surkhob Vakhsh

Kyzilsu ~ Muksu Obikhingou Surkhob Vakhsh
® %Na+ ASSP

Figure 2 — Sodium adsorption ratio Figure 3 — The percentage Na* and soluble sodium
of the Vakhsh river and its tributaries percentage (SSP) of the Vakhsh river and tributaries
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It can be seen from figure 2 that on the upstream tributaries of the Vakhsh river sodium adsorption
ratio is not significant compared to the VVakhsh river and its tributary of the Surkhob river. The explanation
of these phenomena can be found in figure 3 that shows the percentage of Na™ in the waters of the Vakhsh
river and its tributaries.

The content of sodium cations in the waters of the Kyzylsu and Muksu rivers in comparison with the
Vakhsh and Surkhob rivers is much lower (figure3). Therefore, due to the low Na* content in the Kyzylsu
and Muksu rivers ion-exchange reactions proceed weakly.

Another important parameter characterizing the applicability of water for irrigation purposes is the
solubility sodium ratio (SSR) determined as [20]:

SSR = (o) - 100 @3)

at+Cat+Mg2t
The percentage of soluble sodium calculation results by use of (3) for the Vakhsh river and its
tributaries are shown in figure 3. Naturally, at small content of elements in the water, an insignificant
percentage of its dissolution will be observed which is evidenced by the location of the values of soluble
Na* for the Vakhsh river and its tributaries (figure 3).
The Mg? cation content is also an important indicator for determining the applicability of water for
irrigation purposes.
Magnesium deteriorates soil structure particularly when waters are sodium dominated and highly
saline. The Mg-ratio determined by use equation [23]:
(MgZ*)-100
gy @
Magnesium hazard value of more than 50 % would adversely affect the crop yield as the soils become
more alkaline [22].
The Mg®" ratio in the waters of the Vakhsh river and its tributaries as shown in figure 4 insignificant
and does not reach 50%.

Mg-ratio =

A
A

Kyzilsu Muksu Obikhingou Surkhob Vakhsh

Figure 4 — Magnesium ratio of the Vakhsh river and its tributaries

The highest value is observed at the Obikhingou river exceeding more than 30% (figure 4). To
explain the observed phenomenon, refer to table 1 that shows the content of alkaline and alkaline earth
cations in the corresponding river waters.

Cation content in the waters of the Vakhsh river tributaries

Rivers
Cations Unit - —
Kyzilsu Muksu Obikhingou Surkhob
Na* mEg/dm® 0.073 0.058 0.033 0.762
K* mEg/dm® 0.059 0.056 0.002 0.094
ca® mEg/dm?® 1.786 1.456 0.125 2.613
Mg mEg/dm® 0.228 0.225 0.055 0.665
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From a comparison of the data presented in table, it follows that the Obikhingou river is characterized
by the lowest content of cations of alkaline, alkaline earth elements and especially small values of
Ca”* according to (4) lead to an increase in the proportion of Mg®* cations in the waters of the Obikhingou
river.

The analysis of the chemical composition of river water and ground water in the river basins of
Tajikistan revealed the processes of enrichment of underground water reservoirs by chemical elements of
river water [24]. The sodium adsorption ratio (SAR) values for the surface water of the tributaries of the
Vakhsh river (Kyzilsu, Muksu, Obikhingou, and Surkhob) and groundwater of the basin corresponding
rivers is shown in figure 5. The percentage of Na+ in the groundwater of the Kyzylsu, Muksu, Obikhingou
and Surkhob river basins and comparing it with values for the corresponding rivers are presented on the
figure 6. The content of Na+ in groundwater of the three tributaries of the Vakhsh river (Kyzylsu,
Obikhingou and Surkhob) is relatively lower than the surface, and in the case of Muksu appears
anomalous, i.e. in the surface water Na+ is almost three times less than underground.
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Kyzilsu Muksu Obikhingou ~ Surkhob Kyzisu Muksu Obikhingou Surkhob
® (SAR)surf A (SAR)undergroud ® (>ocNat)suf A (%Natjunderground
Figure 5 — Sodium adsorption ratio of the VVakhsh river Figure 6 — The percentage Na* of the Vakhsh river tributaries
tributaries and underground waters of rivers basins and underground waters of rivers basins

This naturally leads to large values of sodium ratio capable to dissolution (figure 7) and ion exchange
(figure 8).
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Figure 7 — The soluble sodium percentage (SSP)
of the Vakhsh river tributaries and underground waters
of rivers basins

Figure 8 — The exchangeable sodium ratio of the VVakhsh river
tributaries and underground waters of rivers basins

Conclusion. It was found that the concentration of cations in the VVakhsh river and its tributaries does
not fit within any regularity and is mainly determined by the processes of rock washing out by the flow of
the corresponding rivers. On the upstream of the Vakhsh river tributaries (Kyzylsu, Muksu) the share of
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sodium cations adsorption is not significant compared to the Vakhsh river and tributary Surkhob river, and
due to the low content of Na* in the Kyzylsu and Muksu rivers ion exchange reactions are weak and, of
course, the proportion of sodium capable of dissolution is insignificant. A high proportion of Mg®" in the
waters of the Obikhingou river was found to be associated with low levels of Na*, K*,Ca**.

M. I1I. Hopmaros®, H. A. Amupraues’, A. C. MaanGexos’

"Toxik yITThIK yHUBepCuTeTi, Jymante, ToxikcTam;
2«eorpadus sxoHe ¢y Kayincizairi macrurytsy AK, KP BFM, Anmarsr, Kasakcran

BAXIII ©3EHI MEH OHBIH CAJIAJIAPBI HET'I3IHJAE AYBIIIIAPY AIIBIJIBIFBI
KEPIH CYAPYJA TABUTHU CYABIH KOJIJAHBLITYBIH BAFAJIAY

Annoranus. CyIslH camacsl — CyIbIH Oenrini Oip cymsl maiinanaHy TYpIiepiHe >KapaMIbUIBIFBIH aHBIKTAHTHIH
Cy KypaMbl MEH KacHeTTepiHiH cunatamachl. CyIBIH camachlH 0aKpUIay — CYy CallachIHBIH KOPCETKIIITEpiHiH Oenri-
JICHTeH HOpMajap MEH TaJanTapFa COMKECTIriH Tekcepy. TaOwfu cynapl MppPHTalMsUIBIK MakcaTTa IaijaiaHy
THIMAUIITIH apTTHIPY KOHE ONapIbIH CalachlH 0aKplIay — Cy pecypCTapblH CaKTayaarbl 0achIM OarbITTapBIHBIH Oipi
Gonbin canHanmazapl. OcblFaH OalIaHBICTBI CYABIH CyapyFa >KapaMABLIBIFBIH KEIICHJI Oarajaynasl KaMTaMachl3 €Ty
YILiH 3epTTEJIETIH ayMaKTarbl CaHUTAPJIbIK-TUTHEHAIBIK JKaFIai/Ibl )KoHe KOpPIIaFraH OPTaHbl KOPFayibl KAMTaMachI3
€Ty KaXETTUIINH eCKepe OTBIPHIN, CYy CanachlH aHBIKTAHTBIH arpOHOMUSUIBIK, TEXHUKAIBIK XOHE SKOJOTMSUIIBIK
OJIIIEM/ICP HETI3Te aJIbIHIBI.

Makanaaa TpaHCIIEKapaiblK AMymapus e©3¢HiHiH Herisri camacbl, Cypxo0 xoHe OOHUXHMHIOY ©3eHACpIHIH
KOCBUTYBl HOTHXKECiHIEe Taina OonraH Baxmnr e3eHi CybIHBIH XMMUSUIBIK Tayi[ay HOTIDKeNepl Kenripinren. Baxi
©3CHIHIH ayJaHbl MY3 JKOHE Kap *KaMBUIFBICBIMECH cumatTaranma 39 190 KM? KAMTHIbL, Y3BIHABIFB — 691 kM. Baxi
©3CHI aJa0BIHBIH THAPOIHEPTeTHKANBIK oneyeTi kpulblHa 50 TBT-Tan acampl. Baxm e3eHiHIH HppuTranuaibik
MOTEHIMAJIBI XKAKCHI, Ka3ipri yakpITTa 15 ay#aaHHBIH cyapMalbl )KepJIepiH CyMeH KaMTaMachl3 eTelll )KoHe KOCBhIMIIA
480 MBIH TekTapyaH actaM >xepai urepe anaabl. CoHbIMeH Karap, ToxikcTan PecryOnmKkachHBIH CylIapyamblibl-
FBIHZIA ayBUIIIAPYAIIBIIBIFBIHBIH CyapMalbl eTiHIIUIN MEH 3HEpPreTHKa KaXXeTTUIIrHe TYThIHFaH cy Kenemi 92% kam-
ThICa, all OHEPKACII >KOHE KOMMYHAJIBIK Iapyambuibikka 4 % xymcanansl. CoHpal-ak cyapy YLIIH Cy jkapam-
JIBUTBIFBIHBIH HETI3r KpUTEpHiliepiHiH ecebl KYpri3uireH: HaTpUil KaTHOHBIHBIH alcopOluMsFa, epiTyre KaOineTTi
KaThIHACBI, MOHBIK ajMacy >KOHe MarHMi KaTblHachl. Baxin e3eHi MeH OHBIH cajanapbiHbiH (Kp3buicy, Mykcey,
OoOuxunroy >xone Cypxo0) cynapbl aybUIIapyallblUIbIFEl aNKANTAPBIH CyapyFa KOJAHIIbl SKeHJIr aHBIKTaJIbI.
ConbiMeH Oipre, Baxin e3eHi cananapblHBIH KOFapFbl arbIChIHIA ©3C€HHIH 03IMeH jkoHe oHbIH Cypxo0 camackiMeH
CaJIBICTBIpFaH/la HATPUH aJCOPOLMACHIHBIH KOI(MQHUIMEHTI a3 OONaThIHABIFEl aHbIKTANBI. KbI3bUICY koHE MyKcy
©3€H CyJIapbIHAAFbl HATPHH KaTHOHBIHBIH Kypambl Baxii skoHe Cypxo0 e3eHiMeH CalIbICThIPFaH/Ia e1oyip TOMEH, Oy
HOH aJMacy peakIUsACHIHBIH QJICI3 XKYPYiHiH Herisri ceOebineH 0omanel. MarHuit KaTHOHAAPBIHBIH KaJdbIIUi KaTHOH-
JTapbIHa KAaTBIHACBHIHBIH MOHI OOMBIHIIA BaXmn e3eHi MEH OHBIH calajapbIHBIH CYHI OipiHIII KJIaCKa (OKYMCaK CyFa»
xaragpl. JKepycTi joHE JKepacThl Cy alMacy eceOiHeH KepacThl CYBI CUITUTIK JKOHE CUITUIIK JKep 3JIeMEHTTepi
KaTHOHJAapbIMEH OalbIThIIATBIHBI KepceTinreH. CoHpmali-ak Baximn eseHi amaOBIHBIH JKepacTbl CYBIHBIH Carachl
cyapyFa Kapampl.

Baxin e3eHi MeH OHBIH callalapbIHBIH CYBIHIaFbl KATHOHAP KOHIEHTPALMICH KaH/Aal 1a Oip 3aH/IbUIBIKKA Coli-
KeC KeJIMEH/Il KOHe HETi31HEeH O ©3eH/Iep aFbIHBIMEH Tay JKbIHBICTAPBIHBIH IAaWbLTY TIPOLIECTEP] APKbLIBI aHBIKTAIIIBL.

Tyiiin ce3aep: aypUIIIapyanIbUIBIFGL, )KEPACTHI CYBI, KATHOHAAP epiriITiri, aacopouus, cyapy.

H. 1. HopMaronl, H. A. AanranneBZ, A. C. Maau6exos’

1Ta}1)KI/IKCKI/Iﬁ HAIMOHAILHBINA yHUBepcuTeT, Jymanbe, TamKukucTaH,
’AO «HMucTuTyT reorpaduu i BogHoit 6ezomackoctny MOH PK, Anvars:, Kazaxcran

OIIEHKA TIPUMEHUMOCTHU MIPUPOJHBIX BO/Jl B OPOIIEHUNA
CEJbCKOXO3SIMCTBEHHBIX 3EMEJIb HA IPUMEPE PEKH BAXII M EE IPUTOKOB

AnHoTanus. KauyecTBO BOJIBI — XapaKTEPUCTHKA COCTaBa U CBOWMCTB BOJBI, OTPEACISAIONIas MPUTOTHOCTh €€
IS KOHKPETHBIX BHUOB BOJIOIOJIb30BaHUA. KOHTPOJE KauecTBa BOJ — TPOBEPKA COOTBETCTBHS IOKa3aTeleu
Ka4yecTBa BOJl yCTAaHOBJICHHBIM HOpMaM U TpeboBaHIsIM. [1oBpImeHne 3¢ (GeKTHBHOCTH TPUMEHEHHUS IPUPOIHBIX BOI
B MPPUTAIMOHHBIX IENAX M KOHTPONb MX KayecTBA — 3TO NMPHOPUTCTHBIC HAIMPABICHHUS B COXPAHEHWH BOIHBIX
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pecypcoB. B 3Toii cBsi3u 11 0OecrnedeHusi KOMIUIEKCHOW OILEHKHM NMPUMEHUMOCTH KauyecTBa BOJBI JUIS OPOLICHUS
OBbUIH YYTCHBI arpOHOMUYECKUE, TEXHUYECKUE M IKOJIOTUUECKHE KPUTEPUH, KOTOPbIE OMPENEISIOT Ka4eCTBO BOJBI C
y4eTOM HEOOXOIAMMOCTH oOecredyeHHs Oe30MacHOCTH CAaHUTapHO-TUTHEHWYECKOW OOCTaHOBKM Ha HCCIEyeMOn
TEPPUTOPUH U OXPaHBI OKPYIKAIOIIEH Cpeabl.

Takum 00pazoM, B cTaThe NPEICTABICHBI PE3YJIBTATHl XMMUYECKHX AHAJIM30B BOJBI OJHONW W3 IJIABHBIX
MIPUTOKOB TPAHCTPAaHUIHOU peku Amynapbu, oOpa3oBaHHOH cimsiHHeM pek Cypxob m OOuxuHroy pexu Baxmr u ee
nputokoB. [Tnomans pekn Baxim, xapakTepu3ysch JIETHHKOBO-CHEKHBIM ITOKPOBOM, cocTaBisieT 39 190 kM, a ee
mmHa — 691 kM. ['maposHepreTnyeckuil moreHuan 6acceitna pexu Baxm cocraBmser 6omee 50 TBt.w/ron. Peka
Baxm umeer Xopomuii HppUTANHOHHBIA MOTEHIMAN, B JAHHOE BpeMs 00ecIieurnBaeT BOJOH OpOIIaeMble TUIOIIAIH
15- Tu paiioHOB U JOTMOJHUTEIHHO MOXKET 0cBOMTH Oonee 480 Tric.ra. [Ipm 3TOM B BOogHOM XO03siicTBe PecmyOnmku
Ta/KuKuCcTaH Ha HYXKABI CEJICKOTO XO03iHCTBa C OpOLIAEMBIM 3€MJIEIEINEM M B DHEpreThke pacxomyercs 92%
o0bema MOTpeOIIeMO BOIBI, @ HAa MPOMBIIUICHHOCTh M KOMMYHalIbHOE XO03siiicTBO — 4%. BpimonHeHsl Taroke
pacyeTsl OCHOBHBIX KPUTEPUEB MPUTOJHOCTH BOJBI JJIsl OPOLICHUS: COOTHOIIEHHE KATHOHOB HATPHsl, CIIOCOOHBIX K
an00pOIMU U PACTBOPEHHUIO, HOHHBII 0OMEH, COOTHOILICHUE MarHusl. Y CTaHOBJICHO, BOJIbI PeKH Baxmi u ee mpuTOKOB
(Ke3buicy, Mykey, Oouxunry u Cypxo0) 0J1aronpHsTHBI 1J1sl OPOLLIEHUS CEJIbCKOX03SHCTBEHHBIX yroauid. [Ipu aTtom
BBISIBJICHO, YTO B BEPXOBbE IPUTOKOB peku Baxin ko3¢ uuneHT aacopOIuy HaTpusi HE3HAYUTEIICH M0 CPAaBHEHUIO C
camoii pekoit m ee mpurokom Cypxo6. ConepaHne KaTHOHOB HaTpus B Bomax pek Kempuicy m Mykcy mo
cpaBHEeHHIO ¢ pekamu Baxm m Cypxo0 3HaUMTEIbHO HMXKE, YTO SBHJIOCH OCHOBHOW NPUYMHOM cIabOro TeueHMs
HNOHHOOOMEHHOM peakiyy. [1o 3HaueHHAM OTHOLICHHUS] KATHOHOB MarHus K KaTHOHaM KaJIbIUs Boja peku Baxmr u ee
IIPUTOKOB COOTBETCTBYET IIEPBOMY KIIACCY «MATKHX BOI». Iloka3aHO, 4TO 3a CUET MOBEPXHOCTHOTO U IOJ3EMHOTO
BOJI0OOMEHA MOA3EMHBIE BOABI 00OTAIIAIOTCA KAaTHOHAMH INEJIOYHBIX M INEJIOYHO3EMENbHBIX 31eMeHTOB. [lomzem-
HBIE BOJIBI OacceliHa NPUTOKOB Baxima 1o ka4ecTBy BOJIBI TAKXKE MPUTOIHBI [UIs OPOILICHUSI.

YcTaHOBIIEHO, YTO KOHICHTpAIMsl KATHOHOB B peke Baxin u ee MpUTOKax HE YKIJIAIBIBAETCS HU B KaKUE 3aKO-
HOMEPHOCTHU U ONPEACIACTCSA B OCHOBHOM MMPOLIECCAMU BbIMbIBAHU S TOPHBIX MOPOJ IIOTOKOM COOTBECTCTBYIOIINX PCK.

KuaroueBble ci1oBa: cellbCKoe X03HCTBO, TI0I3MHBIE BOJIbI, PACTBOPUMOCTH KaTHOHOB, aJICOPOIIMs, OpOLICHHE.

Information about authors:

Normatov Inom, Corresponding Member of Academy of Sciences of the Republic of Tajikistan, Doctor of
Chemistry, Professor. Head of the Department of Meteorology and Climatology of the Tajik National University,
Dushanbe, Tajikistan; inomnor@gmail.com; https://orcid.org/0000-0001-5474-584X

Amirgaliev Nariman, Academician of the Kazakh Academy of Natural sciences, Doctor of geographical
sciences, Professor. Chief researcher of the Laboratory of Hydrochemistry and environmental toxicology of the
Institute of geography and water safety of the Ministry of Education and Science of the Republic of Kazakhstan,
Almaty, Kazakhstan; namirgaliev@mail.ru; http://orcid.org/0000-0002-2664-7473

Madibekov Azamat, PhD, Head of the laboratory of Hydrochemistry and environmental toxicology of the
Institute of geography and water safety of the Ministry of Education and science of the Republic of Kazakhstan,
Almaty, Kazakhstan; madibekov@mail.ru; http://orcid.org/0000-0001-9303-6640

REFERENCES

[1] Normatov L.S. (2005) Country paper on regions of Tajikistan: G-WADI Asia-Global Network for Water and
Development Information in Arid and Semi-Arid Regions of Asia. Proceeding of International G-WADI Modeling Workshop,
Roorkee, India. P. 123-160 (in Eng.).

[2] Petrov G.N. (2010) Regional integration and water and energy independence. Eurasian economic integration,
4 (9): 95-107 (in Eng.).

[3] Water and energy potential of Tajikistan and its benefits for the region. Available at: www.tajembassy (in Eng.).

[4] WHO (2008) Guidelines for Drinking Water Quality. World Health Organization, Geneva, 2008. 467 p. (in Eng.).

[5] Shakoor A. (2015) Hydrogeologic assessment of spatio-temporal variation in groundwater quality and its impact on
agricultural productivity. PhD Thesis, Department of Irrigation and Drainage, University of Agriculture, Faisalabad (in Eng.).

[6] Irfan M., Arshad M., Shakoor A., Anjum L. (2014) Impact of irrigation management practices and water quality on
maize production and water use efficiency. J. Anim. Plant Sci., 24: 1518-1524 (in Eng.).

[7] Haydar S., Arshad M., Aziz J.A. (2009) Evaluation of Drinking Water Quality in Urban Areas of Pakistan: A Case
Study of Southern Lahore. Pak. J. Engg. Appl. Sci., 5: 16-23 (in Eng.).

[8] Amirgaliev N., Askarova M., Normatov I., et al. (2019) On the choice of optimal parameters for the integrated
assessment of surface water quality // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of

——192 ——


mailto:inomnor@gmail.com
https://orcid.org/0000-0001-5474-584X
mailto:namirgaliev@mail.ru
https://www.scopus.com/redirect.uri?url=http://www.orcid.org/0000-0002-2664-7473&authorId=57211299540&origin=AuthorProfile&orcId=0000-0002-2664-7473&category=orcidLink
mailto:madibekov@mail.ru
https://www.scopus.com/redirect.uri?url=http://www.orcid.org/0000-0001-9303-6640&authorId=56178059400&origin=AuthorProfile&orcId=0000-0001-9303-6640&category=orcidLink
http://www.tajembassy/

ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

geology and technical sciences. Vol. 3, N 435 (2019). P. 150-158. https://doi.org/10.32014/2019.2518-170X.81. ISSN 2224-5278
(in Eng.).

[9] Amirgaliev N., Madibekov A., Normatov I. (2019) About the criteria of estimation of surface water quality of
Kazakhstan on the basis of accounting of its natural features // News of the National Academy of Sciences of the Republic of
Kazakhstan. Series of geology and technical sciences. Vol. 4, N 436 (2019). P. 188-198. https://doi.org/10.32014/2019.2518-
170X.114. ISSN 2224-5278 (in Eng.).

[10] Shakoor A., Arshad M., Bakhsh A., Ahmed R. (2015) GIS based assessment and delineation of groundwater quality
zones and its impact on agricultural productivity. Pak. J. Agri. Sci., 52: 1-7 (in Eng.).

[11] Almeida C., Quintar S., Patricia Gonzalez P. et al. (2008) Assessment of irrigation water quality. A proposal of a
quality profile. Environ Monit. Assess., 142: 149-152. DOI 10.1007/s10661-007-9916-7 (in Eng.).

[12] El Ayni F., Cherif S., Jrad A., Trabelsi-Ayadi M. (2012) A new approach for the assessment of groundwater quality
and its suitability for irrigation: a case study of the Korba Coastal Aquifer (Tunisia, Africa). Water Environ Res., 84: 673-681
(in Eng.).

[13] Kannel P.R., Lee S., Lee Y.S., Kanel S.R., Khan S.P. (2007) Application of water quality indexes and dissolved
oxygen as indicators for river water classification and urban impact assessment. Environ Monit Assess., 132: 93-110 (in Eng.).

[14] Wua Y., Chen J. (2013) Investigating the effects of point source and nonpoint source pollution on the water quality of
the East River (Dongjiang) in South China. Ecol Indic., 32: 294-304 (in Eng.).

[15] Fan X., Cui B., Zhao H., Zhang Z., Zhang H. (2010) Assessment of river water quality in Pearl River Delta using
multivariate statistical techniques. Procedia Environ Sci., 2: 1220-1234 (in Eng.).

[16] Gamvroula D., Alexakis D., Stamatis G. (2013) Diagnosis of groundwater quality and assessment of contamination
sources in the Megara basin (Attica, Greece). Arab J Geosci., 6 (7): 2367-2381 (in Eng.).

[17] Hamzaoui-Azaza F., Ketata M., Bouhlila R. (2011) Hydrogeochemical characteristics and assessment of drinking water
quality in Zeuss-Koutine aquifer Southeastern Tunisia. Environ Monit. Assess., 174 (1-4): 283-298 (in Eng.).

[18] Thilagavathi R., Chidambaram S., Prasanna M.V., Thivya C., Singaraja C. (2012) A study on groundwater
geochemistry and water quality in layered aquifers system of Pondicherry region, southeast India. Appl. Water Sci.,
2 (4): 253-269 (in Eng.).

[19] Alexakis D. (2011) Assessment of water quality in the Messolonghi-Etoliko and Neochorio region (West Greece) using
hydrochemical and statistical analysis methods, Environ Monit Assess., 182: 397-413 (in Eng.).

[20] Tlili-Zrelli B., Hamzaoui-Azaza F., Gueddari M., Bouhlila R. (2013) Geochemistry and quality assessment of
groundwater using graphical and multivariate statistical methods. A case study: Grombalia phreatic aquifer (Northeastern
Tunisia), Arab J Geosci., 6: 3545-3561 (in Eng.).

[21] Kalra Y.P., Maynard D.G. (1991) Methods manual for forest soil and plant analysis. Information report NOR-X-319,
Northwest Region, Northern Forestry Centre, Forestry Canada. P. 291-296 (in Eng.).

[22] Ravikumar P., Somashekar R.K., Mhasizonuo Angami (2011) Hydrochemistry and evaluation of groundwater
suitability for irrigation and drinking purposes in the Markandeya River basin, Belgaum District, Karnataka State, India,
Environment Monitoring Assessment (2011) 173: 459-487. DOI 10.1007/s10661-010-1399-2 (in Eng.).

[23] Paliwal K.V. (1972) Irrigation with saline water. Monogram N 2, new series (198 p.). New Delhi: IARI. (in Eng.).

[24] Kholmirzoeva M.O., Radzhabova A.S., Buranova S.A., Normatov I. (2012) Monitoring and physical-chemical studies
of ground and surface water sources of Republic of Tajikistan // Water: Chem & Ecol., 6: 92-96 (in Eng)

—— 193 ——


https://doi.org/10.32014/2019.2518-170X.81
https://doi.org/10.32014/2019.2518-170X.114
https://doi.org/10.32014/2019.2518-170X.114

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 6, Number 444 (2020), 194 — 202 https://doi.org/10.32014/2020.2518-170X.147

UDC 622:528.3
IRSTI52.13.04

M. Nurpeissova', M. Zh. Bitimbayev*, K. B. Rysbekov’,
K. Derbisov', T. Turumbetov?, R. Shults®

!Satbayev University, Almaty, Kazakhstan;
’Kazakh National University named after Al-Farabi, Almaty, Kazakhstan;
*Michigan Technological University, USA.
E-mail: marzhan-nurpeisova@rambler.ru, turar.kz_star@mail.ru, rshults@mtu.edu

GEODETIC SUBSTANTIATION
OF THE SARYARKA COPPER ORE REGION

Abstract. Information about copper deposits of Kazakhstan, development of which is carried out in the
Saryarka region and its role in the development of the mining industry are considered in the article. Geological,
structural and tectonic features of the deposits are presented. Research results on improvement methods of studying
and geomechanical processes management in the development of mineral resources are presented. It is shown that
the problem of geomechanical processes management can be solved on the basis of methodology for rock condition
geomonitoring considered in this article, which provides comprehensive accounting and analysis of all natural and
technogenic factors, as well as use of control tools developed by the authors.

The article presents technical solutions to ensure operational safety during the development of Saryarka region
field reserves, which occur in difficult mining and geological conditions. Ore bodies of the deposit have different
sizes and are located at different depths, therefore, seismic surveys are carried out. The geodetic network of
provisional seismic surveys at the field has been substantiated. It is proposed to conduct surveys using modern
geodetic instruments, such as satellite technologies, electronic, digital geodetic instruments. The geodetic survey
methods proposed by the authors provide information on the bowels of the earth with a high degree of accuracy.

Key words: copper ore deposits, geology, structure, tectonics, disturbance, fracturing of rocks, seismic
exploration, geodetic network, geodetic surveys, satellite systems, electronic tacheometers, laser scanners.

Introduction. In recent years, objects with complex geology and great stratification depth have been
increasingly included in the development and operation of ore deposits, which requires special conditions
for the development of these objects. The percentage of drilled “empty” wells does not decrease, which is
also largely due to the complexity of the structure of the prospective ore objects under study. On the other
hand, practical experience has proved the presence of ore deposits at great depths.

In his work named « Dzhezkazgan copper - ore region and its mineral resources » (1932) and during
creating of metallogenic forecast map of Kazakhstan (1950) K.I. Satpayev wrote: «.... copper reserves
accounted for today have not yet exhausted all the possibilities of the Dzhezkazgan ore-bearing region.
Here | do not take into account the deposits of the Zhilandinsky group: Kipshakpai and Saryoba, ore
reserves in them are laid very deeply and they need huge finance and technologies for their development. |
will leave them for future generations» [1].

We see prophecies of prominent scientist today.

The content of the work. The bowels of Kazakhstan are rich in mineral deposits, including copper.
The Saryoba deposit (Vostochnaya and Zapadnaya) located 30-35 km north of the Zhezkazgan mine is the
special among them [2-6].

In general, ore field has been explored and approved reserves in categories B + C1 + C2 in quantities
that allow it to be nominated as large industrial facility. Ore field structure includes equal red-colored
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complex of interstratified rocks with ore-bearing deposits of the Taskuduk horizon of the Middle
Carboniferous Formation Taskuduk and Serpukhov layer of the Lower Carboniferous.11 ore deposits were
discovered in the ore field where 109 ore bodies were explored. The largest deposits are confined to the
Taskuduk horizon. Their stretch is northeastern, with length of up to 3200 m, thickness of 0.5 to 17 m, and
dip size of up to 1400 m (figure 1).
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Figure 1 — Geological map of the East Saryoba field
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In addition, they are complicated by both pre-ore and post-ore disjunctive dislocation which greatly
complicates their exploration. At the initial stage of development of mineral deposits, use of seismic
exploration is important for the sustainable development of the territory. This method has proved to be
powerful tool for detecting geostructures that concentrate deposits in the bowels of the Earth, contributing
to optimal planning of mining and reducing the number of wells. Moreover, effectiveness of seismic
exploration (as well as any geological and geophysical method) directly depends on the quality of its
geodetic support. In other words, how accurately point’s position of explosion and geophones is
determined in the coordinate space position in plan and height (depth) of any geostructures will be so
accurately determined [7-11].

In this regard, in recent years, regulatory requirements for the quality of geodetic support for seismic
surveys have been tightened. Creation of information geological and geophysical space involves the
representation of it in uniform spatial coordinates.

The analysis of methodology state for conducting geodetic observations on mine territory particularly
related to the lack of effective methods for determining deformations scale which necessitates
methodology improvement of geodetic observations of rock deformations using modern instruments.
Geodetic observations provide opportunity to identify the massif deformation, which is essential for
geomechanical situation assessment in mining area. But they do not provide complete picture of
deformation processes in time. This can be done only with using integrated methodology of
geomonitoring of adjacent rock mass (figure 2).

[ Geomonitoring method of adjacent rock mass ]
1% block ond plock 3" block
Study of the geology Study of strength Geod_etic observations
and tectonics of the properties of mass and of adjacent rock mass
region P=K,ps
i \ 4 ¥
[ Determining the boundaries of the geomechanical monitoring zone ]
[ Geomechanical monitoring of the danger zone ]
[ Geodesic geomonitoring methods ]
Tacheometrical GPS observations Laser scanner
standard deviation: standard deviation: standard deviation:
myy= 0,250; m,= 0,020 my,= 0,010;m,= 0,010 M= 0,050; m,= 0,050

v v v

Assessment and forecast of rocks state of adjacent rock mass
and making management decisions

Figure 2 — Scheme of complex geomonitoring methodology

According to 1% and 2" blocks of recommended methodology (figure 2), engineering-geological and
mining-technical conditions of development and geomechanical state of the instrument arrays, structural-
tectonic features and physical-mechanical properties of rocks of the field were studied in detail [12-15].
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Monitoring of mountain massif state (3" block), especially during exploration processes on the
territory of giant copper deposit, occupying large area, consisting of several deposits and occurring in
various deep horizons requires creation of highly accurate geodetic control. Basis for network creation of
geodetic points is topographic map of area. Total area of mining allotment of Saryoba deposit, which was
left to us by K.I. Satbayev - is 24 479 373, 66 m” (figure 3). Depth of the mountain allotment of East
Saryoba is 510 m, the absolute elevation is 60 m. Based on the materials of existing cartogram object and
existing coordinates, total area is calculated 2447, 94 ha.

i:’\_ \x;ruck y(;‘l);" /

Figure 3 — Topographic base and boundary of mining allotment

Figure shows the triangulation points location (441, 465, 466, 470, 424, and 451) of the State
Geodesic Network (SGN). Bridging process is done based on these points of SGN. In order to provide
huge area using classic option of geodetic networks creation on fields is quite laborious and requires large
financial costs.

During large-scale and long-term development of deposits, geodynamic processes along with
geomechanical deformation processes can be developed) [16]. Therefore, geodynamic testing ground is
created during development of deep-lying ore bodies, where repeated geodetic observations are carried
out.

In this regard, we propose to replace long leveling lines with local geodetic constructions in the form
of profile lines and control “bushes” of geodetic and leveling points. Complex application of ground and
space geodetic methods will allow covering by monitoring observations the entire territory of the field, as
well as increase observations efficiency and reduce capital costs of their production.

Thus, for differentiated study of geodynamic and geomechanical processes development that occupy
large area and intended for deep tabulars, we propose creating “nodal” branches consisting of basic
(reference), control (initial) and deformation geodetic and leveling points (figure 4) [17,18].

All nodal points are located in accordance with the ore veins (see figure 1) and are tied to SGN points
(see figure 3).

— 197 ——



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

& 461

Basic (reference) point

Reference leveling stationequipped with wells
Controlleveling point equipped with wells
Groundreference

Self-centering ground benchmark

Control bush of geodetic and leveling points
i"" Bushofbasic(reference) point

= Directionto SGN points

Mining allotment boundary

] Oredeposits

HoQO@E

Figure 4 — Structural diagram of the observation network of the geodynamic test site

Network of basic (reference) points is designed to assess the geodynamic state of the deposit
territory on regional scale and serves as the initial geodetic basis for the network development of control
(initial) points. In this regard, basic (reference) points should be located outside the field and influence
zone of technogenic geomechanical processes due to its development, as well as at distance from tectonic
fault zones. Basic point’s quantity is determined as following from of deposit outline configuration of the
field and should be at least two. Their coordinates are determined relative to GNSS stations included in the
international reference geodetic network[19].

Network of control (initial) points is the initial geodetic basis for observing geomechanical and
modern geodynamic processes in zones of tectonic disturbances, as well as for assessing the geodynamic
state of the field’s territory. We propose to locate control (initial) leveling points vertically off-line of the
field under conditions that exclude the impact of geomechanical processes on their stability. Exploration
wells existing in the field (abandoned or being put into conservation), base of which is buried below
developed deposits can be used as control (initial) points.
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Network of deformation points is designed for observation of technogenic, geomechanical and
modern geodynamic processes.

All these works are carried out using modern geodetic technologies. Moreover, high efficiency of
geodetic works is achieved only through satellite technology (figure 5). Use of modern technical
equipment opens up great opportunities for solving problems of geodetic support for seismic exploration
at qualitatively new level. Rapid development of geodetic base centralization, profiles production on
the ground with high accuracy, measurement and automation of data processing, ability to work in
difficult physical, geographical and climatic conditions is carried out only on the basis of modern
instruments [20,21].

a
Figure 5 — Coordinates determination of points (a) and boreholes (b) by GPS technology

At the moment experimental works on the experimental site “Vostochnaya Saryoba” is being
completed. Also, ore mining works are being carried out at Zhylandy field, remote from Zhezkazgan
deposit: “Vostochny Saryoba”, “Itauyz”, “Zapadny Saryoba”, “Kipshakbai” and ‘“Karashoshak”.
“Kazakhmys” corporation successfully continues investment projects.

Conclusions. 1. On the basis of analysis of domestic and foreign scientific and technical literature,
work experience in the field of studying geomechanical and geodynamic processes, as well as deformation
monitoring tools, complex geomonitoring technigue using modern highly-accurate geodetic instruments is
recommended.

2. According to the 1 and 2™ blocks of recommended methodology, geology and tectonics of deposit
area were studied, researches on strength properties and structural features of rocks massif were
conducted. Geological, structural and tectonic features of the giant copper deposit in Kazakhstan
“Vostochnaya Saryoba” are presented.

3. Modern approach to setting and making observations of geodynamic and geomechanical processes
in solid mineral deposits is analyzed. New "nodal" method for constructing geodetic observation systems
at geodynamic test site has been substantiated, which allowing covering of monitoring control of ongoing
seismic surveys as well as increasing observations efficiency and reducing capital costs for their
production.

4. Analysis of modern geodetic methods used in seismic exploration of the field in the deep horizon is
carried out. Use of modern instruments and use of the simplest GPS receivers during seismic surveys can
solve many pressing problems in the geodetic support of geophysical surveys. The controller as special
computer can be used to solve several specific problems, depending on their complexity.
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CAPBIAPKAHBIH MBIC PYJAJIbI AIKABBIH 'EOJE3USIIBIK HET'I3AEY

AHHoTanus. Makanana KypAesi KeH-TeoIOTHsUIBIK JKaFIaiiia )KoHe TepeH KabaTTapa, JKe3kasraH aiiMarbIHIa
urepinin xarkal [Lsireic Cappioba MbIC KEH OpHBI, Tay-KeH OHJIPICIH JaMBITyJaFbl PeJli Typaibl aknapaT KapacThl-
poutran. IlIeireic Capbloba KeH OpHBI KOPBIH HMrepy Ke3iHAe KUBIH T'€OJIOTMSUIBIK JKargaiaa Kayimci3 >KYMBICTBI
KaMTaMachl3 €TYAIH TEeXHUKAJIBIK HICHIIMAEP YChIHbUIFaH. KeH OpHBIHAAFbI PYAAIBIK JSHENEp/iH OJIIeMi A OpHa-
JIacKaH TEPEHIIT] Ie 9PKUIIBI, COHIBIKTAH J1a CeHCMUKAIBIK Oapiay skobananraH. JlananbiK celicMUKaIBIK 3epTTeyep
TOnOrpaduAIbIK JKOHE T€OAE3MSIIBIK KYMBICTAPMEH KaTap XYprisiiesni.

