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[ Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of chemistry
and technologies 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 chemistry and technologies in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential
content of chemical sciences to our community.

Kasakcma+ Pecnybnukacbl YnmmblK fbiibiM  akademusicel «KP  ¥FA
Xabapnapbl. XuMusi )XeHe mexHO02usi CEPUSIChI» FbINbIMU XYypHarbiHbiH Web
of Science-miH xaHanaHfaH Hyckacbl Emerging Sources Citation Index-me
uHOekcmeryee KabbindaHraHblH xabapnaldel. byn uHdekcmeny bapbicbiHOa
Clarivate Analytics komnaHusickl XypHarndbl o0aH api the Science Citation Index
Expanded, the Social Sciences Citation Index xxeHe the Arts & Humanities Citation
Index-ke Kabbinday macerneciH kKapacmbipyda. Webof Science sepmmeywinep,
asmopnap, 6acnawbiiap MeH MeKemernepee KOHmMeHm mepeHOiei MeH
canacbiH ycbiHaobl. KP YFA Xabapnapbl. XUMUS )XOHE MEXHO/I02UsT Cepusicbl
Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH €H 63eKmi
JKoHe bedendi xumusinbiK FolribiMOap bolbiHWa KOHMeHmMkKe adarnobifbiMbi30bi
6indipedi.

HAH PK coobwaem, ymo Hay4Hbil xypHan «3eecmuss HAH PK. Cepusi
XUMUU U mexHosioauliy 6bi npuHsm 0ns uHdekcuposaHusi 8 Emerging Sources
Citation Index, obHoeneHHou eepcuu Web of Science CodepxxaHue 8 3mom
UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics Onsi OanbHelweao npuHIMuUs XypHana e the Science Citation
Index Expanded, the Socia1 Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kayecmeo 8 251ybuHy KOHmeHma
ona uccrnedosamernel, asmopos, uisdamesnel u y4pexoeHul. BkroveHue
Uzeecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy
MpusepPXeHHOCMb K Haubornee akmyanbHOMY U 6/1USIMENIbHOMY KOHMEHMY o
XUMUYECKUM Haykam 0rs1 Hawezo coobuecmea.
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INCREASING THE RESISTANCE OF CONCRETE AGAINST
SULFATE CORROSION

Abstract. The article presents the results of a study on the effect of sulfate
corrosion on the physical and mechanical properties of concrete. When concrete
is exposed to aqueous media, concrete destruction may occur because of
corrosion. Sulfate attack occurs when sulfates react with compounds in the
cement paste such as monosulfate, portlandite, and C—S—H gel. The reaction
products may include ettringite, gypsum, and thaumasite. As a result of the
insufficient durability of concrete, structures are destroyed. During the design of
the structure, it is necessary to consider various factors, such as the constituents
of the aggressive environment, the service conditions of the structure. A correct
and careful selection of raw materials is required, as well as the appointment of
the specified physical and mechanical characteristics of concrete, to ensure the
required durability of the structure. The corrosion rate of concrete in seawater
is difficult to predict for two reasons: firstly, this environment contains many
chemical elements, and therefore many reactions will occur in concrete at once,
both parallel and one after another; secondly, some of the reactions lead to
destructive processes, while others lead to constructive ones. The issue of the
safety of reinforcement in reinforced concrete structures has a decisive role.

Key words: construction, construction, concrete, modifiers, structure, clima-
tic effects, corrosion, aggressive effects.
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*KypbuibIc MaTepHasaphbl )KoHE OpT Kayirci3airi kadeapacsl, a3aMaTThIK
KYpbUIbIC (haKyabTeTi, | emuMuHac aTbIHIaFbl BUTBHIOC TEXHUKATBIK
yHHUBepcuTeTi, BunbHioc, JIutaa.
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BETOHHBIH CYJAb®ATTbBI KOPPO3UAT'A TO3IMAIITTH
APTTBIPY