AKMapaTThIK TeOJOTHSIIBIK-TeO(U3NKAIBIK KEHICTIKTI KypyFa TeK OipbIHFall KEHICTIK KOOpAWHATTAap XXykeci
FaHa MYMKIHJIK jkacaidapl. Mrepiiin sxaTkaH KeH OpHBI ayMarblH/Ia Te0Ie3HsIIbIK OaKblIay JKYPri3y 9JiCHAMaChIHBIH
Kai-Ky#iHe Tangay *acyjaa, ¢H ajljbIMeH, JAc(opMalusiiaHy MacIiTaObIH aHBIKTAUTHIH THIMII OMICTEP/iH KOKTHI-
FhIHA OailyIaHBICTHI OaKbLIAYAbl TCK KEIICH I TCOMOHUTOPHUHT 9JIICI HETI31HIe FaHa JXYPri3y/i KaKeT eTei.

Kemen i reoOMOHHTOPHUHT JKYPTi3y/IiH YCHIHBLIBI OTHIPFAH JJIICIHE COMIKEC MAaCCHUBTETI Tay KBIHBICHIHBIH OCpiK-
TIK KaCHeTTepi MEH KYPBUIBIMABIK epeKIenikrepi 3eprrengi. Makanana IlIsreic Capsioda MBIC KEH OPHBIHBIH I'€0JIO0-
THANIBIK, KYPBUIBIMABIK JK9HE TEKTOHHKAJIBIK €PEKIICIIKTEp] KENTipiireH.

KeH opbIHIapbIH KEeH ayKbIMJa j)KOHE y3aK Mrepy Ke3iHAe reOMeXaHHKaIbIK Je(hOopMalHsIIbIK IIPOLECTEPMEH
KaTap reoJMHaMUKAIBIK MpoLecTep Je AaMybl MyMKiH. COHIIBIKTaH TepeH aTKaH KeH JICHEJEPiH urepyJe reoju-
HAaMUKAJIBIK TIOJIMTOH KYpbUIaJbl, OHAA KEUICHAI MOHUTOPUHITIK Oakpuiay yprizineni. Kasipri yakeiTTa KeuieHai
(>xepacTBI-)KEPYCTi adpOFapHIIITHIK) MOHUTOPHHT JKYPri3y KaxeT. MyHmail Oakpuiay KYPri3yAiH TEXHOJOTHSITBIK,
6azachl — Ka3ipri 3aMaHFbl a9PO XKOHE FapBIII TEXHOJIOTHSIIAPBIHBIH MYMKIH/AIKTEPiH TOJBIKKAH B! alilajaHa OTbIpa,
OHBI IOCTYPJIl MapKIIeHepTiK-Te0Ie3MsUTBIK, JKYMBIC 9/IiCTepiMEH YHIIeCTipe KYpTi3y.

XKep Oeri KozranbicTapplHa T'€OJMHAMHKAJIBIK MOHUTOPUHT XKYpri3y yuniH Capblapka MbIC KeHi aiMarbIHBIH
IUTAHBIK JKOHE OMIKTIK HETi3[epiH Kypy Mocelesepi KapacThlpbulrad. Makajiaga reorHAMHUKAIIBIK OJUTOHBIHIA
reoAC3HUsIIBIK OaiiKay KyHeCciH KypyIbIH jKaHa «OyTalbD»y 9MiCl HEeTi3IeNeIl, 0J1 CEHCMUKATIBIK XKOHE Tay-KEeH KYMBbIC-
TapBIHBIH MOHUTOPUHTIH OaKbUIayFa, COHBIMEH KaTap OaKplIay KBUIIAMIIBIFBl MEH THIMAUIITIH apTTHIPYFa, COHBIMEH
Katap, KeH OHIIpyre KeTeTiH IBIFBIHIBI a3aliTyFa MYMKIHAIK Oepeni. By omicTi Tek KaTThl maimanmsl KazOamapsl
KEH KeJleMze, COHbIMEH Oipre MyHail MeH ra3 KeH OpBIHIApbhIH HrepyJie Jie OCBhIHIal Ipoliemarnapipl HIemry e
KOJIIaHyFa 00Jabl.

TepeH TOpU3OHTTaFbl K€H OPBIHAAPBIH CEHCMMKAJIBIK Oapiay Ke3iHjAe KOJJAHBUIATBIH Ka3ipri reo/e3usuibiK
onicrepre Tannay xacanapl. Kemenzi O0akpinay ke3inne (reoJe3usuiblK, a9pOKOCMOCTHIK, IPaBUTALUSIIBIK) aBTOpIIAp
FaJaMbIK HaBUTalMsUIBIK xKyHenepai — GNSS, nazepiiik ckaHepiep >koHe pOOOTTHI AJICKTPOH/IBI TaXEOM bl HAKTHIIBI
YaKbIT PeXXHUMIHJIE aly(bl KaMTaMachl3 eTelll. ABTOpJIap YChIHFaH I'€0JIe3MsIIBbIK TYCIPYAiH MHHOBAIMSUIIBIK dicTepi
XKep KOHHAYBI Typajibl )KOFaphbl JASNIIKIIEH aKknapaT Oepei, ajl HOTHKellep Te0JUHaMUKANIbIK KayinTi KeiHri Oaranay
JKOHE BIKTUMAJI JKaFbIMCBI3 CaNIap bl a3alTy KOHIHIET1 mapaapabl 93ipiiey YIIiH KOJTaHbUIa b,

CelicMUKaIbIK 3epTTEyNiep Ke3iHe 3amMaHayd Kypajajaap MeH KapamaiibiM GPS-kaOpuimarslmrapabl KOJIaHy
reo(U3NKANBIK 3epTTeYIep ii T€0Ae3NAIBIK KAaMTaMAaChI3 €Ty IeTi KOIITEreH ©3€KTi MoceesIep i mele anaibl.

Tyiiin ce3mep: MbIC KeH OpBIHIApHI, T'€OJOTHS, KYPbUIBIM, TEKTOHHKA, OY3bUIBICTAap, Tay >KbIHBICTAPBIHBIH
KAPBIKIIAKTHIFB, CEHCMHUKAIBIK Oapiiay, Teole3MsUIBIK Topall, TI'eOoJe3MsUIbIK TycipicTep, Kepcepik >KyHenepi,
JIEKTPOH/IBI TAXEOMETPJIED, J1a3epIli CKaHepJIep.
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TEOJIE3MYECKOE OBOCHOBAHWUE MEJTHOPYJHOI'O PAHOHA CAPBIAPKH

AnHoTauus. B cratbe paccmartpuBaetcs mH(pOpMaIms o MexHoM MectopoxaeHuu «Boctounsnii Capbroday,
OCBOCHHE KOTOPOTO OcCymlecTBiIseTcss B JKe3ka3raHCKOM pErHoHE, €ro pojid B Pa3BUTHH TOPHOAOOBIBAIOILEH
MPOMBIIUICHHOCTH. [IpeicTaBlieHbl TEXHUYECKHE pEIICHMs, MO3BOJIIOIUE O00ecHeYnTh Oe30MacHble YCIOBHS
paboTBl B CIIOKHBIX TOPHO-T€OJIOTMYECKUX YCIIOBUSX IPH OCBOCHHM 3allacoB MECTOpOKaeHHs «BocrouHas
Capsroba» B Kazaxcrane. PynHble Tema MECTOPOXKICHUN MMEIOT Pa3HbIC pa3MeEphl M PACIOJIOKEHBI Ha Pa3InIHBIX
rmyOuHaxX, I03TOMY TPOBOAATCS — ceiicMopas3BeZouHble  paOorel.  [IpoBomuMbele Ha  MECTOPOKACHHU
celiMopa3BeJ0YHbIE pabOTHI COMPOBOKACHBI TOMOPA(O-TEONe3NICCKIMHU CHEMKAMH.

Coznanne MHGOPMALMOHHOTO T'e0JI0ro-reo()M3U4ecKoro MpOCTPAHCTBA IpEIoaraeT MPeACTaBICHUE €ro B
€IMHBIX MIPOCTPAHCTBEHHBIX KOOPAMHATaX. AHAIN3 COCTOSIHUS METOJUKH IIPOBEACHUS I'e01e3UIeCKUX HaOI0AeHUI
Ha TEPPUTOPHU pa3pabaThIBAEMOr0 MECTOPOXKACHHS, MNPEXKIE BCEro, CBI3aHO C OTCYTCTBHEM 3()(EKTHBHBIX
CHOCO0O0B OMpeeNeHUs] BEUIHH JeopMannii, 4To 00yClIaBINBaeT HEOOXOJUMOCTh OCYIECTBICHHS HAaOII0ICHUH
TOJIBKO Ha OCHOBE KOMIUIEKCHOI METOANKH BEICHUSI TEOMOHUTOPUHTA.

CorylacHO pEeKOMEHYeMOH KOMIUIEKCHOW METOIUKHM BEJCHUS T'€OMOHUTOPHHIA, BBIIIOJIHEHBI HCCICAOBAHUS
IIPOYHOCTHBIX CBOWCTB U CTPYKTYPHBIX OCOOCHHOCTEHl TOpHBIX MOpOJ MaccuBa. [IpencTaBiieHBI I'eOJOTHYEcKHE,
CTPYKTYPHBIE ¥ TEKTOHHYECKHE 0COOCHHOCTH TMI'aHTCKOTO METHOTO MecTopoxieHus1 «Boctounast Capbioday.

[lpn kpymHOMacmTaOHOM M JJIUTENIFHOM OCBOGHMHM MECTOPOXICHHUI, Hapsay C TeOMEXaHMYeCKUMHU
neopMaMOHHBIMK TIPOLIECCAMH MOTYT Da3BUBATHCS M TEOJMHAMHUYECKHe mpouecchl. I1oaToMy mpu OCBOCHHH
rITy0OKO3aJIeraomyX PYAHBIX TNl CO3JaeTcsl Te0IMHaMIYec-KNil MOJIMIOH, I'/ie TIPOBOJISITCS KOMIUICKCHBIE HaOIio-
neHns. B HacTosmee BpeMst mpeAcTaBisieTcsl HEOOXOIMMBIM BBIITOJTHEHHS KOMIIEKCHOTO (TI0J13¢MHO-HAa3eMHO a3po-
KOCMHUYECKOro) HabmoaeHus. TexHomorudeckopit 6a30il MpoBeleHNs] TAKOTO HAOJIOJICHUS SIBIISIETCS TIOJHOLICHHOE
HCTIONB30BaHUE BO3MOYKHOCTEH COBPEMEHHBIX a3p0- U KOCMHYECKHX TEXHOJOTHH B COYETEHUH C TPaIUI[HOHHBIMHU
MapKIIei1epcKo-reo1e3MueCKUMHI MEeTOJaMH padoT.

PaccMoTpeHB! BONIPOCHI CO3IaHMs IJIAHOBO-BBICOTHOTO OOOCHOBAaHHWSI METHOPYIHOTO paiioHa Capblapku Auist
BEICHHS T€OAMHAMHWYECKOT0 MOHHUTOPHHIrAa 3€MHOW IOBEPXHOCTH. B cTaTrhe 0OOCHOBaH HOBBIA «y37I0BOW» METOI
MIOCTPOEHHS CHCTEM T€0JIe3NUECKUX HAOIIOCHNI HA T€0JMHAMHYECKOM IOJIMTOHE, MO3BOJISIOIINA 0XBaT MOHHTO-
PUHTOBBIM KOHTPOJIEM IPOBOAMMBIX CEHCMOpa3BEIOYHBIX M TOPHBIX PabOT, a TakKe MOBBICUTH ONEPAaTUBHOCTH
HaOIOEHUI M CHM3WUTH KalHUTaJbHbBIE 3aTpaThl Ha MX J00bIYY.MeTon MOXKeT OBITh HCIIOJIB30BaH IS PEIICHUS
AQHAJIOTHYECKUX 3a]ad IpU KPYMHOMACIITAOHOM OCBOCHHH HE TOJBKO TBEPIBIX MOJIE3HBIX MCKOIAEMBIX, a TAKKE B
YCIIOBUSIX pa3paboTKu He(hTera30BbIX MECTOPOXKICHHUI.

IIpoBeneH aHamM3 COBPEMEHHBIX I'€OAE3MUYECKHX METOJO0B, UCIONB3YEMBIX NPHU CeHCMOpa3BeJKe MECTOPOXK-
JeHnst B riryOokoMm ropu3oHTe. [Ipn KOMITJIEKCHOM MOHHUTOpHHIE (I€0/e3MYecKHid, a3pOKOCMHUUYECKHH, TpaBUTA-
LIHOHHBIN) aBTOPaMH MPE/JIOKEHBI UCTIONb30BaTh INI00aIbHbIE HABUTAMOHHBIE cHCcTeMbI-GNSS, n1azepHbie ckaHepbl
U 3JEKTPOHHBIE TaXEOMETPHl, KOTOpPBIE O0ECIeUnBaNK MOIYYCHUS ONEpaTHMBHOM HMHpOpManuu o0 oO0BEeKTe NIpHu
MUHUMAJBHBIX 3aTpaTax BpeMmeHH. [IpemioskeHHbIe aBTOpaMH WMHHOBAIIMOHHBIE T'€0/I€3WYECKHE METOIBI CHEMKH
MIO3BOJISTIOT TTOJTYYUTh MH(OPMALIMIO O HEJpax 3eMJIM C BBICOKOI CTEIIEHbIO TOUHOCTH, M PE3YJIbTAaThl UCIIOJIB3YIOTCS
JUISl TIOCTEAYIOMINX OLEHOK TI'eOJMHAMHYECKOTO PHCKAa M BBIPAOOTKM MEPONPHITHH MO CHIKEHHIO BO3MOXHBIX
HEraTHBHBIX TOCIeACTBUH. lcnonp3oBaHne cOBpeMEHHBIX NpuOopoB W mpocredmmx GPS - mpuemHnkoB mpu
MIPOBEACHUH CEHCMOPA3BEIOYHBIX PAa0OT MO3BOJIIOT PEIINTh MHOTHE HACYIIHBIE NPOOJIIEMBI B Te0Je3MYECKOM
obecriedeHnH reoGU3NIeCKIX UCCICTOBAHMMA.

KiroueBble cjioBa: METHOPYAHBIE MECTOPOXKICHHS, T€0JIOTHS, CTPYKTYpa, TEKTOHHUKA, HAPYIICHHOCTD, TPEIIHU-
HOBTOCTb FOPHBIX MOPOJ, ceiicMuecKas pa3BeKa, reo/Ie3uuecKas CeTh, F€0Je3UNUCKUE ChEMKH, CIYTHUKOBBIE CHCTE-
MBI, JIEKTPOH/IbIE TAXEOMETPHI, JIa3€PHbIE CKAaHEPHI.
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CALCULATION OF TWO-SPEED FLOW
OF TWO-PHASE OPEN FLOW

Abstract. In this article the mathematical model of unsteady flow the two-phase open stream taking into
account the redistribution of the particulate concentration, the depth of flow and water filtration on the bottom of the
channel, and also created an efficient method of calculation. In this case, the two-speed flow is considered, i.e. the
presence of the longitudinal and vertical components of the phase velocities is taken into account, and we also
believe that the flow parameters along the flow do not change. Initial and boundary conditions are established based
on theoretical and empirical formulas, which are widely used in practice. The flow in open channels is non-
pressurized, occurs under the influence of gravity and is characterized by the fact that the flow has a free surface. At
the initial moment of time, we consider the flow to be uniform in the longitudinal direction and all parameters are set
by known theoretical and empirical formulas. At the bottom of the channel for longitudinal velocity component of
the water use condition of adhesion, and for the longitudinal velocity component of solid phase condition for the shift
and believe the known concentrations of solid particles, and vertical components of velocity the phases of the
filtering conditions (for water), and hydraulic size (for solid particles). On the free surface, we consider that there are
no solid particles, and for the longitudinal components of the phase velocities we neglect the force of air friction, and
for the vertical components of the phase velocities we use the condition of non-uniformity of the free surface in time.
On the basis of the developed mathematical model and the created method of calculation, the changes of the main
parameters in the depth of the flow and in time are determined.

Key words: Non-stationary flow, two-phase flow, free surface, incompressible medium, true density, reduced
density, concentration, viscosity coefficient, interaction coefficient between phases, filtration.

Introduction. In recent years, some progress has been made in hydro-mechanics in the field of
research of flow dynamics in open channels [1]. However, these models do not fully cover the physics of
the process, since the water used for irrigation is inhomogeneous and contains certain amounts of solid
particles [2]. The appearance of a small number of solid particles in the flow, as is known, significantly
changes the nature and structure of the processes [3,4]. At the same time, new macroscopic parameters
appear, in particular, the given densities, the interacting forces between the phases, as well as other
mechanical characteristics. These flow parameters violate the basic law of conservation of the components
of the mixture, the components interact, which causes a redistribution of speed, concentrations of
individual components, changes the flow rate of the mixture. From the variety of multiphase media,
dispersed flows can be distinguished that have a relatively regular character and represent a mixture of
several phases, one of which is various inclusions (drops, bubbles, solid particles), i.e. aerosols, fogs,
bubble liquids, suspensions, etc.

We consider a non-stationary two-speed flow of a two-phase open stream, taking into account the
redistribution of the concentration of solid particles in the depth of the stream and water filtration at the
bottom of the channel. The purpose of the article is to compare the results of a non-stationary two-speed
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flow with the results of a previously studied one-speed flow [5,6]. To describe the flow of a two-phase
medium, an "interpenetrating” model is used, based on the following assumptions: there is no interphase
transition; for each phase, the equation includes terms that characterize the interaction between the phases;
each phase is taken as a separate continuous medium and is described by separate equations [3,4].

Problem statement. On the basis of "interpenetrating” model to develop a model of unsteady two-
speed two-phase flow open flow with account of redistribution of the particulate concentration, the depth
of flow and water filtration on the bottom of the channel, and is also an effective method of calculation.

Method of solution. When developing the mathematical model, the "interpenetrating” model of a
multiphase medium is used for dispersed flows that have a relatively regular character. As a mathematical
apparatus used: for linearization of nonlinear terms, the method of simple iteration[7]; for partial differential
equations, the method of finite differences, using a two-layer six-point implicit scheme with weight and a
two-layer four-point implicit scheme with symmetrized derivatives, and for solving the obtained systems of
algebraic equations, the method of matrix run; for the solution of an ordinary differential equation describing
the change in the wavelength of the wave front, the Runge-Kutta method is of the fourth order of accuracy.
The computer mathematics environment Mathcad was used for processing numerical data.

Main part. The "interpenetrating" model was used to study the problem [3, 4]'

Jdu, du, N aun_ d [ (au 1 V)]
pn at pnun ax pnvn ay fnax ax fn.un a 3 w

o[ (G4 52)] + ZK(ul—uann "

av o 6vn B L2 [ <6un avn>] N @
Pn—— at PnUn —— ax PnVn ay fnay ax Jfalin dy ' ox
2
[ fnﬂn <_y - §dlvV )] + Z K (vi - Un) + pnYn'
i=1
and the continuity equatlon
0pn
at + _(pn n) + (ann) =0, (2)

fi*ﬂﬁ'—l;Pn-'Pmﬁv
where p,, pni — reduced and true densities of the n-th phase, respectively (n=1,2); u,, — longitudinal
component of the n-phase velocity; v,, — vertical component of the n-phase velocity; f,, — concentration
(volume content ) of the n-th phase; p — pressure; u, — the coefficient of viscosity of the n-th phase;
K — coefficient of interaction between phases; X,,,Y,, - components of the mass forces of the n-th phase;
x,y — coordinate axes along the flow and along the depth of the flow, respectively; t — time.

du v
divi, = —+—

0x dy
Consider the two-speed case when there are no mass forces and the flow parameters along the flow
do not change. The flow in open channels is non-pressurized and occurs under the influence of gravity [8].
Then the system of equations (1), (2) will take the form:

du, du, du,
pn%"'pnvn ay runay<fn a ) ZK(ul_un)

avn+ v, 4 ( 6vn) ZK(
pn at pnvn ay 3#1’1 ay fn Ul '

0pn
at +_(ann)—0 (4)

fit+ f2=1,pn = pnifa-

If we write a system of equations (3) for each phase separately, we get:

@)
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Ju,y ou, d Ju,y
P15 + P1’71W = #1@(](1 E) + Ku; — Ku,,
du, ou, d du,
P25 + szzﬁ = #2@(](2 W) + Kuy — Kuy,
v, dv;, 4 0 dvy ®)
P50 + P1U1W = §#1@(f1 W) + Kv; — Kv,
av, dv, 4 0 av,
P25t pZUZE = §ﬂ2@(f2 E) + Kv; — Kv,.
Equation (4) for the concentration of solid particles will take the following form:
%"'%(fzvz) =0, ©)

fitf=1

The flow in open channels differs in that the flow has a free surface. If the free surface H in the
transverse direction (in the direction of the z axis) is horizontal and does not change along the flow, then
H=H (t). Then according to the conclusions of work [1] for a free surface we get

dH v H
dt -V (0) - HO
where V- filtration rate (absorption).

As a result, we obtain a closed system of equations (5-6) with respect to u,, u,, v4, v, fo. Consider
the initial and boundary conditions for the resulting system of equations. At the initial moment of time
(t = 0), we consider the flow to be uniform in the longitudinal direction and all parameters are given by
known theoretical and empirical formulas, i.e.

Uy = uyo(¥), Uz = Upo(Y), V1 = V10(3), V2 = V20(V), f2 = f2o (), With £ = 0,
At the bottom of the channel for longitudinal velocity component of the water use condition of
adhesion, and for the longitudinal velocity component of solid phase condition for the shift and believe the
known concentrations of solid particles

u1=0,u2+l02—1;2=0,f=f2° withy = 0,

and for the vertical components of the phase velocities of the filtration conditions (for water) and the
deposition of solid particles in standing water, i.e.

vl = V,vz = Vk Wlthy=0

[, — offset path length; V,, — the rate of precipitation of solid particles in standing water, i.e. hydraulic size.
There are no solid particles on the free surface, and for the longitudinal components of the phase
velocities we neglect the force of air friction, that is, the force of air friction.
Uy _ g vz _ — 0 with v =
oy = 0, 3y 0,f, =0, withy = H(t).
and for the vertical components of the phase velocities, we use the condition of unevenness of the free

surface in time, i.e.
dH

at
Thus, the initial and boundary conditions will have the form:
Uy = Uy, Uy = Uy (¥), vy = v10(¥), v2 = v20(¥), f2 = f20(¥), Witht = 0,

vy =0, v, = Zwith y = H(p).

u1=0,u2+loaa—1;2=0,v2 :V,Uz :Vk,f:fZOWithy:O, (7)
Qus _ g _ o _dH L _dH
E—O, 7 —0,v1—dt,vz—dt,fZ—OWIIhy—H(t).
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The length of the path of displacement [, can be established on the basis of empirical data. For this
purpose, in particular, the empirical Bazin formula can be used [1]. Many theoretical and empirical
formulas have been proposed by different authors for the filtration rate (absorption). The most widespread
formula was A. N. Kostyakov [1]. It should be noted the work of V. N. Goncharov, who gave empirical
formulas of hydraulic size V,, generalizing experimental materials of other studies [9].

The length of the lag of the wave front [(t) related to the average flow rate U, the following
equation

dl
ar Ucm(t): (8)
which is solved with the initial condition [(0) = 0. The time corresponding to the length is the time when
the wave front reaches the distance L.

The obtained problem (5-6) with boundary conditions (7) is solved according to the calculation

method given in [1]. First let's go to dimensionless quantities:

U , Uy . Vg Uy Y _ t

vy T Ty Tt TT

moreover, the nonlinear terms are linearized using the simple iteration method, i.e. taking the value from
the previous time layer. Then the system of equations (5-6) will take the form (in the future, for simplicity,
omit the asterisks)

u =

(Ow _ (50%U | (50w | (5 )
¥=a1 ay2+a2 @+a3 u1+a4,
ou, 0%u, ou,

—2=p® 24 p 24 pSy, + b,

ot y? ay

0y _ (0" | (9001 | (s )
¥=C1 a—yz C, W+C3 U1+C4 ’ (9)

A

ov 0%v ov

_6t2 =d® ay; +d% _ayz +dv, +df,
af, 02 (s
E=€1 E+ez f2=0.

where S - the iteration number, U, T - is the specified characteristic values of speed and time, respectively.

oS = I a® = < w OfY 3 1(5))Z’a§5) ___KT a® = K ol
p1iH plifl(s) dy H plif1(5) P1i 1(5)
©__F ( wo 0f (S)) T ® KT & __K
bW =——5.b;" = —v byt = A = Uy

2il P21i 2(5) Oy H P2i 2(5) P2i 2(5)
L B (f_“l o5 )_ LT o ke

3 pH 3puf® 0y H'™ pufS T puf®
i =y (L U ) - g S

S 3pafy” 0y H paify> paify>

S S
) _ UZ( )T S) avz( ) T

1 H 2 dy H'
System (9) is solved as follows. First, a system composed of the first two equations is solved.
. > [u . . .
Introducing a vector Y = (ui) we bring these equations to the vector-matrix form
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Y . 027 « 0Y B
E‘A a_y2+B @+CY+D (10)

ags) 0 ags) 0 ags) 0 — af)
A = ,B*: ,C*: ,D* = ,
o »¥ 0o b 0 b b{¥

Having performed similar operations with initial and boundary conditions for the function u; and u,,
receive

where

( Y =Y, with t =0,

dy (11)

oY

) A
iA0—+BOY=D0 with y =0,
kA1$+B17=D_1) with y = 1.

here

10=(o 5)5=( D2=0)4=0 1)2=( o)2=()

Results. The boundary value problem (10), (11) is solved by the finite difference method. In this case
we use a two layer six point implicit scheme with weight ¢ [10].

With the selected weight value o* = 0,5 the applied scheme has an approximation order
0((At)? + (Ay)?) and is sustainable. The iterative process is repeated until the convergence condition is met.

Similarly, a system composed of the third and fourth equations (9) is solved and we define v, v,.
Last equation (9) with the appropriate conditions from (7) solved by the finite difference method. In this
case, we use a two-layer four-point implicit scheme with symmetrized derivatives [11]. The length of the
wave front is determined from the solution of the Cauchy’s problem (8) [12].

Calculations were performed with the following initial data and the numerical results were processed
in the environment Mathcad [13]:

Hy=2x,u?=09 u/c, ud =03 n/c,v) =001 x/c, v =02 n/c
p1i = 100kz-c? I m*, py; = 250 xe-c? 1, f = 0,2

= 1,024 -10"*ke-c/m?, 4y = 251073 kz-c/ m?, At = 0,01, Ay = 0.01,
e=10"%K = 200xz-c/m*;350 ke-c/m*, U =1x/c, T = 600c.

Discussion. The results are presented in the form of graphs. The analysis of the obtained results
shows that the results relative to the previously studied one-speed flow are qualitatively confirmed for the
two-speed flow, but some parameters differ quantitatively. Over time, the longitudinal velocities of the
phases tend to the same constant number. In this case, the longitudinal speed of the phase with a higher
initial speed is always greater than this number, and the longitudinal speed of the phase with a lower initial
speed is always less (figure 1). With an increase in the initial average velocity of the mixture, the
distribution of the concentration of solid particles over the depth of the flow becomes more uniform
(figure 2). As the phase interaction coefficient increases, the deposition rate of solid particles decreases,
i.e. their concentration increases (figure 3). The longitudinal velocities of both phases increase as they
move away from the bottom of the channel and reach their maximum values on the free surface (figure 4).
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1-longitudinal speed of the first phase; 2-longitudinal speed of the second phase (y=1,5 m)
Figure 1 — change in longitudinal velocity over time
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Figure 2 — Change in the concentration of solid particles in the depth
of the flow at different initial average speeds of the mixture (t=100s)
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Figure 3 — Change in the rate of deposition of solid particles in the depth
of the flow at different coefficients of interaction of phases (t=100s)
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Figure 4 — Change in the longitudinal velocity of the phases in the depth of the flow (t=100s)
1 —the speed of the first phase; 2-the speed of the second phase.
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M. Oye30B arbiHaarel OHTYCTIK KazakcTan memiekeTTik yHuBepcuteti, LIIsimkenT, Kazakcran;
2 . N
[Tyrpa yauBepcuteti, Cepaanr, Cenanrop, Manaizus

EKI ®A3AJIbI AIIBIK AFBIHHBIH EKI KbIJIJAMIBIKTbI AFBICBIH ECEIITEY

AHHOTa[Iﬂﬂ. COHFBI KbITAAPBI THAPOMEXaHNKa CaJlaChIHAA alllbIK KaHaJlgapAarbl arblIH TMHAMHWKACBIH 3€PTTCY
camaceiHAa Oenrimi Oip >KeTicTikTepre KOJI JKeTKi3inmi. Anadima Oyl Momenmpaep yAepic (H3MKACHIH TOJBIK
KaMTBIMaiIbl, OTKEHI cyapy YIIiH IMaiJalaHbUIAThIH Cy O MeIepae KaTThl OOIeKTep i KAMTHIIBI. AFbIM/IA
a3 MeJIIepae KaTThl OeIIeKTepAiH maina Ooybl, 9leTTe, YAepicTep CHUMAaThl MEH KYPBUIBIMBIH €II0yip e3repTei.
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Byn xarpaiima jkaHa MaKpOCKONMSUIBIK TapaMeTpiep maiima Oomansl, aTam aWTKaHAA, KENTIPUITeH THIFBI3IBIK,
(hazamap apachIHAAFBI ©3apa dPEKETTeCy KYIITEepi, COHai-aK 0acKka Ja MEeXaHWKaJIbIK cHIarTamanap rmaima 0oJambl.
AFBIHHBIH OyJ1 TIapameTpiiepi KOCIa KOMIOHEHTTEPi CaKTaTyBIHBIH HETi3Ti 3aHABUTBIFBIH Oy3aIbl, KOMIIOHEHTTEP
e3apa opeKeTTecell, OYI KBUIIAMIBIKTBIH, KEKEJIeTeH KOMIIOHEHTTep KOHIEHTPALMACHIHBIH ©3repiciH TyIBIpaIsl,
KOCTIaHBIH aFy JKBULAaMIBIFBIH e3repTeni. Kem ¢azambl KocmamapAblH iIIiHEH IUCIIEPCTI arbIHABI aTalm anTyFa
Oomazpl, ONapIBIH KOMITIOHEHTTEPIHIH Oipi opTYpili KOCHIHABLIAP (TaMIIBI, KOIIPIIiK, KATTHI OOINIICKTep), SFHU
a’p030JIh, TYMaH, KOMIPIIIKTI CYHBIKTHIK, CYCIICH3HsLIap JKOHE T.0.

Maxanana arblH TepeHLIIT1 OOMBIHIIA KATTH OOJIIIeKTep KOHIIEHTPAIMACHHBIH Tapallybl )KOHE KaHajl TyOiHaeri
CYZABIH (HIBTPIICHYI €CENKe aJIbIHA OTBIPHII, €Ki (ha3aJibl alllbIK aFbIHHBIH CTAIIMOHAPIIBI €MEC aFBICHIHBIH MaTeMaTH -
KaJIBIK MOJeN, COHOai-aKk THiMIi ecenTey omici KypburraH. COHBIMEH KaTap, €Ki JKbUIIaMIBIKTHl aFbIM KapacThl-
pBUTFaH, SFHU (hazaiap KbUIIAMIBIFBIHBIH TOPH30HTANB JKOHE BEPTHKAb KYPAYIIBICHIHBIH 0ap eKeH/Ir eCKepiireH,
COHJaif-aK arpic OOWBIMEH aFblH MapaMmeTpiepi e3repMeiiai mem ecentenai. bacTankpl jkoHE IMIEKAapalbIK IIapTTap
MpaKTHKaga KeH TapalFaH TeOPHSUIBIK-SMINPUKANGIK (opMyrajap HeriziHae Oepineni. ANIBIK KaHANTApIarsl aFbIc
KBICBIMCBI3, ayBIPJIBIK KYIIiHIH ocepiHeH 00ajpl KOHE aFbIHHBIH epKiH OeTke me OONybl HETi3iHIE epeKIIeICHEI].
Bacrankp!l yakpITTa mapaMeTpiep TOpU30HTANb OaFbITTa OipKeNKi 1en caHalMBI3 JKoHE OapIbIK mapaMeTpiep Oenriii
TEOPUSIIBIK-OMIUPUKAIBIK (popmynamapmer Oepineni. Cy KbULIaMIBIFBIHBIH TOPH30HTANb KYpAayIIBICHIHA KaHA
TyOiHzAe *a0BICy, al KaTThl (pa3aHBIH TOPU3OHTANIb KYpayIIBICBIHA KAaTTHl OOJIIEKTIH BIFBICY MAPTTApHIH, all (a3a-
JapIbIH BEPTHUKAIb KypaylbliapeiHA (Cy VIIiH) (UIBTPICHY JKOHE Imery (KaTThl OeJIIeKTep YIIiH) MIapTTapbiH
KolnaHaMbl3. EpkiH OerTe KarThl OeJILIEKTep JKOK Jell CaHalMBI3 KoHe (haza KbUINAMIBIFBIHBIH TOPH30HTANb
KOMIOHEHTTEPiHEe ayaHbIH YIKeNiC KYLIiH ecelKe anMaiMbI3, aj (a3za >KbUIIaMABIFBIHBIH BEPTUKaIb KOMIIOHEHT-
TepiHe epKiH OeTTiH yakKbIT OOMBIHIIA OipKeIKi eMecTiriH KoimaHambl3. KypbuiFaH MaTeMaTHKaJIbIK MOJENTb JKOHE
ecernTey dJiCiHe CyieHe OTBIPHIM, aFFIMHBIH HETI3T1 MapaMeTpIepiHiH 3repyi arbIC TePEHMIri )KOHEe YaKbIT OOUBIHIIIA
QHBIKTaJIFaH.

MareMaTHKaJIbIK MOJETbAI KYpY Ke3iHIe CalbICTRIPMAaJIbl TYPAE TYPAKThI CHIIATKA HE JUCIIEPCTi aFbIHAap YIIiH
Kol (hazayibl OpPTaHBIH «@3apa dcep eTYII» MOJIeNi KOJNJAHBUIIBI, O KeJeci Kopamanmapra Heri3aeireH: (azaibik
aybICy KOK; op (azara (azamap/slH e3apa dpeKeTTEeCYiH CHIIATTAWTHIH MYILIENep TeHIeyre SHIi31IreH; op (aza jxeke
TYTac opTa peTiHae KaObULNaHAIBl JKOHE JKeKe TCHICYJICPMEH CHIaTTaianbl. MaTeMaTHKaJbIK ammapaT peTiHIe
KeJieci olicTep KOJNAaHBUIABL: CBI3BIKTHIK €MEeC MYIIeNIep i ChI3bIKTAaHBIPY YIIiH KapamnaiibiM uTepanus aaici; nepoec
TYBIHABUTBL TU(GGEpEeHINANIABIK TCHASYIep YIIiH, calMarbl 0ap eKi KaOaTThl anThl HYKTENl JKOHE CHMMETpPHUSIIBI
TYBIHABUIAPEI Oap eKi KabaTThl TOPT HYTENI aiiKbIH eMec MIeKTi alblpMa oJici, allbIHFaH alreOpajblK TCHICYIEp
XKyHeciH mIelyje MaTpULANbIK Kyajay oJici; TOJNKBIHHBIH Tapaly Y3bIHABIFBIHBIH ©3TepyiH CHUMATTaWThIH Kai
g epeHIHaIIbIK TSHASY I MIENIyae TOPTIHII peTTi nanaikke ue Pyare-Kyrra amici.