AnHoranus. by makanana 6eTOHHBIH (U3HKa-MEXaHUKAIIBIK KACUETTEpiHe
Cynb(haTThl KOPPO3USHBIH TUTI3ETIH 9CEPiH 3€PTTEy HOTHIKENIEPI KOPCETIITEH.
Beron cy oprachiHa TYCKEH Ke3/1e KOPpO3usl caliqapbiHaH OCTOHHBIH OaCTarKbl
KaJIbl e3repicke yibipaybl MyMKiH. Cynb(arTeiH ocepi cyabarrap IeMEeHT
MaccachlHIarsl MOHOCYIIb(AT, mopTIaHauT xkoHe C—S—H reni CHUAKTBI KOCHI-
JBICTApPMEH OpEKeTTeCKeH e Naiya 6onansl. Peakuus eHimaepiHe 3TTPUHIHT,
THUIIC )KOHE TayMas3uT Kipyi MyMKiH. CyJIbl OpTaHbIH 9CEPiHEH KOPPO3USIFA YIIThI-
paraH OETOH JKOMBLTYBI MyMKiH. BE TOHHBIH KETKITIKC13 TOIMIUTIITT HOTHIKECIHC
KypbUIbIMIap O0y3butanbl. KypbutbiMabl sko0amnay Ke3iHae spTypii pakTopaapisl
€CKepy KaXKeT, MbICaJIbl, arPECCUBT1 OPTaHBIH KypaMJac 0esiKkrepi, KypbUIbIMHBIH
KbI3MET KepceTy >Karjainmapbl. KypbpUIBIMHBIH KaXeTTI Y3aK MeEp3iMILIIriH
KaMTaMachI3 €Ty YIIiH IIHKI3aTThl AYPHIC )KOHE MYKHST TaHAAy, COHJail-aK 6eTOH-
HBIH KOPCETUIreH (U3UKAIBIK-MEXaHUKAIBIK CHUIaTTaMaJIapblH TaFaibIHAay
KakeT. TeHi3 cybIHIarbl OCTOHHBIH KOPPO3USFa YIIbIPAY >KbUITAMIBIFBIH €Ki
ceben OoMbIHIIIA OOJKAY KUBIH: OIpIHILIIJCH, OYJ1 OpTajla KONTEereH XUMHUSIIBIK
aneMeHTTep Oap, COHJIBIKTaH OeToHJa OiplieH mapaisenb *oHe OipiHeH COH
0ipi KONTEereH peakIusuiap XYypeli; eKIHIIICH, peakmusuiapAasiH Oip Oediri
JeCTPYKTUBTI IporiecTepre, aji 0acKkaaapbl KOHCTPYKTHBTI MTPOIIECTEPTe OKeIe .
Ocpiran opail TeMipOeTOH KOHCTPYKIMSUIAPBIHAAFbI apMaTypaHbIH Kayirci3aik
Macerec Menryui pesl aTKapaibl.

Tyiiin ce3aep: KypbuUIbIC, Kypama, 6eTOH, MOau(pUKaTOpIap, KYPHUIBIM, KITH-
MAaTTBIK dcepiiep, KOppO3Husl, arpeCcCUBTI acepIep.
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MOBBIIIEHUE YCTOMYNBOCTH BETOHA K CYJIb®ATHOM
KOPPO3UUN

AHHoTanus. B crarbe mpencTaBieHbl pe3ynbTaTbl UCCIEOBAHUS BIUSHUSA
cynb(haTHOM KOppo3uu Ha (PU3NKO-MeXaHUUYEeCKue cBoiicTBa 6eToHa. Korna 6eTon
MOJBEPraeTcsi BO3ACUCTBUIO BOAHBIX CPEJl, U3-32 KOPPO3HHU MOKET MPOU30UTH
paspyienue 6erona. CynbdarHas aTaka BO3HUKAET, KOI/a Cylb(aTsl BCTYHAIOT
B PEAKIMIO C COCIMHEHUSMHU B IIEMEHTHOW Macce, TaKUMH KaK MOHOCYJIb(}ar,
nopmianauT urenb C—S—H. [IpoayKTbl peakiuy MOTy T BKIIFOUATh STTPUHIUT, TUIIC
1 TayMa3uT. Bo Bpems Bo3aelcTBUS Ha OETOH BOIHBIX CPEJ] MOXKET IPOUCXOAUTh
paspyuieHre OeToHa B pe3yibTaTe KOppo3uu. B pesynbrare HemocTaTouHOM
CTOMKOCTH O€TOHA MPU 3TOM NMPOUCXOAUT pa3pylIeHne KOHCTpyKuuil. Bo Bpems
IIPOEKTHUPOBAHUS COOPYKEHUSI HEOOXOAMMO YUYUTHIBaTh pa3ivuHbIEe (DAKTOPHI,
TaKWe KaK COCTABJIAIONINE arpeCCUBHON CPEIbl, YCIOBHS CIYKOBI COOPYKEHHUS.
Heo6xonum BepHBIN U TIIATENBHBIA MOA00P CHIPHEBBIX MATEPUANIOB, a TAKXKE
Ha3HA4YC€HUE 3aJaHHBIX (DU3MKO-MEXaHUUECKUX XapaKTEepUCTUK OeToHa, IJid
obecriedeHns: HeOOXOAMMOM JOITOBEYHOCTH KOHCTPYKIMU. CKOPOCTH KOPPO3UHU
0eToHa B MOPCKOM BOJE CIIOKHO NMPOTHO3MPOBATh MO JBYM IMPUYUHAM: BO-
NIEPBBIX, B ITOM Cpele CONEPKUTCS MHOXKECTBO XMMHMUYECKHX 3JIEMEHTOB,
U TO3TOMYy B OeToHe OyneT MpPOMUCXOJUTH Cpa3y MHOKECTBO PEAKIMH, Kak
napajijieNibHbIX, TaK U UAYLUIUX APYT 3@ JAPYrOM; BO-BTOPBIX, OJTHU U3 pEaKLMi
MPUBOAAT K JAECTPYKTHBHBIM IIpoIleccaM, a JIPyIMe€ - K KOHCTPYKTHUBHBIM.
Bonpoc coxpaHHOCTH apMaTrypbl B JKeJI€300€TOHHBIX KOHCTPYKIHSAX HMEET
OTIPEAEISIOIYIO POJIb.

KiroueBble cj10Ba: CTPOUTENBCTBO, KOHCTPYKLUSA, OETOH, Moaudukarop,
CTPYKTYpa, KIIMMaTH4YeCKUE BO3JIEHCTBUS, KOPPO3Usl, arpecCUBHAs Cpefa.

Introduction. During the construction of hydraulic structures in various
regions, it is often necessary to encounter aggregates containing reactive soluble
silica, which, reacting with cement alkalis causes internal alkaline corrosion of
concrete and can lead to premature destruction of concrete structures.
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Structures of hydraulic facilities have direct contact with water, and
commonly the affected waters are aggressive towards the concrete. The most
common are aggressive sulfate-containing waters, which, penetrating the
capillary-porous structure of concrete, cause sulfate corrosion, which leads to a
decrease in the durability of structures. The operating conditions of reinforced
concrete structures are complicated by climatic influences: these are alternating
temperature loads in the zones of above-water and variable water levels; waterjet
abrasion, which introduces additional difficulties in the selection of materials
and the development of concrete (Bazhenov, 2002; Romain et.al, 2021; Ruijun
et.al, 2022).

Currently, multicomponent concretes are actively used in various construction
industries. Previously, their widespread use was impossible due to some features
of the properties and structure. The use of concrete structure modifiers has
significantly improved the performance characteristics of such concretes. Now,
this has become possible thanks to the transition to multicomponent concrete
with various additives, such as superplasticizers and fine mineral additives of
different types (Cyrill et.al, 2018).