Hotmxkenep rtpaduk TypiHme kenripinren. HoTwkemepni Ttanmay KepceTkeHael, OYphIH 3epTTeNreH Oip
KBUITAMIBIKTEl aFBIHHBIH HOTWOKEJTepi €Ki JKbULAaMIBIKTHI aFbIH YIIIH camaibl TypAe pacTaiFaH, Oipak Keioip
napameTrpiep CaHIbIK JKaFblHaH epeKLIeNieHeAl. YaKbIT oTe Kene (a3anapAblH TOPH30HTAIb JKBULIAMIBIFE Oiprei
TYPaKThl CaHFa YMTBUIAZbl. bacTamkpl >KbUIIaMIBIFEl YIKEH (pa3aHblH FOPU30HTANb JKBUIIAMIBIFBl OpKAllaH OCHI
CaHHaH JKOFapbl 00JaIpbl, all 0acTaIKbl )KbIIIAMABIFEI a3 (ha3aHbIH TOPH30HTAIb KBUIIAMIBIFBI pPKAIaH OChl CAHHAH
a3 6omaapl. KocaHelH (Cy + KaTTHI O6JIIEKTEp) JKETil 0apy KAIIBIKTHIFBI Ta3a CYIBIH JKETIN 0apy KaIlIbIKTHIFBIHAH
a3, SFHU KaTThI OOJIILEKTep Heri3ri aFbIHHBIH KO3FaTyblHa Kapchl acep eteai. KocnaHblH 6acTankpl OpTamia bUIIaMm-
JBIFBIHBIH JKOFapbUlaybl apKbUIbl KATThl OOJILEKTep KOHLEHTPALMSCHIHBIH aFblc TEpeHHIri OOMBIHINA Tapalybl
Gipkenki Oona Gacraigsl. PazanapablH €3apa apekeTTecy Ko GHUIMEHTIHIH KOFapbliaybl HEri3iHae KaTThl Oemex-
TEPiH LTy >KbUIJaMIbIFbl TOMEHJICH I, SFHA OJIap/bIH KOHLEHTpauuschl apranpl. Exi ¢a3zaHbH na ropu3oHTaNb
KBULaM/IBIFBI KaHa TYOIHEH allllaKkTaraH callblH YIIFas/bl )KOHE epKiH OeTTe eH YJKeH MoHre kereni. Kypburan
MOJIETIb XKQHE aIbIHFaH HOTIIKEJIEp alllblK apHaNapJarbl TYTKBIP €Ki (a3ajbl OpTaHbIH CTAI[MOHAP €MEC aFbIMBIHBIH
HETI3r1 THIPOIMHAMUKAIIBIK 3aHABUIBIKTAPEl MEH €PEKIICTIKTEPiH aHbIKTal/bl JKOHE OJlap/bl Cyabl YHeMI Haiina-
JIaHy MacelleliepiH IIeNry e, COHBIMEH KaTap Cy LIBIFBIHBI MEH Cyapy apHaJlapbIHBIH LIeTiHAICIMEH Kypecy Iiapajia-
pBIHZA KOJIZTaHYyFa 00JIa/IbI.

Tyiiin ce3mep: cTarroHapibl eMec aFbIM, €Ki (ha3alibl arbIM, epKiH OeT, KbICBIJIMANTBIH OpTa, IIBIHANBI THIFbI3-
JIBIK, KENTIPUITeH THIFBI3BIK, KOHIIEHTpANMs, TYTKBIPJIBIK KoddduiuenTi, da3anap apacblHIarbl €3apa opeKeTTecy
K03(h(HULIKeHTI, CY3riIeHy.
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PACYET JJBYXCKOPOCTHOT O TEHEHUS IBYX®A3ZHOI'O OTKPBITOI'O IIOTOKA

AHHOTanusl. 3a MOCJIEHUE TOBI B THAPOMEXAHUKE JOCTHIHYTHI ONPEACICHHbBIE YCIEXH B 00IAaCTH HCCIIEN0-
BaHWH AWHAMUKHU IIOTOKOB B OTKPBITHIX pycnax. OIHAKO 3T MOJAENM HE B MOJTHOHW CTENICHHM OXBATBHIBAIOT (PHU3MKY
mporecca, Tak Kak BOJa, WAyINas Ha OpOIICHHE, HEOJHOPOIHA M COICPXKUT OIpPEACICHHBIE KOTMIECTBA TBEPIBIX
yactull. [losiBneHre HEOOMBIIOrO KOJMYECTBA TBEPABIX YAaCTHIl B TOTOKE, KaK U3BECTHO, CYIIECTBEHHO H3MEHSET
XapakTep M CTPYKTYpY HpoueccoB. IIpy 3TOM MOSBISIOTCS HOBBIE MaKpOCKOIIMUYECKHE IapaMeTphl, B YacTHOCTU
NIPUBEJICHHBIC TJIOTHOCTH, B3aHMMOJICHCTBYIOIIUE CHJIBI MEXIy (azamu, a Takke Ipyrue MEXaHHUECKHE XapakTe-
PHCTHKH. DTH TapaMeTpbl NOTOKAa HapyIIAlOT OCHOBHOIM 3aKOH COXpaHEHHsS KOMIIOHEHTOB CMECH, KOMIIOHEHTHI
B3aUMOJICHCTBYIOT, YTO BBI3BIBAET IEepepaclpesieieHHe CKOPOCTH, KOHLEHTPALUi OTHEIbHBIX KOMIIOHEHTOB,
M3MEHsIeT pacxoj] cMecu. M3 MHorooOpasus MHOroasHbIX Cpell MOTYT OBITh BBIZEJCHBI IUCIEPCHBIC MOTOKH,
HMEIOIINE CPAaBHUTEIBHO PErYJISPHBIA XapaKTep W MpPEACTaBILIONINE CMECh HECKONBKUX (a3, 0IHON M3 KOTOPBIX
SIBISIFOTCSL Pa3iIMUHbIC BKIIOYCHHUS (KalllH, ITy3BIPHKH, TBEPABIC YacCTHUIBI), T.€. adPO30JIH, TYMaHBI, ITy3bIPEKOBBIC
XKHUIKOCTH, B3BECU H T.I.

Hamu paccmaTpuBaeTcs HecTaMOHapHOE TBYXCKOPOCTHOE TEUCHHE BYX(Aa3HOr0 OTKPHITOTO MOTOKA C YYETOM
nepepacnpeeeHus] KOHIIEHTPalul TBEPABIX YaCTHIl MO ITyOWHE MOTOKa M (huibTpalyy BOIBI HAa JHE KaHama. B
JTAaHHOH cTaThe pa3paboTaHa MaTeMaTHYecKas MOAETh HECTAIIMOHAPHOTO TEUCHHUS IBYX(Aa3HOTO OTKPHITOrO TIOTOKA C
y4ETOM Iepepacrpe/iejeHUs] KOHIEHTPAIlMU TBEP/JBIX YacTHIl [0 NIyOMHE MOTOKAa M (MIBTPAl[Md BOJBI Ha JIHE
KaHalia, a TaKke co3zaH 3((exkTHBHBIA MeTol pacyera. [Ipu 3TOM paccMmarpuBaeTcs IByXCKOPOCTHOE Te4eHHe, T.C.
YUYUTBIBAETCS HAJIMYUE IMPOAOJIBHOM M BEPTUKAIBLHON COCTaBISIIOMIMX CKOpocTed (a3, a TakKe CYMTaeM, 4YTO
napaMeTpsl TIOTOKa BJIOJIb TEYCHUS He N3MEHAIOTCs. HavyaibHble M TpaHUYHBIEC YCIOBHS yCTAHABIMBAIOTCS HCXOIS M3
TEOPETHKO-OMIUPHIECKUX (OPMYJI, KOTOpHIE MOJYYMIN IHIMPOKOE PACHpOCTpaHEHHE Ha NpakTuke. TedyeHue B
OTKPBITHIX KaHajax Oe3HalopHOEe, MPOUCXOAUT IO/ JEHCTBHEM CHJIBI TSDKECTH M OTJIMYACTCS TEM, YTO IMOTOK UMEET
CcBOOO/IHYIO NTOBEPXHOCTh. B HadaabHBIN MOMEHT BPEMEHHU TEUEHUE CUMTAEM PABHOMEPHBIM B IPOAOJILHOM HAIpaB-
JICHWM ¥ BCE TapaMeTphl 3aJal0TCs M3BECTHBIMH TEOPETHKO-3MOHMpHYeCKUMH (GopmynamMu. Ha nHe kaHama uis
TIPOJIOIBHON COCTABIISIIONIEH CKOPOCTH BOJIBI UCTIONBb3YEM YCIIOBHE HPMIIUIIAHKSA, a JIsL TIPOAOJIBHON COCTaBIISIOIICH
CKOpPOCTH TBepJOH (pa3bl yclOBHE CMEIICHHMS M CUYATA€M HM3BECTHOW KOHIICHTPAIMIO TBEPIOW YacTHIBI, a IS
BEPTHKAJIBHBIX COCTABJIAIONIMX CKOpOCTed (a3 ycioBuid (uibTpaumu (Ui BOABI), M OCaKACHHUSA (IJIS1 TBEPIBIX
yactuil). Ha cBOOOIHOM MOBEpXHOCTH CYMTAEM TBEP/bIE YaCTHIIBI OTCYTCTBYIOT U JUISl POJOJIBHBIX COCTABIISIOIIMX
ckopocteil (a3 mpeHeOperaeM CHIION TPEHUs BO3lyxa, a Ui BEPTHKAJIbHBIX COCTABJISIOLIMX CKOpocTeil ¢a3
HCTIONB3yeM YCIOBHE HEPaBHOMEPHOCTH CBOOOJHOW TOBEPXHOCTH TO BpeMeHH. Ha ocHOBe pa3paboTaHHOM
MaTeMaTHYeCKOM MOJENTH M CO3/IaHHOTO MeETOoJa pacdera OINpe/eNeHbl M3MEHEHHS OCHOBHBIX IMapaMeTpoB IO
riTyOMHE MOTOKAa ¥ BO BPEMEHHU.

ITpu pa3zpaboTke MareMaTHYECKOW MOJENU HCIIOIb30BaHa «B3aMMOIIPOHMKAIOIIASY» MOJeNb MHOro(a3zHOH
cpembl Ui TUCHEPCHBIX TOTOKOB, MMEIONIMX CPAaBHUTENBHO DPEryJSIPHBIM XapaKkTep, OCHOBAHHAs HA CIICIYIOLIMX
TIPEATIONOKEHHUAX: OTCYTCTBYET MeX(a30BbIH Mepexo; Uil Kaxaoi (a3sl B ypaBHEHHE BKIIOUAIOTCS CllaracMele,
XapaKTepU3YIOIINe B3aNMOJICHCTBIE MEXTY (ha3aMu; Kaxkaas (haza MPUHUMAETCS KaK OTJeNIbHAs CIUIOMIHAS cpefia u
OIMCHIBAETCS pa3felbHBIME YpaBHEHUSIMH. B KauecTBe MaTreMaTHUECcKOro ammapara MpUMEHSUINCH: IS JIMHeapu-
3aIlM HEJIMHEHHBIX WIEHOB METOM IPOCTOH urepanmu; st quddepeHnnanbHbIX YypaBHEHHH B YaCTHBIX POU3BOJI-
HBIX METOJI KOHEUHBIX Pa3HOCTEH, IIPH STOM HCIIOJIB3YIOTCS JIBYXCIIOIHAS IIECTUTOUCUHAasl HEsIBHASI CXEMA C BECOM U
JIBYXCJIOIHAsl YEeTBIPEXTOUYCYHASI HEsIBHASI CXeMa C CUMMETPH30BaHHBIMH TIPOW3BOIHBIMH, a JUIsl PELICHUS MOTyueH-
HBIX CHCTEM anreOpandecKux ypaBHEHUH METOJ] MaTPUYHOMN NMPOTOHKH; JUIS PEIICHUS OOBIKHOBEHHOTO IuddepeH-
LHAJIPHOTO YPaBHEHUsI, OMKCHIBAIOIIETO0 U3MEHEeHHe JUTHHBI go0eranus GppoHTa BosiHbl MeTo PyHre-KyrTa uerBep-
TOTO TIOPsIKA TOUHOCTH.

IMony4eHHbIe pe3yJbTaThl MPEJCTaBICHbl B BUJE IpadUKOB. AHAIHU3 IMONYYCHHBIX PE3yJbTATOB MOKA3bIBAET,
YTO Pe3yJIbTaThl OTHOCHTEIHHO paHee NCCIIEJOBAHHOTO OJJHOCKOPOCTHOTO TEUCHHUSI KAaYECTBEHHO MOATBEPKIAIOTCS U
JUIsl ZIBYXCKOPOCTHOTO TEUYEHHWS, HO HEKOTOpBIE MapaMeTpbl OTIMYAIOTCA KoyimuecTBeHHO. C TedeHHEeM BpeMEeHH
TIPOJIOBHBIE CKOPOCTHU (a3 CTPEMSTCS K OJHOMY M TOMY K€ IIOCTOSIHHOMY 4Hciy. [Ipy 3ToM IpooibHas CKOPOCTb
¢a3bl ¢ Oonblel HAYILHON CKOPOCTBIO BCErza OOJbILIE 3TOr0 YHCIA, a MPOJNOJBbHAS CKOPOCTh (asbl ¢ MeHbLIEH
HavyaJbHOM CKOPOCTBIO BCeraa MeHblle. PaccrosiHue moGeranmsi cMecu (Bopa + TBepJble YACTHIBI) MEHBINE, YeM
paccTosiHue 1o0eTaHusl YUCTOH BOJIBI, T.€. TBEP/AbIE YaCTHIBI COPOTHUBIISIOTCS IPOJBIKEHUIO OCHOBHOTO MoToKa. C
YBEIMUYCHNEM HAa4YalbHOW CpEHEH CKOPOCTH CMECH PACIpenesieHHe KOHIEHTPALUH TBEPIBIX YacTHI[ MO TIIyOMHE
MOTOKa CTaHOBUTCS Oosiee paBHOMepHBIM. C yBenmueHUeM Kod(dduimeHTa B3auMOIEHCTBUSA Pa3 CKOPOCTh OCAXK-
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JICHUS] TBEP/IBIX YaCTHIl YMEHBIIAETCS, T.€. UX KOHIEHTpaLUs yBeanuuBaeTcs. [1poaonsHble ckopocTH 00erx (a3 1o
Mepe yIaJIeHHs OT JHa KaHajla YBEJIMYMBAIOTCS M JOCTUTAIOT MaKCUMAaIIbHBIX 3HAYEHUH Ha CBOOO/IHOM IMOBEPXHOCTH.
Pa3paboTanHasi MO/ieNb U NOJYYSHHBIE PE3YJIbTAThl BHISBISIOT OCHOBHBIE THAPOANHAMUYECKHE 3aKOHOMEPHOCTU H
0COOCHHOCTH HEYCTaHOBHBIIETOCS TEUEHHS BSI3KHX ABYX(a3HBIX CPe B OTKPHITHIX KaHalnaX ¥ MOTYT OBITh HCIOJIb-
30BaHbI [IPU PEIICHHH BOIIPOCOB PALIMOHAIBLHOTO PACXOJ0BaHUs BOJBI, a TAK)XKE B MEPOIPUATHAX 10 OOphOe ¢ more-
PSIMH BOJIBI ¥ 3aMJICHUSIMU OPOCHTENBHBIX KaHAJIOB.

KiioueBble c10Ba: HeCTaMOHAPHOE TeYeHHe, NBYX(a3HBIH MOTOK, CBOOOIHAS MOBEPXHOCTb, HECKHMAEMas
cpena, MCTHHHAS IUIOTHOCTb, IPHBEICHHAs IUIOTHOCTh, KOHIEHTpAIHs, KOIQQUIMEHT BA3KOCTH, KO3((HIMEHT
B3aHMOJICHCTBHS MEXIY pa3amu, HIIbTPAIIHSL.
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INNOVATIVE METHODS FOR INTENSIFYING BOREHOLE
PRODUCTION OF URANIUM IN ORES
WITH LOW FILTRATION CHARACTERISTICS

Abstract. The object of research is the technology of borehole uranium production with a low filtration
characteristics.

The purpose of the work is to increase the efficiency of borehole uranium production in complex mining and
geological conditions by developing a new method based on the intensification of geotechnological processes of
underground leaching of uranium, the impact of chemical reagents on the aggregate of sedimentation and
mineralogical composition of ore-containing rocks of the productive horizon. At the same time, operating costs are
reduced by increasing the productivity of the period of uninterrupted operation of geotechnical wells, as well as
reducing the time spent working out technological blocks.

Research methods include x-ray phase analysis, identification and discussion of the features, quantitative and
qualitative parameters of core material and sedimentation from uranium deposits associated with the Syrdarya
depression. Under laboratory conditions, the efficiency of the selected composition for the dissolution of sedimentary
formations that reduce the permeability of layers was established by electron microdifraction.

The applied hydrodynamic methods of well regeneration based on destruction and dispersion of sedimentation
are considered and evaluated. The reagent methods used to increase the permeability of the productive horizon based
on precipitation dissolution were also studied and evaluated. The results of experimental studies are analyzed and
discussed, and a comparative schedule of the period of uninterrupted operation of wells is constructed. The
effectiveness of the applied method for restoring the permeability of the productive horizon with the use of a
complex chemical reagents.

The scientific novelty lies in the fact that mineralogical studies of the core material composition indicate a
complex structure of ores, in complex mining and geological conditions. The practical significance of the study lies
in the high efficiency and applicability of the considered method of intensifying borehole uranium production in
areas with low filtration characteristics.

Key words: Microdifraction, x-ray phase analysis, permeability, regeneration, leaching, uranium,
sedimentation.

1. Introduction. Kazakhstan has 14 % of the world's proven uranium reserves and second ranks after
Australia, 70 % of them are suitable for well development. Borehole development of uranium ores in the
Republic of Kazakhstan is carried out at 26 sites, united in 13 uranium mining companies. The total
volume of natural uranium production is more than 40% of the world's total. Uranium deposits are located
in six provinces: Shu-Sarysu, Syrdarya, North Kazakhstan, Pre-Caspian, Pre-Balkhash, and lle, the main
production is carried out in the first two. The technology of borehole uranium mining provides for the
dissolution of the useful component at the site of the ore body, followed by the removal of the formed
compounds by a moving stream of solvent from the injection to the pumping well [1,2]. The practice of
operating well systems in the development of uranium ores by borehole method shows that over time there
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is a decrease in their productivity. One of the main reasons for reducing the throughput capacity of
technological wells is an increase in hydraulic resistances and a decrease in reservoir filtration
characteristics due to the formation of colmatation. [3].

Mechanical sedimentation is caused by overlapping of water intake filter holes with sand, clay, gravel
and blockage of pore channels by the formation with solid suspensions. Sand and clay deposited in the
well partially or completely covers the filter. Also, this type of precipitation can be attributed to the
blockage of the filter and the near-filter zone by the formation with drilling fluids containing clay particles
[4]. In this case, the clay material swells in the water environment and changes the structure of the pore
space of the formation.

Chemical, ion exchange and gas types of sedimentation are caused by changes the chemical
composition in reservoir waters as a result the influence of technological solutions used in mining. The
presence of dissolved calcium, magnesium, and iron cationites in water and a violation of the carbon
dioxide balance leads to the formation of insoluble precipitation [5]. There is an intensive release of
carbonate precipitation in the filter zone, by removing it, the intensity of precipitation decreases.

2. Overview of applied methods for improving the filtration characteristics of ores. Depending
on the type of sedimentation in the work areas of the geotechnological field, various methods of RRW
(repair and restoration work) are used to improve the filtration characteristics of the productive.
Hydrodynamic methods, such as compressor pumping and well flushing under the influence of pressure
difference, are mainly aimed at destruction and dispersion of mechanical sedimentation [6]. The cost of
these methods is relatively lower due to the use of technological equipment, inexpensive fuels and
lubricants, etc. Chemical methods of exposure to dissolution are mainly aimed at destruction and
elimination of precipitation formed as a result of the interaction of technological solutions with the host
rocks of the productive horizon [7]. Combined methods include complex operations using drilling rigs and
auxiliary equipment that combine well flushing with subsequent chemical treatment, swabbing, and
compressor pumping [8]. This method is the most expensive due to the use of a large number of
equipment, chemicals, maintenance personnel and a long duration of work.

2.1. Radiographic studies of host rocks. When leaching solutions interact with ore-containing
rocks, the liquid phase accumulates (in addition to ore) a number of elements that are part of the main
rock-forming minerals. The amount and kinetic transition of these elements to productive solutions
depends on the type of leaching reagent, concentration, granulometric composition, and rock-forming
minerals. Table 1 shows data on the mineralogical composition of ores from the Syrdarya Deposit.

Table 1 — Mineral composition of the Syrdarya Deposit

Mineral, mineral aggregate Content, %

Quartz 65,7
Feldspar 8,6
Rock fragments 5,2
Carbonates 2,3
Montmorillonite 11

Muscovite 0,8
Fine-grained aggregate of silt-mica-clay composition, white, light gray color 1,6
Aggregate couplings with calcite, calcite 0,3
Iron sulfides 15
Carbonated organic matter 3,3

As can be seen from table 1, the most common clay mineral in the Syrdarya Deposit is
montmorillonite, with an average content of 11% in some places. Feldspars are found everywhere, with an
average content of 8.6%. The content of carbonates does not exceed 2.3 %. The main mass of carbonates
is represented by calcite and ankerite.

X-ray studies of sedimentation. Solving problems with restoring the natural permeability of the
productive horizon, first of all, it is necessary to determine the type of precipitation formed during sulfuric
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acid leaching and establish the mineralogical composition of sedimentation. The study of quantitative and
gualitative characteristics of sedimentary components will allow us to determine the reasons that reduce
the permeability of filtration characteristics, which increase the productivity and duration of uninterrupted
operation of geotechnical wells. The results of quantitative mineralogical composition of sedimentary
formations of the Syrdarya province are shown in table 2.

Table 2 — Mineralogical composition of sedimentation in the Syrdarya depression

The component name Chemical formula Content, %
Quartz SiO, 2
Aluminium phosphate Al (PO,) 11
Iron oxide Fe;0, 14
Magnesium sulphate MgS 11
Calcium aluminum hydroxide CaAl, ((O H)g (H,0),) 1
Ankerite Ca (Mg Fe Mn) (CO3), 51
Dolomite Ca Mg Fe (CO3), 6

2.2. Laboratory experiments on the selection of chemical reagents for RRW wells. To restore the
permeability of the near-filter zone of the formation in order to increase the efficiency of borehole
uranium production, the authors conducted work on the development of a complex of chemical reagents.
The basis adopted one of the technologies of increasing the efficiency of wells used in oil and gas industry
— specific acid treatment of ore-bearing rocks with a special solution for cleaning of the pore space and to
create new channels of traffic solutions and enlarge the existing, and to well clearing [10].

Under laboratory conditions, the effectiveness of the selected chemical reagents on precipitation was
studied. We consider the change in the equilibrium of the system and the transfer of insoluble compounds
to the liquid phase, or to turn solid sedimentation into easily soluble compounds. A number of analytical
and experimental studies were carried out on samples of sedimentation and ore-containing rocks to select
the most effective solution. As additives to the sulfuric acid solution, ammonium bifluoride (NH;HF,) and
surfactants were used to loosen sedimentation.

Reagents included in the multifunctional complex:

- Sulfamic acid:;

- Ammonium lignosulfonate;

- Ammonium bifluoride.

The choice of ammonium bifluoride to influence precipitation is due to its ability to exchange
reactions with mineral acids (sulfuric, hydrochloric, nitric acids). The formation of hydrofluoric acid
occurs:

NH,HF, + HAn = NH,An + HF (D)
where — HAn (H,SO,; HCI; HNO3).

Hydrofluoric acid, formed as a result of the reaction, easily interacts with aluminosilicates and
siliceous compounds, which are a component of ore-containing rocks according to the formulas:

CaA|28|08 + 16HF = 2A|F3 + 28”:4 + 8H20 + Can, (2)
6HF + SiO, = SiF, + 2 HF + 2H, O, 3
Ca.SO4 2 H2 O+ 2HF = CaF2 + H2 SO4 + 2H2 O, (4)

As a result, both the main sedimentation and part of the terrigenous component of the sands are
dissolved. In general, the effective porosity of the ore block increases. In this case, hydrofluoric acid is
completely utilized due to the large amount of quartz contained in the sands.

Microdifraction images of the sedimentation surface before and after treatment with a solution and
obtained information about the composition, structure and other properties of the surface layers confirm
the effectiveness of the selected chemical reagents. Figures 1 and 2 show electronic microdifraction of,
selected sedimentation before and after treatment with special solutions
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Figure 1 — The electronic microdiffraction Figure 2 — The electronic microdiffraction
selected colmatant before treatment. selected colmatant after treatment.

As can be seen from the image (figure 2), precipitation before processing has a dense cellular
structure with a rhombic frame structure, without breaks and cavities in the body. After processing this
sample with a special solution, a second electron microscope image was taken (figure 2). From figure 2,
you can see that the sample has flushed and additional space and cracks in the structure. The results of
laboratory studies indicate the possibility of using ammonium bifluoride as an additive to a solution of
sulfuric acid for effective chemical treatment of technological wells.

3. Development of intensification methods for uranium mining. To increase the efficiency of
borehole uranium mining by improving geotechnological processes and restoring the permeability of the
near-filter zone of the formation, the authors developed and tested a method for chemical treatment of
wells with a special solution. This method of influence on the formation provides for the supply the
solutions of complex chemical reagents to the filter zone, pressing into the productive horizon for its
reaction with sedimentation, dissolution and removal of reaction products outside the well by airlift
pumping. Figure 3 shows a scheme for the intensification of borehole uranium production.

As can be seen from figure 3, the main mass of sedimentation 3 occurs in the productive horizon 1,
directly in the zone of unloading solutions and increasing the speed of movement of solutions from
injection wells 5 to pumping wells 4. Chemical treatment with the use of complex chemical reagents
provides for the preparation of solutions on special equipment 6, and supply through the hose 7 to the
filter part of wells 4. In this case, the prepared special solution is fed from the tank capacity 8, by a
pumping pump 9. The supply of a complex of chemical reagents directly to the filter part of technological
wells reduces the consumption of chemical reagents and increases the penetration capacity for greater
destruction and dispersion of precipitation.

1 — productive horizon; 2 — impenetrable rocks; 3 — sedimentation; 4 — pumping wells; 5 — injection wells;
6 — special equipment for the preparation of solutions ; 7 — hose; 8 — tank; 9 — pumping pump.
Figure 3 — Scheme for the intensification of borehole uranium production
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Conclusions. Features of uranium production in the fields of Kazakhstan are considered. The
mineralogical composition study of host rocks samples confirms the high presence of carbonate minerals-
ankerite > 2.3 %, the presence of montmorillonite clay > 11 % of the total weight of the core sample. Data
from x-ray phase analysis of sedimentation confirm the precipitation of carbonate compounds that make
up > 51 % of the total mass of sedimentation that belong to the chemical type of sedimentation. These
sedimentary formations interfere with current lines and hinder the processes of borehole uranium mining,
and increase operating costs for restoring the permeability of the productive horizon.

In order to develop an effective method for intensifying uranium production, laboratory studies were
conducted and special chemical reagents were selected that can dissolve and prevent sedimentation. The
effectiveness of chemical reagents in the destruction and dispersion of sedimentation during borehole
uranium mining was confirmed by the method of electronic microdifraction. A new method of
geotechnical processes intensification was developed and experimental studies were performed using the
developed complex of chemical reagents.

As a result of experimental work, the effectiveness of intensification with the use of complex
chemical reagents was established. The duration of the uninterrupted operation of wells increased from
16 to 84 days, and the well utilization rate increased from 0.74 to 0.98. The use of a new method for
intensifying borehole uranium production makes it possible to increase the efficiency of processing
technological blocks in difficult geological conditions and reduces the material costs of operating blocks,
increases the period of uninterrupted operation of geotechnical wells and reduces the cost of chemical
reagents for repair and restoration work.

B.P. Palcmuenl, M. M. MaTaeBZ, XK. C. KemKeTaesl, A. X, IHaMlIl/IKOBal, b. TOKTap¥ﬂbIl

1Satbayev University, Anmatsl, Kasakcras;
2)Korapm TEXHOJIOTHSIIAP HHCTUTYTHI, AnMatsl, Kaszakcran

TOMEH CY3I'UIIK CHTIATTAMACHI BAP KEHJE YPAH OH/IIPY
YHFBIMACBIH KAPKBIHJIATY IBIH MHHOBALUSLIBIK OIICTEPI

AHHoOTanus. 3epTTey 00beKTICI — ypaHAbl YHFBIMAJIBIK OHIPY TEXHOJIOTHSCHI.

JKYMBICTBIH MaKcaThl — ypaHJIbl JKepacThl [€OTEXHOJIOTHSUIBIK IPOLIECIH KapKbIHJATyFa HETi3eIreH jKaHa d1ic
o3ipiey, XUMHUSUTBIK PeareHTTepAiH MIeTiHAl )XKUBIHTHIFbIHA )KOHE OHIMJII TOPU3OHTTHIH KE€H CBHIHBIMIIBI JKbIHBIC BIHBIH
MHUHEPAIOTHIIBIK KypaMblHA ocep €Tyl eceOiHeH KypAeli Tay-TeOJOTHSUIBIK >KaFfaiblHIa YPaH/Ibl YHFBIMAJbIK
OHIIPYAIH THIMIUIITIH apTTEIPY. Byl perTe reoTeXHOIOTHSIBIK YHFBIMATAPIBIH Y3IIKCI3 )KYMBIC iCTeY Ke3eHiHiH
OHIM[IUIITIH apTTBIPYy, COHAAH-aK TEXHOJOTHSUIBIK OJOKTapIblH JKYMBIC iCTEY YaKBITBIH KBICKapTy eceOiHeH
naljanany MIBIFBIHBIH a3aiTyFa MYMKIHAIK Tya/bl.

3eprrey omicTepi peHTreHodaszaiblK Tannay, KepH MaTepHasbIHBIH CaHABIK-CAlajblK MapaMeTpiepiH >KoHe
Chlpapusi JIeNpeccHsIChIMEH IIEKTEJTeH ypaH KeH OpBbIHAapblHAH MIeTiHAI TY31L1iM aHbBIKTay MEH TaJKbLIay[bl
KaMTHIbl. ¥HFBIMaHbl JIEKOJIbMATalMsIIAy JKOHE KypZAedl Tay-KeH TeOJIOTHSUIBIK JKarlaiblHAa ypaH THIMIUIITiH
apTTHIPY YIIiH CHHEPIeTHKAJIBIK 9CEP €TETiH XUMISUIBIK PeareHTTepiH KypamMbl TaHAAIbl. 3epTXaHAbIK KaFaaiaa
ANEKTPOHAB MHUKPOAN(MPAKIMA 9IICIMEH pe3epBYyapIblH OTKITIMUTITIH TOMEHIACTETiH MeriHAl epirimTiri yuiiH
TaHJAJIFaH KYPAaMHBIH THIMLUTIT aHBIKTaJIbI.

3epTTey HOTIKEIepi KYKipT KBIIIKBUIBIH €PITKIII PeTiHzAe KOJIaHa OTBIPHII, YPaH KeHIH YHFBIMAJIBIK OHIIPY/Ie
KYpETiH mpolecTepal 3eprrey, coHmai-ak KasakcrtaH keH OpHBIHAAFBI KYpJEi Tay-KeH TIeOJIOTHSUIBIK JKaraaiiyia
ypaH eHJipy YHFBIMAChIHBIH F€OTEXHOJIOTHSIIBIK ITapaMeTpIIePiHiH TOMEH/ICYiHe acep eTeTiH cebenTepai KapacTepy
Gonblnl caHanaabl. By3bLly JKoHE IUCTIEprHpIIeHyre HEri3JeNireH YHFbIMajiap/bl KaJIblHa KENTipyIiH T'HIpOHHA-
MUKAQIBIK OAiCTepi KapacTBIPBUIBIN, OaramanHabl. KolbMaTaHTTBIH epy YAEpiCiHe HETI3JeNTeH OHIMII TOPH30HT
OTKI3TILITITIH KOFAPBLIATYIBIH KOJINAHBUIATEIH PEAreHTTIK 9MIICTepi KapaCThIPBULABL. Y paHIbl YHFBIMAIBIK OHAIPY/I
KapKBIHAATYa CHHEPTEeTUKAJIBIK 9Cep €TETiH ipiKTeNreH XWMHUSJIBIK peareHTTepli KoJJaHy OOWBIHINA oaicTeMe
O3ipIIeHII XKOHE IKCIEPUMEHTTED KYPTi3UIai. DKCIEPUMEHTTIK 3epTTey HOTHKEIEpi TalAaHbIIl, TATKbUIAH/IbI, YHFBI-
MaJapJIbIH Y3A1KCi3 )KYMBIC iCTey Ke3€HiHIH CaIbICTRIPMabl KecTeci skacaabl. CHHEPTeTHKAIBIK 9Cep €TETiH XUMUSI -
JBIK peareHTTep KeIIeHIH KOJJaHa OTHIPHIN, OHIM/iI TOPU30HT OTKI3TIIITITiH KaJIblHA KENTipy SHICiHIH THIMIINIri
AHBIKTAIIBI XKOHE KOPCETUIII.

Fouteimu sxananeirsl KepH MaTepuanbiHBIH KYPaMblH MAUHEPATIOTHSUIIBIK 3€PTTEY KYPACTi Tay-KEeH Te0I0THUSUIBIK
KarJaiiablHIa Tay KBIHBICHI MEH YpaH MHHEpPAIJaHyblH KaMTHTBIH KCHHIH KypAENi KYPBbUIBIMBIH KaMTHIBI, all
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TY3UTIMIHIH OeJTUICHIeH KYPBUIBIMBI MEH CaHIbIK-CallajblK HapaMeTpiiepi ypaH OHAIPYAiH KYKIPT KbIIIKBUIIBI
YHFBIMACHI JKarJaiblHAa KapOOHATTHI XKAHE Ca3abl MUHEPAIJBIH TYHOAFa TYCETiHIH pacTaiapl. 3epTTeyaiH MpaKkTH-
KaJIbIK MaHbI3AbUIBIFEI CY3TiJIey CHIIaTTaManapbl TOMEH ydacKeseplie YpaHIbl YHFBIMAIIBIK OHAIPYAl KapKbIHIATY IbIH
KapacThIPBUIBII OTHIPFaH dICiHIH KOFAphl THIMJILUIITT MEH KOJIAaHBUTYBIHA HET13/1eTe .

Tyiiin ce3nep: Mukpoaudpakuus, peHTreHodasanblK Tanaay, eTKI3TITIK, pereHepanus, ypaH.
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UHHOBAIIMOHHBIE METO/Ibl HHTEHCU®UKAIIMU CKBAYKUHOM JJOBBIUX YPAHA
B PYJAX C HU3KUMHU ®UJIBTPAIMOHHBIMU XAPAKTEPUCTUKAMUA

Annotanusi. OOBEKTOM HCCIENOBaHUs SIBISICTCS TEXHOJIOTHS CKBRKMHHOW JOOBIYM ypaHa Ha MECTOPOXK-
JIEHUAX ¢ HU3KUMU (PHIBTPAIIMOHHBIMH XapaKTePUCTUKAMHU.

Henp pabotel — mobimeHNe 3)(HEKTUBHOCTH CKBKHHHON JTOOBIYM ypaHa B CIOKHBIX TOPHO-TEOJOTHYECKIX
YCIIOBHSIX 33 CUET Pa3pabOTKH HOBOTO METO/a, OCHOBAHHOTO Ha MHTCHCH()HUKAIIMN T€OTEXHOIOTHIECKHUX MPOIECCOB
MTOJI3EMHOTO BEIMIEIIAYMBAHUS ypaHa, BO3ACUCTBUSA XUMHUUECKUX PEarecHTOB HAa COBOKYITHOCTh OCaIKO00pa30BaHU U
MHHEPAJIOTHIECKOTO COCTaBa PYJOBMEIIAIOMINX MOPOJ TMPOAYKTHBHOTO TOPH30HTa. I[Ipm 3TOM mocTHraercs
CHIDKEHHE JKCIUTyaTallMOHHBIX 3aTpaT 3a CYeT MOBHIIICHUE POU3BOAUTEIBHOCTH Ieproaa OecrepeOoiftHOi padoThI
T€0TEXHOJIOTUUECKIX CKBaXKHH.

Merto/pl MCCIIeIOBaHUil BKIIIOYAIOT PEHTIeHO(ha30BbIe aHAJIM3bl, YCTAaHOBICHHE M 00CYXKIEHHE OCOOCHHOCTH,
KOJINYECTBEHHO-KaueCTBEHHbIE ITapaMeTpbl KEPHOBOIO MaTepuala 1 0cagKoo0pa30BaHUid U3 MECTOPOXKICHUH ypaHa
npuypoueHHbIx ChIprapbuHCKOl nenpeccuu. [logoOpaH cocTaB XMMHYECKHX pPEareHTOB CHHEPIeTHYECKOTO
JEUCTBUSA VISl JEKOJIbMATAllMK CKBRXKUH M TOBBIIIEHHS d()(EKTUBHOCTH BBILIEIaYMBAHUS ypaHa B CIOKHBIX TOPHO-
TCOJIOTMYCCKUX YCIOBHSIX. B 1a00paTOpHBIX YCIOBUSIX METOOM 3JICKTPOHHON MUKPOAU(paKIIuK ycTaHOBIIeHA 3 dek-
TUBHOCTB BRIOPAHHOTO COCTaBa MO PACTBOPECHUIO 0CAAKO00Pa30BaHUI, CHIDKAIOIINX MPOHUIIAEMOCTh IIJIACTOB.