Denser materials have greater strength than materials with a coarse-grained
structure. Denser materials have less permeability than materials with a cellular
structure, which, in turn, have less permeability. The materials with a coarse-
grained structure have the greatest water absorption.

The dimensions of the structural elements of concrete influence the
properties of the materials. Depending on the size, the macro-and microstructure
is distinguished in concrete. A structure visible to the naked eye or at a
small magnification is a macrostructure. A structure that can be seen at high
magnification with a microscope is a microstructure. The most important for the
properties of concrete is the microstructure of cement stone, which consists of
hydrate neoplasms and micropores of various sizes. It also contains inclusions of
unreacted cement grains (Walid et.al, 2021).

Common problems in the construction of reinforced concrete structures
of hydraulic structures are unfavorable climatic conditions, aggressive
environments, and the lack of high-quality materials. They can expose the risk
of various types of corrosion and premature destruction of concrete structures.

When constructing hydraulic structures in various regions, it is supposed that
economically feasible to use geographically available building materials, such
as aggregates for concrete, cement, active mineral, chemical additives, etc. In
practice, local building materials do not always meet the regulatory requirements
of standards. Generally, we must deal with aggregates containing reactive soluble
silica (Si0,), which can cause an alkali-silicate reaction of aggregates and lead to
internal corrosion of concrete (Tang et.al, 2015).
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Figure 1. Dependence of the period of formation of the cement stone structure (setting time) on
the W/C.

The time interval from the moment of sealing the binder with water to the
beginning of the rapid strength gain of the resulting cement stone is the period of
structure formation. The duration of this period is the setting time of the concrete
mixture. The setting time directly depends on the concentration of the binder,
that is, on the water-cement ratio (Fig. 1). The lower the W/C, the shorter the
setting time of the cement dough. The ratio of the dense and porous component
of the cement stone to the end of the setting also depends on the concentration
of the binder. This structure, consisting of primary neoplasms resulting from the
hydration of cement, is an “initial matrix” by which one can judge the future
structure of concrete (Chang et.al, 2021).

Besides, a crucial role in the formation of the concrete structure is played by
the phenomenon of shrinkage or contraction. Studies show that the volume of
laid concrete is noticeably reduced in the initial setting and hardening periods.
The shrinkage of concrete can be explained by the fact that during the interaction
of the two main components of concrete, cement, and water, the total volume
of the cement + water system becomes smaller. During a few hours from the
moment of closure due to shrinkage, the geometric volume of the concrete
structure decreases by about 2%, while the absolute volume decreases to 95-96%
of the initial volume of the laid concrete mixture.

Material and Methods. Sulfate attack is the most common form of a chemical
attack that the concrete is subjected to. Sulfates are commonly found in soil,
aggregates, seawater, and cement. The chemical consequences of sulfate attacks
on concrete components are detailed below (Daman, 2019).

1. The formation of ettringite (calcium aluminate trisulfate), increasing in
solid volume, leading to expansion and cracking;

2. The formation of gypsum (calcium sulfate dihydrate), leading to softening
and loss of concrete strength.

67



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

The sulfate attack on concrete might show itself in different forms depending on:

- when the chemical form of the sulphate;

- the atmospheric environment in which the concrete is exposed.

Protection against sulfate attack can be achieved by using concrete with low
[P NO 247] permeability, using cement with a low C.A content and blends of
Portland cement with pozzolans (thus reducing the available Ca(OH),). Proper
placement, compaction, finishing, and curing of concrete are essential to minimize
the ingress and movement of water, which is the carrier of the aggressive salts.

The study notes that the strength of cement stone was provided by forces
of polycondensation origin, which was based on covalent bonds of the Si-O-Si
type, hydrogen bonds, as well as bonds of donor-acceptor origin, based on the
strength of the interaction of water molecules with surface calcium ions and
other positive ions (Ragoug et.al, 2019; Xiong et.al, 2014).

Complete interactions of Ca,+ cations with oxygen atoms of water
molecules ensure the unification of Tobermory-like C-S-H crystals into a single
polycrystalline neoplasm. Molecules of water can enter the coordinate sphere
of calcium cations, because of which, when interacting inside C-S-H crystals,
an O-Ca-O bond is formed, and a Ca-O bond is formed on the crystal surface.
In the first variant, individual layers of crystals merge, and the second variant,
because of the unsaturation of bonds, leads to the unification of crystals at their
contact points and the formation of large polycrystalline splices. If there is no
direct contact between individual C-S-H crystals, the formation of O-Ca-H,O-
Ca-O bonds occurs when interacting with sorption moisture. These compounds,
in turn, also have an impact on the physical and mechanical characteristics
of a polycrystalline compound, since they can perceive certain mechanical
stresses. This type of bond is formed only if the distance between the surfaces of
neighboring crystals is no more than 1.3 nm. However, that the interlayer bonds
increase and the crystals become wider due to an increase in the coordination
number of calcium ions, if the number of water molecules in the price increases,
even more, the distance between the crystals will increase dramatically, which
will eventually lead to the formation of microcracks, and consequently, to a
drop-in strength (Roziere et.al, 2011). This means that with an increase in the
number of bulls in the cement system, its strength decreases.

Conducting an experiment. By creating optimal hardening conditions by
introducing chemical additives, it is possible to significantly reduce the structural
porosity of cement stone and achieve a significant increase in its bending
strength. Directional structure formation during the hardening of cement stone
with mineral additives can significantly improve such operational properties of
concrete as permeability, frost resistance, resistance to aggressive environments,
crack resistance, resistance to compressive, tensile, bending loads, etc.
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Chemical phenomena that determine the curing of binders occur on the initial
surface of solid particles, and then continue at the interface and in the volume of
the hydrating system. The observed effect of reducing the strength of contacts
between cement particles in the presence of an additive with a diphilic structure
is mainly due to the layer directly connected to the hydrating surface. The
strength characteristics of the adsorption layers of the diphilic structure on solid
surfaces detected during boundary friction depend both on the nature of the polar
group and on the length and branching of the hydrocarbon chain. For example,
the antifriction effect of adsorption layers increases in the homologous series
from the lowest homologue to the highest as a result of increased interaction of
hydrocarbon “tails” with an increase in the number of methylene links of the
hydrocarbon chain in a series of additives with different functional groups with
an increase in adsorption capacity. the binding energy of the polar group with a
hydrophilic surface.

By changing the dispersion of germinal crystals through adsorption modification,
stopping their further growth, blocking with adsorption layers, as well as changing
the conditions for further crystal growth and clogging of the frame, it is possible
to control the stage of appearance and development of a new phase during the
induction period of structure formation, and consequently, the strength of induction
structures, 1.e. to approach the solution of the main problem of concrete technology
— obtaining materials with a given structure and properties.

In the observed cases, the destruction of building structures occurs, on the
one hand, due to the effect of salt crystallization pressure in the pores of the
material, and on the other hand, due to the formation of salt crystallohydrates
or the transition of the latter into crystallohydrates with a high content of water
hydrate and an increase in the volume of the solid phase in the pores compared
to the initial volume of the system.

Crystal growth is usually accompanied by their creep. The determining factor
in its occurrence is the tendency of dissolved crystalline substances to wet
the solid surfaces over which the film spreads, while capillaries significantly
contribute to the development of creep of salt solutions. A reliable means of
preventing this phenomenon is the creation of hydrophobic surfaces.

To obtain concretes with high corrosion resistance under the influence of high
concentration salt solutions in the presence of an evaporating surface, concrete
modification should be used by hydrophobizing the inner surface of pores and
capillaries in combination with the creation of a favorable cement stone structure.
It was this circumstance that decisively influenced the increase in corrosion
resistance of concretes modified with such oligomers as polyhydrosiloxanes,
sodium silicone and, especially, alkoxysiloxanes, which have high hydrophobic
properties.
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In a highly aggressive environment, according to, it is not recommended to
use concretes of normal density (W/C = 0.6). The average degree of aggressive
action of the aqueous medium for concretes of normal density in the presence
of an evaporating surface ensures the content of various salts in the range of
16...20g / 1, for particularly dense concretes — 30 ...50g / 1.