PesynbraTamMu MccnemoBaHUN SBILTIOTCS HM3YYCHHE IIPOILECCOB, IPOTEKAIOMIMX TPH CKBAXUHHON TOOBIYC
YPaHOBBIX PYA C IPUMEHEHHUEM CEPHOM KHCIOTH B KAYECTBE PACTBOPHTEIA, a TAKXKE PACCMOTPEHHE TIPUIHH, BIIHSIO-
[IMX Ha CHIDKCHHE T€OTEXHOJOTHYECKHX MapaMeTPOB CKBAKUHOW NOOBIYH YpaHA B CIOXKHBIX TOPHO-TEOIOTHICCKUX
YCIIOBHSIX Ha MecTopokaeHnsXx Ka3zaxcrana. PaccMOTpeHBI 1 OIleHEHBI TIPUMEHSEMBIC THAPOIMHAMHYECKUE METOIBI
pereHepanyy CKBa)KMH, OCHOBaHHbIE Ha Pa3pyIIEHWU U TUCIEPrUPOBaHUM Ocaakoo0pazoBanuil. Takxke M3y4eHbl U
OLICHEHBI NPUMEHSEMbIE PEarcHTHbIE METOJIbI MOBBIIICHUS TPOHUIAEMOCTH MPOAYKTHBHOTO IOPU30HTA, OCHOBAH-
HbIE Ha PaCTBOPEHUM OCaJKoB. Pa3paboTaHa METOJMKA U MPOBENICHBI 3KCIIEPUMEHTAIbHBIE OIBITHI 110 IIPHUMEHEHHIO
MOJI0OpPaHHBIX XUMHYECKUX PEareHTOB CHHEPreTHYECKOro AEHCTBUS MPHU MHTEHCH(UKAIMU CKBXMHHOM J0OBIYH
ypaHna. [IpoaHanu3upoBaHbl 1 00CYKICHBI PE3YNbTaThl SKCIIEPUMEHTAIBHBIX UCCIICIOBAHUMN, TIOCTPOEH CPABHHUTEIb-
HBII Tpaduk nepuoaa decrepeboitHON paboTs! ckBaknH. OmpeneneHa u MokazaHa 3(p(GeKTHBHOCTh MPUMEHSIEMOT0
METOJ]a BOCCTAHOBIICHHS MPOHHIIAEMOCTH TMPOIYKTUBHOTO TOPH30HTA C IPUMEHEHHEM KOMIUIEKCA XHMHYECKUX
peareHToB.

HayuHast HOBH3HA 3aKJIF0YacTCA B TOM, YTO MHHEPAIIOTHIECKUE HCCIIEIOBAHMS COCTaBa KEPHOBOTO MaTepHaja
CBUJIETENIBCTBYET O CIOKHON CTPYKTYpE Py[, BMELIAIOMIMX TOPOJ U YPAaHOBOH MHHEPAIN3AIMU B CJIOXHBIX TOPHO-
T€0JIOTHYECKUX YCIOBHSAX, @ YCTAHOBJIEHHAsl CTPYKTYpa M KOJMYECTBEHHO-KaueCTBEHHBIE ITapaMeTphl 0cakoodpa-
30BaHUI MOATBEPIKIACT BBINIAJICHNE B 0CA/I0K KapOOHATHBIX M TJIMHUCTHIX MUHEPAJIOB B YCIOBUSX CEPHOKH CIOTHON
CKBOXWHOI N00bIuM ypaHa. [IpakTuyeckas 3HAYMMOCTh MCCIECJOBAHMS 3aKIIIOYAETCs B BBICOKON 3((EKTUBHOCTH U
MPUMEHUMOCTH PACCMATPUBAEMOI0 METO/Ia MHTEHCU(HUKAINY CKBRKUHHON NOOBIUM ypaHa HAa y4acTKaxX ¢ HU3KUMHU
GHIbTPALIMOHHBIMU XapaKTePUCTHKAMH.

KuaroueBble ciioBa: MUKpoAnpakiys, peHTreHO()a30Bbli aHaIN3, IPOHUI[AEMOCTb, PereHepallys, BbIleIadn-
BaHUe, ypaH, 0CaAKo00pa3oBaHUeE.

Information about authors:

Rakishev B.R., Doctor of Technical Sciences, Professor, Head of Chair, Academician of National Academy of
Sciences of Kazakhstan, Kazakh National Research Technical University. K.I. Satpayev, Almaty, Kazakhstan;
b.rakishev@mail.ru; https://orcid.org/0000-0001-5445-070X

Mataev M.M., Senior Researcher, Doctor of Chemical Sciences, Professor, High Technologies,
JSC “Kazatomprom”, Almaty, Kazakhstan; mataev_06@mail.ru; https://orcid.org/0000-0002-9057-5443

——218 ——


mailto:b.rakishev@mail.ru
mailto:mataev_06@mail.ru

ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

Kenzhetaev Z.S., PhD doctoral student of the department "Mining", Kazakh National Research Technical
University. K.I. Satpayev, Almaty, Kazakhstan; kzhiger@yahoo.com; https://orcid.org/0000-0003-2009-6655

Shampikova A. PhD doctor, Lecturer, Kazakh National Research Technical University. K.I. Satpayev, Almaty,
Kazakhstan; asel_0889@bk.ru; https://orcid.org/0000-0003-1634-4695

Toktaruly B, PhD doctoral student of the department "Mining”, Kazakh National Research Technical
University. K.I. Satpayev, Almaty, Kazakhstan; b.toktaruly@gmail.com; https://orcid.org/0000-0002-4880-2606

REFERENCES

[1] Rakishev B.R., Bondarenko V.I., Matev M.M., Kenzhetaev Z.S. Influence of chemical reagent complex on
intensification of uranium well extraction // Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. N 6 (2019), 25-30.

[2] Mataev M.M., Rakishev B.R., Kenzhetaev G.S. The impact of ammonium bifluoride complex on colmataging
formations during the process ofin situ uranium leaching // International journal of advanced research. N 5 (2017), 147-154.

[3] Rakishev B.R., Mataev M.M., Kenzhetaev G.S. Issledovanie mineralogicheskogo sostava osadkoobrazovaniiv usloviah
skvazhinnoq dobychi urana // Gornyi informacionnyi-analiticheskiy bulleten. N 7 (2019), 123-131.

[4] Yusupov H.A., Dzhakupov D.A., Bashilova E.S. Povyshenie effektivnosti otrabotki slozhnyh gidrogennyh
mestorozhdenij urana s primeneniem peroksida vodoroda // Gornyj zhurnal Kazahstana. N 2 (2018), 18-21.

[5] Yusupov H.A., Aliev S.B., Dzhakupov D.A., El'zhanov E.A. Primenenie biftorida ammoniya dlya himicheskoj
obrabotki skvazhin pri podzemnom vyshchelachivanii urana // Gornyj zhurnal. N 4 (2017), 57-60.

[6] Khawassek Y.M., Taha M.H., Eliwa A.A. Kinetics of Leaching Process Using Sulfuric Acid for Sella Uranium Ore
Material, South Eastern Desert // Egypt International Journal of Nuclear Energy Science and Engineering. Vol. 6 (2016), 62-73.

[7] Gorbatenko O.A. Remontno-vosstanovitel'nye raboty na geotekhnologicheskih skvazhinah predpriyatij PSV urana:
ucheb. posobie; pod red. YU.V. Demekhova. Almaty: NAK Kazatomprom. (2017), 194.

[8] 8 Molchanov A.A. Povyshenie effektivnosti dobychi urana iz mestorozhdenij gidrogennogo tipa, razrabatyvaemyh
metodom podzemnogo skvazhinnogo vyshchelachivaniya Respubliki Kazahstan (na primere mestorozhdeniya vostochnyj
Mynkuduk). A.A. Molchanov, YU.V. Demekhov. Aktual'nye problemy uranovoj promyshlennosti VII mezhdunar. konf: sb.
nauch. rabot. Almaty: NAK Kazatomprom. (2014), 92-98.

[9] Chen J., Zhao Y., Song Q., Zhou Z., Yang S. Exploration and mining evaluation system and price prediction of uranium
resources // Mining of Mineral Deposits. 12 (1), 2018, 85-94.

[10] Nikitina Yu.G., Poyezzhayev I.P., Myrzabek G.A. Improvement of opening schemes of wellfilds to optimize the cost
of mining uranium // Gornyi Vestnik Uzbekistana. N 1 (2019), 6-11.

—— 219 ——


mailto:kzhiger@yahoo.com
mailto:asel_0889@bk.ru
mailto:b.toktaruly@gmail.com

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 6, Number 444 (2020), 220 — 227 https://doi.org/10.32014/2020.2518-170X.150

UDC 910.3:631.4 (574)

T. K. Salikhov', K. S. Baikov*®, T. S. Salikhova',
M. K. Tynykulov!, N. N. Nurmukhametov', A. S. Salykova*

L. N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan:
“Central Siberian botanical garden SD RAS, Novosibirsk, Russia;
*Siberian State University of Geosystems and Technologies, Novosibirsk, Russia;
*Kazakh National Agrarian University, Almaty, Kazakhstan.

E-mail: tuatai_76@mail.ru; salikhov_tk@enu.kz

THE STUDY OF THE CURRENT STATE OF THE SOIL COVER
OF THE AKSHAT RURAL COUNTY OF WEST KAZAKHSTAN REGION
ON THE BASIS OF GIS TECHNOLOGIES

Abstract. The rational use and protection of soils in market conditions requires adequate application of new
scientific and methodological approaches. One of such systematic-analytical methods of soil cadastre organizations
is a combination of traditional terrestrial methods with technologies of geoinformation systems (GIS) based on
extensive use of satellite images in different resolutions. The aggregate of information necessary for mapping soil
cover patterns and their quantification has been described in GIS databases. Data integration has been realized
through the spatial and attributive component in the form of: the results of topographic and thematic maps. At the
same time, the creation of attributive GIS databases involves the digitization of thematic maps tied into a single
cartographic projection (as a topographic map with a scale of 1: 50 000). As a result of the study, thematic maps and
attributive databases of GIS of soils were formed. As a result of research, based on GIS technology, a digital soil
map of the Akshat rural county of the Chingirlau district of the West Kazakhstan region has been developed using
the ArcGIS software product.

Key words: geoinformation systems, soil cover, soil map, dark chestnut soils, rural county.

Introduction. Soils are an important component of the natural and biological resources of any
country and they determine the socio-economic wealth of the country and greatly affect on the political
relations. Thus, soil is considered as the most important part of the natural environment, characterized by
certain natural (space, vegetation, etc.), socio-economic (means of production, value, etc.), production
(subject, tool and means of production,) characteristics. Complete and reliable information on soils,
including their quantitative and qualitative characteristics, should provide an opportunity for the executive
authorities to make informed decisions on the development of specific territories and the country as a
whole. Therefore, the need for objective and systematized information about the country's soil resources is
constantly growing. The latter necessitates the need to create a fundamentally different system of
accounting, assessment and monitoring of soil resources, different from the management of other types of
material resources.

Rational use and protection of soils in market conditions requires adequate application of new
scientific and methodological approaches. One of such systematic-analytical methods of soil cadastre
organizations is a combination of traditional terrestrial methods with technologies of geoinformation
systems (GIS) based on extensive use of satellite images in different resolutions. This approach underlies
the agrarian geo-information systems of the developed countries of the world [1-3], where soils are the
main subsystem of this information product. The development of scientific research in this area
corresponds to the requirements of the State Program on Forced Industrial and Innovative Development of
the Republic of Kazakhstan and the Program for the Development of Space Activities in the Republic of
Kazakhstan.
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Experimental. The aim of research is to study the soil cover and develop a soil map of the Akshat
(Lubenka) rural county of the Chingirlau district of the West Kazakhstan region on the basis of applying
GIS technologies for solving long-term problems of monitoring land resources and developing the agro-
bioindustry.
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Soil map of Akshat rural district in West Kazakhstan region

Materials and methods. In order to conduct large-scale soil research, it has been adhered to the
relevant guidelines [4,5]. Physico-chemical parameters of soils were studied by conventional methods

—— 221 ——



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

[6-10]. For topographical and geodetic work, paper soil maps of different scale have been applied, ranging
from 1-100 000 to 1:50 000 (for searching and selecting reference areas). The development of a large-
scale soil map using GIS-technologies was carried out on the basis of the ArcGIS software product using
scanned paper maps and aerial photographs.

Results and discussion. In the study area, we carried out soil cover studies based on the geosystemic
approach and new information technologies (figure). In this systematic description, the soil subdivisions
that we encountered in the territory of the Akshat rural county of the Chingirlau district of the West
Kazakhstan region were identified.

Detailed diagnostic indicators have been given for the most common soil varieties within the study
area. Specific morphological genetic features of the soil cover are indicated, based on the available data of
field research and cameral processing. In the study area, dark chestnut soils are formed in the soil cover in
combination with various soil combinations. They are formed in the conditions of the dry steppe zone,
with the non-wash type of water regime, under the haymooth, meadow-grass, herbaceous-fat-grass, black-
wormwood-meadow and meadow-white-wormwood-kokpekovic plant communities, on loesslike loams.

A soil map has been created on the basis of a fragment of a substrate of a soil map and a photographic
plan and has been produced using ArcGIS. While creating the soil map for mapping the soil layer,
attribute tables are used. While creating the same neighboring soil areas and generally with the further
process of creating a soil map, it is needed to use the auto-polygon tool.

Figure illustrates the soil map of the Akshat rural county of the Chingirlau district of the West
Kazakhstan region, which has been created using the above-described technique based on scanned soil
maps.

The aggregate of information necessary for mapping soil cover patterns and their quantification has
been described in GIS databases. Data integration has been realized through the spatial and attributive
component in the form of: the results of topographic and thematic maps. At the same time, the creation of
attributive GIS databases involves the digitization of thematic maps tied into a single cartographic
projection (as a topographic map of scale 1: 25000). As a result of the study, thematic maps and attributive
databases of GIS of soils were formed.

Legend to the soil map of the Akshat rural county

Soil Mechaqigal _
No composmon Soil name
(soil texture)
1 2 3
1 medium loamy dark castanosems medium power
2 light loamy dark castanosems medium power
3 sandy dark castanosems medium power
4 heavy loamy dark castanosems medium power with dark castanosems medium hardy saline low thin 10-30%
5 heavy loamy dark castanosems medium power with meadow-castanosems medium heavy 10-30%
6 medium loamy dark castanosems medium power with solonetz castanosems small 10-30%
7 sandy loam dark castanosems medium power with solonetz castanosems small 10-30%
8 heavy loamy dark castanosems medium power with solonetz castanosems small 30-50%
9 sandy loam dark castanosems medium power with solonetz castanosems small 30-50%
10 light loamy dark castanosems thin
11 sandy loam dark castanosems thin
12 sandy dark castanosems thin
13 light loam dark castanosems thin with dark castanosems weakly-deflated 10-30%
14 sandy loam dark castanosems thin with dark castanosems weakly-deflated 10-30%
15 sandy dark castanosems thin with dark castanosems weakly-deflated 10-30%
16 light loamy dark castanosems thin weakly chasteed with dark castanosems carbonate weakly washed away
weakly debilitated 10-30%
17 sandy dark castanosems thin with dark castanosems under-developed 10-30%
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Table continuation

1 2 3
18 sandy dark castanosems thin with meadow-castanosems medium power 10-30%
19 sandy loam dark castanosems thin with with solonetza castanosems small 10-30%
20 light loam dark castanosems weakly washed away
21 medium loamy dark castanosems weakly washed away with meadow-castanosems medium duty 10-30%
22 light loamy dark castanosems weakly washed away with meadow-castanosems medium power 10-30%
23 sandy loam dark castanosems backlash
24 heavy loamy dark castanosems carbonate medium power
25 medium loamy dark castanosems carbonate medium power
26 light loam dark castanosems carbonate medium power weakly debilitated with dark castanosems weakly
g Y washed away 10-30%
27 medium loam dark castanosems carbonate medium power weakly debilitated with meadow-castanosems
Y medium power 10-30%
28 medium loamy dark castanosems carbonate thin
29 liaht loam dark castanosems carbonate thin weakly debilitated with dark castanosems carbonate weakly
9 y washed away weakly debilitated 10-30%
30 heavy loam dark castanosems carbonate thin weakly debilitated with dark castanosems undeveloped medium
y y protective 10-30%
31 medium loamy dark castanosems carbonate weakly washed away
dark castanosems carbonate weakly washed away with dark castanosems undeveloped weakly
82 | heavyloamy | yehilitated 10-30%
33 sandy loam dark castanosems carbonate weakly washed away with dark castanosems medium washed 10-30%
34 medium loam dark castanosems carbonate weakly washed away with dark castanosems medium washed 10-30%
Y and meadow-castanosems medium washed 10-30%
dark castanosems carbonate weakly washed away with meadow-castanosems medium washed 10-
35 heavy loamy 30%
. dark castanosems carbonate weakly washed away with solonetz castanosems small 10-30% and
36 light loamy )
meadow-castanosems medium power to 10%
37 sandy loam dark castanosems carbonate weakly-deflated with dark castanosems weakly-deflated 10-30%
. dark castanosems carbonate-solonchak weakly washed away with dark castanosems medium
38 medium loamy
washed
39 medium loamy dark castanosems slightly salted medium power
40 light loamy dark castanosems slightly salted medium power
41 sandy loam dark castanosems slightly salted medium power
. dark castanosems slightly salted medium power with dark castanosems solonchak medium power
42 medium loamy
10-30%
43 medium loamy dark castanosems slightly salted medium power with solonetz castanosems small 10-30%
44 sandy loam dark castanosems slightly salted thin with dark castanosems weakly-deflated10-30%
45 medium loamy dark castanosems slightly salted medium power with solonetz castanosems small 10-30%
46 heavy loamy dark castanosems solonchak medium power
47 medium loamy dark castanosems solonchak medium power
48 light loamy dark castanosems solonchak medium power
49 sandy loam dark castanosems solonchak thin with meadow castanosems solonchak 10-30%
50 sandy loam dark castanosems solonchak thin with typical solonchak 10-30%
51 heavy loamy dark castanosems incompletely developed medium protective
52 light loamy dark castanosems incompletely developed weakly debilitated
53 light loam dark castanosems incompletely developed medium protective with dark castanosems
g y underdeveloped medium protective 10-30%
54 heavy loam dark castanosems incompletely developed medium protective with dark castanosems
y y underdeveloped medium protective 30-50%
. dark castanosems incompletely developed weakly debilitated with dark castanosems
55 light loamy

underdeveloped medium protective

—— 223——




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

End of table
1 2 3
56 light loamy dark castanosems underdeveloped medium protective
57 heavy loamy dark castanosems underdeveloped medium protective
58 medium loamy dark castanosems underdeveloped medium protective
59 sandy loam dark castanosems underdeveloped
60 heavy loamy gark castanosems underdeveloped medium protective with dark castanosems incompletely
eveloped 10-30%
61 medium loamy gark castanosems underdeveloped medium protective with dark castanosems incompletely
eveloped 10-30%
62 heavy loamy dark castanosems underdeveloped medium protective with exits solid rocks 10-30%
63 medium loamy castanosems medium power with solonetz castanosems small to 10%
64 medium loamy castanosems medium power with solonetz castanosems small 30-50%
65 heavy loamy meadow-castanosems medium power
66 medium loamy meadow-castanosems medium power
67 sandy meadow-castanosems medium power
68 medium loamy meadow-castanosems mid-solonetz-solonchak
69 light loamy meadow castanosems
70 sandy loam meadow castanosems
71 sandy meadow castanosems
72 sandy loam meadow-castanosems weakly solonetz
73 light loamy meadow-castanosems mid-solonetz-solonchak
74 light loamy meadow-castanosems solonchak
75 heavy loamy meadow-castanosems solonchak
76 medium loamy meadow-castanosems solonchak
77 light loamy meadow-castanosems solonchak
78 light loamy floodplain meadow castanosems solonchak
79 heavy loamy floodplain meadow castanosems solonchak
80 heavy loamy solonetz castanosems small with meadow-castanosems medium power 10-30%
81 sandy loam typical solonchak (salt flats)
82 sandy loam sor solonchaks
83 sandy flat sands fixed with sands ridge-hilly fixed 10-30%
84 sandy ?gg/fands fixed with sands ridge-hilly semi-fixed 10-30% and meadow castanosems solanchak to
85 sandy flat sands fixed with sands ridge-hilly semi-fixed 10-30% and meadow castanosems to 10%
86 sandy flat sands fixed with sands ridge-hilly fixed 10-30% and sands ridge-hilly semi-fixed to 10%
87 sandy sands ridge-hilly fixed
sands ridge-hilly fixed with sands ridge-hilly semi-fixed 10-30%
88 sandy MIECKH TPAI0BO-OyrpUCTHIC 3aKPEIUICHHBIE C TECKAMU TPSIOBO-0yTpUCTEIMU
noy3akperuieHHeIMe 10 10-30%
89 sandy sands ridge-hilly semi-fixed with sands ridge-hilly fixed 30-50%
90 sandy sands ridge-hilly semi-fixed with sands_ ridge-hilly fixed 10-30% and meadow castanosems
strongly solonetz-solonchak (salted-saline) to 10%

Conclusion. Therefore, as a result of conducted studies the mapping of the soil cover has been
carried out using traditional terrestrial methods with geographic information system technologies
(ArcGIS) based on extensive use of satellite images in different resolutions. This has allowed us to
characterize the soil combinations by their belonging to a certain genetic-geometric form, the conditions

of occurrence in the relief, and the quantitative indices.
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In order to improve the quality of generalized maps (regional, provincial and other), it is necessary to
create objective automated methods of generalizing maps in the digital environment.

As a result of our research, we have developed a simple and at the same time practically accessible to
a wide audience of GIS users the methodology for compiling a digital soil map using the ArcGIS software
product. To compile a map, it is possible to use any scanned cartographic basics, photographic plans, and
if there are other raster materials. And as evidence of efficiency, with its help a large-scale soil map of
Chingirlau region of the West Kazakhstan region was created.

T. K. CaJII/lXOBl, K. C. EaﬁKOBZ'3, T. C. Cannxosa®,
M. K. TLIHLIK¥JIOB1, H. H. H¥pM¥XaMeT0B1, A. C. Canbikoa®

LH.T yMuiieB aTbiHnarel Eypasust ynTTeik yHuBepcuteti, Hyp-Cynran, Kazakcran;
%Peceii FputbiM akagemusichl Cibip GomimMmecinin Opransik Cibip Gotanukansik 6arsr, HoBocubupck, Peceit;
3Ci6ip MeMIIeKeTTiK reosyifenepi MeH TexHonorusiap yausepeuteri, HopocuGupck, Pecei;
*Kasax yITTHIK arpapislK yHuBepcuTeTi, AnMarsl, Kasakcran

T'AYXK-TEXHOJIOTUSICBIH KOJJAHY APKbLJIbI BATBIC KA3SAKCTAH OBJILICHI
IIBIHFBIPJIAY AYJAHBI AKIIAT AYBLIJBIK OKPYTI
TONBIPAK KAMBLIFBICBIHBIH KA3IPT'T JKAF IA DI

AnHotanusi. JKyMbIC TONBIpaK KyHapJbUIBIFBIH CaKTay MEH KaKcapTyFa apHaJFaH, OWTKeHI OHBIH >KarIaibl
KEp pecypCTapblH THIMII Maijanany, eHIMAUIIKTI apTThIpy KOHE aybUIIApYallbUIbIFbl JTaHAMA(THIHBIH TOMBIPAK
9KOJIOTHSICHIH JKaKCapTy JKaIIMbl MOCENECIHIH Heriri Oeiiri Ooybim caHamaabl. TOMBIPAKThI 3aMaHayHd Oaranay
MEMJIEKET IIeH KOFaMHBIH JaMybl YIIiH MaHbI3/bl, OUTKEHI TeorpaUsuIblK TapalyIbl €CENKe aly TOMbIPAaK KYHIIbI-
JIBIFBI, YTHIMJIBI TTal/IaNIaHy, CaKTay )KOHE TOIBIPAKTHI MalianaHyabl xKocrapiay Typajbl akiapar oepesi.

HapsIk »arnaiibiHa TONBIPAKThI THIMI MaiiaaHy jkoHe KOpray jKaHa FhUIBIMH-9iCTEMENIK Tociunepai Oapa-
0ap KoJIaHy Il Tajalm eTei. TombIpak KagacTPhIH YABIMIACTHIPY/IBIH OChIHAM KYHeTiK-aHATUTHKAIBIK 9IICTePIHIH
Oipi Typii pYKCaTTarbl a’poOFaphilll CYpeTTepiH KEHIHEH KOJJIaHyFa HEri3JeireH IOCTYpii Kepiaeri omictrepii
reoaknapatTtsIk xyite (I'AX) TexHonorusiapbIMeH yitsiecTipy OOJIBII ecenTeei.

Oky aiiMarbIH/Ia TEOKYHETIK KO3Kapac IMeH jKaHa aKMapaTThIK TEXHOJIOTHS HETI31HEC TOMIBIPAK JKaMBIIFBICHIH
3epTreyai Kyprizmik. by xyiieni cunarramana bateic Kasakcran o6usbicel IbiHFBIpIAY ayaaHbl AKIIAT aybUIIBIK,
OKpYTi ayMarbIHaH 013 TamnkaH TONbIpaK 0eJiMAepi epeKIIeIeHe .

Tonblpak >KaMbUIFBICHI KYPBUIBIMAAPBIH KapTara TYCipy MEH CaHJBIK aHbIKTayFa Ka)KEeTTi aKnapatr >KUbIHTBIFbI
I'AX momimertep 6a3achiHza cunmarranrad. MoniMeTTep/i MHTerpanusuiay KeHICTIKTIK kKoHe aTpuOyTHBTI KOMIIO-
HEHT apKbLIbl TONOTPadUsUIbIK jKOHE TAKBIPBINTHIK KapTa HOTHXKeJIepl TypiHae xKy3ere acbipbuiaabl. CoHbIMEH Oipre
I'AXK-HbIH aTpuOyTHBTI ManiMeTTep 0a3achliH Kypy 0ip KapTorpadusuiblk MpoeKIusMeH OailaHbICKaH TaKbIPBIITHIK
KapTangapabl nudpaasasipyra 6omkam sxacai el (0y1 macirads 1: 50000 Tonorpadusuisik KapTa 00FaH).

Ocpunaiiliia Xypri3iireH 3epTTey HOTHXKECIHAE TYPJi KabaTTarbl adpOFaphILITHIK CYpeTTepAl KEHIHEH KOJIaHy -
Fa HeTI3[eNreH reorpadusiblk aknapaTThik xyie (ArcGIS) TeXHOMOTHsIIAPBIMEH AICTYPIIL JKEP SAICTEPiH KOJIIAaHy
ApKBUIBI TOIBIPAK, KAMBUIFBICBIHBIH KapTachl skacanisl. by Tompipak koMOMHAIMAIAPBIH OeNTisi Gip reHeTHKAaIbIK-
TEOMETPHSUIBIK IiIIiHTe, penbedTe maia 0oy ImapThIHA JKOHE CAHJBIK KOPCETKIITepre KaTKbI3BLIY JKaFJaibiHa
Kapaii cumarrayra MYMKIiHIIK 6epi.

JKympIc HOTIKECiHIE TaKBIPBINTHIK KapTajap koHe 'AXK — TomsIpakThIH aTpuOYyTHBTI MoiMeTTep Oa3acshl
Kypsuiael. 'AXK TexHOMOTHsIIaphl HeTi3iHIe JKYpri3iireH 3eprreyiep HoTmkeciHne ArcGIS OGarmapraManbik eHIM
apksutbl bateic Kazakcran o6msics! HIsIHFRIpIay aynaHsl AKIIAT aybUIIBIK OKPYTiHIH MU(PIBIK TOMBIPAK KapTachl
KacaJIbl.

Tyiiin ce3nep: reorpadusuIbIK aKIapaTTHIK JKylielaep, TOMBIPaK >KaMbUIFBICHI, TOIBIPAK KapTachl, Kapa KOHBIP
TOTIBIPAK, aYBIJIBIK OKPYT.
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COBPEMEHHOE COCTOSIHHUE TIOYBEHHOT O IIOKPOBA
AKIIATCKOI'O CEJIBCKOI'O OKPYT A 3AITATHO-KA3AXCTAHCKOM OBJIACTH
HA OCHOBE NIPUMEHEHUSA T'UC-TEXHOJOT Ui

AHHoTanus. JlaHHas paboTa MOCBSIICHA COXPAHEHHIO M IOBBHIIICHUIO IUIOAOPOIUS MOYB, T.K. €€ COCTOSHHE
SIBISIETCSI OCHOBHOM 4acThi0 0OIIEl Mpo0iIeMbl painoHATILHOTO HCIIOIb30BaHMS 3EMENIBHBIX PECYPCOB, YBEIHMUCHUS
MIPOXYKTUBHOCTH W YIy4IICHHWS IOYBEHHOW 3Kosoruu arposasgmadros. CoBpeMEHHas OIEHKa IOYB SBISICTCS
aKTyaJIbHOH ISl pa3sBUTHS TOCyAapcTBa W o0mIecTBa T.K. oOecneunBaeT HHpopManueil o0 ydere reorpaduaeckoro
pacrpeseneHys, 0 CTOMMOCTH TI0YB, O PallMOHAIbHOM HCIOJIB30BAHUH, 00 OXpaHe U MIIaHUPOBAHUH HCIIOJIb30BAHUS
MIOYB.

ParnonansHOe MCTIONB30BaHWE M OXpaHa II0YB B PBHIHOYHBIX YCIOBHSX TpeOyeT aJeKBaTHOTO NMPUMEHCHHMS
HOBBIX HayYHO-METOANYECKUX MOAX010B. OTHIM M3 TaKUX CUCTEMHO-aHAJUTHYECKUX CIIOCOOOB OpraHU3alny I104-
BEHHOTO KaJacTpa SIBJIAETCS COYCTaHHE TPAAUIMOHHBIX Ha3€MHBIX METOJIOB C TEXHOJOTHSIMH T'€OMH(POPMAIIHOHHBIX
cucreM (I'YIC) Ha 6a3e MMPOKOTO MCHOIB30BAHUS a9POKOCMUYECKIX H300paKEHUH Pa3HOTO pa3peIeHusI.

Ha wuccnemyemoif TeppuTOpMM HaMH TPOBEICHBI HCCIEAOBAHUS IIOYBEHHOTO IIOKPOBA HAa OCHOBE
T€OCHCTEMHOTO IIOAXO0Aa M HOBBIX MH(OPMAIIMOHHBIX TEXHOJOTMH. B HacTosmeM cHCTeMaTH4ecKOM ONHCAHUH
BBIJICTICHBI TTIOYBCHHBIC MOPAa3/eNICHNs, KOTOPBIC OBIIM BCTPEUECHBI HAMH Ha TEPPUTOPHH AKIIATCKOTO CEIBCKOTO
okpyra YnHrHpIayckoro paiiona 3ananHo-KazaxcraHckoit o0macTu.

CoBOKyITHOCTE MH(OPMALMH, HEOOXOIUMOH Al KapTorpadMpoBaHUs CTPYKTYpP IOYBEHHOTO MOKPOBA U HX
KOJINYECTBEHHOW OLIEHKH, ONUchIBaeTcs B 6a3ax naHHbX [ MIC. MHTerpanus qaHHBIX peann3yeTrcs yepes IpocTpaHc-
TBEHHYIO U aTpUOYTHBHYIO COCTaBIIIONLYIO B BHJIE PE3YJIbTaTOB Tonorpaduieckoit u reMmatnaeckux kapt. [Ipu aTom
co3nanue atpuOyTuBHBIX 6a3 maHHbIX ' MIC npennonaraer onudpoBKy TEeMAaTHUECKUX KapT, IPUBS3aHHBIX B €IMHOM
KapTorpauueckol MPOeKIHH (B KadecTBE KOTOPOH CITyKmia Tororpadudeckas kapra macmraba 1:50000).

Takum 00Opa3zoM, B pe3ysbTaTe HPOBEACHHBIX HCCIEJOBAaHWN BBIIOIHEHO KapTOrpadMpOBaHHWE MOYBEHHOTO
MIOKPOBa C TPHUBJICUCHHEM TPAAWUIMOHHBIX HA3eMHBIX METOJOB C TEXHOJOTHUSMH T'€OMH()OPMAIMOHHBIX CHCTEM
(ArcGIS) nHa 6a3e NIMPOKOTO HCIIOIB30BAHMS a9POKOCMHIECKUX N300paKEHUI Pa3HOTO pa3peleHns. ITo MO3BOJIH -
JIO 0XapaKTepU30BaTh NMOYBEHHBbIC KOMOWHALMK 0 UX MPHHAMIECKHOCTH K ONPEICICHHOW T'€HEeTHKO-TeOMeTpHuIec-
KO (hopMe, yCIOBUSIM 3aJIeTaHHs B penbede, KOIMUECTBEHHBIM TIOKa3aTesiM.

B pesynbrare paboTel cOPMHUPOBAHBI TEMAaTHYECKHE KapThl U aTpuOyTuBHBIE 0a3bl AaHHBIX [MIC — mous. B
pesynbTare uccienoBaHnii Ha ocHoBe [ MC-texHonormii paspaborana mudpoBas HMoYBEeHHas KapTa AKIIATCKOTO
CeNbCKOT0 OKpyra YuHrupiiayckoro paiioHa 3amaaHo-KazaxcTaHckol 00s1acTi ¢ TOMOIIBIO IPOIPaMMHOTO TIPOIYK-
ta ArcGIS.

KaioueBble ciioBa: reonH(pOpMaIMOHHBIE CUCTEMBbI, TOYBEHHBIH MTOKPOB, MOYBEHHAs! KapTa, TEMHO-KAIITaHO-
BbIE [TOUBBI, CEJILCKUI OKPYT.
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STUDY OF STABILITY OF A TANK-CONTAINER
WITH A FILLED LIQUID AT LONGITUDINAL OSCILLATIONS

Abstract. The effect of the oscillating fluid on the dynamic stability of the tank-container is studied at different
filling capacities. The main method for studying the dynamic stability of a railway platform with a tank- container in
theoretical calculations is the method of full integration, i.e. all the solutions of the system of differential equations
describing the movement of the tank-container with liquid are found, and from them a conclusion is made on the
stability of the movement. The study of the longitudinal vibrations of the liquid and the tank-container is considered
at various impact speeds and without taking into account the galloping angle. The solution of the system of
differential equations reduces to the solution of the hydrodynamic problem.

Key words: dynamic stability, tank-container, spring kit, acceleration, hydrodynamic force, collision speed.

The problem of determining the effect of an oscillating fluid on the dynamic stability of a partially
filled tank-container is solved by comparing the dynamic stability areas of a full and partially filled tank -
container obtained with the same parameters of the tank-container and the railway platform, types of
disturbances and driving conditions. The longitudinal vibrations of the container with the liquid have a
significant effect on their stability during movement. Consider the longitudinal vibrations of the tank-
container, similar to transverse vibrations. To do this, we introduce the inertial coordinate system (fixed)
OXZ, and the tank-container located in the plane of the unperturbed surface (movable) Ox;z;, connected

to the tank’s surface (see figure 1).
A Z,
d @

— ] :Xl
= = — ”
— ;
K, K L~
IMVVWWWWN
x [
0 < > >)(

Figure 1 — Design diagram of a platform with a tank-container

The fluid motion relative to the moving system O;x;z; will be determined by the function g(t), and
the longitudinal motion of the «container-liquid» system will be determined by the coordinate function-
X(t). Then the problem of hydrodynamics is formulated as follows, it is necessary to find the potential of
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the absolute velocities ¢, (x, z, t) - particles of a liquid in a container moving with a speed - X(t). Since
the progressive movement of the tank-container is investigated, the potential velocity of the absolute
movement will be [1]:

Vo=@ +X([O)x; , 1)

where X- the speed of the tank-container in the longitudinal direction. The function ¢ (x4, z;, t) satisfies
the Laplace equation and the boundary conditions:
e, 0%
ax2 = 0z2

=0, )

G}

29 = 0 - on a wettable surface and

2%¢
on at2

2+ 927") = 0 - on a free surface. (3)
1
The equation of the free surface in the tank-container is written in the form [2]

(00 = ) 4n(®) (3, 0).

Then the solution of equation (2) taking into account the boundary conditions (3) can be represented
as

0 (x1,21,) = T = (0P (61, 71), @

where ¢, (t) - time functions characterizing the movement of the liquid, d - length of the tank-container;
Y, (x4, z,) are the eigenvalues obtained by the Fourier method for ¢,,(t) = cos(wy,t), i.e. when studying
the natural vibrations of a liquid, the eigenvalues are determined by the formula [3]

ch%(zl +R+h)

2 . mn
Yn(x1,21) = vasm —ch%n(Rn+h) - )
Natural frequencies are defined as follows
wi _nm , nmw(m
‘un=?—7th7(zR+h). (6)

We proceed to obtain a system of equations of longitudinal oscillations of the liquid and the tank-
container, taking into account the galloping of the platform. In this case, the potential velocity of the
absolute motion of the liquid particles, determined by the relation (1), will take the form [4]

9o = @+ + (X + 1), (7)

where <p1(2)— is the Zhukovsky potential, whose approximate value is determined by the relation

(n-1n RVm
@ — oy y 4O — g0 (-1)"*18d2 o0 1 S5 — (Zl’“T*h) o @D ®)
2 141 141 141 3 n=1{2n_1)2 Ch(zn;1)n(;ez_ﬁ+h) a 1

where x?, z? — are the coordinates of the center of gravity of the fluid.
To compile the Lagrange equation, we represent the kinetic and potential energy in the form [5]

1 ; oo 1 ; 1 .
T =-mX? +ypX Laz1dnn +5m,yX? + 2y Emada,
1 1 1
1= ZoeX? +2ypg ¥ gn + S0ic1 P(X),

and the dispersion function from vibration dampers in spring sets and from the conventional absorbing
apparatus of the tank-container will be found by the formula [6]

&= %yZenq% + poic| XX|.

The static characteristic F(X) of the absorbing apparatus, taking into account the rigidity of the tank-
container, will take the following values
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0,if alX| <§6;
F(X) ={X[1 + @sign(XX)],6 < X < A; ©)
fX),if a|X| > A;
where
0,at X < A;
fX) _{N+3fc2(X—A) at |X| > A;

A - is the course of the absorbing apparatus, the characteristic of the real absorbing apparatus is shown in
figure 2.

F%)
N
/-A
e
b
o d
A .5 alF———— XA
| a0 6 A
a7
b,
ol

Figure 2 — Static characteristic of an absorbing apparatus

Substituting the potential and kinetic energy ratios, the scattering functions into the Lagrange
equation of the second kind and, after performing some transformations, we obtain a system of differential
equations describing the longitudinal vibrations of the liquid and the tank-container, taking into account
the galloping of the railway platform at various speeds of collisions [7]:

MX + Lym* P+ p Y azn_y Gan-q + F(X) =0,
(I + )Y + Lm™X + p X fon1 Gon—1 + K2 + 2Bl3) — pg ¥ azn—1 Gon-1 =0, (10)
pPB2n-1¥ + %‘7271—1 + pazn-1X + 2621 #L_l('hn—l —pgazn-1Y + pgqon-1 =0,

2n—-1 2n

where [, is the distance from the center of gravity of the «tank-container-liquid» system to the center of
oscillation O; 215 - base of the tank-container; m*- is the compressed mass of the tank-container and
railway platform; I; - moment of inertia of the tank-container relative to the transverse axis of rotation;
I*- is the moment of inertia of the equivalent body; k? = 2x1% — pgtol; — m,gl,.

The hydrodynamic coefficients a,,,_, and §,,_; are the coefficients of series expansion [8]

0

X1 = ) G 0wl = ) B a1, 0,
n=1

n=1

moreover

ap = | x1Pn(x1,0)dx u f, = (‘P1(2)) o Y (xq1,0)dx.

Z1

|

N e NS
|

v~ y|a

Calculating these integrals, we obtain
3
2dz

Arp_1 = m; (11)
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3 3
n-17= (ZTzli(;?zznz (2n§(i§3n3 th (Zn;l)ﬂ (g +) ' (12)
By changing variables in the system of equations (10) gyn—1 = Xon—1025—1M2n—1 WE get [9]
mX + l,m* ) + ¥ fiign_q Xpn_g + F(X) =0,
IY + Lm™ X + 3 851 Man_1X2n-1 + k3P + 2Bl3h — g X Mign_1 Xzpn_1 = 0, (13)

6211—11])' + X + 56277__1 + 282-"__15('2-"__1 - gl/) + w%n_len_l = 0, rmen = 1,2,3, s
The following notation is introduced in these equations:

* . ad en G DT (R 4 1)
I=Il+1;62n_1=Z1+7 o — 1

All coefficients of this system can be calculated and, therefore, it can be integrated. Using
standard programs, all unknowns that are part of the system of equations (13), functions and their
derivatives were obtained. At the same time, the longitudinal force was calculated according to relations
(9) and the coefficient of dynamics kgy, of spring sets according to the formula

acarp+Bay
kdyn = T

. — -~ — 2
y Wan—1 = GHan-1; Mopn—1 = PAzp—1M42n-1Y-

(14)

The resulting force of the hydrodynamic pressure of the liquid on the right bottom X+ and on the
left bottom X% will be equal to:

9 9
x=p ] () s w2 =0 [ (G) ot
*=2 sis )

The magnitude of the hydrodynamic force will be equal to: X, = X! + X2. To calculate the
hydrodynamic pressure of the liquid on the bottom during the collision of the tank-container, hydrostatic
force should be added to the hydrodynamic force [10]

P,=X + X" =X, + ff(po + pgzy)ds.
S +S

Below are some results obtained on the basis of the proposed methodology using standard programs.
Figures 3 and 4 show graphs of the dependence, respectively, of the coefficient of dynamics and
longitudinal force on the speed of collision. The curves correspond to loading cases: 1- one tank-
container; 2- two tank-containers; 3- three tank-containers.

Kayn Ftf

/

0.8 400

0.6 ; / 300 e a3 /

0.4 200 15/

0.2 (1 100 ):?//
— =

8 V,km/h 0 2 4 6

\ AN\

A\\N

0 2 4 6 8 V,km/h

The curves correspond to the load: 1-one tank-container;

2- two tank-containers; 3- three tank-containers
Figure 3 — Graph of the dynamics coefficient
versus impact velocity

The curves correspond to the load: 1- one tank-container;

2- two tank-containers; 3- three tank-containers
Figure 4 — Graph of longitudinal force
versus impact velocity
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As can be seen from figure 3, the dynamic coefficient in the cases of loading two and three tank-
containers is much less for the case of loading one tank-container for all impact speeds. The decrease in
the value of the dynamics coefficient in these cases can be explained by the significantly greater inertia of
these tank-containers, i.e. an increase in p - is the radius of inertia. For the case of loading three tank-
containers, the limit value of the dynamics coefficient is reached at approximately a collision speed of
10 km/h.

Figure 4 shows that the longitudinal force increases with an increase in the collision velocity;
moreover, the longitudinal force in the case of loading two and three tank-containers is higher than in the
case of loading one tank-container. This is explained by the fact that the maximum longitudinal force is
proportional to the square root of the platform mass [2,11] and, therefore, for the same stiffness of the
inter-car connections, a greater longitudinal force will be manifested when a larger tank-container collides.
Figures 5 and 6 show graphs of, respectively, the longitudinal force and hydrodynamic pressure versus the
collision speed during underfilling of the tank-container. The curves correspond to the cases:
1- underfilling 0.3m; 2- underfilling 0.6m; 3- underfilling 0.9m.

2
F tf Ry, kgf/cm

400 0,8
A

300 // 0,6

200 ——+— ré 0,4 /

0,2 s

AW

N\

100 e
Pl
0 2 4 6 8 V,kmh 0 2 4 6 8 Vkmh
The curves correspond to: 1 - underfilling 0.3 m; The curves correspond to: 1 - underfilling 0.3 m;
2- underfilling 0.6m; 3- underfilling 0.9m 2- underfilling 0.6m; 3- underfilling 0.9m
Figure 5 — Graph of the longitudinal force versus collision Figure 6 — Graph of hydrodynamic pressure versus collision
speed during underfilling of the tank-container speed during underfilling of the tank- container

From the analysis of graphs 5 and 6 it is seen that the longitudinal force and hydrodynamic pressure
of the liquid on the bottom of the container with an increase in the impact velocity increase at the same
level of filling with liquid. With an increase in underfilling at the same collision velocity, the
hydrodynamic pressure of the liquid increases. It should be noted that the effect of the oscillating fluid on
the maximum longitudinal forces of the tank-container is less affected than the hydrodynamic pressure of
the fluid in the bottom.

Conclusions: The dynamic coefficient in cases of loading two and three tank-containers is much less
than in comparison with the case of loading one tank-container for all impact speeds. The decrease in the
value of the dynamics coefficient in these cases can be explained by the significantly greater inertia of
these tank-containers, i.e. an increase in p- is the radius of inertia.

Longitudinal force increases with an increase in collision velocity; moreover, the longitudinal force in
cases of loading two and three tank-containers is higher than in comparison with the case of loading one
tank-container. The longitudinal force and hydrodynamic pressure of the liquid on the bottom of the
container with increasing collision velocity increase at the same level of filling with liquid. With an
increase in underfilling at the same collision velocity, the hydrodynamic pressure of the liquid increases.
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B.T. COJIOHeHKOl, H. M. MaXMeTOBal, B. A. HHKOJIaeBZ, M. SI. KBamann®,
H. C. Bonz[apl,l, K. K. Jl:xongacosa®, M. M. AJII/[MKyJIOBl

M. TeinbiGacs atsinaars Kasak kemTik xoHe KOMMYHHKALISUIAP akageMuschl, AnMarsl, Kasakcram;
2OMOBI MEMITEKETTIK X0 KaThIHACH! YHEBepcHTeTi, OMGEI, Peceii

BOMWJIBIK TEPBEJIIC BAPBICBIHJIA CYHABIKITEH TOJITHIPBLIIFAH
TAHK-KOHTEHHEPIIH TYPAKTBLIBIFBIH 3EPTTEY

AnHoranus. TepOenMerni CYHBIKTHIKTBIH TaHK-KOHTEHHEPIIH TUHAMUKAJIBIK TYPAKTBUIBIFBIHA TYPJI IeHreiine
TONTHIPY OapbICHIHIAFB! acepi 3eprreieni. TeopHusIbIK ecenTeyie TaHK-KOHTelHepi 0ap TeMmipxoul riaTdopmMachl-
HBIH JTUHAMUKAJBIK TYPAKTBUIBIFBIH 36PTTEY/IiH HET13T1 9J[iCi — TOJBIK MHTErpaIHsUIay dJIiCl, SIFHU 1IIHAC CYHBIKTBIK
0ap TaHK-KOHTEHHEp KO3FAIBICBIH CHUMATTAUTHIH ANGPEPEHINATIBIK TEHACYIep KYHeciHIH OapiblK MIenriMi
AHBIKTAJJIbl JKOHE COJ1 OOWBIHINA KO3FAJIbIC TYPAKTBUIBIFBI TYpajbl KOPBITHIHABI kacaiabl. CYHBIKTBIK TEH TaHK-
KOHTEHHEePiIH OOMIBIK TepOesicTepiH 3epTTey TYPIli COKTBHIFBICY KbUIAAM/IBIFbIH/IA KAPACTHIPbLIA/IBI.

Kosranmaran 6oc Oertin O;X;Z; Ka3bIKTHIFBIHIA OpHAaNacKaH, MHepIsubIKk OXZ jKoHe TaHK-KOHTeiHepre
OalTaHBICTBI €Ki KOOPIUHATANBIK JKYHeHi eHrizemi3. CYHBIKTHIK TIEH TaHK-KOHTCHHEpPIiH OOWIBIK TepOemicrepi
cepmiyic OYpBIMTHI €CKepyci3 KapacThIpaibl, SFHM KO3FaJaThIH KOOpPJMHATanap >KYHEeciHe KaTBICTBI CYHBIKTHIK
KO3FanmbIChl ((t) (YHKIHMACBIMEH, aix OOMNBIK TepOermic «KOHTeHHEep-CYWBIKTHIK» IKYHECiHIH KO3FambIChl X(t)
KOOpAWHAT (YHKIHUACH TYpiHIE KapacTeIpburansl. lllemiM ruapoanHaMHUKAIBIK €CeMNTi MICNIyTe CEeNTiriH TUTi3en,
srau X (t) KbULIAMIBIKTIEH KO3FAAThIH KOHTeHHEep/IeTi CYHBIKTHIKTEIH a0COMIOTT KBUTIAMIBIFBIH TAOYBIMBI3 KajkKeT.

Temipikon raTGopMackIHbIH CEPIITYiH €CKepe OTBIPBII, CYHBIKTHIK IE€H TaHK-KOHTeHHepAiH OOMiIbIK TepOe-
nicrepiHid quddepeHInanabK TeHAeyIep )KYHecl COKTBIFBICY KbUIAAMABIFBIH €CKEPEe OTBIPHIIN, 2-11i perTi Jlarpamxk
TeHJIeyl Heri3iHzae anbIHAbL. 2-11i peTTi Jlarpamk TeHaeyiH Kypy YIIiH KMHETHKAIIBIK JKOHE MOTEHIHAIIBIK YHEPIHs,
cepimmeni AipUTASTKII KOHIBIPFBUIAPAH KOHE TaHK-KOHTCHHEPIHIH OIeTTEri CiHipy ammapaTTapblHaH IIalIbIpay
(YHKIHACH! €CETITEIN/Ti.

CrannmapTTsl OarmapiaaMaiapAbl KOJNJaHa OTHIPHIN, nuddepeHInanabK TeHaeyIep KyieciHe KipeTiH OapibIK
Oenriciz MoniMeT, (GYHKIHS JKOHE ONApIBIH TYBIHABUIAPH! anblHABl. COHBIMEH KaTap Cepilmelli KUBIHTHIKTAP.IBIH
OOMITBIK KYIIIi MEH TUHAMUKA KO3()(MUIIUCHTI ecenTeNi.

Canzplk ToXIpHOesiep YChIHBUIFAH 9JIiC HETI3iH/Ae CTaHJapTThl OaraapiaManap/bl KOJIJIaHy Heri3iHjie >Kypri-
3iaai. CaHAbIK TOKIpUOE HOTHIKENIepl COKTBHIFBICY JKbUIIAM/IBIKTAPbIHAH JUHAMHUKA KOY(D(GUIMEHTI, OOMIIBIK )KOHE
THIPOAMHAMUKAIBIK KYIITEP TOYENIUTIK rpaduri TYpiHae KenTipiiareH.

Exi xoHE Yyl TaHK-KOHTCHHEPIH THEy Ke3iHae nuHaMuka Ko3()(UIMeHTI 0apiblK COKTBIFBICY KbLIIAM/IbIFbI
yuriH Oip TaHK-KOHTEHHEpIH THEYMEH CallbICThIpFaHnia, eloyip a3. bys xarnmaiina nuHamuk koddduIUeHTIHIH
TOMEHJICY JKaF/IaiiblH OChl TAHK-KOHTEHHEP MHEPLUSCHI, SIFHU P-MHEPIHs PaJNyChIHBIH €/19Yyip )KOFapbliay CHIIAThI-
MeH TYCIHipyTe 00JaIbl.

BOMIbBIK KYII COKTBIFBICY JKBUIAAMIBIFBIHBIH JKOFApbUIAybl HETi31HIE apTajbl, IETCHMEH €Ki jKoHe YII TaHK-
KOHTEWHEpiH THey Ke3iHme OOWIBIK KYIITiH MOHI, Oip TaHK-KOHTEHHEPIH THEYMEH CajbICTHIpFaHIa YIKEH KeJemi.
COKTBIFBICY KBUIIAM/IBIFBIHBIH JKOFapbUIaybl apKbUIBI KOHTEIHEp TYOIHJeT] CYHBIKTBIH OOMIBIK KYIII MEH THAPOAN-
HaMUKJIBIK KBICHIMBI CYHBIKTHIKIIEH TONTHIPY Oip JIEHreWre >KeTKeHAe apTajbl. bipaeld COKTBIFBICY JKbIIIaMIbI-
FBIMEH KYHBUIBII, a3 TOJNTHIPBIIFaH/a CYHBIKTHIKTHIH THIPOJMHAMHKAIBIK KBICBIMBI apTaIbl.

Tyiiin ce3mep: NMHAMHKANIBIK OPHBIKTHUIBIK, TAHK-KOHTEHHEP, PECCOPIIBIK )KUHAK, YICY, THIPOJHHAMHUKAIBIK
KYILI, COKTBIFBICY KBUIIAM/IBIFBI.

B. T. Cosonenko’, H. M. MaxmeroBa’, B. A. Huxonaes?, M. 5I. Kpamuun',
n. C. Bonuapbl, K. K. llmo.mlaconal, M. M. AJ‘ll/lMKyJ'IOBl

'Kasaxckas aKaJieMus TpaHCIIOpTa U KOMMYHUKaluuid uM. M. Trinblimmnaesa, AnMarel, Kazaxcran;
2Omckuit TOCY/IapCTBEHHBIH YHUBEpCUTET MyTer coobmienus, Omck, Poccust

HCCJIENJOBAHUE YCTOMYUBOCTU TAHKA-KOHTEMHEPA
3ATTIOJTHEHHOM KUAKOCTBIO ITPU MPOJOJIBHBIX KOJIEBAHUAX

AHHOTauusA. V3ydaeTcs BIUsSHUE KOJCOIIOMEHCS KUIKOCTH Ha TUHAMUYECKYIO YCTOHYMBOCTh TaHKa-KOHTEH-
Hepa MpHU Pa3IuIHON 3aMOJHAEMOCTH eMKOCTH. OCHOBHBIM METOJIOM HCCIIEIOBAHUS JUHAMHYECKOH yCTOMUHNBOCTH
JKEJIE3HOJJOPOKHON TUTATHOPMBI ¢ TAHKOM-KOHTEHHEPOM TIPH TEOPETHUYECKUX pacdeTax SBISIETCS METOH TOJHOU
WHTETPAIUH, T.C. HAXOIATCS BCE PEIICHHS CHUCTEMBI MU(QepeHINaANbHBIX yYPaBHEHNH, ONMHICHIBAIOIINX IBIDKCHHE
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TaHKa-KOHTEWHepa C XHMIKOCTHIO, U 10 HUM BBIJAETCsl 3aKIIOYCHUE 00 yCTOHYMBOCTH JABWXKeHMs. VccienoBanue
MIPOJIOBHBIX KOJIeOAHHUH JKUIKOCTH U TaHKa-KOHTEHHEpa pacCMaTpUBAETCs IIPU PA3INYHBIX CKOPOCTSX COYIapeHusI.

BBenem nBe cucTeMbl KOOpAuHAT: HHEPUMOHHYI0 OXZ ¥ CBS3aHHYIO C TAHKOM-KOHTEHHEPOM, HaXOSIIYIOCS B
IUIOCKOCTH HEBO3MYIIIEHHOI cBOOOMIHOM noBepxHocTH O1x;Z;. PaccMaTpuBaroTcst IpoosbHble KOoJeOaHUs! KHUIKOC-
TH M TaHKa-KOHTeWHepa 0e3 ydeTa yriia raJuloNHupOBaHUs, T.e. JBH)KEHHE >KUAKOCTH OTHOCHTEIHHO ITOJIBHXKHOM
CHCTeMBI KOOPIHMHAT paccMarpuBaercst GyHkueit ((t), a mpogosbHOe KoeOaHue ABIKCHAE CHCTEMBI «KOHTEIHEp-
KUIKOCTh» B BHAe GyHKimH KoopauHatsl X(t). PemieHne CBOAWTCS K PELICHUIO 3aaddl THIAPOJMHAMHKH, T.C.
HAaXOJKIEHHIO aBCOMOTHOMH CKOPOCTel KHIKOCTH B eMKOCTH KOHTEHHepa, IBIKyIIeiicsa co ckopocThio X (t).

Cucrema auddepeHInaIbHbIX ypaBHEHHH POAOJIBHBIX KOJIEOaHUH )KUAKOCTH U TaHKa-KOHTEHHEpa C y4eToM
raJOIMPOBaHMUS KEJIE3HOJOPOKHON IUIaT(GOPMBI MOJy4eHa Ha OCHOBe ypaBHeHus Jlarpamxka 2-To poja ¢ y4eToM
ckopocTu coynapeHus. s cocraBieHus ypaBHeHHs JlarpaHka 2-ro poja OBLIM BBIUUCIIEHBI KMHETHYECKas U
MOTeHLMAJbHAs SHEeprusi, (QyHKIUS pacceMBaHUs OT TacUTeNell KoJe0aHWH B PECCOPHBIX KOMIUIEKTaX M OT
YCIIOBHOTO NTOTJIOIIAOMIETO arapara TaHKa-KOHTEHHepa.

C ucnonap30BaHNEM CTAHAAPTHBIX IPOTpaMM OBUTH MOTYYEHBI BCE HEM3BECTHBIE, BXOAAIINE B cucTeMy nudde-
PCHIMAIBHBIX ypaBHEHUH, (QYHKIUH M WX NMpou3BoAHbIC. OJHOBPEMEHHO OBUIM BBIYMCICHBI NPOJONBHAS CHIa U
K03(h(UIMEHT TMHAMUYECKOI ITeperpy3KH PECCOPHBIX KOMILIIEKTOB.

Boutn mpoBeneHBI YHCIIEHHBIE SKCIIEPUMEHTHl HAa OCHOBE IPEUIOKCHHONW METOAMKH C HCIOJIb30BAHUEM
CTaHAAPTHBIX NMPOTPaMM. Pe3ysbTaThl YMCIEHHBIX SKCIEPUMEHTOB IIPEICTABICHBI B BH/E Ipa(uKoB 3aBHCUMOCTEH,
COOTBETCTBEHHO, KO QHUIHEHTa AMHAMUKH, IPOJIOJIBHON U THAPOAMHAMUYECKON CHIIBI OT CKOPOCTH COYIapeHusl.

Koa¢ppuumeHT nuHaMuKK B Cily4asx 3arpy3KH JBYX U TPEeX TaHKOB-KOHTEHHEPOB 3HAYMTENHHO MEHBILE, YeM
[0 CPAaBHEHHIO CIIy4aeM 3arpy3Kd OJHOTO TaHKa-KOHTEIHepa A7 BCeX CKOPOCTEeH coyJapeHus. Y MEHbIIIEHHE 3Haye-
HuUs KOS(I)(l)I/IHI/IeHTa JAMHAMHUKHA B OAaHHBIX ClIydasiX MOXKHO O61)$[CHI/ITI) 3HAYUTCIIBHO 60HLIHGI>1 NHEPIUOHHOCTBIO
9TUX TAHKOB-KOHTEUHEPOB, T.€. YBEIIMUEHUEM P - painyca UHEPLUH.

IIpomonbHas cuima pacTeT C yBEIMYEHHEM CKOPOCTH COYAAPEHHS; NMPHYEM 3HAYEHHE NPOJOJIBHOMN CHIBI B
CiTy4asix 3arpy3KH JIByX M TPeX TaHKOB-KOHTEHHEPOB OOJIbIIE, YeM IO CPABHEHHIO CITy4aeM 3arpy3Kd OZHOTO TaHKa-
KoHTeHHepa. [IpomonbHas cuila ¥ THAPOANHAMUYECKOE aBICHHUE XHUIKOCTH Ha JAHUIIEC KOHTEHHEpa C YBEIHUCHHUEM
CKOPOCTH COYIApeHMsl yBEIMUYHMBAIOTCA IIPU OJHOM M TOM K€ YPOBHE 3allOJHEHUS JKUAKOCTBIO. [Ipu yBemmueHnn
HEJI0MBa TIPH OJHOM M TOM ’k€ CKOPOCTH COYJapeHuUs THIPOANHAMUYECKOE JaBICHUE KUIKOCTH YBEININBACTCS.

KaroueBble cjioBa: anHaMU4YEcKas YCTOMYMBOCTh, TaHK-KOHTEHHEP, PECCOPHBIN KOMIUIEKT, YCKOpEHHE,
THAPOJMHAMUYECKAs CUJIa, CKOPOCTh COYapEHUs..
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RECOMMENDATIONS ON THE DEVELOPMENT
OF PROBABILITY MAPS OF SEISMIC ZONING OF THE TERRITORY
OF KAZAKHSTAN BASED ON MODERN METHODOLOGY

Abstract. Minimization of fatalities, material damage, and socio-economic destruction due to earthquakes
depends on reliable estimates of seismic hazard. The paper presents the methodological foundations of seismic
hazard assessment developed for Kazakhstan, the basic requirements and the list of work required to carry out
seismic zoning of territories at different scale levels — general, detailed and microzoning. They were tested during the
creation of Maps of General Seismic Zoning of the Territory of Kazakhstan, which were included in regulatory
documents in 2017 and Maps of Seismic Microzoning of Almaty on a new methodological basis. A new approach to
seismic hazard assessment is based on a methodology that complies with the main provisions of Eurocode 8 “Design
of structures for earthquake resistance”, meets the needs of earthquake-resistant design and construction, is
probabilistic and allows to assess seismic hazard not only in seismic intensity according to MSK-64(K) scale
common for Kazakhstan, but also in quantitative parameters — peak ground accelerations. For each type of seismic
zoning, general objectives are defined that can be solved with consideration of the scale of developed maps.

Key words: earthquake recurrence law, economic development planning, ground properties, geophysical studies.

Introduction. In the Republic of Kazakhstan, earthquakes are one of the natural disasters that pose a
threat to the security of the population and the economic potential of the country. Over 30% of the
country's territory is seismically active. About 6 million people live on it, over 40% of the industrial
potential is concentrated, and more than 400 cities and towns are located on it. Damage can be caused not
only by the force of earthquakes, but also as a result of an underestimation of the seismic hazard
assessment in the development of feasibility studies and the selection of sites for the construction of large
facilities (plants, hydrotechnical, and energy facilities). It is impossible to prevent earthquakes, but their
devastating consequences and the number of human casualties can be reduced by creating reliable seismic
zoning maps, applying adequate standards for earthquake-resistant construction and pursuing a long-term
policy in seismically active areas based on raising the awareness of the population and federal bodies on
the threat of earthquakes and ability to resist the underground forces of nature.

With the implementation of new maps of the general seismic zoning of the territory of the Republic
of Kazakhstan as part of the Code of Rules of the Republic of Kazakhstan 2.03-30-2017 “Construction in
seismic zones” [1], a transition was made to seismic zoning that meets the scientific and methodological
foundations of Eurocode 8 “Design of structures for earthquake resistance” [2], which was harmonized
with modern principles of regionalization in countries within the zones of the Eurasian Economic and
Customs Unions. The new approach meets the needs of earthquake-resistant design, since it is
probabilistic and allows to assess seismic hazard not only in MSK-64(K) seismic intensity scales, which
are conventionally used in Kazakhstan [3], but also directly in quantitative parameters — peak ground
accelerations.
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The main concepts associated with the socio-economic consequences of earthquakes are as follows:

— Seismic zoning — mapping of the potential seismic hazard of a territory, performed to determine the
probable intensity of seismic impacts for a selected time interval. Seismic effects are expressed in terms of
a macroseismic scale of seismic intensity, amplitudes of ground vibrations, or other characteristics used in
the design of buildings and structures.

— Seismic hazard — the occurrence probability (exceeding/non-exceeding) of a seismic effect of a
certain magnitude on a given area within a given time interval.

The practical implementation of the seismic hazard assessment of the territory of the Republic of
Kazakhstan is carried out by developing maps of seismic zoning of various details, the need for which
arises in connection with the development of the national economy and construction.

Materials and methods. When developing seismic zoning maps, stock materials and instrumental
observation data are mainly used (of Institute of Seismology, Seismological Experimental and Methodical
Expedition, Committee for Geology and Mineral Protection of the Republic of Kazakhstan, and other
organizations). An exception is the seismic hazard assessment of critical facilities, such as nuclear power
plants, which, according to the IAEA requirements, is carried out on special projects with the necessary
amount of field research.

The main purpose of all types of probability maps of seismic zoning and seismic hazard assessment is
to determine the probable intensity of seismic impacts for selected time intervals. The methodology for the
probabilistic assessment of seismic hazard used in the development of GSZ maps of the Republic of
Kazakhstan on a new methodological basis [4-7], included in the Code of Rules of the Republic of
Kazakhstan 2.03-30-2017 “Construction in seismic zones” [1], includes both domestic developments in
identifying, parameterizing the zones of possible epicenters of earthquakes and consideration of their
influence on the seismic hazard of the territory [8-13], and the advantages of the western engineering
approach [2]. It is based on materials studying the structure of the earth's crust and lithosphere, modern
geodynamics, regional seismicity, seismotectonics, and engineering seismology. The conceptual basis
constitutes modern ideas about the maximum magnitude of the probable magnitude of earthquakes,
conditioned upon the structural and dynamic unity of the geophysical environment and the seismic
processes developing in it, and as a result, the size, strength properties, and intensity of the interaction of
geoblocks [10].

The adopted methodological approach defines the following general tasks of seismic hazard
assessment, which are described in detail in the works [6-14]:

— Seismotectonic and geological-geophysical studies, which include the study of active faults and the
assessment of their parameters; the construction of a seismotectonic model of the region, and on its basis,
the identification of probable earthquake zones and zones of diffuse seismicity; determination of their
seismic potential, depth, and mechanism of sources of expected earthquakes [11-15];

— Seismological studies, which include the development of a consolidated catalogue of earthquakes,
local seismological observations, assessment of the parameters of the seismic setting, the establishment of
a model of seismic setting (earthquake recurrence law) [6,11,13,14].

— Calculation of forecast assessing in intensities of a macroseismic scale and quantitative parameters
(peak ground accelerations, etc.). Determination of the dependences of these parameters on the
characteristics of the seismic source (magnitude, distance, source mechanism, direction of the rupture,
type of ground conditions), the path travelled by seismic waves, as well as local ground conditions at the
observation site based on world and regional data. These patterns (attenuation dependencies) are used to
predict seismic effects on maps of seismic zoning of different detail [6,11].

— Compilation of an uncertainty model based on a logic tree [16] to factor in the spread and
incompleteness of data on the size, position, recurrence, and impact of earthquakes.

— The calculation of the probabilistic assessment of seismic hazard with the use of computer software
such as SEISRISK I11 [17], M3C [18], etc.

— Compilation of seismic zoning maps of a given scale using GIS technologies based on the results of
a hazard assessment. According to the Code of Rules of the Republic of Kazakhstan 2.03-30-2017, maps
should reflect the 10% and 2% probability in 50 years of a possible, which corresponds to the average
time intervals of 475 and 2,475 years between earthquakes with the estimated intensity.
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Upon developing seismic zoning maps, mainly stock materials are used (of Institute of Seismology,
Seismological Experimental and Methodical Expedition, Committee of Geology and Mineral Protection of
the Republic of Kazakhstan, and other organizations). An exception is the assessment of seismic hazard
for critical facilities, such as nuclear power plants, which, according to the IAEA requirements, is carried
out following the special projects with the necessary amount of field research. Generalization of data on
the seismicity of regions [9,11,13,19,20] includes the following steps:

— determination of seismic parameters for different regions is based on the law of earthquake
recurrence;

— guantitative assessment of seismicity is carried out by compiling maps of the spatial distribution of
seismic activity, the density of earthquake epicentres, the type of seismotectonic deformation, the angle of
the slope of the repeatability graph, the specific power of seismic energy sources, the thickness (power) of
the seismically active layer, etc.

Development of geological and geophysical substantiation of seismotectonic models of zones of
occurrence of earthquake sources (seismogenic zones) [5,9,12,14,21-23] includes the following steps:

— the structure of the consolidated foundation with the allocation of the main structural-material
complexes and the most important structure-forming faults [24];

— the structure of the platform cover (if any), including material complexes, structural forms and
faults [25];

— recent tectonics (Late Oligocene-Holocene), including the interpretation of the latest tectonic
structures (morphostructures), the intensity of neotectonic movements, the latest active faults [12,26,27], a
possible manifestation of paleoseismic dislocations [28,29].

Development of seismotectonic models of zones of occurrence of earthquake sources (seismogenic
zones) [14]. Regional and local seismotectonic models are compiled:

— The regional model should cover the region within which earthquake sources and potential
seismogenic structures are located, which have a seismic effect to the intensity of 5 on the MSK-64(K)
scale on the mapped territory. The regional model includes showing the types of the earth’s crust
responsible for the position of the depths of the centres of earthquakes, and the potential seismogenic
zones of the domain and/or lineament-fault types. The scale of the cartographic regional model is
determined by the size of the territory within 1:5,000,000-1:2,500,000.

— The local seismotectonic model includes real and potential seismic zones within the mapped
territory and is performed on the scale of the main map of seismic zoning.

Generalization of engineering and seismological data, development of macroseismic field equations
and models for predicting earthquakes (attenuation models) for different regions is carried out using
macroseismic materials from territories with different tectonic and geotechnical conditions [9] and
instrumental observation data [6,30]:

1. When assessing impacts in intensities, the following steps are envisaged [11]: Mapping of isoseists
of strong earthquakes that have a seismic effect on the investigated area. The study of the patterns of
attenuation of the intensity of shaking depending on the magnitude, distance, azimuth of the wave and
geological features of the environment. Determination of the parameters of earthquake sources for which
instrumental data are not available (formulas are used both with one attenuation parameter and with
separate consideration of the discrepancy and absorption factors). Establishment of relationships
connecting the main parameters of seismic effects with the characteristics of the sources and the
environment, using the available world and regional dependencies that describe the relationship between
the parameters of ground vibrations and unconditionally established factors affecting them (magnitude,
distance). Attenuation coefficients are determined separately for the near and far zones, with and without
consideration of the size of the source, along and across geological structures [11].

2. To assess the effects in quantitative parameters with a lack of observed data in the required range
of magnitudes and distances (especially in low- and mid-seismic regions), those predicted attenuation
relations can be used, which are selected from the ones used in world practice based on a specially
conducted study. Dependences are selected according to criteria adopted in modern world practice, and
minimal sets of models for predicting earthquakes (3-5 models each) are formed for each of the
established seismotectonic regimes. This approach allows to consider the uncertainties caused by the lack
of data for regional models. The main criteria for preliminary selection are the reliability of the model, the
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ability to predict the entire range of magnitude-distance-periods of interest, and the use of parameters
applied in modern international practice. The functional form of the models should have the desired
features, including saturation with magnitude, the dependence of the distance on magnitude, and members
imitating the effects of inelastic damping. Models showing different trends are applied to adequately
represent the uncertainties if they are sufficiently backed up by data. For different seismotectonic regimes,
additional criteria for the selection of forecast models associated with the methods and features of their
preparation are applied. Available regional data are used to test selected global models [6].

Establishment of seismic setting parameters. Upon GSZ, seismogenic zones with My, = 5-6, are
considered, and upon DSZ, zones with M. < 5.0 are investigated, depending on the detail of work and
the category of objects [6,9,11,13].

The following stages are envisaged:

— compilation of a unified cumulative recurrence schedule of earthquakes with consideration of their
representativeness for each seismogenic zone;

— determination of the average annual rate of earthquakes and the probability of their occurrence for
each magnitude interval;

— assessment of the recurrence period of historical destructive earthquakes;

— assessment of the level of seismic activity, normalized by time and area for the reference
magnitude;

— determination of the average minimum and maximum depths of the hypocenter of earthquakes,
including the estimated depth of the geometric centres of earthquakes with M > 7.0;

— the establishment of geometric parameters (strike azimuth, dip angle) and the type of prevailing
movements;

— upon calculation of seismic effects in quantitative parameters (accelerations, spectral accelerations)
with the use of world forecasting models, regime parameters are determined for the case of moment
magnitude Mw.

Determination of seismic effects according to regional and local seismotectonic models:

— Seismic effects are calculated according to the developed regional and local seismotectonic models
both in MSK-64(K) scale common and in the form of quantitative assessments of seismic vibrations.

— Upon a probabilistic assessment, the calculated intensity is shown with average repeatability at a
given point [6,11,13,17,18]. A set of maps is developed both in MSK64(K) intensities and in the form of
guantitative assessments of seismic vibrations, with a pr probability of exceeding of 10%, 2% over the
next 50 years. SR-475 maps are used for ordinary industrial and civil construction, SR-2,475 — for the
construction of critical facilities.

— If necessary, the DSZ maps highlight the places of increased probability of the occurrence of
destructive (strong) earthquakes in the next 10 years according to long-term earthquake prediction
methods.

Compiling of maps and explanatory note. The set of GSZ maps includes 5 maps on a scale of
1:2,500,000:

— map of seismogenic zones of the territory of Kazakhstan (seismotectonic model), differentiated by
the expected maximum energy of possible earthquakes (Mmay);

— two maps describing the seismic hazard of the territory in values of geometric mean peak
accelerations (in g units) of rock and rock-like ground vibrations at two levels of occurrence probability
and possible excess of the seismic effect at 10% and 2% over 50-year time intervals;

— two maps describing the seismic hazard of the territory with macroseismic intensities according to
the Code of Rules of the Republic of Kazakhstan 2.03-28-2004 “Scale for assessing the intensity of
earthquakes MSK-64(K)” at two levels of occurrence probability and possible excess of the seismic effect:
10% and 2% for 50-year time intervals.

The set of DSZ maps includes 5 maps on a scale of 1:1,000,000:

— map of seismogenic zones of the territory (seismotectonic model), differentiated according to the
expected maximum energy of possible earthquakes (Myax);

— two maps describing the seismic hazard of the territory in values of geometric mean peak
accelerations (in g units) of rock and rock-like ground vibrations at two levels of occurrence probability
and possible excess of the seismic effect: 10% and 2% over 50-year time intervals;
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— two maps describing the seismic hazard of the territory with macroseismic intensities according to
the Code of Rules of the Republic of Kazakhstan 2.03-28-2004 “Scale for assessing the intensity of
earthquakes MSK-64(K)” at two levels of occurrence probability and possible excess of the seismic effect:
10% and 2% for 50-year time intervals. All cartographic materials are accompanied by map symbols and
explanatory text, comprehensively explaining their contents.

Review and approval procedure:

— Upon completion of work, a set of Seismic Zoning Maps (GSZ, DSZ) and an Explanatory Note to
them shall be subject to review and approval by the Scientific Council of the Institute of Seismology.

— Completion Statement, submitted by the Institute of Seismology and a set of Maps (GSZ, DSZ)
shall be subject to review and approval by the authorized body of the Customer (Committee of Science of
the Ministry of Education and Science of the Republic of Kazakhstan).