Concretes modified with complex modifiers are also characterized by
high hydrophobicity and, accordingly, corrosion resistance. Experiments on
the modification of concrete with hydrophobic oligomers and, especially,
hydrophobic-gas-separating action, have shown an increase in the sulfate
resistance of concrete under conditions of gypsum and sulfoaluminate
corrosion, which fully corresponds to the idea of the possibility of creating the
most favorable, from the point of view of concrete resistance, structure due to
mosaic hydrophobization of the inner surface of pores and capillaries of cement
stone and concrete in combination with thin, evenly distributed pore system.
Modification of concretes on high-layer Portland cement allows to increase their
sulfate resistance to the level of compositions on low-layer cements.

Results and discussions. Concrete and reinforced concrete structures for
civil, industrial, and hydraulic purposes have a destructive effect on various
aggressive environments. Moreover, the corrosion resistance of concrete, as well
as the degree of reinforcement protection determine the durability of structures.
The presence and concentration of aggressive components in liquid media
determine the degree of their aggressive effect on concrete and reinforced concrete
structures. In addition, the degree of aggressive influence of the medium depends
on the temperature, pressure, or fluid flow rate over the surface of the structure.
If we talk about gaseous media, the degree of their aggressiveness depends on
the type and concentration of gas, their solubility in water, temperature, and
humidity of the medium. For solid dispersed substances (dust, aerosols, salts),
aggressiveness is determined by solubility in water, dispersion, temperature,
and humidity of the environment. The degree of aggressive impact of various
media on concrete is regulated by the state standards of anticorrosive protection
of building structures. Depending on the depth of destruction of the structure,
4 degrees of aggressiveness of the medium are distinguished: non-aggressive,
weak, medium, and highly aggressive media (Table 1).

The volume of entrained air increases during the transition to the structure of
the second type, and the nature of the porosity of concrete also changes. This can
be determined by the pore saturation coefficient. If in the structure of the first
type, it is equal to 0.7- 0.75, then in the structure of the second type it is already
equal to 0.6-0.65, which may indicate the presence in the system of conditionally
closed pores (Beddoe et.al, 2005). A significant increase in the relative volume
of entrained air with conditionally closed pores up to 5-6% provides special
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hydraulic engineering, as well as concrete for road and airfield coatings with
increased frost resistance and durability. It assumed that the size of the air pores
should be within certain limits, which is considered the most effective. In various
studies, different pore sizes indicated, which is considered the most effective for
increasing frost resistance. The optimal pore size ranges from 20 to 500 microns,
which means that the most effective pore sizes range from 1...2 to 300...500
microns.

Table 1. Acceptable depth (cm) of concrete destruction over 50 years of
operation.

The degree of aggressiveness of the water-medium Type of structures
reinforced concrete concrete
Non - aggressive 1 2
Mildly aggressive 1...2 2..4
Medium aggressive 2.4 4...6
Highly aggressive more 4 more 6

During exposure to water, media on concrete, concrete may be destroyed
because of corrosion. Because of insufficient resistance of concrete, structures
are destroyed. During the design of the structure, it is necessary to consider
various factors, such as the components of the aggressive environment, the
service conditions of the structure. The correct and careful selection of raw
materials, as well as the assignment of the specified physical and mechanical
characteristics of concrete, is necessary to ensure the necessary durability of the
structure.

Figure 2 illustrates the effects of corrosion, due to the leaching of Ca(OH),,
from concrete during water filtration through concrete.

Figure 2. Leaching of Ca(OH), from concrete as a result of water filtration.
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Corrosion combines destructive processes occurring in concrete under the
action of media that contain chemicals that interact with the components of
cement stone. In this case, the reaction products either become easily soluble
and are carried away by water, or remain in concrete, representing an amorphous
mass that does not have astringent properties. This type includes corrosion
processes that occur when exposed to aqueous solutions of acids, as well as
magnesium salts.

Although it is noted that the introduction of pozzolana additives is ineffective
in carbonate-alkaline types of reactions. Some studies say that volumetric
expansions can be reduced by introducing lithium-containing additives in an
amount of 1% (Xiong et.al, 2011). In addition, barium salts (Cefis et.al, 2017),
phosphates (Vollertsen et.al, 2008), and some other substances also have a
beneficial effect (Santhanam et.al, 2003).

Conclusion. Concrete and reinforced concrete structures of civil, industrial,
and hydraulic engineering have a destructive effect on various aggressive
environments. Moreover, the corrosion resistance of concrete, as well as the
degree of protection of reinforcement determine the durability of structures. The
presence and concentration of aggressive components in liquid media determine
the degree of their aggressive effect on concrete and reinforced concrete
structures. Also, the degree of aggressive influence of the medium depends on
the temperature, the pressure value, or the velocity of the liquid flow over the
surface of the structure.

The effects of the developed complex additive on the corrosion resistance
of concrete in sulfate-containing media have been revealed. It has revealed that
the coefficients of resistance in terms of compressive and bending strength of
concrete samples with the developed complex additive, both when using sulfate-
resistant and ordinary Portland cement in aggressive sulfate and neutral water, are
close to one. From this, it is concluded that during the test period of 12 months,
the expected phase of concrete strength progression in an aggressive sulfate-
containing medium due to increased density in the pores with the formation of
calcium hydrosulfoaluminate did not occur, which proves the high resistance of
the studied concrete in aggressive sulfate-containing media.
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NMAMATU YYEHbIX

NAMATU
JNIENECOBA KAMBAPA
KA3SbIMOBUYA

Ee3BpeMeHHo yIIed U3 JKU3HU M3BECTHBIM YYCHBIN-3IEKTPOXUMHK,
KaHAMIAT XUMHYeCKuX Hayk, npodeccop JlemecoB Kambap KazpimoBuu.
bonbmiasg yacte €ro HayyHOW NEATENBHOCTM IIpouula B creHax MHcruryra
OpraHMYeCcKoro Karanusa u anekrpoxumuu um. /1.B. Coxonbckoro.

Kamb6ap KazsiMoBuu pomuics B 1947 r. B AkTroOuHCKoi obmactu. B 1971 r,
[0CJIe OKOHYAHUS HHXEHEPHO-(PU3UKO-XMMHUYECKOT0 (haKyinbTeTa MOCKOBCKOTO
XUMHUKO-TEXHOJIOTYecKoM uHctutyra um. .M. MeHnneneeBa, moctynuia B
acnupaHTypy WHcTuTyTa oOpraHMuYeckoro karaiausa u snexkrpoxumun AH
KazCCP mo cmenmambHOCTH «TeOpeTHYecKas 3Jekrpoxumusi». B 1975 T
3alUTII KaHAWJATCKY0 auccepranmio o teme «lccnenoBaHue KMHETUKU U
MEXaHN3Ma NOHM3alUU BUCMYTa, MEIXM U UHAMS Ha BPAIAIOIIEMCS JUCKOBOM
anektpoae ¢ koisiom». C 1974 no 1987 rr. paboran B MOKD AH Ka3zCCP
B JIOJDKHOCTHM MJIQJIIIETO, 3aT€M CTapllero HayyHoro corpyanuka. C 1987 mno
2007 r.r. — 3aBenytoutuii Jaboparopueit 3auThl MeTauIoB oT Koppo3uu MOKD
um. /[.B. Cokonbckoro (B 2001 . meperMeHoBaHa B J1a0OPaTOPHIO MPUKIATHON
ANEKTPOXUMHH U KOPPO3HH).