— An edition of the Seismic Zoning Maps (GSZ, DSZ) received by the Customer shall be subject to
approval by the National Scientific Council of the Republic of Kazakhstan.

— The materials are transferred to the Ministry of Industry and Infrastructure Development of the
Republic of Kazakhstan (MIID RK). Organization of work on the development of technical regulations
and national standards, including the formation and maintenance of a list of regulations and technical
guidance documents in the field of architecture, urban planning, and construction activities constitute the
main function of the Committee on Construction, Housing and Utilities of the MIIR RK (paragraphs 21,
47, 51 of the Regulation on the Republican Public Institution “Committee on Construction and Housing
and Utilities” of the MIIIR RK).

— Sets of GSZ and DSZ Maps, which constitute the basis for the development of State regulations in
the field of architecture, urban planning, and construction of the Code of Rules of the Republic of
Kazakhstan 2.03-30-2017 [1] shall be transferred to KazNIISA (a subordinate organization of the
Committee Construction and Housing and Utilities of the MIIIR RK). The Institute of Seismology, as a
developer of the scientific and methodological base for the development of the Code of Rules of the
Republic of Kazakhstan, provides AO KazNIISA with the necessary consultations.

Results and discussion. Seismic hazard assessment is the first link in seismic forecasting. It is
understood as the determination of regional seismic-generative zones, the determination of their seismic
potential and the spatiotemporal patterns of the occurrence of earthquakes in them, the establishment of
possible seismic effects, both in assessing in intensities and in maximum accelerations and rates of ground
vibrations. Depending on the tasks, object, and scope of the research, seismic zoning can be general
(GSZ), detailed (DSZ) and micro (SMZ). The work offers methodological provisions for the
implementation of diverse types of seismic zoning in Kazakhstan. The proposed provisions are based on
the experience of seismic hazard assessment and seismic zoning in Kazakhstan, including national
developments and the results of international projects.

A set of maps of general seismic zoning (GSZ) is a mandatory regulatory document for planning and
implementing measures for earthquake-resistant construction in the Republic of Kazakhstan (RK) in
accordance with the Code of Rules of the Republic of Kazakhstan “Construction in Seismic Zones” [1],
approved by the Order of the Committee for Construction and Housing and Communal Services of the
Ministry of Investment and Development of the Republic of Kazakhstan dated December 20, 2017.
General seismic zoning — a study on assessment of seismic hazard of a vast territory — includes a set of
geological-tectonic, geophysical, seismological work to identify seismic-generative zones characterizing
the seismic potential, determination of the parameters of the seismic setting of these zones and assessment
of the seismic effect in the mapped territory. The results of the studies are GSZ probability maps on a
scale of 1:2,500,000, used in planning economic development of various regions and assessing the total
costs of antiseismic activities nationwide.

Detailed seismic zoning maps (DSZ) determine the totality of expected seismic impacts in the
administrative regions of the republic, as well as in the territories of design and construction of important
national economic objects, carried out on a scale of 1:1,000, 000 to 1:500,000. The area sizes and scales
are determined according to the purpose of the DSZ and economic feasibility. The studies include a set of
works similar to GSZ, but with attention to details required for DSR. DSR maps are compiled in
accordance with the methodological requirements set forth in this paper and replace, in agreement with the
Committee for Construction and Housing and Utilities of the Ministry of Investment and Development of
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the Republic of Kazakhstan, the standard GSZ map in the territories for which they are produced. Seismic
microzoning maps (SMZ) are compiled for the territories of cities, large settlements with a population of
more than 30,000 people and located in areas with seismic hazard of 6 or more assessing in intensitie on
the MSK-64(K) scale [3], designed industrial, hydraulic, and other objects in order to determine (clarify)
the seismic intensity in these territories according to the geotechnical conditions. Apart from the
determination of the initial seismicity of the region, the construction and installation work include a set of
works to study the engineering-geological, hydrogeological, and other conditions of the territory,
including the seismic properties of grounds to consider their influence on seismic effects. SMZ maps are
produced at a scale of 1:50,000 and larger, as agreed with the customer in accordance with the
methodological requirements set forth in this paper.

Conclusions. The determination of the probability of an earthquake at a particular point in the next t
years is associated with significant uncertainty. The complexity of the estimates is explained by the non-
stationary nature of the seismic process, insufficiently certain methodological principles and approaches,
relatively short periods of collection of representative data on both strong and weak earthquakes, and often
a complete lack of information about them due to imperfection of the observing network, lack of sufficient
knowledge about the impact of global as well as regional geodynamic processes in seismic setting, etc.
Therefore, seismic hazard assessments made in past years sometimes turned out to be inadequate to real
environmental conditions, which, along with poor-quality construction, continues to cause significant
material damage to the national economy.

The scientific significance of the research lies in creation of a geological-geophysical and
seismological database of experimental data that allows to understand the nature of the occurrence of
seismic events. Seismic zoning with an assessment of the seismic hazard in the territories of regions,
cities, and large settlements of the Republic will enable the implementation of the “Concept for reforming
the regulatory framework of the construction sector of the Republic of Kazakhstan”, and government
authorities and businesses to take proactive operational measures to ensure public safety, reduce socio-
economic, and environmental damage. The obtained results will allow to consider the structural features of
the earth's crust and its stress-strain state, to identify their connection with seismicity. The research results
are a necessary part of the seismic hazard assessment of highly seismic regions of Kazakhstan. The results
of the study are associated with a decrease in damages from possible catastrophic earthquakes, a decrease
in negative socio-environmental and economic consequences, and will contribute to the sustainable
development of the state, which fully complies with the principle of timeliness.

. K. Cyaees, H. b. O30exoB, A. b. CansikoBa, H. B. Cunauyesa, H. I1. Crenanenko
CelicMoiorust UHCTUTYTHI, AnMaThl, Kazakctan

3AMAHAYH BIICTEMEJIIK HET'I3JIE KASAKCTAH TEPPUTOPUSIChIH CEMCMUMKAJIBIK
AYIJAHIJACTBIPY ABIH BIKTUMAJI/IBIK KAPTACBIH 93IPJIEY )KOHIHAEI'T YCBIHBICTAP

Annotanusi. XKep ciikiHicl cangapblHaH TYBIHJAWTBIH ©JIiM CaHbIH, MaT€pUANIABIK 3apJan IeH dJIeyMeTTiK-
SKOHOMUKAJIBIK KYJ/IBIpayIbl a3aiiTy celCMUKaIbIK KayiNTiH Aypbic OaranaHyblHa OaianHbicThl. Makanana Kazak-
CTaH YIIiH 93ipJIeHreH CeHCMMKAJIBIK KayinTi OaranayblH SAiCTEMEIIiK Heri3l, Heri3ri Tajanrtap MeH >Kallbl, HAaKThl
JKOHE INAFbIH ayJaHaay CEKiJAi TYpJ ayKbIMAArbl TEPPUTOPHsUIAp/bl CEHCMUKAIBIK aylaHJacThIpy YIIIH KaXeTTi
xyMmbIcTap Ti3imi Gepinren. Omap 2017 KblIbI HOPMATUBTIK KYXKaTTapJblH KypaMmblHa KipreH Kasakcran tepputo-
PHSCBIH JKaJITbl CEHCMUKAJIBIK ayJaHIACTBIPY KapTachiH jKoHE AJIMAaThl KAJIaChIHBIH CEHCMUKAIIBIK LIaFbIH aylaHaay
KapTachlH JKacaraH Ke3lle JKaHa oiCTeMelliK Herizae anmpooOanusuianFaH. CelicMUKaNbIK KayinTi OaranayablH jKaHa
omici «EBpoxkon 8: CelicMukara Te3iM/li KOHCTPYKIFSIIAPIBI Ko0amay» HETi3ri KaFuJanapblHa cail KeJeTiH, CEeHCMU-
Kara Te3iM/Ii )kobasiay MeH KYPBUIBIC TaJlallTapbIH €CKEPETiH, BIKTUMAIIBIK OOJIBIN caHaIaThIH koHe Ka3zakcTaHmarb
xanmbiFa opTak MSK-64 (K) mkanachlHBIH CEHCMUKANBIK KapKbIHBI OOWBIHINA FAHA €MEeC, TOTMBIPAKTHIH HIBIHIIBIK
YAeyl cexinai caHAplK mapaMeTp OOWBIHINA Ja CeCMHUKAIBIK KayinTi Oaraiayra MYMKiHAIK OepeTiH omicHamara
HeTi3/enreH. O3ipieHin XKaTKaH KapTalapAblH ayKbIMBIH €CKepe OTBIPBIN miemryre OoJaThiH apOip CeHCMMKAIBIK
ayJIaHAACThIPy THIITEPiHIH >KaJIIbl MiHAETTEPI aHBIKTAJIFaH.

XKep cinkinici omakrapbelHBIH maiina 0oy aiMakKTapbIHBIH YJTICi, aTaaMbIIl alMaKTapblH CEHCMUKAIBIK
KarJIainap yirici MeH KapKbIHIBIFBIH OarallayblH YJTICI CeKiiai O0JnKaMHbIH e3apa OaillaHbICTBI YII TYpJIi Yiriie-
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PiH KYpYAbl KaMTUTBIH CEHCMHMKANBIK KayinTi Oaranay[bplH Ke3eHMIK KaruIaTbl KOJJIaHbUIAAbl. TepTiHIII Ke3eH —
OCTTIJICHICH YaKbIT apajibIFBIHIAFbl CCHCMUKANBIK dCEp/i apTThIPY BIKTHMAJIBIFBIH Tanaay. CelicMUKambIK ocep
MCK-64 (K) ceiicMuKaiblK KapKbIHABLIBIK [IKajIa OalbIMEH jKOHE TOMBIPAK CUIKIHICIHIH (IIBIHIBIK YACY JKoHE T.0.)
CaHIBIK mapaMeTpiMeH kepceriieni. Ka3zakcTaH TeppUTOPHSICHI YIIIH OENTiICHIeH ayKbIMIArbl CEHCMHKAIBIK
ayIaHIACThIPy KapTAChIHBIH Maiaa 00Ty BIKTUMAJABIFBIHEIH ki neHreiine (10% sxoHe 2%) jkoHE ecenTiK KapKbIH-
IBUIBIK JKep CLIKIHICTepi apachIHOAFBI Y3aKTHIFEI 475 xoHe 2475 b1 OONaTHIH, OpTallla alFaHIaFkl YaKbIT apajibl-
FBIHA cail KesreTiH 50 JKbUT YaKbIT apasIbIFbIHIAFBl CEHCMUKANBIK 9CEPIiH acy MYMKIHIIT1 €CenTereH.

TombIpak CieMiHiH T€OTEXHUKAIBIK KACHETTEPIH 3ePTTeYAIH HETi3Ti Tociiaepi — 30 MEeTpIeH KeM eMec TepeH-
NIKKe YHFBIMaJapabl OYpFbUIAy KOHE TOMBIPAKTHIH (U3UKO-(QH3MKO-MEXaHUKAJIBIK KACHETTEePiH IaajblK KOHE
3epTXaHaJbIK dICTepMEH 3epTTey. MHKEeHEepIiK-Te0NOrHsIIbIK JKoHE reo(hH3UKaJIbIK 3epTTeyiepae Oakpuiay HyKTe-
nepinin cansr 1 km? ayganFa 2-1eH KeM GOIMAybI KePEK KoHE XKyMBIC GaFapiamMacsina Herisaenyi tuic. JKacanarsiu
MHKEHEPIIK-TCOJIOTHSIIBIK, 13JICHICTEP/IiH HETI3r TYpJiepi: TeOJIOTHUSUIBIK KMMa KYPBUIBIMBIH 3€PTTEY; TOIBIPAKTHIH
(hU3UKO-MEXaHUKAIBIK KACHETTEPIH aHBIKTAY; KOJAWChI3 FCOJIOTHSIIBIK YPAICTEP MEH KYOBUIBICTAP/IBI 3EPTTLY.

Tombipak KacHETTEePiHIH cTpaTU(UKAIMICH OYpFBUIAY KoHE reo(U3UKATBIK OICTEPMEH aHBIKTAIAAbl. TOMbI-
PaKThI 3ePTTCYIIH 3epTXaHAIBIK XKOHE JAIalbIK dICTEepiH/Ie 9pOip MHKECHEPIIK-TCOTOTHSIIBIK JIEMEHTTIH (H3UKO-
MeXaHUKANBIK (IehopMaIusIbIK-0epIiKTIK) koHe (DU3MKAIBIK MapaMeTpiepi aHbIKTanaasl. Konmadchs (Gusukambik
KYOBLIBICTAPFa: TEKTOHUKAJIBIK Y3UTIMHIH OOJIYBI; KAPCTTHIK Oalikany; OeTKEeH IIiH OPHBIKCHI3ABIFBI; KATTHI CEHCMUKA -
JIBIK 9CEp €Ty Ke3iH/Ie TOMBIPAKTHIH CeUiTyl MEH HIOryi Karajbl. ACIANThIK re0QHU3UKAIBIK 3€PTTEYIIEP TOMBIPAKTHIH
CeMCMUKATBIK KaCHETTEPI Typasibl MOTIMETTEP/I ally MaKcaThiH/Ia XKYprizijeni. [ €0TeXHUKAIBIK HKOHE CEHCMUKABIK
KHMa MOJIIMETTEP1 CabICTRIPEUIAABI. ACTANTHIK Te0(QH3UKAIBIK 3ePTTCYNIEp KeIIeHIHe Kep CUIKIHICTepi MEH MUKpO-
ceficManap/ibl Koca ajfaH/(arbl CeHCMUKAIBIK XKIHE CEHCMOJIOTUSIIBIK ICTeP Kipei.

CM3-ra apHaiFaH TOMBIPAKTHIH 9pOIp TCOTEXHHUKAJBIK 3JICMEHTIHIH €H MaHbI3Ibl (HH3UKO-MEXaHUKAIBIK
cUMaTTamMachblHa R CceHCMMKANbIK KATaHMIBIFBI, SIFHH p THIFBI3ABIK MEH VS KOJNICHEH TOJKBIH JKbLUIAAMIIbIFBIHBIH
KeOeHTIHIC] )kKaTabpl. OpOip TeOTEXHUKAIBIK dJIEMEHTTIH KOJICHEH TOJKBIH JKbUIAM/IBIFbl KUMalapIblH KadaTTap-
Fa @KBIPaybIHBIH T€OTEXHHMKAJBIK MAJIIMETTEPIMEH CaJbICTBIPBUIATBIH CEHCMUKAIBIK MOJIIMETTEepre OaiaaHbICTHI
aHBIKTAJIa bl

Tyiiin ce3mep: kep CUNKIHICIHIH KalTalnaHy 3aHbl, SJKOHOMHKAJBIK JaMyAbl JKOcHapiay, TOMBIPaK KacHeTTepi,
reo(U3UKANBIK 3ePTTCYIICP.

A. K. Cyaees, H. B. ¥Y30ekoB, A. b. CagbikoBa, H. B. Cusauena, H. Il. Crenanenko
WucTutyT ceiicmonmoruu, Ammatsl, Pecrryonmka Kazaxcran

PEKOMEH/IALIMH 11O PABPABOTKE BEPOSITHOCTHBIX KAPT
CEMCMHMYECKOI'O PAWOHUPOBAHUS TEPPUTOPUM KA3BAXCTAHA
HA COBPEMEHHOI METOJAMYECKO OCHOBE

AHHoTanus. MUHUMU3AIMS CMepTei, MaTepUaNIbHOTO yiiepda M COIMaIbHO-3KOHOMUYECKUX pa3pyIIeHUil B
pe3ynbTaTte 3eMIIETPSICEHUH 3aBUCHT OT HAaJIS)KHBIX OIIEHOK CEHCMHUYEcKOi omacHOCTH. B craTtbe mpesacTaBieHBI
METOIMYECKHE OCHOBHI OLIEHKN CEHCMHYECKOH OIAacHOCTH, pa3padoTaHHble 11l KazaxcTaHa, OCHOBHBIE TpeOOBaHUSA
U TIepeveHb padoT, HEOOXOAMMBIX IS TPOBENICHNSI CEHCMUYECKOTO PallOHMPOBaHUS TEPPUTOPHNA pa3HOTO MacIITada
— obuiero, IeTaILHOTO M MUKpopaioHupoBanust. OHM anpoOMpoBaHbl IpH co31anun KapTel o0miero ceicMu4eckoro
paifonnpoBanust Teppuropun Kasaxcrana, koTopble BOLLIM B HOpMaTHBHbIE JOKyMeHTH B 2017 roxy, u Kaptel
celicMUYeCKOr0 MUKpPOpalOHMPOBaHUS ropoja AJMaTel Ha HOBOW MeTojoJorHueckoi ocHoBe. HoBblil moaxon k
OIIEHKE CEMCMUYECKON OIacHOCTH OCHOBAaH Ha METOJOJIOTHH, KOTOpPAas COOTBETCTBYET OCHOBHBIM ITOJIOKEHHSIM
EBpoxona 8 «IIpoekTupoBaHmne CEHCMOCTOMKHX KOHCTPYKIHUI), OTBEYaeT TPEOOBAHUAM CEHCMOCTOWKOTO MTPOEKTH -
POBaHUS M CTPOUTENBCTBA, SBISAETCS BEPOATHOCTHBIM H ITO3BOJISICT HE OIEHUBATH CEHCMUYECKYIO OTTACHOCTH TOJBKO
M0 CeHCMHYECKOH WHTEHCHBHOCTH Mo oOmenpuHsaTon s Kaszaxcrana mkame MSK-64 (K), Ho u mo komudec-
TBEHHBIM ITapaMeTpaM — MMHKOBBIM YCKOPEHHMSM TpyHTa. [ KaKIOTro THHa CEHCMHUYECKOTO PaifOHMPOBAHUS OTpe-
JIeNIeHbl 00IIHMe 33/1a4H, KOTOPbIe MOXKHO PEIIUTh C y4eTOM MaciTada pa3padbaThIBaeMBbIX KaprT.

Hcnonp3yercst NpUHINI MOJTAMHOM OLEHKH CEHCMUYECKON OMAacHOCTH, BKIFOUYAIOMINNA CO3AaHUE TPEX B3aHMO-
CBSI3aHHBIX MOJENEN MPOTHO3MPOBAaHUS — MOJEIH 30H BO3HUKHOBEHHS OYaroB 3eMIIETPSCEHHIH, MOAEIH CEeHcMU-
YeCKOW OOCTaHOBKM 3THX 30H M MOJICNM OLEHKH CO3/1aBaEMBbIX MMH MHTEHCHBHOCTEH. UeTBepThIil sTam — aHanmu3
BEPOSITHOCTH TIPEBBIICHUS celicMUUecKoro 3¢ dexra JuIsd 3alaHHbIX MHTEepBaJoB BpeMeHH. CelicMuuecknii s ekt
BbIpakaeTcss B Oayumax Imkanbel ceicmuueckod mHTeHcHMBHOCTH MCK-64 (K) M B KOMMUYECTBEHHBIX NapaMeTpax
COTpSICEHUS TPYHTA (TMKOBBIE YCKOPEHNUS U T.A.). KapTsl ceificMIueckoro paiOHMpOBaHUS 3aJaHHOTO MaciiTaba 1y
teppuropun Kazaxcrana paccumtansl 1 AByX ypoBHe# BeposTHOCTH (10% 1 2%) BOSHUKHOBEHHS M BO3MOYKHOTO
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NPEBBIICHHS] CEHCMUYECKOro BO3JICHCTBHS HAa MHTEpBasaX BpeMeHH 50 JIeT, 4TO COOTBETCTBYET CPEIHUM BPEMEH-
HBIM MHTEpBaJaM JUINTEIBHOCTBIO 475 1 2475 neT MexXy 3eMJIETPSCEHUSIMH PacueTHOH MHTCHCHBHOCTH.
OCHOBHBIMHU METOJIaMH M3Y4€HHS I'€OTEXHUUECKHX CBOMCTB I'PYHTOBOTO MAcCCHBA SIBIISIIOTCS OYypEeHUE CKBAXKHH
Ha ryOuHy He MeHee 30 M U HccienoBaHue (QU3NKO-(PU3NKO-MEXAHUUECKUX CBOWCTB IPYHTOB J1a0OPATOPHBIMH U
NoJIeBBIMU MeToAaMu. KoiudecTBO ToUek HaOJI0ACHHS IPU HH)KEHEPHO -TE€OIOTUUECKUX U Te0()U3NUECKIX HCCIIeIO-
BaHMAX IOJDKHO OBITH He MeHee 2 Ha | KM? IUIOMmAa ¥ 00OCHOBBIBaeTCA B mporpamme padoT. OCHOBHBIE BHIBI
BBITTOTHAEMBIX HHXEHEPHO-TEOJIOTHIECKIX M3bICKAHUH: N3yUCHNE CTPOCHHS I'€OJIOTHIECKOTO pa3pesa; OnpeaeicHue
(U3UKO-MEXaHNIECKUX CBOMCTB IPYHTOB; H3y9E€HHE HEOIArONPHUATHBIX TE€OJIOTHYECKHUX MPOLIECCOB U SIBIICHUH.
Crpatudukamys CBOWCTB TPYHTOB omnpeaenseTcs OypoBEIMHU U reo(pU3NIecKUMH MeToIamMu. B mabopaTopHBIX
U TIOJIEBBIX METOMAX M3y4YCHHs TPYHTOB OIPEIEIAIOTCS (PH3mUecKue W (QHU3MKO-MeXxaHHdeckue (aedopmMarmoHHo-
MIPOYHOCTHBIE) HapaMeTphbl KaKAOTO0 WHIKEHEPHO-TEOJOrHYecKoro siaeMeHta. K HeOyaronpusTHeIM (U3UUECKUM
SIBJICHUSIM OTHOCSITCS: HAJIMYME TEKTOHMYECKUX Pa3phIBOB; KAPCTOBBIC MPOSBJICHHS; HEYCTONUMBOCTD CKIJIOHA; pa3KH-
KEHUE U OCelaHKe TPU CHIIBHBIX CEHCMUYECKHX BO3ACHCTBUSX. IHCTpyMeHTaIbHbIE Fe0(pH3UIECKUE HCCIIETOBAHMS
MPOBOASATCS JUIS MOJYYEHHs JTAHHBIX O CEHCMHUYECKHX CBOIcTBax rpyHTOB. CpaBHMBAIOTCS JaHHBIE T€OTEXHHYEC-
KOT'0 U CEeHCMHMYECKOro pa3pe3oB. KoMIieke HHCTpyMEHTaNbHBIX Te0(pH3NYeCKUX UCCICAOBAHUI BKIIIOYAET UCTIOJb-
30BaHUE CEICMMUYECKHUX U CEHCMOJIOTHYECKUX METO/I0B, BKIII0Yasi pErUCTPALUI0 3€MIIETPSACEHUN U MUKPOCEUCM.
Baxneiimeir pu3nKo-MeXaHHISCKONW XapaKTEPUCTHKOM KaXIOTO TeOTEXHUIECKOTO dMIeMeHTa TpyHTa aisi CM3
SIBISIETCS CEHCMUYEcKast )KECTKOCTh R — TpousBeieHne CKOPOCTH NOonepeyHoil BOHbI VS 1 mioTHocTH p. CKopocTn
MONIEPEYHBIX BOJH UI KaKIOTO TCOTEXHUYECKOTO 3JIEMEHTA ONpPEICISIOTCS 10 CeHCMUYECKHM IaHHBIM, KOTOPBIC
CPaBHMBAIOTCA C JAHHBIMH T'€0TEXHIMUYECKOTO PACCIOCHHS Pa3pe3oB.
KnroueBble c10Ba: 32K0OH IIOBTOPSIEMOCTH 3€MJIETPSICEHHH, IUTAHUPOBAaHNE YKOHOMHYECKOTO PAa3BUTH, CBOMCTBA
TPYHTa, reo(H3UIECKUE NCCIICIOBAHMS.
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XII International Seismological School, Obninsk, Russia. 342 p.
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INVESTIGATION METHOD OF THERMAL FRICTION
PROCESSING OF THE ECCENTRIC CONE CRUSHER PART

Abstract. The article presents the results of the study performance of cone crushers and the existing technology
restoration of their parts.

The main reasons for the failure of cone crushers are the following: failure armor of the cone and the middle
part, the protective cap, parts of the upper suspension, dust seal rings, bearing rings, the eccentric of the crusher. The
most time-consuming is to restore the details of the eccentric crusher. A new technology restoration worn surfaces of
the eccentric part and the results of an experimental study of thermal friction treatment (TFT) after surfacing are
proposed.

It is revealed that despite the high level of temperature corresponding to intensive treatment modes it is possible
to achieve effective hardening. Implementation of the proposed technology allows: eliminate the undesirable effects
of softening due to re-riveting and reduce the oxidized layer; increase productivity relative to mechanical cutting
methods in 2+3 times and tool life of more than 10 times; the use of affordable cheap material steel 45, 50, 60G for
the manufacture of tools and perform processing at more intensive modes S =0,2-1mm / Rev; n=2000-3000 rpm. It is
established that the TFO of the deposited surface part eccentric, provides wear resistance of the treated surfaces parts
in 2....8 times more than the factory processing technology, while the depth of the hardened layer can be 1.5....
2 mm.

Key words: wear, surface restoration, hardness, roughness, thermal friction treatment, temperature, wear
resistance.

Introduction. The mining and metallurgical industry is characterized by a high level of technical
equipment, where more advanced technological schemes are used, requiring a large number of machines
and devices in the production line. The development of enrichment technology occurs along the path of
complication technological schemes while increasing the capacity of factories and the speed of processes.
Up to 30-50 units operate in the buildings of concentrating plants with developed technological schemes
in one serial chain.

A characteristic feature machines of mining and processing production is the flow of continuous
technological process. All equipment is connected in a single technological chain, thus, the stop or failure
of any machine that makes up this chain, leads to a stop of the entire chain. In order to prevent such
emergency stops, without exception, all links of the chain, both machines and intermediate devices must
meet the service life, i.e. withstand operational periods of operation.

The time spent on replacement parts of concentrating machines leads to downtime technological
chain of the equipment, which leads to high economic costs and inefficiency of the concentrating
equipment. Machines for medium and small crushing of ores in concentrators are cone type crushers.
Figure 1 shows a cone type crusher. The advantage of these crushers relatively high degree grinding of the
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material, the uniform composition of the product in size, the possibility relatively wide regulation of the
discharge gap.

1 - lower support; 2- upper support; 3- crusher cover; 4 - upper housing support;
5- cone; 6- lower housing support; 7- drive; 8- motor; 9- eccentric assembly support
Figure 1 — Cone type Crusher

At the concentrator Zhezkazgan (Kazakhstan) there was studied the level of technical use of cone
crushers (2016-2018). Using statistical data on the operation of cone crushers at the enterprises of LLP
"Kazakhmys Corporation™ there were identified the causes of downtime. Figure 2 shows a graph of the
causes of downtime cone crushers for 2016-2018y.

Lch
e
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T
tech energy mech ol sther W

1-2016 y.; 2-2017 y.; 3-2018y.
Figure 2 — Causes of cone crusher downtime for 2016-2018

The main reasons for the failure of cone crushers are the following: failure armor of the cone and the
middle part, the protective cap, parts of the upper suspension, dust seal rings, bearing rings, the eccentric
of the crusher. The most time-consuming is to restore the details of the eccentric crusher. Figure 3 shows
the eccentric of the crusher.

Figure 3 — Photo of the crusher eccentric
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According to the research operational indicators of mining and processing machines, the intensity
downtime of KMDT - 2200 units is affected by the wear of the eccentric unit, which is 85% of the total
abrasive wear. It has also been established that when the wear of the eccentric reaches 4-5 mm, the actual
it will reach the limit of wear, as a result, the gaps in the mates increase and this will lead to a rapid swing
of the cone shaft. Therefore, in 3 days or 8 months, the eccentric will reach the limit of wear or fail.
Known work of researchers [1,2,3] to increase the service life cast eccentric restoration under the repair
size, which was used at the enterprises of LLP "Corporation Kazakhmys" does not provide the necessary
increase in the reliability of the restored parts. Wear resistance and durability parts of mining and
processing machines depend on technological heredity associated with machining [4,5]. The conducted
researches have shown that the existing technology restoration of a detail the eccentric does not provide
necessary physical and mechanical properties of a surface which are the main at ensuring durability details
of cars in the inter-repair period [6,7,8]. One of the widespread, inexpensive and effective methods
restoration of worn surfaces of details is surfacing by the mechanized arc of a powder tape [9,10].
Surfacing is carried out by applying the molten metal to the surface of the product, heated to reflow or to
the temperature of reliable wetting liquid surfaced metal. As a result interaction of the molten metal with
the melted (or sufficiently heated) surface of the part, metal bonds are formed between them. The
thickness of the deposited metal can be different: from 0.5 to 10 mm and more [11,12].

The research of technological process restoration details of the eccentric cone crusher, made of steel
35L led to the creation new technologies restoration of worn surfaces including: restoration geometric
sizes of weld eccentric outer cylindrical surface of the mechanized arc powder tape; termofikacine cutting-
hardening treatment [13,14,15,16,17] the deposited surface of the eccentric. It is known that the process of
traditional TFT of metals by cutting discs is a combined method using the thermal and mechanical action
of the tool on the cut layer of the workpiece material [18,19,20,21]. It is carried out by direct contact of the
workpiece and rotating with a high circumferential speed (up to 80 m/s) smooth or rolled on the periphery
of the steel disc (HB up to 150), with a diameter of 500-600 mm and a height of 40-60 mm. The proposed
method of TFT [13] which allows to control the properties of deformable metal layers due to pulse
cooling, and are resource-saving. The study of the applicability of this method in the treatment of the
deposited surface of the eccentric is an urgent task.

Methods and equipment for the study. To conduct the study, a set methods for determining the
parameters characterizing the quality of the treated surface in TFT was developed. The methods used in
the work are: hardness and roughness measurements. Experimental studies were carried out on a circular
grinding machine model 3B151. Special friction discs were manufactured for machining. Figure 4 shows
pictures of the grinding machine and friction discs.

a - model 3B151 circular grinding machine; b — special friction discs
Figure 4 — Grinding machine and friction discs

For experimental studies, special samples were prepared, made material of the eccentric part of the
cone crusher. The hardness of the treated surface was determined using the MET-U1 instrument by the
Vickers method. The device is automatic-determines the hardness of the surface layer. With the help of a
sensor installed inside the device, the ratio speeds of strikes and rebounds striker is determined and the
value of the hardness surface layer appears on the screen of the device. At the moment of impact, the
carbide ball mounted on the end of the striker contacts the measured surface. Inside the bike there is a
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permanent magnet. The principle operation of the striker is as follows: the striker after the tension of the
button (trigger) with the help of a pre-cocked spring is ejected to the measured surface. After moving
inside the inductor and its magnetic field, induces an electromotive force in it. The signal from the output
of the inductor is fed to the input of the electronic unit, where it is converted into the hardness value of the
selected scale and displayed. The tests were carried out at room temperature, in the laboratory base of the
Department "Technological equipment, mechanical engineering and standardization" of Karaganda state
technical University. The duration starting the indicator was taken 15-20 seconds. The surface roughness
of the treated samples was measured by the TR100 Surface Roughness Tester. The device has an electrical
device with special sensors, which automatically determines the value of the standard deviation from the
middle line of the profile machined surface of the part.

Experimental studies and discussion of results. Processing of blanks (samples) was performed
under the following modes: spindle speed n=2000-2700 rpm; friction disc speed v=30-40 m / s; workpiece
feed S = 250-280 mm / min; removable allowance t = 1-3 mm. Processed materials-Steel 35L, cutting
disc-Steel 60G. Figures 5 show the TFT processes and processed workpieces.

b)

a - processing process; b - processed samples
Figure 5 — TFT Processes

The influence of the tool geometry on the surface roughness and hardness when changing the
diameter of the friction disc was investigated. Figure 6 shows graphs of experimentally obtained
dependences changes in roughness and hardness when the disc diameter changes from 300 mm to
550 mm.

/? a mkm
7 7 /7/ V aNmm?
95 4500
2] 410 \
45 3800
32 ™~ \\ e
T o 280 320 400 500 550
280 320 400 450 500

a) b)

a - the influence of the diameter of the cutting disk on the roughness; b- the effect of the diameter of the blade on hardness
Figure 6 — The effect of the diameter of the cutting disc on roughness and hardness, at S = 0.3 mm/ min; n = 2500 rpm

From the graph (see figure 6 b) it follows that the increase in diameter D and > 500 mm, practically
does not lead to hardening of the cutting surface. The results indicate an ambiguous effect of the friction
disc size on the processes hardening of the cutting surface. The results obtained when changing the
deformation zone and sliding speed due to cutting modes allow to clarify the question. Figure 7 shows the
results obtained by changing the frequency rotation of the friction disk.
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a - the effect of rotation speed on roughness; b - the effect of speed on hardness
Figure 7 — Influence of rotation speed on roughness and hardness, at S=0,2 mm / min; Du=380mm

Figure 8 shows the effect of feed on the hardness and roughness cutting surface. Cutting modes and
tool geometry in TFT have a very noticeable effect on the strength properties of the deformed layer and
the machined surface of the part. These properties, along with the geometry of the machined surface,
ultimately determine the functional properties of the part when it is in contact with other parts of a
particular mechanism Assembly. Therefore, the management of these properties will improve the quality
of the machine as a whole. Increasing the "n" from 2000 to 3000 rpm leads to a 500-600 Mn/mmz2
softening. In this case, a more noticeable softening is observed after n = 3500 rpm. Therefore, an increase
in the sliding speed in the friction contact favorably affects the hardness factor.

/?H mkm HI/ MN/mm?*
25 4800
L
25 4500
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0,3 [7,4 0,5 S mm/min
ai g4 045
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a - the effect of feed on the roughness; b - the effect of feed on hardness
Figure 8 — Influence on the hardness and roughness of the cutting surface, Du=380mm; n=3500 rpm

Indeed, regardless of how the increase in linear velocity is obtained by V-increasing the rotational
speed or the diameter of the friction disk will be softening. The choice of parameter for regulation
V should be made taking into account their impact on quality indicators. From the experimental results it
can be stated that TFT manage to get rid of the appearance perekleennogo or oxidized layer adjacent to the
treated surface, in addition important is the fact that the gradient of hardness can be adjusted by changing
modes. The increase in flow should lead to an increase in heat dissipation and an increase in the
deformation zone h,. Analysis of the results obtained by changing the feed (figure 3.20) shows an increase
in hardness by 300 Mn / m2 when changing the "S" from 0.3 to 0.4 mm/min.

The results of the experimental studies have shown that TFT allows to provide the necessary
roughness and hardness of the surface which are the main in ensuring the durability of machine parts in
the overhaul period.

Conclusion. 1. The results of the research led to the creation of a new thermo-frictional cutting-
hardening method for processing the cylindrical surface of the eccentric cone crusher part and the
processing modes and the design of the tool were determined.
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2. It is established that the cutting modes and tool geometry at TFT very significantly affect the
strength properties of the deformed layer and the treated surface:

- the increase in flow has a positive effect to the increase in heat dissipation and the increase in the
deformation zone h,. When the feed is changed from 0.3 to 0.4 mm/min, the hardness increases by
300 MN/mm?;

- with increasing speed and diameter of the tool, the quality of the cutting surface improves, i.e. the
surface roughness Ra = 4,5-1,2 microns and the depth of hardening of the surface layer is 0,5-2,5 mm;

3. It is revealed that despite the high level of temperature corresponding to intensive treatment modes
it is possible to achieve effective hardening.

4. Implementation of the proposed technology allows:

- eliminate the undesirable effects of softening due to re-riveting and reduce the oxidized layer;

- increase productivity relative to mechanical cutting methods in 2+3 times and tool life of more than
10 times.

- the use of affordable cheap material steel 45, 50, 60G for the manufacture of tools and perform
processing at more intensive modes S =0,2-1mm / Rev; n=2000-3000 rpm;

5. TFT offered as mechanical treatment after surfacing, provides wear resistance of the processed
surfaces of details in 2...8 times more than factory technology of processing, thus depth of the
strengthened layer can make 1,5...2 mm.

K. T. Illepos’, T. M. By3ayOBal, b.T. Mapnononz,
A. )KayblT3, C.Bb. A6npem0333, K. I/IMameBal, B. K. Cmansiosa®

1 . .
Kaparanasl MeMIeKeTTiK TEXHUKAIBIK yHUBepcuTeTi, Kaparannel, Kasakcran;
’Hayaiisl MeMIIEKETTIK Tay-KeH HHCTHTYTEI, Hayaiibl, O36exicTam;

S Anmater JHEPreTHKa KoHe OalinaHbic yHHUBepcUTeTi, Anmathl, Kasakcran

KOHYC YATKBIIITBHIH DKCHEHTPUK TETIT'TH
TEPMO®PUKIUAJIBI OHAEY 9AICIH 3EPTTEY

AHHOTanmsi. Makanaia KOHyC yaTKbIIITapbIH NailaaHy KOPCeTKIIIH 3epTTey HOTHKIIIEP] )KHE TETIKTEpiH
KaliTa KaJllbIHa KEeNTIPy TeXHOJOTHACH KeNTipiJe .

KoHyc yaTkpllTap/pl iCT€H IIbIFApaThiH HETI3ri cedentep MbIHANAP: KOHYC OpOHBI JKOHE OpTAaHFbI OOJIKTiH,
KOPFaHbBIC KAKIAFBIHBIH, YCTIHII 1K TETIKTEPiHiH, IMAHIBI THIFBI3IAFHIINI CAKAUHACHIHBIH, YaTKBIII YKCICHTPUTIHIH
iCTEH MIBIFYHI.

Kaiita KanmeiHa KeiTipy TETIKTepiHiH €HOEK IIBIFBIH/BICH — YaTKBIII KCUEHTPUTI. DKCUEHTPUKTIH TO3ybl 4-5
MM JKETKEH/IC LIEeKTi TO3y LIaMachlHa JKETeli, OCBIHBIH OCEPIHEH >KaHACyJarbl CaHblIAy YJIFAsIbl, al OJ KOHYCTBI
OULTIKTI IIaMaJaH ThHIC MIANKaITa Ibl.

SrHu, 240 xyHzme Hemece 8§ aiiia IKCIEHTPUK MISKTI TO3Y IIaMachlHA JKeTelll HeMece icTeH mbFanpl. JKyprisii-
TeH 3epTTeyliep SKCUSHTPUK TETiriH KaiTa KajumblHA KeNTipy TEXHOJOTHACHIHBIH KaKEeTTi OeTTiK (Qu3mKa-
MEXaHMKAJIBIK KAaCHETTEPIH KaMTaMachl3 ETHEHWTIHIH KepceTTi, al Oyl KepCeTKIITep >MXOHJIEY apajbIFbIHAaFbl
MaIllFHA TETIKTePiHIH Y3aK MEP3iMIUIITH KAMTaMachl3 €TETiH Heri3Ti KeopCeTKIMTep iy Oipi OOJIBIN caHalabl.

35J1 GomatraH 93ipJEHETIH KOHYCTBHI YaTKbIII SKCIEHTPHK TETIriH KalWTa KaJlblHa KENTipy TEeXHOJOTHSICHIHA
KYPTi3ireH 3epTTeyiep jKaHacaThIH TO3FaH TETiK OeTTepiH KalTa KalumblHAa KENTIPyAiH *XaHAa TEXHOJOTHICHIH
KYpyAbl Tajam eTTi, OHBIH KypamblHa MBIHAJap Kipeldi: SKCICHTPHUKTIH CBIPTKBI OETTepiH MeXaHH3alWsIaHFaH
YHTaKThI TaClIaMEH JIOHEKepJIeTl, FeOMETPHUSUIBIK OJIIIeM/IepiH KaiiTa KaJlbIiHa KeNTIpy; IKCUEHTPUKTIH AoHEKepIiereH
6eTTepiH Kecy — OepiKTeHIIpiN TePMOGPUKIHAIBIK OHICY.

3epTTeynepai Kyprizy yImH Oertepli TepMOGPHUKIUSIIBIK OHACY CamachlH CUIATTAWTHIH TapameTpiepi
AHBIKTAHTBIH o/IicTep KemleH] KypacThIpbULAbL. JKyMBICTa MBIHA o/iCTep KOJIAHBUIIBL: KAaTTBUIBIKTHI )KOHE KeIip-0y-
IBIPABIKTEL enmey. Taxipudenik 3eprreynep 35151 Moz, neHrenek axapiaymisl CTAaHOTBIHAA OPBIHAANIBI. ApHAWBI
yiikemicrieH eHAEHTIH IucK a3ipieHai. ToxipuOenik 3epTTeysepl Kyprizy YIIiH KOHYC yaTKBIII 3KCHEHTPHUTiHIH
MaTepHalibiHaH apHalbl YIIrlIep a3ipieH .

AJBIHFaH 3epTTey HOTHXKeNepi Kecy OeTiHiH OepiKTeHAipy MpoleciHe yiKesic IUCKi eJIIeMiHiH ocep eTeTiHIH
aHbIKTaJbl. MaceseHi HaKThlIay YIIiH JedopManusuiay ayMarsl MEH Kecy Ma3ipiiepiMeH ChIpFaHay >KbLIIaMJIBIFbIH
03repTy KaXKer.
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TepMoGpUKIMSUIIBIK OHICY Ke3iHAe Kecy Ma3ipiepi MeH Kypall reoMTepuschl JedopmanusiianraH KaOaTThIH
JKOHE TETIKTIH eHJeNreH OeTTiH OepiKTIK KacueTiHe acepi aHbIKTalajbl. by Kacuerrep eHuenreH OETTiH reomer-
PUSCBIMECH KaTap, aKbIPhIHJA OChI OCTIIEH 0acka TETIKTEepiH jKaHacay Ke3iHAe OHBIH ()YHKHIIOHAIIbI KAaCHETTePiH
aHpIKTaiabl. COHABIKTAH, OYJ KacueTTepAi 6ackapy TyTac MallMHAaHBIH (YHKIMOHAIIBI KACUETTEPIH )KaKcapTalbl.

Toxipube HoTHXKENEpi OolibIHIIA Keneci HakThuIaH bl TDO Ke3iHje KyiireH HeMece KbIIIKbIIIaHFaH KabaTTaH
KYTBUTYFa 00JIaIbl, COHai-aK, KaTTBUIBIK IIeTi MO3ipi e3repTy apKbUIBI peTTeyre O0Iapl.

BepimicTi >xoFapbuiaTy JKbUTYIBIH OeiHICIH KeOelTyre xoHe nedopMarisiaHy ayMarsIHBIHBIH hH YIFarobIHa
okeneni. bepimicTi e3repTy Ke3iHze ajbpIHFAH HOTIDKENepHi capanTarannga Oepimicti «S» 0,3 tan 0,4 MM/MHUH AediH
©3repTKeHe KaTTHUIBIKTHIH 300 Mu/MM? neiin KOFApPBUIAUTHIHBIH KOPCETTI.

KapkeiHOBI Mo3ipre coifkec >KOFaphel TeMIepaTypara KapamacTaH J>KeTKUIIKTI OepiKTeHIipyre Ko >KeTKi3yre
OOoJIaThIHBI AHKBIHATI/IBL.

OKCIEHTPUK TETIriHIH OaikpIThuFaH OerrepiH TMO OHBIH 3ayBITTBIK OHJEY TEXHOJOTHSCHIMEH CalbiC-
THIPFAaH/a OHJICITCH OCTTEPIiH TO3yFa TO3IMALIITIH 2...8 ece ®KOFaphbl KAMTaMAaChI3 €TETiHI aHBIKTAJIBI, OCPIKTCHIIPY
Kabatsl 1,5...2 MM Kypaisl.

Y CHIHBUIFAaH TEXHOJIOTHSIHBI JKY3€re achlpy KeJeci CHUMaTTalfaHFa KOJ JKETKi3edi: KaiTta Kyl acepiHeH
Ka)KeTci3 KaiiTa OepikTeHipy KYOBUIBICBIH OOJIbIpMay JKOHE KBIIIKbUIIAHFAH KaOaTThl a3aiTy; MEXaHHKAJbIK Kecy
oniciMeH OHIMIUIIKTI CalbICTBIPMaNbl 2-+3 ece KOFapbliaTy *oHe KYpalblH IIbLAaMABUIBIFEIH 10 ece apTThIpy;
Kypajmel 93ipiey yuiiH KokeTiMai ap3an 45, 50, 65I Gonar MapkamapblH KojgaHy skoHe S =0,2-1Mm/00 ;
n=2000-3000 06/MuH Ma3ipiepiMeH oHICY.

JoHekeprieyeH KeliH MEXaHUKAaJbIK KeCYIiH OpBIHBIHA >XyprisiretiH TdO enmenreH OeTTepaiH TO3yra
Te3iMALTIriH 2...8 ece 2...8 ece )KOFapbl KAMTaMAachI3 €TETiHI aHBIKTAJIBI, OepikTeHIipy KabaTs! 1,5...2 MM.

Kyprizinren Ttoxipubenmik 3eprrey HoTmkenepi TOO-miH KaxeTTi KeZip-OyABIPIBIKTHL KOHE KATTBHUIBIKTHI
KaMTaMachl3 €TETiH KOPCETTi.

Tyiiin ce3mep: T03y, OeTTepHi KaiTa KalMblHA KITIPY, KATTBUIBIK, KeHip-OYABIPIBIK, TEPMO(PHUKIIHSIBIK
OHJICY, TEMIIEPATypa, TO3yFa TO3IM/ILITIK.

K. T. Illepos’, T. M. By3ayOBal, b.T. Mapnononz,
A. )KayuT3, C.b. Aﬁnpemona3, K. I/IMameBal, B. K. Cmansiosa®
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KapaFaHI[I/IHCKI/II/I ToCyAapCTBCHHbINM TCXHUYCCKUU YHUBCPCUTET, KaparaH;[a, KaSaXCTaH;
2 o - - v
Hasowmiickmit rocyiapCTB€HHbIM TOPHBIX UHCTUTYT, HaBOI/I, y36€KI/ICTaH;
3 o
AnMaTHHCKHI YHUBEPCUTCT DHEPICTUKU U CBA3H, A.]'IMaTLI, Kazaxcrau

HCCIEJOBAHHUE CIIOCOBA TEPMO(I)PI/IKIII/[OHHOI\/'I OBPABOTKH
JAETAJIA DKCIHEHTPUKA KOHYCHOMU APOBUJIKHA

AHHoTanus. B crartee MpUBOIATCSA pe3yNbTaThl MCCIEJOBAHUS SKCIUTYaTAllMOHHBIX IMOKa3aTelel KOHYCHBIX
JPOOHIIOK U CYLIECTBYIOIEH TEXHOJIOTHH BOCCTAaHOBJICHHS UX JeTaeil.

OCHOBHBIMH NPUYMHAMHU OTKa3a KOHYCHBIX JPOOHIIOK SIBJISIOTCSI CIIEAYIOIHE: BBIXOJ U3 CTPOsi OPOHU KOHYCa U
CpelHell YacTH, 3allUTHOTO KOJIMaka, AeTalell BEpXHEro MojBeca, KOJEl| MbLIEBOTO YIUIOTHEHUsI, KOJell MOJIIST-
HHKa, SKCHEHTpHKa ApoOmikHu. CaMbIM TPYJOEMKHM SIBJISETCS BOCCTAHOBJIEHHE NETAIN 3KCLHEHTPUKA JPOOWIKH.
YcraHoBIIEHA, YTO KOTJIa N3HOC SKCHEHTPUKA JOCTUTAET 4-5 MM, (pakTHUEeCKH OH JOCTHIHET IPEAEIbHOr0 M3HOCA,
BCJIC/ICTBHE ITOTO YBEIMUUBAIOTCS 3a30PbI B CONPSDKEHMSX, A 3TO NMPHUBEAET K OBICTPOMY KauyaHHIO KOHYCHOT'O BaJia.
CnenoBarensHo, 3a 240 nHS wiu 8 MecsleB 3KCLEHTPUK JOCTUTHET MPEAENbHOr0 M3HOCA WM BBIMJET U3 CTPOSL.
IIpoBeneHHbIE UCCIENOBAHUS MOKA3aIU, YTO CYHIECTBYIOIIAs TEXHOJIOIHsS BOCCTAHOBIEHHS JETAIM YKCLUEHTPUK HE
obecrieunBaeT HEOOXOIUMBIE (U3UKO-MEXaHNIECKNE CBOHCTBA ITOBEPXHOCTH, KOTOPHIE SIBISIFOTCS OCHOBHBIMH TP
00eCTieYeHNHN JONTOBEYHOCTH JETaJIeH MAIIMH B MEKPEMOHTHBIN TEPHOJ.

BeInonHeHHOE MCCIE0BaHNE TEXHOJIOTHYECKOTO MPOIEcCa BOCCTAHOBICHUS AETANH 3KCLUEHTPUKA KOHYCHOU
JIPOOWIIKH, M3TOTOBISIEMBIA U3 cTaiu 35J1, mprUBeno K CO3/IaHUI0 HOBOM TEXHOJIOTHH BOCCTAHOBIICHUS M3HOIICHHBIX
MTOBEPXHOCTEH CONMpATaeMBIX [eTajed BKIIOYAOILINH: BOCCTAHOBJICHHE T'€OMETPUYECKHX Pa3sMEpOB SKCIEHTPHKA
HAIUIaBKOM HapyKHOM IMUIMHIPUYIECKOH ITOBEPXHOCTH MEXaHU3UPOBAHHOH Tyroi MOPONIKOBOH JICHTHI; TePMODPHK-
LIMOHHAS peXKyIlle-yIpOUHsIonas 00paboTKa HaIIaBICHHON ITOBEPXHOCTH KCLEHTPHKA.

s mpoBesieHust UccienoBaHMs ObUT pa3padOTaH KOMIUIEKC METOIMK OIpEJeNIeHNs] TapaMeTpoB, XapaKTepH-
3YIOIINX KayecTBO oOpaboranHoi noBepxHocTH pu TPO. B pabore ucnonb30BaHbl METO/IbI: H3MEPEHHE TBEPIOCTH
U [IEPOXOBATOCTH. DKCIIEPUMEHTAJIbHBIE HCCIICJ0BAHUS BBHIOIHIIMCH Ha KPYTJIONUIM(OBATEHOM CTaHKE MOJIEIN
3b151. Bbun M3roTOBNIEHBI CliENMANbHbIE AUCKH TpeHMs Id oOpaborku. s mpoBeneHUsl SKCIEepPUMEHTAIbHbBIX
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UCCIEeOBaHUH ObUIM MOJTOTOBJIEHBI CIICHHANIBHBIE 00pa3libl, M3TOTOBJICHHBIE M3 MaTepualla JeTalld dKCLIEHTPUKA
KOHYCHOM JpOOMIIKH.

ITomyueHHble pe3ynbTaThl YKa3bIBalOT Ha HEOJHO3HAYHOE BIMSHUE Pa3MEpPOB AMCKA TPEHHs Ha MpPOIECCH
YIPOYHEHUS IOBEPXHOCTHU pPe3aHus. Y TOUHUTH BONPOC MO3BOJISIOT PE3yJIbTaThl, IOIyUYE€HHbIE IPU U3MEHEHUN 30HBI
nedopManny U CKOPOCTH CKOJIBKEHUS 3a CUET PEKIMOB PE3aHUsL.

PexunmMel pezanust u reoMeTpust HHCTpyMeHTa npu TPO BechbMa 3aMETHO BIHSIOT HAa IPOYHOCTHBIC CBOHCTBA
Ie(OPMHUPOBAHHOTO CJI0SI U 00pabOTaHHOW IMOBEPXHOCTH JIETalI. DTH CBOHCTBA, HApsTy C TeoMeTprel oopaboTaH-
HOH MOBEPXHOCTH, ONPENEIISAIOT, B KOHEYHOM cYeTe, (yHKIMOHAIBHBIE CBOMCTBA AETalN NPU KOHTAKTUPOBAHUH 10
9TOH MOBEPXHOCTH C APYTUMH JETANIMH KOHKPETHOTO y3/1a MexaHu3Ma. Clie1oBaTesbHO, yIpaBICHUE STUMH CBOC-
TBaMH HO3BOJIUT YIIy4YIIUTh KAUECTBEHHbIEC TIOKA3aTEIN MAIINHBI B LIEJIOM.

[To pe3ynbTaTaM 3KCIIEPUMEHTOB MOXHO KOHCTaTUPOBaTh, 4TO mpu TPO ynaérest n30aBUThCS OT MOSBICHUS
MepeHAKJICTIAaHHOTO MM OKUCIICHHOTO CJIOS IIPHJIekKaero K 00paboTaHHOM MOBEPXHOCTH, KPOME STOTO HEMaJIOBaX-
HBIM SBJISIETCSI TOT (PaKT, YTO IPAMEHT TBEPAOCTH MOXKET PETryIHPOBATHCS 32 CUET U3MEHEHHSI PEKUMOB.

YBenu4YeHue MMoJJauyl T0JDKHO MPUBECTH K POCTY TEIUIOBBIICJICHHS U YBEJIIMUCHHIO 30HBI Jedopmannu hH. AHa-
JIU3 pe3yJIbTaToOB, MOJYYEHHBIX MPU U3MEHEHHMHU MOAAYM, MOKa3bIBaeT Ha yBeNW4eHHe TBepaocTu Ha 300 Mu/mMm2
npu u3MeHeHun «S» ¢ 0,3 1o 0,4 MM/MUH.

BrIsBIIEHO, YTO HECMOTPSI Ha BBICOKMH YPOBEHb TEMIIEPATYphl, COOTBETCTBYIOIINA MHTCHCUBHBIM PEXHMaM
00paboTKH, MOKHO TOOUTHCS APPEKTHBHOTO YIPOIHCHHUS.

Peanmzanns mpeanokeHHOM TEXHOJOTWH TO3BOJIIET: HCKJIIOYHTH HEXETATeNbHBIC SBICHUS Pa3yNpPOYHCHHS
BCJICAICTBHE TIEPEHAKJICTIA M YMEHBIINTh OKUCIICHHBIN CIIOH; yBEIWYNTh MIPOU3BOIUTEIBHOCTh OTHOCHTEIFHO MEXa-
HUYECKUX CHOCO00B pe3aHus B 2+3 pa3 U CTOMKOCTh MHCTpyMeHTa B Oosiee 10 pa3; mpuMeHEHHUE JOCTYIHOTO
nemeBoro Matepuana — ctainb 45, 50, 600" mis M3roTOBICHUS WHCTPYMEHTa W BBITIOJHHUTH 00pabOTKy Ha Ooiee
HHTCHCUBHBIX pexxumax S =0,2-1mm/06 ; n=2000-3000 06/muH.

T®O, npeyaraemasi B Ka4eCTBE MEXaHMYECKOH 00pabOTKH TOCIIe HAIUIABKU, 00ECIEYMBAET H3HOCOCTOWKOCTh
00paboTaHHBIX MOBEPXHOCTEH NeTanei B 2...8 pa3 Oosbliie, YeM MPU TEXHOJIOTHH 3aBOJICKONW 00pabOTKH, IPU 3TOM
IITyOMHA YIIPOYHEHHOTO CJIOSI MOXKET COCTaBIATH 1,5...2 MM.

Pe3ynbTaThl BBIMOJHEHHBIX KCICPUMEHTANBHBIX UCCICIOBaHUIN Moka3anu, uto TPO mo3BosiseT 00ecneynTh
HEOOXOJUMYIO IIEPOXOBATOCTh M TBEPAOCTh MOBEPXHOCTH, KOTOpBIC SIBISIOTCS OCHOBHBIMHU YCIIOBHSIMH olecrie-
YEeHHUS JOJITOBEYHOCTH JeTanel MalliH B MEXKPEMOHTHBINA MEpUO/T.

KaiodeBble cji0Ba: M3HOC, BOCCTAaHOBJICHHE MOBEPXHOCTH, TBEPJOCTb, HIEPOXOBATOCTh, TEPMODPUKIIMOHHASL
00paboTka, TemMIepaTypa, N3HOCOCTOHKOCTb.
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MODELING OF HEREDITARY MATERIALS
RELAXATION BY ABEL KERNEL

Abstract. The present work is devoted to mathematical modeling of the process of the hereditary materials
relaxation. Nonlinear integral equation of a hereditary type is proposed. The Abel kernel with two unknown
parameters is adopted as the kernel of the integral equation: « € (0,1),5 > 0. Two new characteristics were
introduced: 1) experimental rheological parameter of relaxation; 2) calculated (model) rheological parameter of
relaxation. Using the least squares method, expressions are obtained to determine unknown parameters of the Abel
kernel. A mathematical expression is given to approximate the process of the hereditary materials relaxation.

Using examples of rheonomic materials different in structure (polyurethane matrix, propellant,
polyoxymethylene, fiberglass), it is shown that the proposed methods allow to determine Abel kernel parameters
with a high accuracy and to model the process of relaxation of rheonomic materials different in structure during a
long period of time: from 10% to 1.8-10° seconds (500 hours).

Key words: Abel kernel, relaxation, polyurethane matrix, propellant, polyoxymethylene, fiberglass.

1. Introduction. Almost all natural and artificial materials are viscoelastic ones: they deform in time
under the action of load. And the reaction of many materials to external actions depends on the history of
loading, i.e. these materials are hereditary [1-4]. Creep and relaxation are important characteristics of
hereditary materials. The creep has been studied for an asphalt concrete and other materials in the works
[5-13]. The present work is devoted to the modeling of the process for relaxation of a number of
hereditary materials.

2. Methods and materials. The methods of the theory of viscoelasticity have been used for a
mathematical description of the process for the rheonomic materials relaxation: the Boltzmann-Volterra
integral equation with the Abel kernel; the expressions based on the least squares method are obtained to
determine the parameters of the Abel kernel.

A new method for description of the process of the rheonomic materials relaxation is proposed with
the introduction of new characteristics - the so-called experimental and calculated (model) rheological
parameters of relaxation.

For the mathematical description of the relaxation process, the following materials were selected by
the proposed method: 1) a polyurethane matrix containing salt crystals and aluminum powder
(polyurethane matrix) [1]; 2) solid fuel of rocket engines (propellant) [14]; 3) polyoxymethylene [15] and
4) fiberglass TC 8/3-250 (fiberglass) [16].

3. Theoretical bases

3.1. Integral equation and relaxation kernel. The equation for the nonlinear hereditary type of a
rheonomic material we will write in the following integral form
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t

o(t,T) = fle(®),T] - f R(t - Df[e(D), T]dx, (1)
0

where T is a temperature, T = const; f[e(t), T] is a nonlinear function of time at T = const; €(t), £(t) is
a deformation at time moments ¢ and t; R(t — 7) is a relaxation kernel.
At &(t) = const from the equation (1) we have:

t
o(t,T)=f(T)- ll —fR(t —17)dt]|, (2
0

where f(g,T) = ay(g, T) is an instantaneous deformation curve.
We take relaxation kernel in the form of the following functions:

Rt—1)=6(t—1)"%a€e(0,1); §>0. (3)

where a, § are parameters of the relaxation kernel.
Inserting the function (3) into the equation (2) we will have:

o(t,T) = 0o(,T) - [1 - %tﬂ-“)]. 4)

In the expression (4): a = a(T), 6 = 6(T).
3.2. Relaxation kernel parameters. Relaxation equation (4) includes three unknown parameters:
00(&, T), a and 6. It contains a function with the parameters a and §:

L(b) = %t(l‘“) )

The singular parameter takes a value in the interval (0, 1). The works [5-8] suggest the parameter « to
consider as the specified one, and the remaining two other parameters to determine using the least squares
method. In the work [9] the above method has been improved: the determining ratios have been changed
by introducing the so-called experimental rheological parameter.

In accordance with the work [9] we introduce the parameter determined by the formula:

o.(t,T)
Te (t' T) - O'g (8, T)' (6)
where o, (¢, T) is a stress value at a time moment ¢ at a temperature T determined experimentally; o5 (¢, T)
is a stress value at a time moment ¢, at a temperature T determined also experimentally.
We shall call 7, (¢, T) as an experimental rheological relaxation parameter.
Similar to the parameter 7,(t,T) we shall introduce the calculated (model) rheological relaxation
parameter r,, (t, T) determined under the formula:

om(t,T)

Ty (M

0q'(,T)

where a,,,(t,T) is a stress value at a time moment ¢t at a temperature T, determined by the calculations;
(e, T) is a stress value at a time moment ¢, at a temperature T, determined also by the calculations.

According to the least squares method the parameters values o (e, T) and 6§ = §(T) should satisfy
the following condition:

@t T) =

2
Sl (e, T), 8(T)] z[ m (g, T) J t(l “ —ael-) ]—)min, (8)

where S[a{*(e,T),6(T)] is a sum of squared deviations; o,; is a stress value at a time moment t;
determlned experimentally;
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M total number of the considered time moments.

3Slag*(eT),6(T)] 3Slag* (e T),6(T)]
oo (e,T) =0 and a8(T)
the expressions for the determination of the parameters o (¢, T) and &(T):

Z rei ztiZ(l_ Zt e Z rEItll_
T (-a) ()2
M ti2 l-a _|: tilfa :|

2%

From the following partial derivatives =0 we will obtain

i=1 , (9)
i( — L )ti(l_a)
e
- , (10)
where r,; = 1,(t = ¢t;, T).
In the expression (9) it is accepted that
0'(eT) = a5 (e T). (11)

3.3. Approximating expression. After determination of the parameters ¢ anddthe so-called
coefficients of the similarity are calculated under the expression:

) t(l—a)

(s, T) =1 — T—als ) 12)

where tg € [0, ty].
Taking into account (12) we will determine the value o, (¢, T):

(e, T)=ii—ae(ts T)

M3 rm(tS'T) .

Approximating analytical expression for the process of the rheonomic materials relaxation has the
following form:

On(t,T) =T5(e,T) - (1 — == ¢ (-), (13)

4. Results and discussion. The relaxation function of the polyurethane matrix is determined by the
pure shear experiment under dynamic loading conditions at the temperature of 26.1 °C [1]. The work [14]
also determines the function of the propellant relaxation at pure shear under conditions of dynamic
loading. The functions of polyoxymethylene relaxation at tension at the temperature of 20 °C are
determined at two values of conditionally instantaneous deformation: 2% and 10% [15]. The relaxation
functions of fiberglass cut at an angle of 45% to the fabric base at tension at the temperature of 23.5 °C are
determined at three values of conditionally instantaneous deformation: 0.31%, 0.7% and 1.55% [16].

Experimental and calculated values of relaxation stresses of the materials under consideration are
presented in figures 1-4. As can be seen, the degree of coincidence between the calculated and
experimental stress values is high.

Thus, the obtained results have shown that the suggested methods make it possible to determine Abel
kernel parameters with high accuracy and simulate the process of relaxation of rheonomic materials
different in structure during a long process of time (from 100 seconds to 500 hours).
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Figure 1 — Polyurethane matrix relaxation curve at the temperature of 26.1 °C: o — experiment, == — calculation
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Figure 2 — Propellant relaxation curve: o — experiment, == — calculation
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Figure 3 — Polyoxymethylene relaxation curve at the temperature of 20 °C: o — experiment, == — calculation
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Figure 4 — Fiberglass relaxation curve at the temperature of 23.5 °C: o — experiment, == — calculation

Conclusion. 1. The method has been proposed for the mathematical description of the process for the
rheonomic materials relaxation with introduction of the new parameters: experimental and calculated
(model) rheological parameters of relaxation.

2. The Abel kernel has been accepted in the integral equation in the mathematical description of the
process of the rheonomic materials relaxation.

3. The expressions for determining parameters a and §of the Abel kernel have been obtained based
on the least squares method.

4. Using the examples of the rheonomic materials different in structure (polyurethane matrix,
propellant, polyoxymethylene, fiberglass), it is shown that the proposed methods allow determining Abel
kernel parameters with high accuracy and modeling the process of the rheonomic materials relaxation
different in structure during a long period of time: from 10% to 1.8-10° seconds (500 hours).

M. 7K. )K;zpbmonl, A. M. Uickak6aes” ®, B. Bb. Tearaes’, K. C. KyTnMOB3
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ABEJIb A/IPOCBI APKBIJIbI MYPAJIBIK MATEPHUAJIJIAP
PEJAKCAIIUACBIH MOJAEJIBJEY

Annotanusi. JXymbIc MypasblKk MaTepHajJapAblH pellakcanus YAEpiCiH MaTeMaTHKaJbIK MOJeNbJeyre
apHaJFaH. MypaiblK TUOTEr CHI3BIKTHIK €MeC MHTETPANIBIK TeHJIEY YChIHBIIA bl HTerpaiIblK TeHISYiH SIPOCH
perinme exi Genriciz: a € (0,1),6 > 0 napamerpiepi 6ap AGenb siapocsl KaObuimaHmsl. Kenecimedl exi »kaHa
cUmaTTama eHriziiai: 1) permakcalUsHBIH SKCIIEPUMEHTTIK PEOJOTHSUIBIK Mapamerpi; 2) pelakcalUsHbIH €CeNTiK
(Mozenp/IiK) peoslorHsANbIK mapamerpi. EH kinn kBaaparTap oaici HeTri3iHAe pesiakcanusi TeHJEYiHiH Oeuricis
napaMeTpiIepiH aHbBIKTayFa apHaJFaH OpHEKTEp alblHABl. MypanblK MaTepHalgapAblH pellakcanus yAepiciH
cUnaTTayra apHaJFaH MaTeMaTHKaJIBIK OpHEK Oepii.
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KypeuibIMbI ~ opTypii  peoHOMABI MaTepuaniap (TMOJNMYpEeTaHAbl MaTpUIa, 3bIMBIPAaH JKaHapMawusbl,
MTOJMOKCUMETHJICH, IIBIHBI TAJIIBIK) HETi3iHAE YCHIHBUIFAH omicTep AOenb SAPOCHIHBIH MapaMeTpIEepiH >KOFaphl
JIONTIKIICH aHBIKTAyFa JKOHE KYPBUIBIMBI OPTYPJl PEOHOMIBl MATCPHAIIAPABIH PElaKcalus YACPiCiH y3aK yaKbIT
0011l MOZIETIBICyTe MYMKIH/IIK OepeTiHiI KOPCeTIITeH: 102 ceKyHATaH 1,8 10° cexyHzKa neitin (500 carar).

Tyitlin ce3gep: AOenp AOpOCH, peNaKcanys, IIOJWYpPETaHABl MaTpWIa, 3BIMBIPAH >KaHApMAWMEbI,
MOJTMOKCUMETHWIICH, IIBIHBI IIACTHK.

M. K. JKypunos’, A. H. Uckaxdaes” >, B. b. Tearaes’, K. C. Kyrumos®

A0 «MHCTHTYT TOTUMBA, KaTtanm3a u >nekTpoxumun uM. 1. B. Cokonbckoro», Anmarsr, Kazaxcran;
’AO «Ka3axcTaHCKHit JIOPO>KHBIN HAYYHO-UCCIIEN0BATEILCKUM HHCTUTYT», AnMatsl, Kazaxcran;
*KasaxcKuil HAITHOHATBHBIIT YHHBEpCHTET M. anb-Dapadu, AnmaTsl, Kasaxcran

MOJEJIMPOBAHUE PEJAKCALIUU
HACJIEACTBEHHBIX MATEPHUAJIOB AJIPOM ABEJIA

Annotamus. Hacrosmas paboTa mocBsIieHa MaTeMaTHIECKOMY MOJICITUPOBAHUIO MPOIIecca peJlaKCalliy Hace -
CTBCHHBIX MaTepuanoB. [IpemiokeHO HeMMHEHHOe WHTETpajJbHOE ypaBHCHHE HACIICIACTBEHHOTO THMa. B kadecTBe
s7pa MHTETPAJBHOTO YPaBHEHUs TPHHATO AApo AGens ¢ IBYyMs Hen3BecTHBIMH Mapamerpamu: « € (0,1),8 > 0.
BBeneHs!l 1Be HOBBIC XapaKTEPUCTHKH: 1) AKCIIEPUMEHTANBHBIA PEOJIOTHUSCKUH IMapaMeTp pellakcamnny; 2) pacdeT-
HBIA (MOZETBHBIN) PEOJIOTHICCKHUN MapaMeTp perakcanui. Vcrmomp3ys MeTol HaMMEHBIINX KBAAPATOB, TOTYICHBI
BEIpQKCHUS [UIS OIpEIeNICHHUs HEM3BECTHBIX MapaMeTpoB smapa AOems. J[aHO MaTeMaTHYECKOE BBIPAKCHHE IS
aNMPOKCUMAITUH TIPOIlecca pelaKcallii HaCIeACTBEHHBIX MaTePHAJIOB.

Ha mpumMepax pa3HBIX IO CTPYKType PEOHOMHBIX MaTEepPHAaJIOB (TIOJIMYpPETaHOBAs MAaTPHIIA, PAKETHOE TOILIHABO,
MTOJMOKCUMETHJICH, CTEKJIOIUIACTHK) MOKa3aHO, YTO MPEIJIOKCHHBIE METOIBI IMO3BOJSIOT C BBICOKOH TOYHOCTHIO
OTIpEeNeNATh MapaMeTphl supa AOeNs W MOACIHPOBaTH MPOIECC PENAKCAllMH PAa3HBIX MO CTPYKTYpE PEOHOMHBIX
MaTepHaoB B TEYEHHUE UIUTEIBHOTO NIEPHOJa BPEMEHU: OT 102 no 1,8 10° cexyHT (500 gacoB).

KawueBble cioBa: smpo AOens, penakcanys, IMONAYPETaHOBAas MAaTPHIA, PAKETHOE TOIUTHUBO, IOJIHOKCH-
METHIICH, CTEKIIOILIACTHK.
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COMPARATIVE ANALYSIS OF LOW TEMPERATURE STRENGTH
OF MODIFIED ASPHALT CONCRETES

Abstract. A comparative analysis has been performed in this work for low temperature strength of 31 types of
the conventional (non-modified) and modified road asphalt concretes. The neat bitumens of the grades BND 70/100,
BND 100/130 and BND 130/200 have been produced by the Pavlodar petrochemical plant from the crude oil of the
Western Siberia (Russia) by the method of direct oxidation and they satisfy the requirements of the standard ST RK
1373-2013. The polymers Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS (L 30-01 A),
KUMHO KTP and crumb rubber have been used for the modification of the bitumens. The modification of the
bitumens has been performed in the laboratory of Kazakhstan Highway Research Institute. The modified bitumens
satisfy the requirements of the standard ST RK 2534-2015. The conventional and modified asphalt concretes satisfy
the requirements of the standards ST RK 1225-2019, ST RK 1223-2019, ST RK 2028-2010, ST RK 2373-2019 and
GOST 31015-2002.

The strength of the asphalt concretes at uniaxial direct tension at a constant strain rate of 1 mm/min at the
temperatures of -10 °C, -20 °C and -30 °C determined in the device TRAVIS under the standard EN 2697-46 has
been accepted as a characteristic of their low temperature strength.

It is found out that various modifiers affect the asphalt concrete strength in different ways: a degree of impact
depends both on a type of an asphalt concrete and a modifier, as well as on a negative temperature value. Some
modifiers increase, and some of them decrease the strength of the asphalt concretes at low temperatures compared
with the original asphalt concretes. Among the modifiers the polymer Elvaloy AM has been found to be the most
efficient at low temperatures. The asphalt concretes of type B with the bitumens of grades BND BH/T 100/130 and
BND 130/200 at modification by the polymer Elvaloy AM had the biggest strength at all the considered low
temperatures: at -10 °C — 6.79 MPa and 6.43 MPa; at -20 °C — 7.57 MPa and 7.87 MPa; at -30 °C — 7.35 MPa and
8.86 MPa. The stone mastic asphalt concretes 15 and 20 with the polymers and without them at all the considered
low temperatures practically had the strength not higher than the basic asphalt concretes of type B with neat
(original) bitumens of grades BND 100/130 and BND 130/200.

Key words: bitumens, polymers, low temperatures, strength.

Introduction. An asphalt concrete as one of main road materials is widely used in the world. One of
important characteristics of an asphalt concrete is its low temperature strength. In road practice and
science, it is accepted that an asphalt concrete must have a low temperature strength not less than the
required value defined in accordance with climatic conditions of a road location.

In present several (direct and indirect) methods for experimental evaluation of low temperature
characteristics of road asphalt concretes are known [1]. In our opinion the direct methods provide a higher
accuracy of the evaluations.

This paper is a continuation of the series of works of the authors devoted to the investigation and the
comparative analysis of the characteristics of road bitumens and asphalt concretes [2-21]. In this paper a
comparative analysis of low temperature strength of conventional and modified asphalt concretes is
carried out.

Materials and methods. In present paper neat road bitumens of three grades (BND 70/100, BND
100/130, BND 130/200) were used for preparation of 31 kinds of conventional and modified asphalt
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concretes. The conventional (non-modified) bitumens were produced by the Pavlodar petrochemical plant
and were used for preparation of the conventional asphalt concretes. Polymer modified bitumens were
used for preparation of the modified asphalt concretes. The neat and modified bitumens satisfy
requirements of the Kazakhstan standards ST RK 1373-2013 and ST RK 2534-2015 respectively. The
conventional and modified asphalt concretes satisfy requirements of the standards ST RK 1225-2019,
ST RK 1223-2019, ST RK 2028-2010, ST RK 2373-2019 and GOST 31015-2002. Modification of
the bitumens by polymers (Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS 198, SBS
(L 30-01 A), KUMHO KTP) and a crumb rubber, preparation of the conventional and modified asphalt
concretes has been performed in a laboratory of Kazakhstan Highway Research Institute. More detailed
information about modification of the bitumens can be found in works [19, 22]. Information about types of
the tested asphalt concretes, kinds and content of the modifiers is given in table.

Strength of the asphalt concretes at direct tension (constant deformation rate:1 mm/min) has been
evaluated in the device TRAVIS at temperatures -10 °C, -20 °C and -30 °C under the standard EN 12697-46.