PesynerareinccnenoBannii K.K. JlenecoBaBo61acTH3MEKTPOXUMUN METAIIJIOB,
IIOJIyYE€HHBIE METOAOM JIHMCKOBOIO 3JIEKTPOAA C KOJIBLIOM, KJIACCUYECKOH H
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HECTallMOHAPHOU BOJIBTaMIIEPMETPHUH, IT03BOJIUIIN BBIIBUTH OCHOBHBIE 3aKOHO-
MEPHOCTH 00pa30BaHUS TPOMEKYTOUHBIX POYKTOB — MOHOB METAJJIOB HU3IIEH
BaJICHTHOCTU B Ipolleccax pas3psiia-MOHU3ALMU MOJUBAJICHTHBIX METAJJIOB U
YCTaHOBUTH MPOTEKAHUE CTAIUHHBIX SJIEKTPOAHBIX PEAKLUN C yYaCTHEM HOHOB
METaJJIOB IPOMEKYTOUHOI U HEOOBIYHOM BAJIGHTHOCTH B XMMHUECKHUX PEAKIUIX
JUCTIPONIOPIIMOHUPOBAHUS M PETTPONOPIIMOHUPOBAHUS, KOMIUIEKCOOOpa30BaHUS
B 3aBUCHMOCTH OT IPUPO/IbI METaJJIa U aHHOHOB PAacTBOPA, AKTUBHOCTHU BOJIbI B
JIEKTPOJIUTE.

WM BriepBbIe OBLIO MOKa3aHO U 00OCHOBAHO MPUMEHEHUE METO/1a TUCKOBOTO
3JIEKTPOJAa C KOJIBLIOM JUIsl MCCIIEOBaHUS KOMIUIEKCOOOpa30BaHMsI HOHOB
METaJIOB IIPOMEKYTOUHOM U BBICIIEH BaJIEHTHOCTU B PACTBOPAX.

K.K. JlenecoB sBsuICS BBICOKOKBATH(HUIIMPOBAHHBIM CIEIIUATUCTOM B
00JIaCTH MCCIICIOBAaHUA KUHETHKH U MEXaHHM3Ma JJICKTPOXUMHYECKUX U KOp-
PO3HOHHBIX MPOLECCOB METAIJIOB M Pa3pabOTKU METONOB 3allUThl OT KOp-
po3un. OH ObUT OTBETCTBEHHBIM MCIIOJIHUTENEM Hporpammsl «Pa3paborarhb
KOMIIO3UILIMOHHBIE (DeppUTHBIE AHTUKOPPO3HMOHHBIE MaTepUallbl HA OCHOBE MPO-
IYyKIIMM U BTOPUYHBIX pecypcoB mnpeanpusituii Kazaxcrana» 2003-2005 rr,
HMHHOBALIMOHHOM nIporpaMMbl « OpraHu3anus ONbITHOTO IPOU3BOJCTBA UMIIOPT-
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Jlenecos K.K. — aBrop 6onee 300 HayuHbIX myOnukanuii, 1 MoHOrpaduu u 28
naTeHToB Ha n3o0perenus. Cpean ero yueHUKoB 8 kanaunaaroB Hayk ¥ 1 PhD.

[IpupoxxaeHHBIN TaJdaHT MCCIEAOBATENsl B COYETAHMM C HEHUCUEpIaeMou
TBOPUYECKOW HEPrueil 1 ryOoKo# Spyauiueii Onpeaenuin ero OoNbIIoN BKIa
B Pa3BUTHE XUMUYECKON HAYKH.

OH Bcerna ocTaHeTcsl JJi HAC TAJIAHTIIMBBIM YUYEHBIM, MYJIPbIM YUUTEIEM U
XOPOLIMM JIPYIOM.

Konnexkmus AO « Uncmumym monausa, Kamaauza u 31eKmpoxumun
um. /[.B. Coxonvckoeo» svipasicaem 2nybokoe cobonesHosanue
POOHBIM U ONUKUM.
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