Data about the tested asphalt concretes

Neo Bitumen grade of l:;gﬁaell{]gczgfete Modifier, % Short designation

1 BND 70/100 Type B - PNHZ_70-100_B

2 BND 100/130 Type B - PNHZ_100-130_B

3 BND 100/130 Type B Elvaloy 4170-1.4 PNHZ_100-130_B+Elvaloyl

4 BND 100/130 Type B Elvaloy AM-2.0 PNHZ_100-130_B +Elvaloy2

5 BND 100/130 Type B Kraton-4.0 PNHZ_100-130_B +Kraton

6 BND 100/130 Type B Calprene 501-4.0 PNHZ_100-130_B +Calprene

7 BND 100/130 Type B Butonal NS 198-3.0 PNHZ_100-130_B +Butonal

8 BND 100/130 Type B SBS (L 30-01 A)- 3.0 PNHZ_100-130_B +SBS

9 BND 100/130 Type B KUMHO KTP-3.0 PNHZ_100-130_B +KUMHO3
10 BND 100/130 Type B KUMHO KTP-6.0 PNHZ_100-130_B +KUMHO6
11 BND 100/130 Type B Crumb rubber-15 PNHZ_100-130_B +PK15

12 BND 130/200 Type B Elvaloy 4170-1.7 PNHZ_130-200_B +Elvaloy 1
13 BND 130/200 Type B Elvaloy AM-2.2 PNHZ_130-200_B +Elvaloy 2
14 BND 130/200 Type B Kraton-6.0 PNHZ_130-200_B +Kraton

15 BND 130/200 Type B Calprene 501-6.0 PNHZ_130-200_B +Calprene

16 BND 130/200 Type B Butonal NS 198-3.5 PNHZ_130-200_B +Butonal

17 BND 130/200 Type B SBS (L 30-01 A)- 4.0 PNHZ_130-200_B +SBS

18 BND 100/130 Type A - PNHZ_100-130_A

19 BND 130/200 Type A Elvaloy 4170-1.6 PNHZ_130-200_A +Elvaloy 1
20 BND 130/200 Type A Elvaloy AM-2.2 PNHZ_ 130-200_A +Elvaloy 2
21 BND 130/200 Type A Kraton-4.0 PNHZ_130-200_A+Kraton

22 BND 130/200 Type A Calprene 501-5.0 PNHZ_130-200_A+Calprene

23 BND 130/200 Type A Butonal NS 198-3.5 PNHZ_130-200_A +Butonal

24 BND 130/200 Type A SBS (L 30-01 A)- 4.0 PNHZ_130-200_A +SBS

25 BND 100/130 SMA-15 - PNHZ_100-130_SMA15

26 BND 100/130 SMA-20 - PNHZ_100-130_SMA20

27 BND 130/200 SMA-20 Elvaloy 4170-1.7 PNHZ_130-200_SMAZ20+Elvaloy 1
28 BND 130/200 SMA-20 Calprene 501-5.0 PNHZ_130-200_SMA20+Calprene
29 BND 130/200 SMA-20 SBS (L 30-01 A)-5.0 PNHZ_130-200_SMA20+SBS
30 BND 130/200 SMA-20 Butonal NS 198-3.5 PNHZ_130-200_SMA20+Butonal
31 BND 130/200 SMA-20 Kraton-5.0 PNHZ_130-200_SMAZ20+Kraton
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Results and discussion. Strength values of the considered asphalt concretes at tension at
temperatures -10 °C, -20 °C and -30 °C are shown in figures 1-3. The analysis of the obtained results
shows that different modifiers affect the asphalt concretes strength in different ways: it is found out that
the degree of impact depends both on an asphalt concrete type and a modifier, as well as on a negative
temperature value.
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PNHZ_100-130_B : z = : 2 5.55
PNHZ_100-130_B+Elvaloyl I 5 40
PNHZ_100-130 B+Eihaloy Femm—memee———————————————————"———— |79
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Figure 1 — Strength of the asphalt concretes at tension at temperature -10 °C
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Figure 2 — Strength of the asphalt concretes at tension at temperature -20 °C
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Figure 3 — Strength of the asphalt concretes at tension at temperature -30 °C

The least strength at the temperature of -10 °C has been shown by: asphalt concretes of type B with
the bitumens of grades bND 100/130, BND 130/200 and the polymer Kraton; an asphalt concrete of type
A with the bitumen of grade BND 130/200 and the polymer Butonal; the stone mastic asphalt concrete
20 with the bitumen of grade BND 100/130 and the stone mastic asphalt concrete 20 with the bitumen of
grade BND 130/200 and the polymer Butonal. The biggest strength had: asphalt concretes of type B with
the bitumens of grades BND 100/130 and BND 130/200 and the polymer Elvaloy AM; the asphalt
concrete of type B with the bitumen of grade BND 130/200 and the polymer SBS; the asphalt concrete of
type A with the bitumen of grade BND 100/130.

Many modified asphalt concretes had a high strength at the temperature of -20 °C: the asphalt
concretes of type B with the bitumen of grade BND 100/130 and the polymers Elvaloy AM, KUMHO
(6 %) and crumb rubber (15 %); the asphalt concretes of type B with the bitumen of grade BND 130/200
and the polymers Elvaloy 4170, Elvaloy AM, Butonal, SBS; the asphalt concrete of type A with the
bitumen of grade BND 130/200 and the polymer Kraton. The lowest strength has been shown by: the
asphalt concrete of type B with the bitumen of grade BND 130/200 and the polymer Kraton; the stone
mastic asphalt concrete 20 with the bitumen of grade BND 100/130; the stone mastic asphalt concrete 20
with the bitumen of grade BND 130/200 and the polymer Butonal.

At the temperature of -30 °C most of the tested asphalt concretes have shown not very high strength
(from 4.11 MPa to 5.8 MPa). The biggest strength had: the asphalt concretes of type B with the bitumens
of grade BND 100/130, BND 130/200 and the polymer Elvaloy AM, the asphalt concrete of type B with
the bitumen of grade BND 100/130 and the polymer KUMHO (3 %).

It should be noted that the stone mastic asphalt concretes 15 and 20 with the polymers and without
them at all the considered low temperatures practically had the strength not higher than the basic asphalt
concretes of type B with neat (original) bitumens of grades BND 100/130 and BND 130/200.

Conclusion. Based on the results of the comparative analysis for the low temperature strength of
31 types of conventional and modified asphalt concretes one can draw the following conclusions:

1. Various modifiers affect the asphalt concrete strength in different ways: a degree of impact
depends both on a type of an asphalt concrete and a modifier, as well as on a negative temperature value.
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2. Some modifiers increase, and some of them decrease the strength of the asphalt concretes at low
temperatures compared with the original asphalt concretes.

3. The polymer Elvaloy AM has been found to be the most efficient at low temperatures. The asphalt
concretes of type B with the bitumens of grades BND BHJI 100/130 and BND 130/200 at modification by
the polymer Elvaloy AM had the biggest strength at all the considered low temperatures: at -10 °C —
6.79 MPa and 6.43 MPa; at -20 °C — 7.57 MPa and 7.87 MPa; at -30 °C — 7.35 MPa and 8.86 MPa.

4. The stone mastic asphalt concretes 15 and 20 with the polymers and without them at all the
considered low temperatures practically had the strength not higher than the basic asphalt concretes of
type B with neat (original) bitumens of grades BND 100/130 and BND 130/200.

Grant IRN AP 08857446 has been received from the Committee of Science of the Ministry of
Education and Science of the Republic of Kazakhstan in support of our research work. Agreement
No. 230 dated 12 November, 2020.
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MOINPUIUPJIEHI'EH ACPAJTBTEETOHHBIH TOMEH TEMIIEPATYPAJIBIK
BEPIKTII'TH CAJIBICTBIPMAJIBI TAJLJAY

Annoranus. JXXymeicta operteri (MonudpuKanusiIaHOaraH) xoHe MOAU(UKAUUIAHFaH JKOJ achanpTOeToOHIa-
peIHBIH 31 TYpiHIH TOMEH TeMIlepaTypaiblK OepiKTiriHe caibICTRIpManbl Tannay skacamael. MXKB 70/100, MXXb
100/130 sxone M2KB 130/200 mapkais! Ta3a Ourymaapasl [1aBnogap MmyHaii-xumust 3aysitel bateic CibipaiH (Peceit)
IIMKI MYHaWBIHAH TiKesned TOThIFy omiciMeH oHIipai xore KP CT 1373-2013 cranmapTHIHBIH TaJlaNTaphlH KaHAFAT-
TaHapIpaabl. butymael momudukanusiay yuin Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS
(L 30-01 A), KUMHO KTP nonumepsepi oHe pe3eHKe YTiHIiCi KOMAaHbULABL. BuTyMaapasl Moaundukanusiay
KazakcTaH k011 FBUIBIMU-3€PTTEY HHCTUTYTBIHBIH 3€pTXaHACBIH/A XKY3€ere achlpbulapl. MoaupukanusianFad OuTyMm-
map KP CT 2534-2015 cTaHmapTHIHBIH KOHE 9IIETTET1 jkoHE TypieHmipiiareH achanproeronmap KP CT 1225-2019,
KP CT 1223-2019, KP CT 2028-2010, KP CT 2373-2019 xone MEMCT 31015-2002 ctannapTTapblHbIH TajanTa-
PBIH KaHaFaTTaHIbIPa/IbL.

AcdanbTOeToHIapIRIH TOMEH TeMIIepaTypasbIK OepikTiriHiH cunartamachl periaae TRAVIS koHIBIpFEICEHIA
EN 2697-46 crammapte! OoiipHma aHbKTanFan -10 °C, -20 °C xone -30 °C temnepaTtypaga | MM/MHH TYpakKThI
nedopManus KbULIaMIBIFBI OapbICEIHIA Oip OCHTI TiKeNel cO3bLTy Ke3iHaeri OepiKTiri KaObUIIaH b

Typini MoxnpuKaTopasiH achanbTOeTOH OSpIKTIiriHe 9p KBIPBIHAH dCep €TETiHI aHBIKTAJIBL: ocep eTy Jopekeci
ac¢arpTOETOH MEH MOTU(HUKATOP TYpiHE A€, Tepic TeMIeparypa MoHiHe Jie OaimaHbicTh. Keiibip MoanpukaTopiap
Oacrankpl acanbTOSTOHAAPMEH CaNBICTRIPFaHIa TOMEH TeMIleparypana ac(aabTOCTOHHBIH OEpIKTIriH apTTHIPaEbI,
an kelbipeynepi temenaereni. Moanduxaropnapasi imiaae Elvaloy AM mommmepi TeMeH Temiieparypania €H
tuimai 6onasl. Elvaloy AM momumepimen moaudukanusiiay kesinge MXKB 100/130 sxone MXKB 130/200 mapkast
outymnapsl 6ap b TunTi acansrOeTonnap OapIbIK KapacThIpBUIFaH TOMEH TEMIIEpaTypajaa eH JKOFapbl OEpiKTiKKe
ne 6omapl: -10 °C ke3inge — 6,79 Mlla xxane 6,43 MIla; -20 °C kesinge — 7,57 MIla xone 7,87 MIla; -30 °C ke3inue
— 7,35 MIIA xone 8,86 MIla. ITonumepmni >xoHe nonmmepci3 15 jxoHe 20 Iarbll TacTHI-MaCTHKANIBIK achanbTOe-
ToHAAp OapibIK KapacTelpbuiraH TeMeH Temneparypana MXKB 100/130 xene MXXB 130/200 mapkanapbiHbIH Ta3a
(bacrankpr) Outymuaps! 6ap b TunTi 6a3ansik acansroeToHAapFa KaparaHia OepiKTiri >KoFapsl eMec.

Tyiiin ce3gep: dutymuap, moaumepIep, TOMEH TeMIeparypa, OepikTiK.
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CPABHUTEJIbHBIN AHAJIN3 HU3KOTEMIIEPATYPHOM NPOYHOCTH
MOJUOPUTIUPOBAHHbBIX ACPAJIBTOBETOHOB

AnHoTauus. B Hacrosmeii paboTe BEHIIONHEH CPaBHUTEIBHBIN aHAN3 HU3KOTEMIIEPATypHOHW mpoyHOoCcTH 31
BHAa OOBIYHBIX (HEMOAUGDUITUPOBAHHBIC) H MOTU(PHUIIMPOBAHHBIX JOPOXHBIX ac(aibTOO0eTOHOB. UnCThIe OUTYMBI
mapok BH/1 70/100, BH/ 100/130 u BH/I 130/200 6butn npon3seneHs! [laBnonapckuM HeQTEXUMUUECKHM 3aBOJIOM
n3 celpoii HepTH 3anmanHoit Cubupu (Poccust) METOZOM NPSMOTrO OKHCICHUS W YAOBIETBOPSIOT TPeOOBaHUSIM
craggapra CT PK 1373-2013. [lns moaudumupoBanus OUTyMOB OBbUTM MCMOJB30BaHBI monumepsl Elvaloy 4170,
Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS (L 30-01 A), KUMHO KTP u pe3unoBas kporika. Moaudu-
Kanus OUTYMOB Obla OCYIIECTBICHa B Jlaboparopuu Ka3zaXCTaHCKOTO JOPOYKHOTO Hay4YHO-HCCIIEA0BATEILCKOTO
HHCTUTYTa. MOIUGUIIMPOBaHHBIC OUTYMBI YIOBIECTBOPSIOT TpeboBanusam cranaapta CT PK 2534-2015. O6brunbIe 1
MOIUHUIMPOBaHHBIE achaTbTOOCTOHBI yIOBIETBOPSIIOT TpeboBanmsaMm ctangaptoB CT PK 1225-2019, CT PK 1223-
2019, CT PK 2028-2010, CT PK 2373-2019 u 'OCT 31015-2020.

B kauecTBe XapaKTepHCTUKH HU3KOTEMIIEPATYPHOH MPOYHOCTH ac(harbTOOETOHOB NPUHATA UX MPOYHOCTH MIPH
OJTHOOCHOM TIPSIMOM PACTSDKEHHH TIPH MOCTOSIHHOM ckopocTH aedopmupoBanus | MM/MuH npu temnepatypax -10 °C,
-20 °C u -30 °C, omnpenenennas B ycraHoBke TRAVIS mo cranmapty EN 2697-46.

YcTaHOBIIEHO, YTO pa3Hble MOAU(UKATOPH! MO-pa3HOMY BIHMSIOT Ha INPOYHOCTH ac(hanbTOOETOHOB: CTENEHb
BJIMSIHHS 3aBUCHT Kak OT Buja acanbroderoHa 1 Moau(puKaTopa, Tak U OT 3HAYSHUs OTPULIATEIbHON TeMIepaTyphl.
HexkoTopbie Moau(pUKaTOPBl HOBBIIIAIOT, & HEKOTOPBIE MTOHWKAIOT IPOYHOCTH aC(aqbTOOETOHOB NP HU3KHUX TEMIIE-
parypax o CpaBHEHHIO C HCXOAHBIMH achanbTodbeToHaMu. U3 MonudukatopoB Hanbosee 3pGEKTUBHBIM TIPU HU3-
KUX Temmepatypax okasaics nomumep Elvaloy AM. Achansro6eronst tuma b ¢ 6urymamu mapox BHJI 100/130 u
BHJI 130/200 mpu w™oaudukarmu nomumepom Elvaloy AM wumenu HauboNbHIyI0 TPOYHOCTH MPH BCEX
PacCMOTpPEHHBIX HU3KUX TemrepaTtypax: npu -10 °C — 6,79 MIla u 6,43 Mlla; npu -20 °C — 7,57 MIla u 7,87 Mlla;
mpu -30 °C — 7,35 MIla u 8,86 MIla. lllebenouno-MacTuaHbIe achanprobeToHsl 15 U 20 ¢ monuMepaMu U 6€3 HUX
IIPU BCEX PACCMOTPEHHBIX HU3KHUX TEMIIepaTypax MPaKTHUECKH UMETH IPOYHOCTh HE BHIIIE, YeM 0a30BbIe ac(aiabTo-
6eronsl Tuna b ¢ uncteiMu (McxomupiMu) outymamu mapok BH/T 100/130 u BH/L 130/200.

KaioueBble cioBa: OUTYMBI, TOJMMEPHI, HU3KHE TEMIIEPATYPHI, IPOYHOCTD.
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CURRENT ISSUES IN ORGANIZING THE WORK OF THE LOCAL
SELF-GOVERNMENT COMMITTEE IN RURAL AREAS

Abstract. The brief report examines the internal social and environmental problems of rural areas and the work
of local self-government. In the research, the rural area of Kazakhstan is considered from the point of view of active
social processes taking place in the country. In this paper, the author assesses the work of rural local government. We
studied the current trend of coverage of these issues through the media, conducted a survey of residents of rural areas
of Almaty and Mangistau regions, environmentalists, and experts. The article examines the influence of mass media
on local self-government in rural areas and land plots in Kazakhstan. During the research work, it was found that the
formation of local self-government in Kazakhstan is still not fully developed, economic and financial resources are
extremely limited, but there is a necessary element of democratic organization in public life. Today, as one of the
attributes of local maslikhats, the state of Kazakhstan, it is necessary to pay more attention to local self-government.
The research also revealed that the country still lacks a full-fledged legislative framework of regulatory legal acts.

Key words: internal policy, local self-government of Kazakhstan, mass media of Kazakhstan, rural area.

Introduction. The main goal of this research work is to understand the approaches and ensure the
development of rural communities, local authorities, and organizations that need to develop the necessary
strategies. Rural associations have a number of aspects that need to be developed. For its development,
first of all, it is necessary to promote education, employment, exchange of experience in the field of
agriculture and agricultural work by local governments. Infrastructure, people should be comfortable. In
the field of health care in rural areas, there is a shortage of necessary equipment in extremely low
conditions. In addition, many of the village's surroundings are worn out. In schools, teachers do not
criticize the level of education. We saw this in a survey of 150 people in rural areas of Kazakhstan. The
environment is polluted and the trees are withered. In the course of our research, we found out some of the
causes of youth instability in rural areas. Cinema, lack of cultural centers, a small number of sports
complexes. There is not enough time for seminars and webinars. On the contrary, if we listen to public
opinion, we can say that the work of local self-government bodies is not carried out at the proper level.
Where funds are not distributed properly, it is obvious that it is impossible to do the right job. Where
unemployment is rising, young people have two years. What we observed in the survey showed very low
indicators in the field of agriculture, agriculture. Those who have a car transport people in passenger cars.
The main jobs in the village: school, akimat, clinic, post office. Some villages don't even have a library. If
the heads of local self-government bodies conducted their work correctly, there would be no such gaps.
On the site of collective farms-state farms, once known to the whole world, the village Council is located.
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There are districts and rural areas where the village akim works together with the chairmen of local state
organizations. Internet is available in villages where schools are equipped with the latest technology that
pleases the eye. Based on international experience, the work of local governments should start with village
councils. In order to activate the work of local self-government bodies in the country, it is probably
necessary to review and edit regulatory legal acts.

Political processes in Kazakhstan are of great interest to researchers. Kazakhstan occupies a
prominent place in the international arena. The country is developing dynamically both economically,
politically, and culturally. The authority of her Elbasy N. A. Nazarbayev is high both at home and abroad.

The transformation processes taking place in Kazakhstan are very dynamic both at the level of the
entire country and in local government. As an actively developing country and an authoritative participant
in international processes, Kazakhstan seeks to modernize its political system, including local self-
government. In 2012, President N. A. Nazarbayev and his administration prepared and adopted a Concept
for the development of local self-government. This is a kind of plan that will develop local self-
government in Kazakhstan in the coming years. Many aspects of this plan reflect the desire to create a
modern, effective local management system that is fully equipped in organizational and financial terms
and is able to meet all the tasks set. At the same time, Kazakhstan strives to use the experience and best
practices of developed countries in this area.

The main goal of this research work is to understand the approaches and to ensure the development of
rural communities, local governments should develop the necessary strategies. Village associations have a
number of aspects that need to be developed. For its development, first of all, it is necessary to assist local
governments in obtaining education, employment, and exchange of experience in farming and agricultural
work. Infrastructure, people should be comfortable. In rural areas, there is a shortage of necessary
equipment and very poor sanitary conditions. In addition, many of the village's surroundings are worn out.
In schools, teachers do not criticize the level of education. During the survey, we were convinced by
150 people in rural areas of Kazakhstan. The environment is polluted and the trees are withered. The study
identified some causes of youth instability in rural areas. There are no cinemas, cultural centers, or a small
number of sports complexes. There is not enough time for seminars and webinars. On the contrary, if you
listen to the opinion of society, you can say that the work of local governments is not conducted at the
proper level. Where funds are distributed incorrectly, it is impossible to work correctly. Where
unemployment is rising, it is already two years old. What we observed in the survey showed very low
indicators in the field of agriculture. People who have a car transport people in cars. The main jobs in the
village: school, akimat, clinic, post office. Some villages don't even have a library. If the heads of local
government bodies worked correctly, there would be no such gaps. Once upon a time, a village Council
was located on the site of world-famous collective farms. The village akim is also present in districts and
rural areas, where he works together with the chairmen of local state organizations. In villages where
schools are equipped with new technologies, there is an Internet that pleases the eye. Based on
international experience, the work of local governments should start with village councils. To activate the
work of local self-government bodies, it is advisable to review and edit the regulatory legal acts in force in
the country.

Experimental. Currently, research work has shown that special attention should be paid to labor
agriculture. this is due to the fact that during the improvement of territories, good opportunities for earning
money open up for rural residents. In addition, when strategies are formulated by government,
organizations and other institutions, it is very important to raise awareness of people living in a rural areas
and help them do the right things to find ways to make a profit. The main areas of studying in this research
work are: goals and components of rural development policy, approaches to rural development, rural
development strategies and other strategies that contribute to the development of rural territories. If the
rural population takes up farming and increases farms, the situation in the country will improve, and
crowds will not flock to the city. To determine the certain result, about 150 rural residents of the Almaty
region and Mangistau region were interviewed to assess the work of the LSG. The sudden outbreak of the
"pandemic" crisis in 2020 claimed many lives in the world. Humanity is facing something unprecedented..
Especially when we realize the value of the environment and start paying more attention to environmenta
issues. People began to lead a healthy lifestyle, eat healthily and use more natural and organic products.
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Because of this emergency, the demand for agricultural products began to grow. In the first place was the
main food supply of the country. Therefore, in the future it is necessary to activate the work of local self-
government committees in rural areas. As a result of the study, it was shown that it is necessary to develop
rural life by allocating more funds to rural areas. We must guarantee the preservation of our future by
preserving the natural resources of our environment.

I1.C. Hyp:xaHoBa
On-Oapabu aterHmarsl Kasak yIrTeIK yHEBEpcuTeTi, AnMatsl, Ka3zakcTan

AYBUIIBIK KEPJE )KEPTUIIKTI ©31IH-O31 BACKAPY KOMUTETIHIH
JK¥MBICBIH YAUBIMJIACTBIPYJIBIH ©3EKTI MOCEJIEJIEPI

Annoranus. Kpickama xabaprmamana aybULABIK SKEPICPIiH K 9JIEyMETTiK-dKOJIOTHSUIIBIK MIcelenepi kKoHe
KEPTUTIKTI ©31H-031 0acKapyIbIH KYMBICH KapacTHIpeUIansl. 3epTreyiepae KasakcTaHHBIH ayBUIABIK JKepIiepi enae
OOJBIN KaTKaH OeNICeHIi KOFaMBIK YIepicTep TYPFBICEIHAH KapacThIpbUIaabl. JKYMBICTA aBTOP ayBUIIBIK JKEPriTiKTi
o3iH-031 OacKapyIbIH KYMBICHHA Oara Oepeni. biz ockl Macenenepai OyKapablK aKmapar Kypajagapbl apKbUIbI JKapHs
STYIIH KaJbIITacKaH TCHACHLMACHIH 3ePTTEHiK, AJMAaThl koHe MaHFBICTay OOJBICTaphl aybUINbl aylaHAapbIHBIH
TYPFBIHIAPHI JKOHE DKOJIOT, capallllibulap apachlHAa cayajHaMa >KYpTi3mik. bykapasbslk akmapaT KypangapblHbIH
ayBULIBIK JKEePIET] )KePTiTiKTi 631H-031 Oackapyra xoHe KasakcTaHHBIH Kep yJacKeciHe KaTBICTBI Macesesepi Kapai-
B 3epTTey JKYMBICH OaprichiHaa KazakcTaHma >KeprilmiKTi e3iH-e31 0acKapyIpl KAJBINTACTHIPY OJi KYHTE AeHiH
TOIIBIK, 931pIeHOETEeHI, SKOHOMUKAIIBIK, )KOHE Kap KbUIBIK pecypcTap oTe MIEKTeYI, OipaK KOFaMIBIK eMipe TeMOKpa-
TUSUTBIK YABIMHBIH Ka)KETTi 3JI€MEHTI 0ap eKeHi aHBIKTalmbl. ByriHae >KeprimikTi MocmuxartapapiH, Kaszakcran
MEMIIEKETi aTpHOYTTaphIHBIH Oipi peTiHAe JKepriliKTi e3iH-031 Oackapyra keOipek keHin Oemy kKaxkeT. CoHpaif-ak,
3epTTey KYMBICH OapBICHIHIA €TiMi3/Ie HOPMATHUBTIK KYKBIKTHIK aKTiIePAiH TONBIKKAHABI 3aHHAMAIBIK 0a3achl 91li Je
JKETICTIENTIHI AaHBIKTAJIIBI.

Tyiiin ce3aep: imKi cascaT, KeprutikTi e3iH-031 6ackapy, Kazakcrannarst BAK, aypuisik xep.

II. C. Hyp:xanoBa
Kazaxckuit HaroHATBHBIA YHUBEPCUTET M. anb-Dapabu, Anmarsr, Kazaxcran

AKTYAJIBHBIE BOITPOCBHI OPTAHU3ALIUA PABOTbBI KOMUTETA
MECTHOI'O CAMOYIIPABJIEHUS B CEJIbCKOM MECTHOCTH

AnHoTanusi. B KpaTkoM COOOIIEHNH paccMaTpUBAIOTCS BHYTPEHHHE COIHMAIHHO-3KOJOTHUYECKUE MPOOIEMBI
CEeNIbCKOM MECTHOCTH M paboTa MECTHOTO CaMOYNIpaBJIeHHs. B mcciiemoBaHHMAX celbckas MecTHOCTh KazaxcraHa
paccMaTpUBaeTCs ¢ TOYKH 3PCHHUS aKTUBHBIX OOIIECTBEHHBIX IPOIIECCOB, MPOUCXOIAIINX B cTpaHe. B pabote aBTOp
JTAeT OILIEHKY paboTe CEeIhCKOr0 MECTHOI'O caMoympaBicHus. MM OblIa m3ydueHa CIIOKHBINAsICS TCHICHIIMS OCBEIIe-
HUS JaHHBIX BOIIPOCOB Yepe3 CPEICTBa MAacCOBOM MH(OpMAINK, MPOBEJACHO aHKETUPOBAHHE XXKUTEICH CEIbCKHUX
paiioHOB AnMaTHHCKOW W MaHTHCTayCKOM OO0JacTei, KOJIOTrOB, 3KCIEPTOB. McciemoBaHBI BOMPOCHI BIUSHUS
CPEICTB MacCOBOM MH(pOPMAIIMU HA MECTHOE CAaMOYIPABJICHUE B CEITLCKOW MECTHOCTH M 3eMEIbHEIH ydacTok Kazax-
crana. B xozme ucciienoBaTenbCKol pabOThl OBLIO YCTAaHOBJICHO, YTO (POPMHUPOBAHUE MECTHOT'O CaAMOYIIPABIICHUS B
Kazaxcrane 10 cux mop He J0 KOHIA pa3padoTaHO, SKOHOMHYECKUE U (PMHAHCOBBIC PECypChl KpallHE OTpaHUYCHBI,
HO B OOIIECTBCHHOH JKU3HU €CTh HEOOXOTUMBIN IIIEMEHT IEeMOKpaTHYeCKOW opraHm3anui. CeromHs Kak OIUH U3
aTpuOyTOB MECTHBIX MAaCIHXaToB rocymapctBa KaszaxcraHa HEoOXOIUMO yAEHSTH OOJNbIIE BHUMAHHS MECTHOMY
caMoyTpaBlieHHI0. Takke B XOJlle MCCIECIOBATENBCKON pa0OThl OBUIO BBISIBICHO, YTO B CTPaHE MO-TPEKHEMY HE
XBaTaeT MMOJTHOLEHHOH 3aKOHOIATeIFHON 0a3bl HOPMATHBHBIX IPABOBBIX AKTOB.

KuloueBble cjioBa: BHYTpEHHSSI TOJHUTHKA, MecTHoe camoynpasieHue Kazaxcrana, CMU Ka3zaxcrana,
CelIbCKasi MECTHOCTb.
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Scientific discovery

M. Zhurinov, A. Bayeshov, A. Bayeshova, G. Iztleuov

JSC “D. V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry”, Almaty, Kazakhstan

ON THE NEW PHENOMENON OF POST-ELECTROLYZED
CHEMICAL DISSOLUTION OF TITANIUM
IN AQUATIC ACIDIC SOLUTIONS

We have established a previously unknown phenomenon of post-electrolyzed chemical dissolution of
titanium in water solutions, which is that with the preliminary polarization of metal with transient currents
(cathode impulse, industrial alternating currents), the oxide film is removed from the surface of titanium,
leading to a change in the size of the electrode potential of titanium and its chemical dissolution in aquatic
water solutions (sulphate, chloride). The results of the research were recognized by the International
Academy of Sciences and the Russian Academy of Natural Sciences (Moscow, Russia) as a scientific
discovery in the field of electrochemistry of metals. The priority of the opening begins in 2000 - when the
authors received the first patent. Certificates and diplomas for the discovery have been issued to the
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry (Almaty, Kazakhstan).

Titanium is known to have high chemical resistance in many excited environments, including

chloride-ions. At normal temperatures, titanium is not affected by nitrohydrochloric acid or moist chlorine.
Titanium in water solutions does not anodically dissolve, as it is instantly passive and the flow of currents
in the electrochemical chain stops. However, these notions of the chemical resistance of titanium
associated with its passiveness are at odds with known thermodynamic data. Analyzing by the value of the
standard potentials, from a thermodynamic point of view, titanium is unstable, because the value of the
ionization potentials of titanium atoms is much more negative than the standard potential of a standard
hydrogen electrode. Therefore, theoretically, titanium should enter into the ion exchange process and
displace hydrogen ions from water and therefore dissolve in aquatic environments. However, in practice, it
does not dissolve, as it is instantly self-passive and becomes very stable not only in water, but also in
various excited acidic solutions, including in sea water. The reason for the instant passiveness of titanium
in these environments is the formation on its surface of insoluble in water, as well as in acidic and alkaline
solutions, a thin protective oxide film that shields the surface of metal titanium from electrolyte ions. For
the first time, we have experimentally discovered and theoretically substantiated the previously unknown
new phenomenon of post-electrolyzed self-dissolution of titanium in aquatic solutions, i.e. it is established
that after pre-treatment with cathode impulse currents or industrial alternating currents with 50 hertz
frequency, titanium becomes chemically soluble [1-4].
The scientific significance of the discovery lies in the fact that for the first time a new phenomenon of
post-electrolyzed chemical dissolution of titanium electrode was found, primarily (before the electric
current is turned off) initiated by cathode impulse currents or industrial AC. As the results of the
experiments, this is the restoration and destruction of dense thin oxide layers, constantly present on the
surface of titanium. In this case, the surface of the metal is released from the protective oxide layer and
then the "bared" titanium begins to chemically dissolve like an electronegative metal, releasing on its
surface active atomic hydrogen and sending trivalent ions of titanium to a solution volume that form
different titanium compounds. The authors have experimentally proved that the process of dissolving
titanium, at the same time, continues after the interruption of the current, i.e. after electrolysis.
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Y POCCMIACKAA AKAAEMMAS

ECTECTBEHHbBIX HAYK

The scientific discovery confirms the theoretical possibility of chemical dissolution of electronegative
metals in aquatic solutions. The practical significance of the discovery is expressed in the fact that there is
a new direction in science in the field of chemistry and titanium technology. It becomes possible to obtain
valuable compounds of titanium by post-electrolyzed chemical dissolution of its waste in the form of grab
irons, facings and powders unusable in practice.

As known, titanium compounds are widely used in the field of chemistry and metallurgy, as well as
in the national economy. For example, titanium hydroxide (IV) - as a sorbent, titanium dioxide - as a
pigment for dyes, and salts of trivalent titanium - as restorers in chemical processes and as charge carriers
when restoring hard-to-restore anions of selenium (VI), tellur (VI) and arsenic (V), as well as when
receiving ultra-dispersed copper nanopowders. Ammonium titanyl sulfate is widely used in leather
treatment. The methods developed by the authors allow to significantly expand the scope of both known
and new titanium compounds.

For this discovery, we were given a diploma No. 510 (25.01.2019) by the decision of the Presidency
of the International Public Academy of Authors of Scientific Discoveries and Inventions, Moscow.
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M. K. ’Kypunos, A. Baemos, A. K. baemosa, I'. U3tiieyoB
WuctutyT TOIUMBa, KaTtanusa u anektpoxumun uM. J1. B. Coxonsckoro, Anmarsl, Kazaxcran

O HOBOM SBJIEHUHU ITOCTIJIEKTPOJIN3HOT'O XUMHNYECKOI'O PACTBOPEHUS TUTAHA
B BOJAHBIX KHCJIBIX PACTBOPAX

Y CTaHOBIIEHO HEU3BECTHOE PaHEE SIBIEHHE MOCTANEKTPOIN3HOIO XHMUYECKOTO PACTBOPEHUS TUTaHA B BOJHBIX
pacTBOpax, 3aKIKYaoNieecs B TOM, YTO IPH MPEIBAaPUTENBHON MOISAPU3alUU MeTallla HECTAUOHAPHBIMUA TOKAMU
(KaTogHO WMIYNBCHBIMH, IIPOMBIIIICHHBIM MEPEMEHHBIMH), MPOUCXOIUT YyAAlNE€HHE OKCHAHOW IUICHKH Ha
MOBEPXHOCTU TUTaHA, IPUBOASAIIEE K CMEIEHHUIO BETUYUHBI DJIEKTPOAHOTO MOTEHIUANIA TUTAHA U €70 XMMHYECKOMY
PAcTBOPEHHUIO B BOJHBIX KHCIBIX PACTBOPaxX (CEPHOKHUCIBIX, COISTHOKHCIBIX). Pe3ynpTaTel McclIenoBaHNS aBTOPOB
IIpU3HaHBl MEXIYHapOIHON akanemueil Hayk u Poccuiickoil akageMuell ecTecTBeHHBIX Hayk (I. MOCKBa) HayYHBIM
OTKPBITHEM B O0JIaCTH ANIEKTPOXMMHUH MeTamioB. IIpuopurer otkpbitus HaumHaerca ¢ 2000 r. — maThl MONTyYEHHS
aBTOpaMHM IepBoro nateHta. CBHIETEIbCTBA M JUIUIOMBI Ha OTKPBITHE BbIAaHBI VIHCTUTYTy TOIJIMBA, KaTalnu3a U
anexktpoxumuu uM. . B. Cokonbsckoro (. AnMartsr).

M. K. KypsbiHoB, A. baemos, A. K. baemosa, I'. U3t/1eyoB

«J1. B. Coxonbckuii aTbIHAAFBI )KaHApMaii, KaTalu3 )KoHe 2JIeKTpoXxuMUa HHCTUTYTh» AK, Anmatsl, Kazakctan

TUTAHHBIH KBIIIKBLI CY EPITIHAIEPTHAE 3JEKTPOJIN3AEH KEUTHI'T XUMUSIBIK
EPYIHIH ’KAHA K¥BbIJIBICHI TYPAJIBI

TuTaHHBIH Cy epiTIHAUIEPIHAE AIIEKTPOIM3ACH KEHiHIT XUMMSUIBIK epyiHiH OypblH Oeinrici3 OOJBIN KeJNreH
KYOBUIBICHI aHBIKTAJIIbI, TATAHHBIH 3JICKTPO]] MOTCHIIMAIBIHBIH ©3TePYiHE JKOHE OHBIH KBIIIKBUI Cy EpIiTIHAUICPIHIC
(KYKIPT KBIIIKBLIBI, TY3 KBIIIKBUTBI) XUMHSJIBIK €PYIHE OKEJIETIH METAN/Ibl CTAIIMOHAPIIBIK EMEC TOKTApMEH (KaTOIThI
UMITYJIbC, OHEPKAICINTIK allHbIMANbLIAP) ANbIH aja MOJSPU3alMsUIay Ke3iHAe TUTAHHBIH OCTiHJE OKCHUJI IUICHKACHI
JKOUBLIAIbI. ABTOPJIAP/IBIH 3€PTTEY HOTHKEICPiH XalbIKapalblK FhUIBIM aKaJeMHsIChl MEH Peceil skapaThLUIbICTaHy
FBUTBIMIAPBI akageMusichbl (Mackey K.) MeTayll 3JICKTPOXUMHESICHI CallaChIHAAFbl FHUIBIMU JKAHAJIBIK PETIH/IC TAHBIIBI.
Amputeiv 6achMAbUTEIFRL 2000 JKBUTIaH — aBTOPJAP.BIH ANFAIIKEI MATCHT aJlFaH KyHIHEH OacTanaibl. AIIBUIBIMFa
anpiHFaH Kyonikrtep MeH aumiomaap J. B. Cokonbckuil aTBIHAAFBl KaHApMald, KaTaln3 JKOHE SJCKTPOXUMHUS
WHCTUTYTHIHA Oepinai (AIMaTHI K. ).
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